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ABSTRACT 

A computer programme to calculate wave refraction, wave 
height and resulting longshore sediment transport is described. 

Linear theory 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 analytical res 

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



On trouvera, dans les pages qui suivent, la description d'un 

programme d'ordinateur destiné 5 calculer la refraction des vagues, 

leur hauteur et les quantités de sédiments qu'e11es déposent sur les_ 

rives. L'auteur a adopté la théorie linéaire pour décrire les carac-
. 

téristiques des vagues jusqu'a la zone des brisants. I1 a ensuite 

déterminé les quantirés de sédiments déposés sur la.rive, d'aprés les 

caractéristiques des vagues au moment ofi elles se brisenr. Les_vagues 

ne prennent fies toujours naissance en eau profonde; it est bon_de s'en 

rappeler 1orsqu'on fait des prénisions 5 posteriori sur les vagues 

échouant sur les rives d'un lac peu profond. Les résultats des calculs 

effectués pour determiner la direction et la hauteur des vagues sur des 

fonds en plan incliné coincident admirablement avec les donnéesvobtenues 

par des analyses ainsi qu'avec les résultats d'une autre méthode de 

calcul (Dobson, 1967).



1. Introduction 

For many problems in coastal engineering, 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. In recent years a number of papers have been 
published on the subject of the nuerical.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 
rates. The waves do not have to originate in deep 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. Assumptions 

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 mathematical 
model assumes that all the wave energy is transmitted along the wave rays 
(i.e. none is transmitted parallel to the wave crests), so that the problem 
of crossed rays and caustics cannot be handled. 

3. Governing_Eguations 

The dispersion relation for gravity waves is: 
032 = gk tanhkh , 

. 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 a 

where E is the energy density, cg the group velocity, 8 the wave separa- 
tion, and subscript 0 refers to the initial conditions. -

‘ 

Ihe ray equations are: 

is ‘- 

dt - c cosot , 

= c sinot , 3. 

912 = _ IL dt Dn ’ 

where x and y are the position coordinates alongthe ray, t is the travel 
time, c is the phase speed, and on is the angle with respect to the x—a;j<is. 

is differentiation with respect to arc length along the wave front; 
It can be shown that dt = :1:-Ds, so that equations 3 can be written 

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

D 
5-? = cos on , 

D .
. 5% = s1n_oL , 4. 

13_°‘ = A 22 DS c Dn ' 

The operators 1-3; and %n— can be expanded:



1)_ 8 
B§- — cosa 5; + Sln G By» 

5. 
D _ _ . 3 §_ 53- e — sin a\ax + cos a By E. 

The equation for the ray separation, derived by Munk and Arthur 
(1952) is: 

D'S‘zB+P']3‘;B+qB =0 . — 6- 

where p (s) = %-(cos a %§- + sin a %§- . - 7. 

1 32 
. 32 

. 

'32. and q(s) = 3- (sin2 a §§§-— 2 sin a cos a §§%& + cos2 a §§%9 8, 

The phase velocity is a function of position coordinates only through its 
dependence 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 approximated locally by a plane so that only the first deriva- 
tives of the depth need be retained, allowing equations 7 and 8 to be

~ 

written: 

p (s) — — %- fig-( §§- cos a + 5-sin a) , 9 

q(s) = lb %£§- (sin a £5-— cos a —hj2 , 10 

where 3c _ c d 
- "fI'"1I(1+G)’ 

with 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: 

1 
-

. 

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 root 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“ £ cg sin 29 , . 13. 

where S is in m3yr‘1; 6 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): 

-E 3 0.12 tanh kh , 
’- 

- 14. 

where L is the wavelength. 

4. Numerical Solutions 

The 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 is. 
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 

normalized equation for the plane is of the form: 

ax + by + cz = d , 
' 15- 

where 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__§_ 3_h__-h ” 
5E’ - 5‘ and 3y 

- 
c ’ A 16' 

and the second derivatives of the depth are zero. 

To ensure that the proper 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 overlay of the grid square on the hydrographic chart 
shows that the shore 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,y) = (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 (6) of the line of steepest ascent up the plane containing the 
beach differs from the normal to the beach by 1800 and is thus the direction 
needed, for the difference (5 — Q) is the required angle.‘ The steepest 
ascent line is in the same vertical plane as the line through the origin 
perpendicular to the plane, directed towards the plane. The projection of



the latter line onto the x—y plane is the angle 61: 

61 = tan'1 b/a . 
p 

. 

- 

. 17- 

There is an ambiguity of 1800. If the direction cosine in the z direction 

(c) is negative, them
A 

6 =61 '_ 13. 

If e is positive, then: 

6 =45‘ + 180° . 

When (6 - a) is positive the transport is to the right, looking from the 

water towards the beach, and to the left when (6 + d) is negative. 

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

proximation to the root is: 

f<xn_1> 
Xn = Xn_.1 -

, 

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

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

-f(c)= C-E)-tanh%h. , 

Then f'(c) 1 + fig sechz %-h 

Thus the phase speed is found: 
°n_1_ §.tanh wh 

c = c ' T 

w cn_1 
I1 11-] 

1 + 51; sechz mg 
cn-1 cn—1 

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:



cn — en _ 1| 5_ o.ooo1_¢n' e; 

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

are solved simultaneously using a Runge.-Kutt-a technique. Writeequations 4’ 

in the form: 

I 
%E- = cos a 

%i = sin a 

n 1 a an 
’ 

3h -fi'g=-6-5-F-(sinotgg-—cosa-EV) , 

and equation .6 as two first order equations: 

17s. 
= V 

%= - q B - P Y‘ - 

Then let the increments in s be A, in x be r, in y be 0', in d be t, i‘n48 

be n, in ‘y be n, and £1 (S, x‘, y...) be the general r-epresentat-‘ion of -3% 

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

to be solved simultaneously is shown in the following table. 

S . X r=A'f1 

so 'xo« :1 = A-fi (so, x°,4...) 
A 

. 

» A 

A A s+§ x+;—2-‘ rg=A_£1(s°+§,xo+-3-1,...) 
s+A x+r.g r _ 

1 
“ = A-£1 (so + A, x0 + :3, ...) 

R=-6- (1-1+2:-2 +'2r3 +131.) 

Ahd finally: x(s_ + A) = x + R v 

. 

V 
0 0 .



The necessary values of p, q, h and its derivatives, and c and its deriva- 

tives are evaluated at each step. 

The increment in s is varied as a function of the depth to wave- 

length ratio, and the depth. If, at the start of the ray, the wave is in 

deep water the increment size is equal to the grid size until h/L f_0.5. 
Then the Runge Kutta scheme is entered and the increment size is ten times 

the depth when h/L 3 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 enters water of depth such that h/L j_0.5, paraeters such as 
location, direction, wave height are printed out at distance intervals about 
equal to the grid size.

0 

When the wave breaks according to equation 14 all relevant para- 
meters including the longshore sediment transport rate are printed. The 
longshore 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 programme (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 
sae bathymetry and similar wave parameters so the results could be compared. 

The bathymetry was defined by z = Q 0.004x, for 0’f_x f_18000 m. 
The rays in each programme were started at: (xo, yo) = (16000, 2000). ‘The 

wave parameters for this programe (RAY4) were: f = 0.112 H2 (Period = 8.93 s); 

Ho = 2.0 m; do = 1600 (acute angle with the beach normal = 20°). The wave 
parameters for the Dobson programs were: Period = 8.95 s (f = 0.1117 Hz); 
HO = 5-50 ft (1-93 M); d°;= - 200° (acute 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- 
ories of the two rays. In addition the trajectories were compared to the 
trajectory obtained by graphical methods. The differences were very small, 
less than the likely error in using the graphical method. 

At (x,y) = (2310, 6530), the following parameters from the Dobson 
programme were compared to the analytical results: 

Dobson Prog. Analytical 
1 

V 

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/Ho ‘ 0.9462 . 0.9458 +-0.0004
V 

(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 
. 

' 

10.836 m 
_ 

— 0.006 m 
Angle 1.3.3° 

. 

_ 

13.30° 0.0° 
' 

KS 0.9455 . 

V 

0.9457 — 0.0002 
KR 0.9801 

_ 

0.9827 — 0.0025 
8 

' 

1.041 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 programe RAY4 were compared to the analytical solutions: 

RAY4 Analytical . Error 

Depth 3.13 m _3.135 n - 0.005 m 
Angle 7.6° 

‘ 

7.529° e o.o29° 

KS - '1.1671 ‘- 

KR - . 

‘ ' 

0.9737 - 

3 ‘— 
’ 

1.074 - 

H/H 1.122 . 1.1364 -— 0.0144 

The errors associated with both programes 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 the 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 concern.
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Appendix A 

The input data required for'the programme RAY4 are described in 

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

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

Paraeters: MM, NN, GS, II, D 

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

so the region covered by the depth array is: 
I 

0 §_x j_MM-GS, 

0¥<._y_<_NN-GS 

The total number of bathymetry points 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. 

§§ is the size of the grid squares of the depth array and is in 
metres. 

;;_ is the number of frequencies for which wave rays are to be 
calculated. 

2_ is the depth, in metres, used when the wave parameters were 
A 

hindcasted. If the waves were hindcasted in deep water, enter a 

large number up to 999.9. 

The format for this card is: 

FORMAT (I2, 1X, I2, lX, F6.l, 1X, I2, 1X, F5.l) 

Cards 2 to (1 + N). The depth array on N cards. 

The data are to be arranged so that, starting at y=0, all the x 
values are read in for each y successively. Currently the format,



Cardsantf 

set in statement 5, is FORMAT (l6F5.l), so there are 16 x values 

for each y value. The depths, in metres, are positive numbers, 

locations above mean water level are negative. 

Card N +'2. Parameteri 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 positive number. 

The format is: FORMAT (F5.l). 

3 to N + 2'+ II. Parameters: w, AD, HRMS, XI, YI, DYI_, YF. 

(where II 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 counter clockwise from the positive X-axis, the wave 
height in metres, and the starting location 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 llO and the next statement can be changed. The 
format for these cards is: 

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

1x, F4.1).
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Yes’ 
. Next ray 

Flow chart for the wave refraction programme (RAY4)



RAN(2.3)/MASTER ' INTEGER NORO SIZE = 1 . * OPTION IS OFF , O OPTION IS OFF 

PROGRAM RAYA . ‘ NAVE RAY PROGRAM- ANY BATHYHETRY. THE ROOT MEAN SQUARE WAVE HEIGHT 
C IS CALCULATEO ALONG A NUMBER OF RAYS UP TO THE LOCATION NHERE THE 
C NAVE BREAKS. (CRITERION- H/L.GT.D.12*TANH(D*2*PI/L)). 
c THE BOTTOM FOR EACH GRIO SOUARE IS APPROXIMATED BY A PLANE SURFACE. 
C THE OEPTH ARRAY IS IN THE FIRST OUA)RANT. IF THE OEPTH AT THE START 
C IS LESS THAN O.5~wAVELENGTH. A MESSAGE IS PRINTEO ANO CALCULATIONS 
C CONTINUEO. AT_THE HAVE BREAKING LOCATION THE HAVE PARAMETERS_ANO 

a c THE LONGSHORE SEOIHENT TRANSPORT RATE ARE LISTED. THE LATTER MUST 
LC BE MULTIPLIEO BY THE FREQUENCY OF OCCURRENCE (IN PERCENT) TO GIVE 
C THE CORRECT VALUE OF TRANSPORT RATE IN NETRES CUBEO PER YEAR. 

> C OEPTH ARRAY MAXIMUM OIMENSIONS CURRENTLY (21.46). 
5 _

« 

. C PRINT TABLE HEAOING. APPLIES TO FORMAT STATEMENT 13 ONLY. 
PRINT 3 

‘

V 

3 FORMAT(1H1.5x.7HFREO.Hz.1OH START x.M.5x.AHY. N.4x.17HA.OEG HRMS 
' 1 M ,BHSTOP x.H,7x,3HY,N.Bx.17HA,OEG HRMS M,Ax.3HH.M.Ax.GHCG 

..1.M/S.Ax.GHOA.OEG.2x.9HSVOL.M3/Y) _

A 

a PRINT12 
- 12 FORMAT(1HD) 

G=9.8E44 . 
. . 

» PI=3.141S9265; A 
' 

.

‘ 

s C ‘READ IN OEPTH ARRAY OIMENSIONS (HM FOR x, NN FOR Y ). GRIO SIZE (METRES) 
. .0 CURRENTLY SET TO 1000. NUMBER OF FREOUENCIES..DEPTH IN NETRES 
3 C USEO IN HINOCASTING NAVES - IF OEEP NATER ENTER A LARGE NUMBER 
~ C UP TO 999.9. ..H.. _ ,

' 

' C THE NUMBER OF BATHYNETRY POINTS IS (MM+1)*(NN+1) 
3 REAO(BO,2)MM.NN.GS.II.O 
3 2 FORNAT(I2.1x.I2.iX.FG.1.1x.Iz.1x.F5.1) 
1 IFIIFEOFTEOT.EO.-ITGOTOASO 
L 5 FORHAT(1BFs.1) * 

3 M7=MM+1 
5 N7=NN+1 _ 

. C REAO IN BATHYMETRY,IN NETRES. MEAN HATER LEVEL IS zERO.°OSITIVE 
5 C OONNNAROs.‘PROGRAN CONVERTs.To POSITIVE UPNAROS. GRIO POINTS " 
5 C ONSHORE ANO ADJACENT TO SHORELINE MUST BE :MIRROR IMAGES: ABOUT 
7 C WATER LEVEL OF ADJACENT OFFSHORE GRIO POINTS TO ALLON RAYS To BE 
3 C PROPACATEO INTO THOSE GRIO SOUARES. OEPTH ARRAY IS ASSUHEO To BE 

C IN THE FIRST OUAORANT. FORNAT IN STATEMENT 5. ONE Y VALUE PER REAO. 
OO7J=1.N? 
REAO(BO.5)(z(I.J).I=1.M7) 
IF(IFEOF(GO).EO.-1)GOTOA5O 

I 7 CONTINUE . 

+ OOBoOI=1.M7 
5 OOBOOJ=1.N7 
5 Z(I.J)=-Z(I.J) 
7 600 CONTINUE . 

_

' 

3 C I BASE BATHYNETRY ON CHART OATUM. ENTER CHANGE FROM OATUM (DIEF) IN 
3 C METRES. POSITIVE NUMBER FOR INCREASE IN OEPTH.F 

"A ',S 
J REAO<BO.B)OIFF ' 

.

. 

1 IFTIFEOFTBO).EO.-1)GOTOA5O 2_. 6 FORMAT(F‘5.1) -'



?AN(2.3)/MASTER INTEGER woeo SIZE :_1 . * OPTION IS OFF .-0 OPTION 13 OFF 

IF(DIFF4E0.0.)GOTO1 
’DO1I=1.H7 
0o1J=1.N7 
Z(I.J)=Z(I¢J)*DIFF 
CONTINUE ' 

nn§7DJ5=1sII 

GOOD 

510 

SCJ 

810 

19 

FREQ.(HZ),ANGLE(DEGREES),HRMS(H) READ HAVE CHARACTERISTICS. 
(XIgYI)o INGREMENT IN’Y FOR NEXT RAYqS START LocATIoA roe FIRST RAY 

START (DYI)a AND MAX v (YF)y IN METRES DIVIDED BY GRID 
SIZE. (F.G. cs=1onn. x1. ETC. IN KILOMETRES.) 
2aA0T5o,A)w.Ao,HRNs,xI.vI.ovI.vF 
IF(IFEoF(eo).:q.-1)eoToA5u 
FoRNAT¢Fe.A,1x,F5.1,1x.Fe.3.1x.F4.1.1X-F4~1»1XoF4-1s1XsFh~1) 
NI=N ~ 

N=N+2.»pI 
L=2.*G*PI/H**2 
A=AD*PI/180. 
Ag=Ao ; ~ 

CP=N*L/(2.*PI) 
H2;N+a/CP 
AA=CP-(G/w)*TANH(N2)

, 

'c1=cP-AA/as 
IF(ABS(C1-CD).LT..0001‘C1)GOTOS10 
CP=C1 - 

GOTOSOG 
CP=C1 
Nw=2.*N‘D/CP T_ _ _ CG=.5‘CP*(1.+NW/((EXP(wN)-EXP(+HH))/2.)) 
CPI=CP 
HRHSI=HRMS 
M=0 
N=0 
M=M+1 
IF((NN-N).LT.o)GoToA3n 
M1=M 
IF(XI.LE.M1)GOTO810 
GOTOBGO 
N=N+1- . V _,_ 
IF((NN#N).LT.o:GoToA3a 
N1: 
IF(YI.LE.N1)GOT019 
GOT081fl 
X7-XI‘”.11*’1o 
IZ=G 
v=YI-N1+1. 
XSN=XI 
YSN=YI . , 

DEEP WATER ENERGY INTENSITY PARAMETER FOR REFRACTION CALCULATIONS. 
BET=1. HAVE FRONTS ARE STRAIGHT’ S0 DERIVATIVE H.R.To RAY9 DBET=0. ‘OO 

_ 

SEE MUMK AND ARTHUR (1952). 2ND ORDER D.Eo IS SOLVED AS 2 FIRST



RAN(2t3)/MASTER’ 1 , 4 OPTION Is OFF_, 0 OPTION IS OFF INTEGER WORD SIZE = 

OC)O 

1k 

11
0 

ORDER 3.5.5, ALONG WITH wAua RAY SYSTEM OF EQUATIONS 
3’T=1. ’

. 

D8ET=Cc . 

GET NORHALIZED DEPTHS FOR GRID SQUARE 
x.v ARE THE COORDINATES RELATIVE TO 
cAL£uLATs DEPTH USING LFAST SQUARES APPRox. 
AP=Z(M+1.N)/GS+Z(M+1.N+i)/GS 
R=Z(Ht;,N+1)/GS+Z(M.N+1)/GS

_ c=z(M,N)/GS+Z(M+1,N)/5s+Z(M.N+1)/GS+Z(M+1.N+1)/GS 
AH=’(L.vg""A.D'(l,!5o"3‘2o¥C)+L}o¥(B"C))/L50 ~. 

BM:-(2.*(a.*B-2.‘C)+2.*(C-2.*B)1/4. 
PN:—(L.“(C-8)-(C-2.*B)-2.‘AP)/#. 
QT=SQRT(1.+AN**2+BN‘*2) 
AN=AN/RT 
aN=sN/RT 
cN=1./RT 
PN=PN/RT 
0P=-P~/cN+Au4x/CN-sN+v/QN~ 
0N=A3S(DR) 
sx=+AN1cN 
SY=-SN/CN 
0o=ouRss 
K=U. . 

COMPARE DEPTH_HITH DEEP HATER HAVELENGTH AT START 
IF(I2;GT.0TGoTo1i ‘ " ” 

12:1 
IF(UD/L.LT..5)GOT023 
GOT022 
CONTINUE A

’ 

COMPARE DEPTH HITH DEEP wATER WAVELENGTH AND MEAN HATER Lever 
1P(oR.GT..o)GoTo99 
IFTDQ/L.LT..5)GoTQ2o 
coTo22» 
CONTINUE . 

PRINTe2a.sx,sY,ao.xsN,YsN,A,M.N 
FORMAT(1HUs18HD/L.LT..5 AT §TARTa&S10.&oZI3) 
STORE PARAMETERS FOR LATER START OF FINITE DEPTH RAY 
AND AMPLITUDE CALCULATIONS « 

XT=XSN 

CONTAINING STARTING POINT 
THIS GRID SQUARE 

T0 PLANE 

OF RAY. 

YT=YSN 
DT=DN 
AT=Au 
BT=BN 
CT=CN 
PT=PN 
Mozn 
NO=N 
Ao=A 
sxo=sx 
svo:sv 
xsu:xsN+coS(A) 
vsn=YsR+sIN(A)



PAN(2o3)/MASTER Iurgggp H090 5125 = 1 , 4 OPTION IS OFF . o OPTION IS or: 

.0 1F(xSN.LT.o.)coToA3o 
IP(YSu.LT.0.)GoToA3n 
M;U » 

N=D 

COD 

5 
_ 

25 
b- 28

) 

M=M+1' 
IFTTMM-1).LT.a)GoToA3o 
M1=M « 

IF(xSN.L¢.M1)coTo9 
GOTO8 
N;N+1 MW 
IFTTNN-u).LT.a)@0ToA3c 
N1=N 
IF(YSN.LE.N1)GQTO10 
GOT09 
X=XSN-H1+1. 
Y=YSN-N1+1. 
GOT014 > 

D/L.LT.0.S so BACK STEP on: IMGREMENT AND GO TO FINITE DEPTH 
ROUTINE o

. 

cPo=cP 
CGO=CG 
HRMso=HRMS 
XSN=XT 
YSN=YT 
M1=M0 
N1=N0‘ 
0N=DT 
on=oN+5S 
SX=SXO 
sv=svo 
H2=N*0D/CPO 
CH AND CHH ARE FIRST AND_SECOND DERIVATIVES or PHASE SPEED w.R.T. 
DEPTH . 

c9=u.*w2/(£xP(2,¥w2x-axPT-2.¥w2)) 
cH=CP#G3/«oo*(1.+G9)) 
cHH=-cH+2.*G/(cP4(1.+s9T)¥¥2‘ . 

OELR IS DISTANcE'TRAvELLED ALONG RAY» DELP IS A COUNTER FOR PRINTING 
VARIABLES As THE RAY PROGRESSES IN sHAuLow HATER. CURRENTLY SET 
To ONE GRID SOUARE I 

DELR=SQRT((XSN-XI)**2+(YSN-YI)**2) 
IDEL=0ELR 
DELP:I3EL_ I . 

START OF RUNGE-KUTTA SCHEME FOR FINITE DEPTH CALCULATIONS 
IF(DD*w/(2.*PI*CP).LT..15)G0T026 
DEL=1G.*DN 
GOTOZB 
oEL=2.+uN 
XO=XSN+1.-H1‘ 
Y0=YSN+1.-N1 
R1=DEL*COS(A) 
S1=0ZL+SIN(A) 
T1:DEL*K*GS
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FIND P AND 0 F02 MUNK AND ARTHUR 0.5. 
PE=-(COS(A)*SX+3IN(A)*SY)‘CH/CP A 

QU=CHH*((SX*SIN(A))**2-2.*SIN(A)*COS(A)*SX*SY+(SY*COS(A))**2)/CP 
U1=DEL*DBET*GS ' 

V1=-DEL*GS*(QU*3ET+PE*DBET) 
X1=XSN+R1/2. 
Y1=YSN+S1/2. 
A1=A+T1/2. 
BET1=BET+.5*U1 
DBET1=D3ET+.5*V1 ' 

C LOCATE POSITION FIND DEPTH SLOPES 
IF(X1.LT.O.)GOTOh30 
IF(Y1.LT.G.)GOTO#3O 
H=0 
N=0 

39 M=M+1 
IF((HM-H).LT.0)GOT0b30 

, 
?'11=f*1 

IF(X1;LEcM1)GOTD36 
_ GOT03A 

35 N=N+1 . 

IF((NH-H).LT.3)GOT0k30 
N1=N .

. 

IF(Y1LLE.N1)G0TD38 -, 
GOTO3o VA 

38 X=X1+1.-H1 
Y=Y1+1.-N1 
AP=Z (H+i.N) /GS+Z.( M4-1, N+1) /GS 
B=Z(H+1.N+1)/GS+Z(M.N+1)/GS 
C=Z(H,N)/GS+Z(M+1,N)/GS+Z(A,N+1)/GS+Z(M+1.N+1)/GS 
AN=-(k.*AP-(4.*9-2.*C)+#.*(B-Ci)/#. » A 

SN:-(2.*(k.‘B-2.‘C)+2.‘(C-2.*B))/Q. 

WK“

9 

I'k-J\.UUI7Vu'\JI5. 

\.Nxur—~..vu.-g,u\1Quu|;. 

;,q1\1)»4(..I._;_pu)\{._}~\;|_;,~ 

PN=-(Q.*(C-B)-(C-2o*B)-2.*AP)/#- 
RT=SQRT(1.+AN**2+BN**2) 
’AN=AN/QT 
BN=3N/RT 
CM: 
PN=PN/RT 
DR=-PH/CNrAH*X/ON-BN*Y/CN 

T 0N=ABS(DR) 
9 SX=-AN/CN 
1 SY=-BM/CN _. 

. DD=0N*GS " 
» 

.

" 

3 c FIND C? ETC FOR NEW ESTIMATE OF CURVATURE. FIRST ESTIMATE OE CP IN‘ 
= ALGORITH FOR C? IS CURQENT VALUE - 

' ' 

no w2=w*0o/cp 
AA=CP-(G/H)*TANH(w2) 
BB=1.+(G*DD/CP**2)*(h./(EXP(H2)+EXP(-W2))**2) 
C1=CP-AA/BB 
IF(ABS(C1-C9).LT..0001*C1)GOT042 
cp=c1 ‘

—

C

3

3 

3 6 GOTOQU
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_C #2 

4% 

#8 

C°=C1 
w2;w+nn/cP . 

Gg:4.*NZ/(EXP(2o*H2)*EXP(‘2;*N2)) 
CH=CP“G9/(DD*(1.+G3)) .v

' 

CHH=-CH*2c‘G/(CP‘(1o+G9))**2 
K:(1./CP)*CH*(SIN(A1)*SX-COS(A1)*SY)*(-1.3 
R2=0EL*COS(A1) . 

S2=D:L*SIN(A1) 
T2=DEL‘K*GS 
PE=-(COS(A1)*SX+SIN(A1)*SY)*CH/CP 
QU=CHH*((SX*SIN(A1))**2'2o*SIN(A1)*COS(A1)*SX*SY+(SY*COS(A1))**2 
)/CP

‘ 

U2=DEL*DBETl*GS 
V2:-D§L*GS*(OU*9ET1+PE“DBET1) 
X1=XSN+R2/Z. 
Y1:-'YSN+S2/2 c 

A1=A+T2/2. 
B?T1=BET+,5*U2 
DBET1=D5ET+.5*V2 
LOCAT5 POSITIONgFIND DEPTH SLOPES 
IF(X1.LTaU.)GOTO¢3fl 
IF(Y1;LT.0.)GOTOL30 
M=0 * 

N=c - - 

M=M+1 
IF((flW—M).LT.0)GOT0h3D 
H1=M 
IF(X1.LE§M1)GOTOk6 
N=N+1 -

V IF((NN-N)oLTo5)GOTOQ3U 
N1=N ' 

._ _ 

IF(Y1oLEoN1)G0T0L8 
GOTO#E 
X: x1+1o'Mi 
Y=Y1+1qfN1 - 

AP=Z(H+1.N)/GS+Z(H+1.N+1)/GS 
B=Z(M+1gN+i)/GS+Z(M9N+1)/GS 
C=Z(HgN)/GS+Z(M+1qN)/GS+Z(MgN+1)/GS+Z(H+1aN+1)/GS 
AN=-(Q.*AP-(4o*B*2.*C)+Qo*(B-C3)/Q. 
BN=-(2.*(4o*B-Zo*C)+2.‘(G-2.*B)I/kn 
pN=‘(l+_o¥(C'B) ‘(C’2c¥B) '2o¥'AP)/‘+0 
RTiSQRT(1.+AN**2+8N‘*2) 
AN=AN/QT 
8N=BH/RT 

' 

PN=PN/RT 
DR=-PN/CN-AN*X/CN-BN*Y/CN‘ 
DV=A8S(0R) 
SX=-AN/CN 
SY=-BM/CN 
DD=DN*GS
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C CP.K AT x+R2/2. ETC 
5% H2=H‘DD/CP 

AAiCD-(G/W)*TANH(H2) 
BB=1.+(G*DD/cP+*2)*(A./(ExPLw2)+EXP(-N2))*42) 
C1=CP—AA/BB

_ IF(ABS(C1-CD).LT..U001*C1)GOT052 
CP=C1 \ 

GOTOSD 
S2 CP=C1 

H2=H‘DD/C9 T 

G9=h.*N2/(EXP(2.*N2)-EXP(-2.*H2)) 
CH=CP*G9/(DD*(1.+G9)) 

vb-\.N-Ur 

\..Iu-JJ‘flU'UI‘b- 

ua 

CHH=-CH*2.*G/(C¢*(1.+G9)3**2 
K=(1./CP)“CH?(SIN(A1)*SX-COS(A1)*SY)*(-1.) 
R3=DEL*COS(A1) ' 

- » 

. S3=DEL*SIN(A1) 
-T3=D€L*K*GS . _

. 

PE:-(COS(A1)*SX+SIN(A1)*SY)*CH/CP . . 

QU=CHH*((SX*SIN(A1))4‘?-2.*SIN(A1)*C0S(A1}*SX*SY+(SY*C0S(A1¥)**2 
.)/cp H 

U3=DEL*0BET1*GS 
V3:-0EL*GS*(QU*BET1+PE*DBET1) 
X1=XSN+R3 
v1=vsu+s3 
A1=A+T3 
BET1=BET+U3 
DBET1=DBET+V3 

c LOCATE POSITION DEPTH SLQPES 
« IF(X1.Lf.0.iGOIOb30 

IF(v1.LT.o,iGoro43o 
M=0 

W N:D 
an H=M+1 . 

IF((MM-M).LT.o»6oTou3o‘ 
M1=M . 

IF(X1.LE.M1)GOT056 
Gorosa 

56 N=N+1 . 
.

. 

IF((NN4H1.LT.9icoTou3n 
N1=N 
IF(Y1.LE.N1)GOTOS8 
501055 

55 X=X1+1.-M1 
v=v1+1.eN1 

V _

» 

AP=z1w+1,N)/cs+z(M+1,w+1:/cs 
B=Z(H+1.N+1)/GS+Z(M.N+1)/GS . 

c=z(M,N)/5s+z(M+1,N)/Gs+z(M,N+1)/Gs+z(M+1,N+1)/Gs 
AN:-(u.*AP-(u.*a-2.*c)+u.+(a—c))/4, 

0- 

KAI 

I\1 

F“ 

LJ 

KL: 

21) 

‘\l 

\F_\,'1 

LU‘ 

BN=-(2.*(~o‘B-2.*C)+2o*(C'23*B))/he 
PN=-(Q.*(C-8)-(C-2.‘B)-2.‘AP)/Q. 
'RT=SQRTl1.+AN“*2+8N**Z) 
AN=AN/RT ' 

}-I-'\Nl\JP“L-J\J)(fl\lU‘UlI‘U~Jl\Jf"|-J\.L.‘UJ'*~J

I



2nN<2.3)/EASTER INTEGER WORD SIZE = 1 .A* OPTION IS OFF 0 OPTION IS OFF 

3N=BN/RT 
_ 

CN=1o/RT 
- O .p.~:=Pu/RT 

DP=—PN/CN-AN“X[CH-RN*Y/CN 
2 DN=ABS(DR) 

SX=-AN/CN 
SY=-BN/CH 
DD=DN*G

A 

_ 

CP.K AT X+R3/29 ETC 
ea w?=N*DD/C9 _ 

.AA=CP-(S/H)*TANH(H2) ' ,« 
3 99=1.+tG¥D0/cP++2)*(4./(ExP(w2)+ExP(—w2))¥+2) 
’ C1=CP-AA/BB .

‘ 

5 IF(A3S(B1vCP).LT..00D1*C1)GOT062' 
3 CP=C1 

GOTOBE ' 

62 CP=C1 
N?=H‘DD/CP 
G9=k.*H2/(EXP(2.*H2)*EXP(-2.*H2)) 
GH=CP*G3/(DD*(11+G9)) 

_ _

, 

CHH=*CH*2.‘G/(CP*(1.+G9))**2 ‘ 

K=(1./CP)*CH*(SIN(A1)*SX-COS(A1)*SY)*(-in) 
R4=DEL*COS(A1) 

> SL=DEL*SIN(A1) 
‘ 

A T¢=DEL*K*GS ' 

PE=-(COS(A1)*SX+SIN(A1)*SY)*CH/CP 

‘1 

vvruw

v 

> ,)/CP 
Uk=DEL*D8ET1*GS 
Vb:-0EL*GS*(QU*8ET1+PE*D8ET1) 

c NEH COORDINATE FROM R-K SCHEME IS- 
.XSN=XSN+(1./6.)*(R1+2.*R2+2.*R3+R#) 
YSN=YSN+(1./6.)*(S1+2.*S2+2.*S3+Sh) 
A=A+(1./6.)*(T1+2.*T2+2.*T3+T#) 
BET=BET+(1./6.)*(U1+2.¥U2+2.*U3+Uk) 
oeET=08:T+(1./5.>*(v1+2.*v2+2.+v3+vu) 

c VLOCATE THIS COORDINATE GET DEPTH SLOPES 
IF(YSN.LT.O.)GOT0h3O 
M=0 
N=0 

ea M=M+1 
IF((MH-W).LT.O)GOTO#30 
M1=M H . 

IF(XSN.LE.M1)GOTO66 
. GOTOB4 

I 

-1 

xu 

u“V‘U 

QU=CHH*((SX‘SIN(A1))**2-2.*SIN(A1)*C0S(A1)4SX*SY+(SY*C0S(A1))**Z 

£5 N=N+1 
IF(rNu-u).LT.0yeoToa3u 
N1=N ' 

IF(YSNoLE.N1)GOTO68 
GOTO66 ‘

, 

68 X=XSN+1.-M1 u 

‘Jl4~ 

\)~J‘|Ul“‘ 

V-JKLJU’ 

VU'\J|1 

L'Jl\J 

1"‘ 

’—O
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4 

U‘ 

‘as 

9-

w 

<1>VO'U| 

J'«'U~1|\’V"“L»'\.L‘U7NU‘4Ul-I-A 

v~JT\)«l‘*t;JI‘L)L',o\J(j\\J|J:‘ 

(_,..|~q 

--(J 

« C 

Y=YSN+1o-N1 
'AP=z(a+1.N)/c3+z¢M+1.u+1)/cs 
B=Z(H+1.N+1)/GS+Z(M.N+1)/GS ' 

C=z(M,N)/GS+Z(M+1,N)/GS+Z(M.N+1)/GS+Z(M+1,N+1)/GS 
AN=-(k.‘AP-(4.*3-2.‘C)+4,*(3-C))/h- _ 

RN:-(2.+(4.*B-2.*C)+2.*(C-2.*B))/Q. 
PN=-t4.‘(C-3)-(C-2.‘B)-2.*AP)/4. 
RT=SQRT(1.+AN**2+BN**2) 
AN=AN/RT 
BN=BN/QT 
CN=1./RT 
PN=PN/RT 
0?:-PM/CN-AN“X/CN-BN*Y/CN 
DN=ABS(DR) 
SX=-AN/CN 
SY=-BM/CN 
DD=DN*GS- 
C~°gKsCG AT NEW XSWQETC 

70 H2=N‘DD/CP 
A£=CP-(5/N)*TANd(w2) 
BB=1.+(G*DD/CP**2)*(k./(ExP(H2)+EX9(-W2))**2) 
1:09-AA/BB 

IF(ABs(c1—cP).LT..ooo1+c1)coTo72 
cp=c1 < 

GCTO7G 
CP=C1 
wNo=w/cp 
wu=2.+wNo*o3 O 

' 

__ 

CG=.S*CP*(1.+NH/((EXP(HN)-EXP!-NH!)/2.)) 
w2=w*na/cp V

‘ 

G9=#.*H2/(EXP(2.*w2)-EXP(-2.*H2)) 
CH=CP*G9/(DD*(1.+G9)) 
K=(1./C?)*(-SIN(A)*Sx+GOS(A)*SY)*CH 
A0=A 
HRMS=HRMSO*SQRT(ABS(CGO/(CG*BET))) - 

IF(HRMS*N/(CP*2.*PI).GT..12*TANH(DD*N/CP))GOTQ99 
STOP RAY IF on SHORE -

- 

IF(DR.GT..0)GOTb99 
R9=((1./6.)*(R1+2.*R2+2.*R3+RA))**2 
s9=((1./5.)*(s1+2.*s2+2.*s3+su))+*2 
R9=R9+S9 
DELR1=SORT(R9) 
DELR=DELR+DELR1 
IF(DELR.GT.DELP)GOTO750 
GoTo7ea 

-750 AD=18G.*A/PI" ‘ 

PRIHT77,N19XI.YI,XSN,YSN,A0sHRMS;DDoCP9CG9BiT9DELR»DELP 
77 FoRmaf;;H ,Fs.3.2x,Fe.3.2x,Fe.3,2x,Fe.3.2xqFe.3,2x,F5.1,2x,F7.g,2x 

..F5.z.2x,F5.2,2x,F5.2.2x.E1o.u.2x.E1o.u.2x.a1o.u,2x) . 

DELP=DELP+1o 
red CONTINUE 

GOTOZ1
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C 99 

£10 

820 

830 
112 

119 

h70 

Q50 
78 

#90 

AD=18fl.*A/PI 
FIflD'ANGL: OF STEEP7ST ASCENT UP PLANE (THE NQRMAL TO THE BEACH): 
AND ACUTE ANGLE WITH HAVE RAY. 
PS=&TflN2(BN.AN)*180./PI 
IF(CN.GT..U)PS=°S+180. 
IF(Ps.LT.0.)Ps;Ps+350. 
PZ=PS-AD ' 

P7Z=PZ‘PI/90. 
SVOL=15330.0*CG‘SIN(PZZ)*HRMS**2 
XS:XSN*GS 
vs=vsN+ss 
XP=XI‘GS 
YR=YI‘GS 
PRINT LUNGSHORE TRANSPOQT RATE, ETCo9 FOR THIS RAY: 
P?INT15yW19XRqYQgA29HRHSIyXSgYSyAUqHRHS9DD9CGgPZ9SV0L

' 

11UoHy2XyF5a1g3X9F7o§gLX9F5o2g3XyF5oZ9QX9F6o192XgE1U.4) 
NEXT WAVE RAY ' 

YI=YI+OYI 
IF((YF—YI).LT.0.)GOTd470 
N=0 
N:N+1 , 

IF((H4-%).LT.5)GOTOk3U 
N1=N 

_

’ 

IF(YI.LE.N1)GOTO830 
GOTD820 
M=G 
M=M+1 
IF((NN-N).LT.0)GOT0#38 
M1=M 
IF(XI.LE.M1)GOTO11k 
GOT0112 
A=A2*PI/180. 
L=2.*G*PI/N**2 
CP=CPI 
CG=CGI 
HRMS=HRHSI 
GOT019 
AD=A*180./PI 
‘PRINI75.w1.XI.YI.XSN.YSN.AD,HRHS.OD.CP,CG.B£T 
FCRHAT(1H ,6X.F5.3.2X.F6.3.5X,F6.3.4X,20H oursrba ARRAY AT . F6-3v3XnF6.3o8X9F5.1v3X9F7.#94XoF5o2g3X,F5o2.5XgF5.2y2X,E1GoQ) GOT0110 
CONTINUE 
Gorouao 
P?INT78 
FORHAT(1H'o1GXo11HEND OF FILE)

, comrxwua 
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 more than one 
depth array so that, for example, a nearshore situation can be examined us- 
ing an 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—

A 

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. 

MODIFICATIONS: 

(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 angle 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.0R.X.LE;l.5) GO TO 23 
to ’ 

22 IF(X.GE.RHS.OR.X,LE.l.l)GO T0 23 * Line 70, Subroutine REFRAC 

.CARD 199* from IF(Y.GE.TOP.OR.Y.LE.l.5) GO TO 23 
' 

to 
'

, 

lF(Y.GE.TOP.OR.Y.LE.1.l) GO TO 23 
» * Line 71, Subroutine REFRAC ‘



RHS=RHS-1.5 
to 

RHS=RHS—l.99 
* Line 99, Program DOBW 

CARD 69* from 

CARD 71* from TOP=TQP-1.5 
to 

TOP=TOP—l.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 lb/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 P8. 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 va1ue_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 A, B, C, E, or F. 
' N.B. In 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. 

VARIABLE COLUMN FORMAT DESCRIPTION 
Card 1 
NOSETS 1-5 integer, The number of grids to be run. 
.Card 2 - 

MI, MJ 125 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 = meters 

LIMPT 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. ’



TVARIABLE 

DCON 

DELTAS 

GRINC 

ZA 

ZP 

COLUMN 

36-45 

46-55 

56-65' 

66-69 

70-73 

80 

_FORMAT 

floating 
point 

floating 
point 

floating 
point 

x floating 
point 

floating 
point 

.integer 

DESC3IPTION 

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 = l. 

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 ZP 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 lflnitations. 

Set equal to l for plot.



Card 4+x 
DEP(I,J) 

Card 5+3 
TITL 

Card 6 +x 
NORAYS 

H0 

Card«7+x 
SURGE 

Card 8+x 
SCALE 

Card 9+9: 

X1, X2 

Y1, Y2 

' XSC 

Ysc 

CQLHME 

1-12 

1-72 

1-3 

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) 

l—l0, 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: (l6FlO.3). This allows a 
varied format without changing the 
program. 

iThe depth values for the grid. The 
total number must equal MIxMJ. The 
values start at the lower left hand 

All K 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 MX#l. 
E.g. Scale: l:4204, the real scale is l"=4204 ft x 12 in_= 50448" 

V 
_ft 

or'= l:5000O

\ 

The minimu 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.



VARIABLE COLUMN 

.Card l0+x 
X 1-7 

Y 8-14 

A 15-21 

FORMAT DESCRIPTION 

(one card for each point) 
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. If positive 
x-axis 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 is 
DEPTH is 
MAX DIF is 
FIT is 
TLENGTH ‘ 

is 
SPEED is 
HEIGHT is 
KR is 
KS is 

the 
the 
the 
the 
the 
the 
the 
the 
the 

‘gives the point on the ray for which data is printed out. 
are the x and y coordinates of this point. 

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 
length of the wave at the point. 
wave velocity (ft/sec). 
wave height in feet at the point. 
refraction coefficient. 
shoaling coefficient. 

surface.



Input Data Format for the Dobson Programme 

Card 1. 

Card 2. 

Card 3. 

Cards 4+x 

Card 5+x 

Card 6+x 

Card 7+x 

Card 8+x 

Card 9+x 

Gard 10+x 

NOSETS 
FORMAT (I5) 

(line 78, PROGRAM DOBW)V 

MI, MJ, IGRCON, LIMPT, NPRINT, GRID, DCON, DELTAS, GRINC, ZA, 
zp, MXX (line83, PROGRAM DOBW) 
FORMAT (515, 4Fl0.5, 2F4.1, ex, I1) 

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

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

TITL (line 127, PROGRAM DOBW) 
FORMAT (8A10) 

NORAYS, T, HO (line 131, PROGRAM DOBW) 
FORMAT (I3, F8.2, F6.2) 

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

SCALE (line 10,SUBROUTINE LABEL) 
FORMAT (FlO.3) 

X1, X2, Y1, Y2, XSC, YSC (line 147, PROGRAM DOBW) 
FORMAT (8Fl0.3) ' 

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.)



NSI FORTRAN(2.3)/MASTER INTEGER HORD SIZE = 1 . * OPTION IS OFF .E0 OPTION IS 

’LN 3091 PROGRAM DGBN 
;Q0. 

02 C DODH 
LN -003 C BY R.S.DO9SON _ 

LN DDDA C A PROGRAMME TO CONSTRUCT REFRACTION DIAGRAMS AND COMPUTE HAVE 
LN 5005 C HEIGHTS FOR HAVES MOVING INTO SHOALING HATER. ‘ 

LN 3006 C STANFORD UNIVERSITY. 
LN 0007 C MARCH. 1967. 
LN 0303 C CORRECTED FOR THE IBM TOAD CONPUTER BY DAVE INGRAM-197C. 
LN 3039 C INPUT PARAMETERS. 
LN 0010 C HI = MAX. VALUE FOR I SUDSCRIPT. NOT TO EXCEED 100. 
LN 0011‘ C MJ : MAx. VALUE FOR J SUESCRIPT. NOT TO EX§iED 100. 
LN 0012 C IGRCON = GRID UNIT IDENTIFER. 1 = FEET. 2 = MILES. 3 = METRES. 
LN 0013 C LIMNPT = MAX. NUMBER OF RAY COMPUTATION POINTS. 
LN 001A C NPRINT = FREQUENCY OF PRINTED OUTPUT FOR EACH RAY. 
LN 0015 C ALL IN FORNAT I3. . 

LN ID15 C GRID = NUNSER OF GRID UNITS PER GRID DIVISION. 
LN 3:17 C DCON = MULTIPLIER T0 CONVERT DEPTH UNITS TO FEET. 
.LN 0018 C D=LTAS- = MINIMUM STEP LENGTH ALONG RAY IN SHALLOH HATER. 
LN 0019 C GRINC = STEP LENGTH ALONG RAY IN DEEP HATER. 
LN Dean C ALL IN FORMAT F10.5. 

i

A 

LN Jc21 C 'FMT = FORMAT FOR DEPTH DATA. EG. = (1OFe.3). (2A6). 
LN 0022 C DEP(I.J) = DEPTH AT GRID POINTS.

/ 

LN 3023 C NOSETS =NO OF GRIDS TO BE RUN. (I3). 
LN 002A C TITL = IDENTIFING TITLE FOR EACH SET. (12A6). 
LN 3025 C NORAYS = NO. RAYS IN EACH SET. (I3). 
LN 0026 C I ; HAVE PERIOD. SECS. 
LN 0027' C H . 

= DEEP HATER HAVE HEIGHT. '(FG.2).
‘ LN 3023 C X. Y = STARTING COORDINATES. (F7.2). 

LN 0029 C A = INITIAL DIRECTION OF RAY. (F7.2). 
LN 0030 C ZP IS THE INTERVAL IN GRID UNITS FOR HHICH EXTRA RAYS HILL 35 
LN 0031 C . 

PUT ON THE SMALLER GRIDS; 
LN 0032 C IF zA IS NOT EDUAL TO ONE-THAN NO GRID CARD IS NEEDED 
LN 0033 C IF zA EDUALS ONE THAN A GRID CARD HILL BE READ IN. 
LN 003A C IF A PEN PLOT IS REQUIRED SET Mxx EDUAL T0 1 
LN 0035 C IF Mxx EDUALS 1 THEN A SCALE CARD MUST BE INSERTED DEFORE 
LN 8336 C THE RAY DATA. 
LN 0037 C IF Mxx=1 AND NOSETS t 1 THEN THE PROGRAM HILL NOT HORN. 
LN 0035 C THE PROGRAM CAN ONLY PLOT ONE DIAGRAM. 
LN 0039 C

‘ 

LN JCAD C EXPLANATION OF THE GRID CARD 
LN 0041 C THE GRID CARD IS PLACED BEFORE THE RAY CARDS. 
LN 0042 C x1 AND x2 ARE THE x COORDINATES OF THE SMALLER GRID ON THE 
LN 0043 C LARGER GRID. » 

LN JOAN C Y1 AND Y2 ARE THE Y COORDINATES OF THE SMALLER GRID ON 
LN 00.5 C THE LARGER GRID. ’ 

LN 3046 C xSC IS THE MI VALUE OF THE SMALLER GRID MINUS ONE GRID UNIT. 
LN 3047 C YSC IS THE NJ VALUE OF THE SMALLER GRID MINUS ONE GRID UNIT. 
LN 3348 C BOTH OF THE LATTER THO VALUES ARE IN DECIMALS. I 

LN 3049 C IF RAYS ARE TO BE RUN THROUGH A SMALLER GRID. NOSETS MUST BE 
LN 0050 C GREATER THAN 1. 

'
‘ 

LN 3051 C AFTER THE RAYS IN THE DATA DECK PUT IN THE PLOT CARD FOR THE
C _L‘.pD52 SMALLEQ GRIDo FOLLOWED BY.THE DEPTH VALUES FOR THE SMALLER GRID.



:31 FoRTRAu<2.3)/MASTER INTEGER WORD SIZi = 1 y * OPTION IS CFF y 0 OPTION I3 

SMALLER GRIDS NILL.DE LN 053 C BE CAREFUL BECAUSE THE PLOT CARD FDR IHE 
Lugs‘. c DIFFERENT‘ FRDN THF DRIGINAL PLOT CARD. .

- 

LN 55 C IF NDRE THAN DNE EXTRA GRID IS USED THEN FOLLOW THE SAME 
LN Jase C ‘INSTRUCTION FDR THE GRID CARD. 
LN 3057 C CARD 116 REQUIRES THAT A VALUE BE READ IN TO GDRRESPDND TO A 
LN D053 0 TIDE AND/DR A STDRH SURGE FDR THE DEPTH GRID. 
LN 3059 C =

' 

LN D065 DDHHDN /GR/ Gx1,Gx2,Gv1,GY2,xSc,¥sC,x1,x2.Y1,Y2 
LN 3061 COMMON /GRID2/ RANGLE.zx.zY.zD1.zBz 
LN 3352 CDNNDN/1/DER(1DD.1DD);D(12».ETe).81,n2,cD.cxv.DcDH,DcDN.DELTAS,3RL 
LN 0053 1.DTGR.DxY.GRINc.HD.IGD.JGD.LINNPT,N°RINT,NPT.PHx,PHv,RcCD.RHS.RK. 
LN asea ZSIG,SK,TOP.V,HL,HLO,LL,NGR;JGR,TyMXXaSCALsMXY 
LN 0065 DIHENSIDN TITL( 8).FMT(6).ZFEET(90).ZFEET2(9D),ZX(90)oZY(90)o 
LN 0066 1°ANGLE(aD).AD(9D).za1(9DT.za2(9D) 
LN 3067 DATA IFEET.IHILES.IHETRE/AHFEET.5HNILEs.GHHETRES/ 
LN 0968 C

' 

LN 0063 z2=D.D 
LN D070 LL=D . 

LN D071 NRITE(D.6D) 
LN 3077 so FDRNAT(1HI.9x.A1HHAvE REFRACTIDN BY NETHDD DF R.S. DOBSON,/1HC,3X 
LN D073 15DHCIvIL ENGINEERING DEDARTNENT, STANFORD UNIVERSITY./I

4 

LN 307A NRITE(5L5H) 
LN 3075 SA FDRNAT(1H .9x,G3HDENsDN-LENHER RLDTTING ADDED AND PROGRAM MODIFIE 
LN JD76 1 BY TED BRYANT»//99Xs91HGEOGRAPHY DEPARTMENT. MCHASTER UNIVERSITY 
LN D077 2//) 
LN D073 READ(5,5G) NDSETS 
LN aD79 56 FORHAT(I5) _ 

LN 0080 DD 111 NDSET=1,NoSETs 
LN 0081 C READ BASIC DATA 
LN 0062 A 

. 

'

. 

LN 0583 READ(5,51) NI.HJ.IGRGDN.LINNRT,NPRINT.GRID,DcoN,DELTAS,GRINC.zA,zF 
LN Doau 1,Nxx 3 I

. 

LN 3085 E1 FORMAT(5I594F1U.592F4.1q6XsI1) 
LN D086 IF(Mxx.ED.1.AND.NoSETS.NE.1)NRITE(6.e5) 
LN 0087 IF(MXX.EQ.b.AND.NOSETS.NE.1)STOP 
LN D388 65 FORHAT(1H ,A3HRRDGRAN CAN NDT PLOT «DRE THAN ONE DIAGRAN./.1x. 
LN 0089 1 EOHANY ERROR IN THE SECOND SET DF DATA WOULD KILL ALL RLDTTING./ 
LN D090 2 1Xq94HTHE CHANGE oF ERRDR AND THE COST INVDLVED Do NOT MAKE HDRE 
LN 3091 3THAN DNE PLOT PER RRDGRAH FEASIDLE./1x.1eHPRoGRAN STOPPED.) 
LN D092 .IF(zA.NE.1.) NGR=2

. 

LN 0093 IF (NI .GT. 100 .DR. NJ .GT. 100) Go To 10 
LN 0094 READ(5o 52) FMT 
TLN«JC95 52 FORHAT(6A5) I 

LN 3o95_ READ(5.FNT>I(DER(I.J).I=i.HI).J=1.wJ) 
LN 0097 NRITE(e.FNT)¢(DEP(I.J),I=1.HI).J=1.1J) 
LN 0098 RHS = HI 
LN JE99 RHS=RHS-1.99 
LN_D10D TOP = MJ ' 

LN 9101 TOP=TOP-1.99 
LN D102 UNIT = GRID 
LN 3183 Go To (1e.17.18). IGRDDN _r.D4 IFEE p 16 I&RCOH_=



SI FORT9AN(2.3)/MASTER ‘ OPTION IS OFF 9 0 DPTION IS ‘INTEGER-NORD 3125 = 1 . 

N » 05 60 To 13
7 

NQJI: 17 GRID = GPID*EC~8>U..21 
LN 07 IGRCON = IHILES 
N 3103 GD To.1a 

LN J10? 18 GRID = GRID*3.281 
N 0110 IGRCON = IMETPE 

LN 3111 19 CONTINUE A ‘ 

LN 4112 NPITE(6.63) NI.4JTNPRINT.UNIT,IGRCDN,CRINC.DC0N , , 

LN 3113 63 FORMAT(1H0.9x.21HPROGRAMME PARAMETERS.//ZSH GRID LIMITS. ABSCISSA 
4 311A 1 =.Ih.12H. DRDINATE =,I4.1H,/27H PRINTED OUTPUT INTEQVAL =.IA.eH 

LN 3115 ZPCINTS./13H GRID SIZE. UNIT =.F9.4.1x.A691H./31H DEEP NATER INCR 
LN 3116 3EHENTAL STEP =.F7.3a12H GRID UNITS./#9H .DEPTH CONVERSION. 3£P(I,J 
LN 9117 +) T0 FEET, MULTIPLY BYqF6.3) .

’ 

LN 3118 IF(LL.GE.1) Go To 25 
LN J119 Go To 26 
LN 3120 25 DD 50 J=1.LL 
LN 3121 ZFE:T(J)=(Zx(J)-x1)*GRID 
LN 3122 ZFEET2(J)=(ZY(J)-Y1)*GRID2 
LN 3123 A0(J)=PANGLE(J) 
LN 312A 50 CONTINUE 
LN 312? 26'IF(LL.G€.1) co T0,466 
LN 0126 C READ HAVE DATA 
LN 0127 RSAD(5.57) TITL 
LN 0128 E7 FDRMATIBAICJ 
LN 0129 A66 IF(LL.GE.1) GO TO 2 
LN D130 LL=D - 

LN D131 READ(5,58) NOQAYS, T, H0 
LN D132 READ(5.&1) SURGE ' 

LN 0133 41 F0RNAT(F10.3) 
LN 013+ 58 FORHAT(I3.F5.2.F6.2) 
LN 0135 IF(MXX.EQ.1) CALL LABEL(NORAYSqT.HO.SURGE.TITL.HI.MJ,GRIO.SCAL) 
LN 0136 DD #0 I=1.Ml -

. 

LN 0137 Do an J=1.NJ 
LN 0138 IF(DEP(IoJ).LT.0.)DEP(I9J)=DEP(IqJ)~(3.U/DCONJ 
LN D139 DEP(I.J)=DEP(I.J)+(SURGE/DCDN)" ‘ 

LN 0140 A0 CONTINUE 
LN Dikl NRITE(6.478)SURGE 
LN a1A2 473 FCRHAT(1H ,3AHsToRN SURGE AND HIGH TIDE VALUE Is.1x,F1c.3) 
LN J1»3 IF(NxX.EQ.1)NRITE(6o68) 
LN o1»+ ea FORHAT(1H .59HwAvE REFRACTION DIAGRAM HILL BE PLOTTED IF INPUT IS 
LN D1~9 ICORRECT) 
LN JIA6 2 IFLZA.NE.1.) GO TO 1 
LJ 3147 - READ(§.iD§) Xi,X2,Y1.Y2.XSG;YSC 
LN 3148 105 FORNAT(8F10.3) 
L4 3199 IF(xSC.iD.0.U) G0 T011 
LN 0153 DELTA=(x2-X1)/XSC 
L4 £151 N?ITE(a.106)x1.x2.Y1,Y2.DELTA.XSC.YSC I 

LN 3152 106 FORMAT(1H0. 22H3RID CARD VALUES X.S=.2F10.2.3X.9HY.S=.2F10.2. 
LN 31:3 1 3x,6HDELTA=.1F10.2.3x,13Hx - Y SCALE =.2F15.2//)

’ 

L: 315A GX1=X1+0ELTA ’ 

GX2=XZ-DELTA 
GY1=Y1+3ELTA



I =o2T20N12.31/MASTER »INTZGER.NORD SIZE = 1 . + OPTION IS OFF . 0 OPTION ISV 

_N 57 GY2=Y24DELTA 
1 3 1L1F(LL.GE.1) 00 TC 69 
N 3159 s16=6.23316531/I 
N 3169 :co = 5.120bO&?*T 

;N 3161 NLO :.c0+r 
N 3167 090 = NLO*0.6 
N 3163 0100 = GRINC/CO 
N 3164 UNII = DTGR*GRIU 
N 0165 69 IF(LL.GE.1) 00 T0 22 

LN 0166- GO TO 49° 
LN 3167 22 NCRAYS : LL 
N 0160 72:1. 

LN 0169 LL=0 
LN 0170 00 20 NORAY = 1, NORAYS 
LN 0171 x = ZFEET(NORAY)/GRID 
LN 0177 Y : ZFEET2(HORAY)/GRID 
LN 0173 A = AOINORAY) 
LN 3174 0x1 : X+ZP 
LN 3175 QY1 =.v 
LN_0176 QX2=X-2° 
LN 0177 QY2 = Y 
Lu 3178 2 = 1. 
LN 3179 FMM = N1 
LN 0100 FNN = F49-1. 
LN 0161 GO TO 23 
LN 3182 23 NFT = 1 _ 

LN 3133 JGR = 2 
' 

'

, 

LN 318a cxv = C0 
LN U185 HL = HLO 
LN 3166 91 = Z31(NORAY) 
LN 0167 B2 = ZB2(NORAY) 
LN 0153' 

. RK = 1._ 
LN 0169 . SK = 1. 
LN 0190 wPITE(6,24) NosaT,T,N02Av,uN1T.NPT,x,v,A 
LN 0191 24 FcRNAT(1H1. /8H SET No..I3.i0H. PERIOD =,F7.2.7H‘SEcS.,.aH RAY 
LN 0192 L 1N0..I3.13N. TIME STEP =,F8.a.6H SECS.//1H ,3x,5HP0INT.5x.1Hx.sx.1H 
LN 3193 2v.6x,5HAN6LE.5x.5H0EPTH,4x,7HNAx DIF,kX.3HFIToSX.6HLENGTHg4X,SHSPE 
LN 3194 3E0,sx.6HNs1cH7.sx.2HKR.ax.2NKs.//1H .17.3F9.2) 
LN 0195 CALL RAYCON(X,Y.A) . 

LN 0196 — IF(ZP.EQ.U.D),G0 TO 20 
LN 0197 IF(Z.EQ.1.) 00 T0 10 
LN 0196 . 1F(z.E0.2{) so To 31 
LN 0199 IF(Z.GT.2.) so 70 20 
LN 0200 16 x=ox1 
LN 0201 . IF(x.6:.FNN; 60 TO 20 
LLN 3202 Y=QY1 
LN 0203 A =AQ(N0RAv) 
LN 320k Z = 2+1. 
LN 0205 ' 00 T0 23 
LN 3206 31 x=0x2 
LN .207 IF(X.GE.FMH)4C0 to 20 
L: 08‘ Y=QYZ



I 

:31 FORTRAN(2.3)/MASTER Inracaé Noam srzs = 1 , 4 OPTION IS OFF . o OPTION 13 

LN 0203 A = AO(NORAY)- 
_ N 10 Z=Z+1. 
LN 11 GO TO 23 
LN 321? 2a CONTINUE 
LN 3213 C ‘ 

LN 321a C TEST RAY DATA TO SEE IF IT IS PUNCHED COQPECTLY. 
LN 3215 C ‘ 

LN 1216 499.00 112 NORAY=1,NORAYS 
LN 0217 

_ 

IF(zz.Ea.1.) GO TO 500 
LN 3218 REAO(5.59)ZX(NORAY).ZY(NORAY)»AQlNORAY) 
LN 0219 59 FORHAT(3F7.2) 
LN 0220 

_ 

X=ZX(NOQAY) 
LN 0221 ' 

- 

. Y=ZY(NORAY)_ —

. 

LN 1222 IF(X.GE.QHS.UR.X.LE.1.1.OR.Y.GE.TOP.OR.Y.LE.1.1)NRITE(6.7C)N0RAY 
LN 0223 ' IF(X.GE.RHS.OR.X.LE.1.1.0R.Y.GE.T0°.OR.Y.LE.1.1)STOP 111 
LN 322A 70 FoRMAT(1H ,3CX,1EH‘¥***¥****./,30X.29HRAY DATA LOOKS FISHY, RAY N 
LN 0225 ’ 1..I5./,30x.10H+**+4****+) 
LN_3226 112 CONTINUE 
LN 3227 NEITE(6o71) 
LN 3228 71 FORMAT(1H .19HRAY DATA R§ADS 0.K.) 
LN 0229 500 D0 110 NORAY =1.NOQAYS 
LN 3233 IF(ZZ.EQ.1.3) GO TO 110 
LN 3231 IF(ZA.NE.1.) 6X1=0.G 
LN 3232 IF(ZA.N€.1.) GY1=U.0 
LN 0233 MXY=1 
LN 3234 x=Zx(N02AY). 
LN 3235 Y=ZY(NORAY) 
LN 3236 A=AQ(NORAY) 
LN 0237 IF(X.£Q.0.0) STOP 
LN 3238 IF(MXX.EQ.1)CALL GRAPH(XsYq$CALoHXY) 
LN 3239 K 

MXY:2 
LN 3240 . NPT = 1 
LN 3291 JGR = 2 
LN 0242 CXY = C0 
LN 3243 

_ 

NL = NLO 
LN UZLQ 81 E 1. 
LN UZNS B2 = 1. 
LN J2A6 3 RK = 1. 
LN 32%? ‘ SK = 1. 
LN J2;8 wRIT5(6.61) TITL.NosET.T.NoRAY.uN1T,NPT,X.Y,A,NLo,Co,Ho 
LN 3249 61 FORflAT(1H1o6A10/8H SET No..I3.13H. DERIOD =.F7.2.7H SECS...8H RAY 
LN 3250 1N0..I3.13H, TINE STEP =.F8;4.5H SECS.//1H»,3x.5HP0INT.5x.1Hx.ax,1+ 
LN 9251 2Y.ox.5HANsLE.5x;5HDEPTH.4x.7HMAx DIP,ux,3HFIT.5x,6HL5NCTH,4x,5HsP: 
LN 0252 3ED.5x.6HHEIGHT.5xa2HKR.8x.2aKs,//1H .I7.3F9.2.29x.3F10.2) - 

LN 0253 CALL RAYCoN(x.Y,A) * 

LN 0254 ‘ 110 CONTINUE 
LN 3255 111 CONTINUE 
LN 3256 NRITE(6.62) NOSETS- 4 

LN 3257 ' ea FORMAT(39HD ALL SETS.COMPLETED, NUMBER or SETS =,1L, 
LN 0255 A 

. IF(HXX.EQ.1) CALL FIN1S(MI,SCAL) 
LN 0259 IF(MXX.EO.1)wRITE(6.S3) 
_L[02E0 E3 FOR.‘1AT(1H q32H'/JAVE REFRACTION DIAGRAM PLOTTED.)



451 FORTRAN(2o3)/MASTER INTEGER WORD SIZE 1 . *.opTIoN IS 0?: , O OPTION IS 

LN =2a1 G0 T0.12 
' 52, 1Q_wRITE(6.6§) MI.MJ _ 

LN 9253 ea FORMAT(1HE.52HPROGRAMHE STOPPED, MI OR MJ GREATER THAN 102 NOT AL 
LN 125: 1cw=a. 11 =,1;.74, Md :;1g; 
LN 3255 12 STOP 
‘N 0255 Pwo



31 FORTRAN(2.3)/MASTER INTEGER-HORD SIZE = 1 . +~0PTI0N IS OPTION I3 

LN 0001 ‘envcor DECK 
L; 02 SUBROUTINE QAYCON(XsY,A) . 

LN » 03 COMMON/1/DEP(10J.10U),D(12).E(6)9B1oB2.C0,CXYsUCDHqDCON.DELTASsDR 
LN 0000 1.0709.0xv.s9INc.H0,I0o.J00.L1wNp7,NpR1Nr.NPT,pHx,RNY.Ncc0.RHs.RN. 
LN 0005 2sI0.sN.ToP.v.NL.wLo.LL.N0R,00R.T,Nxx.scAL.Nxv 
LN 0005 COMMON/COMA/XPoYP - 

LN 0007 ANS = A 
LN 0008 750:0. 
LN 0000 A = A+0.c17u532025 
LN 0010 0050 = COS(A) 
LN 0011 SINA = SIN(A) 
LN 0012 H = HO - 

LN 0013 I60 = 1 
LN 0:14 10 PX = x 
LN 0015 DY = Y 
LN 0015 x : cosA+0R1N0+x 
LN 0017 v = SINA‘GRINC+Y 
LN 0010 CALL 0=nTH(x,Y) 
LN 0019 NNRIr: = 1 

LN 0020 IF (oxv .LE. 0.) G0 70 20 
LN 0021 *1? <0xv .LT. 000) so To 11 
LN 0:22 NPT = N°T + 1 - 

LN 0023 IF INPT .07. LI4NPT) GO T0 26 
LN 0020 IF(x.G£.RHs.o5.x.L5.1.5) 00 TO 31 
LN 0025 IF(v.0:.ToP.0:.v.LE.1.5) 60 I0 31 
LN 0025 IF(NPT/NPRINT*HPRINT-NPT.NE.G) GO TO 10‘ 
LN 0027 00 TO 21 
LN 0028 31 NHRITE=5 
LN 0020 ' 00 TO 21 
LN 003: 11 x = PX 
LN 0031 v = PY 
LN 0032 CALL CURVE(XsY,A,FK) 
LN 0033 12 NPT = NPT+1 
LN 3030 ‘ IF (N97 .07. LIMNPT) 00 T0 26 
LN 0035 NNRITE = 1 
LN 0033 CALL R£FRAc(x.Y.A.FK.I15) 
LN 0037 00 T0 (1s.22.23.2u,25.27).I15 
LN 0038 22 NHRIT§ = 2 

‘LN 0039 so To 13 
LN 0000 23 NHRITE = 3 
LN 0041 00 T0 10

A 

LN 0042 24 NHRITE = H 
LN 0003 00 T0 13 
LN Joan 25 NHRITE = 5 
LN 0005 00 T0 13 
L: 0040 25 NNRITE = e 
LN 00«7 so To 13 
LN JOLB 27 NMRITE = 7 
L: 0005 00 TO 13 
LN 0050 13 CALL HE10Nr(x°.vP,0,H) 
LN 0051 IF(TEO.E0.1.) 00 TO 3 
L 052 IF(DXY/H.GT.1.2-3) 60 T0 3



31 ?ORTPAN(2,3)/MASTER INTEGER woao sxzé = 1”} * OPTION 18 OFF . 0 OPTION IS 

LN 'o53 150:1. 
u;L§+‘».n. A 

- ANG=A"57...29577951 
LN ..55 N9ITE(6.4)X.Y,AHG.DXY,wL.CXY,H . 

LN SE56 L FDRHAT(1HD.16HHAVE IS BREAKING/bX.3F9.2,F11.2.18X.3F10.2) 
LN 3097 d~ ENERGY = (6h.U/HL)*(DXY*H*4./3.)‘*1.5 ‘ 

LN 0058 . ENERGY = (6h.0/NL)*(DXY*H*u./3.)*“1.5 
LN 3053 wRITE(a.5) ENERGY « 

- « 

LN nose FORWAT(1H ,30HHAVE ENERGY AT BREAKING POINT=.F1D.2s1X, 
LN 3051 1 31HL3/FT or wave CREST/HAVE LENGTH/T a

T 

LN 1:69 3 IF(HwRITE.GT.1) so to 13 
LN 3053 . IF(MXX.EO.1) CALL GRAPH(X.Y,SCAL,MXY) 
Lu 005; IF (NPT/NPRINT*NP9IHT-NPT .us. on GO TO 12 
LN 9065 13 ANG = A+57.29577951_ _ 

LN 3966 T21 CALL wQITEP(X.YgANS;HsNwRITE) 
LN 0067 14 so TO (1o.12.19). IGO 
LN 3068 19 RETURN 
LN 0069 ‘ ' END 

USASI FO9TRAb DIAGNOSTIC R§SULTS FOR RAYCON 

NO EQRORS 

FOLLOWING ARE common BLOCK NAMES OR NAMES NOT Assleflso STORAGE, 

OHA 

UNREFERENCED STATEMENT LABELS 

C014



51 FORTRAN(2.3)/MASTER INTEGER-WORD srza = 1 . 1 OPTION IS OFF . 0 OPTION IS 

N ‘.1 REFHAT DECK h 
~ 2 SUBROUTIN= QPFRQC(X.YaA.FK.I15) 
N 0003 c0MN0N/1/05°(100.100T,0(12».5102.01.02.co,cxv.0c0N.0coN,0:LT0s.uNc 
1 1000 1.0T02.0xY.021N0.H0.10o.J00.L1NNPT.N°R1NT,NpT.PHx.pNv.2cc0.2Ns.RK. 
_N 0005 2sI0.sK.T0P.v.NL.NL0,LL.N0R.J0R.T.Hxx.s0AL.Mxv 
N 0308 c0NN0N /GR/ 0x1.0x2.0v1.0v2,xsc.vsc.x1,x2.Y1.v2 
N 0007 COMMON IGRIDZI PAN0LE.zx,zv.z31.Zs2 ' ‘ 

~ 0005 01NaNs1oN pAN0L=(90»,7x(q0).zv(90).z01(90).z02(901 
0 3009 IF(GX1.EQ.G.E.AND.GY1.EQ.G.J) NGR=2 
N 0010 NCUR = 1 - 

N 0011 IF(JGR.E0.1) 00 T0 200 
N 0012 IF(NGR.E0.2) 00 T0 200 
N 0013 IF(x.0:.0x1.AN0.x.LE.0x2.AN0. 
J 0010 1 Y.GE.GY1.AHD.Y.LE.GY2) 00 T0 201 
N 0015 00 TO 200 
N 0015 201 102:1 
N 0017 LL=.L+1 
N 1015 NDITF(o.2D2) _ 

N 0019 202 F0RNAT(1H0.2eN20v N05 ENTERED SMALL 0910) 
0020 ZX(LL)=X 

_N 0021 ZY(LL)=Y 1 

N 3022 sx=((x-x1)/(x2-x1))*(xs0+1.1 
_N 0023 SY=((Y-Y1)/(Y2-Y1))*(YSC+1.) 

4 1020 P£NGLE(LL):A*S7.2°577951 
N 0025 HI=HO*RK*SK 
N 002= 7R1(LL) = 31 
N 0027 ZB2(LL) = 02 
: 3020 H?IT?(6.2S3) PA1GLF(LL)qZX(LL).ZY(LL)yHI 

-N 0029 203 r0RNAT(1H , 50x. 009.2) 
N 0030 wRITE(6.250)SXgSY 

_. 0031 250 FORMAT(1H .59x.2r9.2) 
-N 0032 .200 CONTINUE 
_N 0033 00 To (11.12.10). IGO 
N 0034 11 FKM = FK 
N 0035 I60 = 2 
N 0030 12 0s = CXY*DTGR 
N 3037 IF (05 .05. DELTAS) GO TO 20 
N -1033 I15 = 6 . 

;N 0039 RETURN 
_N 0040 20 RESMAX = 0.00005/0s 
_N 0041 13 00 110 I=1.20 
_N 0002 0510 = FKN+0s 
_N 0003 AA = A+0£L0 
-4 3004 AM = 0:LA+0.5+A 
_N 0005 xx = COS(AH)*DS+X 
_1 0000 vv = SIN(AH)*DS+Y 
_N 0047 CALL cu2v5(xx,Yv,AA,FKK» 
-N 0000 IF (oxv .01. 0.) 00 T0 21 
_N 00u9 I15 = 4 ~

. 

-N’0C501 RETURN 
-N. 051 21 00 T0 (111.10). N002 £92 111 FKM = (FK+FKK)'-7-0.5



USASI FORTRAA DIAGNOSTIC RESULTS FOR REFRACT
\ 

:1 FORT9AN(2.3)/MASTER IHTiGEP,NORD SIZ£ = 1 . * OPTION 18 OFF 9 0 OPTION 13 

.N 0553 IF (I .50. 1) 50 T0 110 
_; 4 IF tazswnx .GT. ABS(FKP—FKH)) GO TO 16 

IF (I .50. 15) FK18 = FKM 
N 3055 110 rap = FKM 
EN 3557 IF (RES%AX .GT. ABS(FK18-FKM)) 60 TO 15 
N 3058 I15 = 3 " 
,N 0059 RETURN 

T aoen 15 FKM = (FKM+FK1S)*0.S 
.w 0061 NCUR = 2 - 

N 3062 so To 13 
.u ones 16 x = xx 
N amen v = vv 

_H 3265 A = AA 
Mu ones FK = FKK 
.N aue7 IF (NCU? .NE. 2) so To 22 
N 3053 I15 : 2 
: 3069 RETURN . 

_ _ 

_N 0070 . 22 IF(X.GE.RHS.OR.X.LEa1.1) 50 TO 23 
"N 0071 IF(Y.GE.TOP.0R.Y.LE.1.1) GO TO 23 
-: ac72 19 I15 = 1 
.N 3073 RETURN 
.N 367g 23 I15 = 5 
-N 0075 RETURN 
.N 0375 END 

ERRORS 

FOLLOWING ARE COMMON BLOCK NAMES CR NAMES NOT ASSIGNED STORAGE
Q GRID2



;I FORT?AN(2.3)/MASTER 
A IHTEGEP-WORD SIZE = 1 , 1 oPTIon IS 0?: . 0 OPTION 13 

N 0~01 c CURVEP DECK I 

.0 #2 SUBROUTLNF 0uRv=‘(x,v.A.Fs<) _ M 
N 0 03 common/1/0ap(100.100).0(12).£(e).81.82.00;0xv,0c0H.0c0N.0ELIAs,0Rc 
N 0000 1.DTGQ.DXY.GRIHO.H0.IGO.JGO.LlfiNPT.HPRINT.NPT,PHX,PHYs3CCO,RHS,RK, 
.0 0005 2sIc,sK,I0P.v,wL.wLo.LL.wsR.JcR.T.uxx.scAL.Mxv 
0 0005 

> 

COMMON/COMA/XP,YP 
.0 0007 00 T0 (10.11). I00. 
0 0000 11 CALL n:PTH(x.y) 

I

. 

M4 0009 IF (0xv+200. .07. WL) 00 TO 10 
N 0010 IF (oxv .LE. 0.) P=TURN 
.0 0011 JGO = 2 . 

N 0012 - 000.: 32.172s¥0x¥ 
0 0013 cxv = SGRTIARG) 
4 0014 

, 
0n0H = 10.05025/cxv 

0 0015 00 T0 14 
0 0015 10 CI = cxv 
N 0017 JGO = 1 
N 0015 00 120 I=1.50 
.0 0019 A90 = (DXY*SIG)/CI 
0 0020 cxv = CO*TANH(ARG) 

.1 0021 
_ 

RESID = CXY-CI 
0 0022 - IF (Aas(9EsI01 .LI. 0.0001) 60 TO 13 
N 3023 120 C1 = (CXY+CI)*D.5 
0 002; 13 RCCO : cxv/co 
0 0025 some = (1.-RCCO*RCGO)*SIG 
N 0025 v = SCdC*DXY+QCCO*CXY 
.0 0027 DGDH = CXY*SCMC/V 
IN 3025 14 PHX = E(4)*2.*XD+E(5)*YP+E(2) 
N 0029 PHY = ala)*2.+vo+£(5)*xP+E(3)- - 

.0 3030 FK = (SIN(A)*PHX-COS(A)“PHY)*DCDH*DCON/CXY 
_N 0031 RETURN ‘

1 

.N 0032 . END 

USASI FORTRAN DIAGNOSTIC RESULTS FOR CURVE 

NO ERRORS 

VOLLOWING ARE COMMON BLOCK NAMES OR NAMES NOT ASSIGNED STORAGE
) 

3 M A



331 FORT?AN(2.3)/MASTER 
‘ IN1L0;R WORD SIZE = 1 . * OPTION 13 OFF . 0 OPTION IS’ 

LN '0L1 DLPIHI DECK Luge s.u09>_ouIIN: DE°TH(X,Y) . 

-

N 

LN 03 COMMON/1/DEP(1ODa1U0)sD(12)oE(6)oB1¢B2sCOsCXYoDCOHoDCON.DELTAS.D 
LN 0004 .1.0160,0xv,s2INc,Ho,I00,Jco.LINNPT.Np2INT.NPT,PHx.PHv,?cco.2Hs.e<, 
LN ‘JUIGS ZSIGISKV-TOP!V9HL!HLO1LLDNGROJGRQTQHVXX9SC‘AL OMXY > 

LN 0.305 Co-:~1HON/COMA/XP,YP 
LN 0007 DIMENSION sxv(72) - 

LN 3208 DATA (sxv(0), J=1,72)/0.300a1241.0.23e04207.0.21770331. 
LN 0009 10.235042o7.-0.00492a23.2*-0.05143541.-0.0e402s23,0.0059300b,2+0. 
LN 0010 2030277.0.0059008e,0.003229e4.0.19677030.0.14413s72.0.1055e122.0.0 
LN 0011 303110c.-0.05750374,-0.033432a3.0.03349232.-0.1024152e.-0.34031L09 
LN 0012 4-0.124401a0,0.12440190.0.05322934.0.1050e122.0.14413a72.0.1037703 
LN 0013 5.0.0334a2a2.-0003349203}-..0e750374.0.09031099,0.12440190.—0.1244 
LN 0014 5191,-0.34031009,-0.1a241525.44-0.1249990s.2+0.125.200..240.124909 
LN 0015 79.2‘-6.,0.05253157.-2.85263157,u.55263158:-E.35263157.-G.15763473 
LN GU16 02*0.1573947N.2*-0.157a9473,2*0.157a0473,—0.15759473,4+-0.12490930 
LN 0017 9200..2+0.125,2*-0;.2*0.12490909/ 
LN 0010 I = x+1. 
LN 0019 J = v+1. 
LN 0020 x? = AN00(x.1.) 
LN 0021 Y9 = nN00(v.1.) 
LN 0022 IF (NPT .20. 1) 60 T0 11 
LN 0023 IF (IP .Na. 1) so To 11 
LN=JD2~ IF (JP .50. 0) 00 T0 14 
LN 0025 11 IP = I 
L: 0025 '09 = J I 

LN 0027 0(1) = 3EP(I,J) 
LN 0025 0(2) ='nEP(I+1oJ) 
LN 0029 0(3) = 0EP(I+1.J+1) 
LN 0030 0(4) = 05P(I.J+1) 
LN 0031 0(5) = 0£P(I+2.J) 
LN 0032 0(6) = 0:9 (I+2.a+1) 
‘LN 0033 '0(7) = 0EP(I+1,J+2) 
LN 0034 0(0) = DEP(IoJ+2)- 
LN 0035 0(9) = DEPCI-1.J+1) 
LN 0036 0(10) = 0EP(I-1.0) 
LN 0037 0(11) = 02P(I.J-1) 
LN 0:30 0(12) = DEP(I+1.J-1) 
LN 0039 00 110 K=1.e 
LN 0040 E(K) = 0. 
LN 0041 00 110 L =1,12 
LN 0042 LK =‘L+124(K-1)" 
LN 0043 110 E(K) = E(K)+D(L)*SXY(LK) 
LN 0044 14 0xv = (E(1)+E(2)*XP+E(3)‘YP+E(4)*XP¥XP+E(5)*XP*YP+E(e)¥YP0vP)40Co 
LN 0045 RETURN ~ 

LN 0043 END

-0



ESI FORTRAN(2.3)/MASTER INTEGER-WORD SIZE = 1 § 4 OPTION IS OFF 9 0 OPTION IS 

LN 001 C HIGHTS DECK #2 SUBROUTINE HE I0NT'.(.xJY.A.H) H 

LN .003 COMMON/1/DEP(1GU.1D0),D(12),E(6)a31o82oC0.CXY.DCDH.UCON.DELTAS,DR 
IN 000a 1.0709,0xx.c91Nc.Ho.IGo.J00.LINNPT,NPRINr,NPT.PHx.PHY.ecco.RHs.R<. 
LN 0005 2SIG9SKmT0PoVsNLoHL0oLLsNGQoJG?oT9MXXoSCALoMXY ‘

. 

LN 0000 NL = NL0*Rcco . 

LN 0007 C 0N ROUNDED OFF FRCM 12.56637061NL Ros. 03/12/74 
LN 0005 EH = 12.56637061k*DXY/NL 
LN 3009 S1NaH=(ExP(sN)-EXP!-0N1)/2.0 
LN 0010 C, CG=(1.0+GN/SINH(GN))*CXY 
LN 0011 c0=(1.0+0N/s1N:H)+cxv 
LN 1012 IF (C0 .LT. 0.) R€TuaN 
LN 3013 SK = SQRT(C0/CG) 
LN J01: RK = AB3(1./B2) 
LN 0015 RK = so?T(RKr 
LN 3016 H = No+sK+RK 
LN 3017 00 TC (11.12). JGO 
LN J018 11 U = -2.*SIG“RCCO*CXY/(V*V1 
LN 0019 GO TO 10 
LN 0020 12 U = -C.5/DXY 
LN 3021 10 U = u+0c0N _ 

LN 0022 DCDH = DCOHFUCON 
LN 3023 cosn = cos(A) 
LN 0024 SINA = 3IN(A) . 

LN 0025 P = -(C3SA¥PHX+SINA*PHY)*DCDH*DTGR*2. 
_

_ 

LN 0026 Q = ((E(#)*2.+U*PHX*PHX)*SIHA‘SINA-(E(SY+U*PHX*PHY)*2.“SINA*COSA 
LN 0027 1 +(E(6)*2.+U*PHY*PHY)+COSA*COSA)*DCDH+CXY*DTGR*DTGR*2. 
LN 3028 B3 = ((P-2.)*31+(#.-Q)*B2)/(P+2.) 
LN 0029 B1 = 82 
LN 0030 B2 = as 
LN 0031 RETURN 
LN 0032 END 

usnsx FORTRAN DIAGNOSTIC é:suLTs FOR HEIGHT 

NO EREORS



SI FORTRAN 2.3)/MASTEQ INTiGEP.HORD SIZE = 1 9 * OPTION IS OFF 9 0 OPTION IS 

DECK LN 3331 c . 52202: - 

z 2 susaourxws :RRo2<r1T,oIrmAx) 
LN - 03 connou/1/cEP<1oa,1oo3.0112),ate).s1.B2.co,cxv,ocoH,ocoN,oaLTAs.a2c 
nu neon 1.DTGR.DXY.GRIND.HQ;IGO.JGO.LIMNPT:NP?INToNPIJPHX,PHY.RCC0,RHS,RK, 
LN 3335 2316.SK.ToP,v.wL,wLo.LL.NGR.acR.T.uxx.scAL.Mxv 
LN some UIHSNSION n=<;J 
LN 3007 IF(NPT.LE.10) so TO 11 
LN 333a IF g=p .=c. 5(5)) 50 To 12 
LN 3359 11 02(1) = EK1) ' 

LN.flD1D 02(2) =.°(1)+E(2)+=(9) 
LN 3011 02(3) = E(1)+E(2)+E(3)+E(#)+E(5)+E(6) 
LN 3312 _DP(L) = £«1)+£(3)+:(e) 
LN 3313 DIFMAY = 3. 
Lu 301: sun = 9. 
LN 3015 no 115 1=1.4 
!N 3016 DIF = A3S(D(I)-DP(I)) 
LN 3317 UIFWAY = AHAX1(DIF,UlFMAY) 
LN 3313 110 Sun ; DIF*DIF+SUM 
LN 3013 DIFAAY = a1FHAv+DcoN 
LN 3322 sum = suw+a.25 
LN 3021 FIT = saarxsuw) 
LN 3322 an = 5(3) 
LN 3023 12 DIFMAX = DIFHAY/DXY*100. 
LN 3321 RETURN t 

LN 3525 ‘END ' 

USASI FOQTRAB DIAGNOSIIC RESULTS F0? ERROR 

NO ERRORS



SI F-'OP.T.".£\N(2o 3)/MASTER 10IsG:P.wOR0 5125 = 1 , 4 OPTION IS OFF . 0 QPTION IS 

NRITES DECK LN 0031 C 
Lfl{l!DZ' SUBROUTIHE uRIT:R(x.v.ANG.H.NNRITE> 
LN 03 COMMON/1/OaP(100,100).0112).E(e).B1.02.co.cxY.0c0H.0coN.0ELTA3,0R 
Lfi_flQ0u 1.0162.0xv.O21NC.HO.Ic0.JsO.LI0NpT.ND2INT,NPT,PHx.PHY.9ccO,RHs,PK, 
LN 3005 2SIG.SK.TOP.v.wL.wLO.LL.N9R.JGR.T.Mxx.ScAL.MXY 
LN 0000 F1 FCRHAT(1H .I7,3Fa.2.F11.2.F10.2.Fa.213F10.2.2F10.0) 
LN 3007 62 FORMAT(2?H CURVATURE AVERAGED AT POINT. I43! 
LN 0:06 e3 FORHAT(1H .42H2Av STOPPED, HO CONVEQGENCE FOR CURVATURE.) 
LN 3009 00 FORMAT(1H ,32HRAY ST02P:0. REACHED SHORE. x =.F7.2.eH, Y =.F7.2) 
L; 0010 as FORHAT(1H q3EHQAY STOPDEO. QEACHED aOuNOARv,- x =,=7.2.5H, Y =, 
LN 0311 1F7.2) 
LN 3012 as FORHAT(1H-,95H?AY STOPPED, NUMBER OF POINTS kxcsaos MAXIMUM. LIM 
LN 3013 1T =.I~,13H DOINTS. x =.F7.2.5H. Y =,F7.2) - 

LN 3010 57 FGRMAT(1H .51H2Av STOPPED, INCREHENT DISTANCE ALONG RAY LESS THAN 
LN 0015 1F&.3,17H 0210 UNITS. x =,F7.2.éH. Y =.F7.2) 
LN 0016 C 
LN 0017 CALL 2R20R(FIT.0IFNAx3 
aN 0010 NRITE(6,61) NPT.x.v.AN6.nxv.O1FMAx,FIT,wL.cxY,H.RK.SK 
LN 33: GO TO (11.2u.21,22.23.24.25). NNRITE 
LN 0020 20 NR1T5(a.e2) HPT 
LN 3021 GO TO 11 
LN 0022 21 N91T:(0.03r 
LN 0323 GO TO 12 
LN 3024 22 WRITE(6.54) X.Y 
LN 0025 GO TO 12 ' 

LN 0025 23 w01TE(e.s5)-x.Y 
LN 0:27 GO TO 12 ‘ 

LN 0020 24 NRIT5(5,0e3 LINNPT.x.Y 
LN 0029 GO TO 12 . 

LN 0030 25 N0IT:t5.673 OELTAS. x.v ’ 

LN 0031 12 I60 = 3
‘ 

LN 0032 IF(Nxx,EO,13 CALL GRAPH(x.Y.scAL.Mxv) 
LN 0033 . IF(MXX.EQ.1) cALL'PL0T(0.0,0.0.3). 
LN 0034 11 RETURN 
LN 0035 END 

USASI FORTRAN DIAGNOSTIC RESULTS FOR WRITER 

"N0 ERRORS



YI F3RT9AN(2.3)/MASTER 1NT{GéR~HORD SIZE‘; 1 , * OPTION IS OFF 9 D OPTION IS 

.SUBROUTINE LABEL(N.T,H,SURGEgTITL,HIsMJoGRIJySCALE) .w '51 
_. 2 UIM:NSION_TITL(3) 
_N 0 03 CALL SYMBOL(U.0o0.0.0.u9.12HGILLIE R.D.o90.Uo12) 
-0 7004 CALL svM3cL(2.0.c.0.0.35.10Hs:0.PRoC. ,90.0,10) 
.0 5205 CALL DOY(RDT) ‘ 

N 0005 CALL SYMBOL(~.OaD.0g0.35sRDT190.Oa10) 
-0 0007 CALL PLoT(5..0..~3) 
N 0005 X=MI 
N 3009 Y=MJ 
0 0010 PaA0(5.1)SCALE 
.0 3011 1 FCRMAT(F10;3) 
.0 0012 .

3 

.0 0013 SCALE IS GIVEN As NUMEKATOQ 0F RATIO 1:x 
.0 301A X=(X*GRID)/SCALE H 7' 
MN 0015 Y=(Y*GQID)/SCALE 
N 3315 IF(Y.GT.26.G)NRITE(6.10)Y 

-4 3017 IF(Y.CT.2a.0) STOP 22 
0 3015 10 F0RmAT(1H..31H9L0T ExC==0S PAPER. H=IC4I IS ,F7.1.5x.15H1uCR£AS£ 
.N 0019 1SCALE./) ‘ 

. 

’

g 
0 5020 w¢IT=(6.70)x.Y.sCALt _

_ _u_3021 20 FORHAT(1H .7HPL0T IS,F7.3.1x.12HINCHES LouG,,F7.3,1x.11HINCH:s NID 
N 002? 1?./.1x.11HsCAL= IS 1:.F7.0) 
.0 0023 x=x+2.0 
.0 3:24 v=Y+2.0 
.0 3025 CALL FLOT(2.fls2.Cs3) 
4,0026 CALL vL0T(2.£.Y.2) 

-0 0027 CALL PLoT(x.Y.2) 
-0 0328 CALL PL0T(x.2.0.2) 
-0 0029 CALL PLOT(2.0.2.0.2)’ 
-0 3030 CALL °LOT(Q.Os0.0,3) 
_N 3031 I=SCALE 
.0 3032 EnCo0£(6.2.IL1 
AN 3033 2 FORMAT(I6) 
.0 003A x=x-1.92 , 

-0 0035 CALL SYMBOL(X.1.8.0.1A,10HsCALE = 1.,0.0,10) 
_N 3036 x=x+1.2

. 

LN 0037 CALL SYABOL(x.1.8.0.1A.I.0.0.6) 
-0 0035 SCALE=GRID/SCALE . 

,N 0033 CALL SYMBOL(2.0.1.2.0.14,TITLa0.0.50) 
.0 JJAG ENCODE(3a3,N)N ’ 

HQ 0041 3 FORMAT(I3) 
N 0043 £NC00a(s.5.T)T 

‘N 3043 ENC0DE(3959H)H 
,0 00AA £nCo0E(8.5.Su2CEisuRC: 
0 0095 5 FORMAT(F6.2) 
.0 00A5 w9ITE(a1.A0J T.H,su2GE 
.0 0047 kc FORMAT(1UXg3A3) M 
.N 00Aa CALL sY43cL(2.0.Q.7.0.1A.11HNO. OF QAYS.0.0q11) 
A 0049 CALL Svma0L(2.0.0.5.0,1u.9HPERI00 = .0.0.9) 

CALL SYMBOL(3.e,c.7,0.1A.N.0.0,3) 
N‘ SYMBOL(3o55+yCoS93o1L?9Tg0oUg5) 3652 CALL SYI4BOL_(3.7,0.5.G.1i+.é¢H,SEC..O.0s4+)



SI FORTQAN(2.3)/MASTER Iuraséa WORD SIZE = 1 L * OPTION is OFF . o OPTION 13 

_N 3053 CALL svwaoL(5.a.e.7.o.1u.14awAv: HEJGHT = .o.0.i4) 
.__H_ CALL SY:"1B.OL(bo7y0o7qUo1‘4yH,0oD.95) 
L! 55 ,CALL SYMBOL(7.4.0.7.o.1u,3aF1..c;0.3) 
LN 3255 CALL SY1BOL(5.G.G.5.D.14.1+HTIDE HEIGHT = .J.fi.1h) 
LN 3057 CALL sv43oL(6.7.0.9.0.1;.SuRGi.0.0.5) 
_N 3035 CALL svw3oL(7.~.o.3.0.1u.3HrT.,u.o.3) 
LN 3359 DEcoJz(3.3.u)N 
Lu scar DECODE(dgigT)T 
_.N 3061 0EC0D—;(3959H)H 
»w 3062 DECODE(8q5.SU?GE)SUPGE 
_w 0053 NRITE(61,E0) T.H,SURGE 
_n 3254 F0 Fo2HAT(1;x.3ra.2) 
_w 3065 RETURN 
L: 0066 END 

USASI FORTRQB DIAGNOSTICARESULTS FOR LABEL 

N3 ERROQS



Iwrscfia WORD sxza : 1 , 4 OPTION IS or? , 9 OPTION Is wsl FOQT?AN(2.3)/MASTER 

LN coo: suaaourxws GRAPH(A,B,SCALEsMXY) 
egg X;A - 

L 503 vza 
LN noon X=(X*SCALE)+2.0 
LN anus Y=(Y*SCALE)+2u0 
LN wgne IF(HXY.EQ.1)CALL PLOT(X,Y,3) 
LN coo? IF(HXY.NE.1)CALL PLoT(x.v.22 
LN 1308 nrxuau * 

LN 0009 sun 

USASI FORTRAN DIAGNOSTIC QESULTS FOR GRAPH 

N0 ERRORS



~~ ~ 3%"-?.3':"“iH§fi‘§n¢§e:arid?ényikdhmént' 77Pac'hes.et'E 
- ..~ca‘n_a¢‘a «_, Canada‘ ‘ 

~ ~ fivironfi§Efi§ht“

~ WWvW‘mwv
4 

~ ~~


