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INTRODUCTION

Offshore development, is coming to New England. Whether it comes in the

form of a near-shore nuclear power plant, an offshore tanker terminal and

submarine pipeline, or an oil field on Georges Bank, there will be a vital
need for quantitative information on expected. sea, conditions. In the

relatively shallow waters of much of the Gulf of Name, this information is
highly dependent on location because of bottom effects on surface waves.

These bottom effects, including refraction, shoaling, friction, and

percolation, can cause dramatic differences in sea, state in areas only a
short distance apart. In addition to sea state, wave direction can also be

critically important. Wave forces on a pipeline, for example, may be

minimized by keeping the route orthogonal to the wavefronts of the expected
 II

maximum waves,

Usually these data are obtained in one of two ways. If a proposed site

is near a shipping lane, a Coast Guard station, or a weather ship, then

records of the sea state in the area may already exist. If this fortunate

coincidence does not occur, instrumentation � either bottom or buoy deployed�

must be installed to record wave data. The minimum recording period is one

year in order to determine seasonality of the sea conditions.

An alternate method, requiring neither a fortunate location nor a year

of data recording for each individual site, would be to simulate surface wave

propagation on a digital computer. With such a program, it might be possible
to determine the characteristics of the deep water incident waves affect~

a. large section of the continental shelf by extrapolating the data obtained
from one point in the area. These deep water values could then be used to

predict the expected sea state anywhere within this section.



A number of computer programs have been developed to solve the equations

governing surface wave refraction by numerical methods. None of them,
�!

however, takes the effect of wind. into account, although this combination

has been suggested by St. I3enis. If these programs are to be applied to

areas as large as the Gulf of Maine, with corresponding long propagation

distances, the effect of wind must be considered since the surface waves

being refracted are wind generated. This paper descz.ibes the modificaticn

of an existing refraction program to include the effect of wind and the

application of that program to the Gulf of Maine.

lM~@ Use of This Program

The selected refzaction program plots the predicted wave paths, in

addition to presenting them in numerical form. This feature makes the

program valuable for teaching a coastal engineering class or foz' demonstrating

coastal processes to the public domain in site selection heaz'ings on offshore

construction. Such graphic demonstration permits a. much better conceptual

undez'standing by the general public than is possible through numerica|

presentation of data. Judiciously used in conjunction with other decision-

making tools, the graphic computer model should greatly improve mutual under-

standing between the technoczats and the public on coastal questions.



RZFRACT10Ii PROGRAK

The wave refraction program used here was written by R. S. Dobson in

1967, and modified in 1968 by B. Perry, R. L. Street, and T. R. Nogel, all

of the Civil ~eering Department at Stanford University. lt has been�!

used in California to aid in harbor location. The program is based on

linear small-amplitude progressive wave theory with its attendant assumptions:

1! Nave amplitude is assumed to be small compared to wave

length. The error incurred by this assumption has been

est~ted as approximately 3C for .002 � H/L � .03.
�!

2! The wave profile is assumed to be an exact sinusoid.

3! k"low is assumed to be two-dimensional, inviscid,

irrotational, incompressible, and of constant density.

�!The original program considered the processes of refraction and

shoaling of surface waves. Refraction, the bending of surface waves due to

the dependence of wave speed on water depth, occurs when the wave crest is

not parallel to the bottom contours. The portion of the wave in shoal water

slows, while the remainder in deeper water maintains its speed, This results

in the turning of the wave toward shallow water. Refraction theory requires

some further assumptions:

4! The bottom contours are assumed to be smooth. However,

the results of the graphical methods employed by the

refraction program have been shown to correlate well

with actual refraction patterns as determined from

�!
aerial photographs.

5! It is assumed that no energy is transmitted along the

wave crest.



6! The water surface is assumed to be a plane.

In addition to these theoretical assumptions, there were some additional

assumptions explained in the oz iginal program ~licit in the sense that

certain processes were neglected:

7! Wave energy reflection is assumed to be negligible.

 Approximately l0$ of the wave energy is reflected for

a slope oz 11 .!

8! Diffraction is assumed to be negligible.

9! Energy dissipation by bottom effects, i.e., percolation

and friction, is assumed to be negligible.

10! The effect of wind on the waves during refraction is

neglected.

Assumptions 6, 9, and 10 were valid for California coastal studies because

of the narrow continental shelf in that az.ea. Refraction, shoaling, and

other bottom effects were important over a short distance only. When the

program is to be used foz a coastal area with a wide bottom-affected zone,

the validity of these three assumptions becomes questionable. The planar

surface assumptio~ has been investigated. The bottom friction and

percolation assumption is presently being examined. This paper offers a

possible approach to removing the assumption that, the wind effect is

negligible.

BATIiY&KTRY OF THE GULF OF MAINE

Before the wave zefraction program could be applied to the coast of

New Hampshire, it was necessary to obtain bathymetric data for the Gulf' of

Maine. National Ocean Survey plans to publish bathymetric charts of the

entire Gulf of Maine. At present, two of the approximately ten charts



plarz~ed hav een corrpleted. 'Ipse two, 0808;l-69 and 0808N-50, were

valuable in obtaining more detailed depth data near shore, the area west of

70 longitude. U. S. Coast and Geodetic Survey Chart 71, Gulf of Naine and

Georges Bank, was the source of all depth data for the area east of 70
0

lonpf tude.

It was necessary to transform the depth data on the charts to a form

more palatable to the computer. A piece of transparent material was placed

over each chart, and a selected area on each was ruled off in a ~id-like

pattern, using the scale markings on the chart margins for spacing. Ihe

depth at each grid intersection was interpolated from the chart and written

on a coding form. The information was then punched on cards, and finally

stored on disc. The location of the four grids, and their size and grid

spacing, is shown in Figure 1. Near shore, where it is more likely that

wave data will be ~ceded and where depth data is more complete, a finer mesh

size was used. 'Ihe rresh size increases from 1/0 nile to 5 miles, going from

tHe westernmost grid, INNER IVER, to the easterrmost, OUTER OUTER.

i'GI'Z WAVE GENERATION

The generation of wind waves, like many other natural processes, has

been described and studied both theoretically and empirically, St. Denis

has written a good brief review of wave generation theories, while Kinsman 8!

describes them in some detai1. At present, however, for operational

pur7oses the empirical rrethods are still preferred.. These are described

'n several sources. There are two basically different approaches�0!  »!

to the problem of relatin~ wave characteristics to wind parameters empirically,

These are the spectrum method of Pierson, Ne~, and Jarl.s, and the signif-

icant wave rvethod originated by Sve~ and ~ and later modified by
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Bretschneider. The latter approach has been chosen for this project because

it can be adapted to the refractio~ program, which treats orle incident wave

at a time in order to permit a graphical presentation of' wave rays. This

monochromatic approach can be used to do spectral analysis by treating each
 l2!f'requency component separately. The path of' one point on a. wave crest,

is known as a wave ray, The patte~ created by superimposing a. number of

wave rays has classically been used to pinpoint areas of' wave energy

concentration or diifusion.

Brpirical relationships between wind speed, fetch length and wave height

are available in both graphical and numerical form. The latter was selected

Wilson's formulations are probably the most accurate.

MODIFICATION OF THE REFECTION PROGRAPI

The empirical equations added to the refraction program, the so � called

Formulas ZV of' Wilson, combine the important, wind wave variables, wind lS!

speed, wave height, wave celerity, and fetch length, into dimensionless

parameters. Two equations are used; one describes the wave speed parameter

terms of wind speed and fetch:

= 1.37 il � [1 + 0.008 $! j !
U

H = significant wave height, ft

c = wave celerity, ft/sec

F = fetch length, ft

2
g = gravitational acceleration, ft/sec

U = wind speed, ft/sec

where

as being more suitable for use in a computer logic. The equations selected

for use in this study are those of B. Wilson because a recently published�3!

 lLI !corrgarison of' wave forecasts with actual wave observations concludes that



The other equation shows the dependence of wave height on wind speed and

fetch:

+ = 0.30 � � I1 + 0.004 +! ! !2 ' U2 �!

The distance over which the wind is acting on the water is the fetch length.

By substituting the expression c = 2 T, Eq. �! may also be written �~!

U ' ' ' 2+ = 8.60 � � � + 0.008 g� ! ] ! �!

As a first approximation, a uniform wind velocity is assumed. In order

to adjust the refraction program to incorporate the wind effects described

by the empirical formulae of Wilson, the following logic has been employed.

1! An initial significant period, starting point, and wind

velocity are chosen.

2! The initial fetch is computed using Eq. �!.

3! Using this fetch value, Eq. �! is used to determine the

initial significant wave height.

4! The location of the next point on the ray, and the depth

at that location, are calculated. The ray is not propagated

continuously, but in discrete increments'

5! If the depth is sufficient to preclude bottom effects, the

ray step added in Step 4 above is added to the current

fetch value,

a, This fetch value is used in Eq. �! and �! to

calculate a new significant wave height and period.

The significant wave height is defined as the mean height of the highest one-

third of the waves present at the point of interest in space and time. The

significant period is the mean period of the highest third of the waves,



b. Return to Step 4 above.

6! If the depth is such that the wave is bottom affected, an

equivalent deep water fetch length is calculated using

Eq. �! and the significant wave height calculated in the

previous ray increment,. This calculated fetch is called

an "equivalent deep water fetch" because after the� l6!

initial bottom-affected increment, the heig>t used. to

calculate it includes the bottom effects of shoaling

and refraction.

7! To the equivalent deep-water fetch is added an increment

equal to the product of time step and wave celerity,

8! Significant wave height and period are calculated using

Fg. �! and �! and the fetch computed in Step 7 above.

9! Refraction and shoaling coefficients are calculated and

applied. to the significant wave height to obtain the

bot,tom-af ected wave height.

lQ! Return to Step 4 above.

Figure 2 is a simplified flow chart of the modified refraction program.

The subroutines and their functions are listed in Appendix A. Appendix H is

a listing of the modified pro~am.

A typical series of computer plots generated by the refraction program

before the inclusion of wind effects is shown in Figures 3 � 6. The rays,

numbered l � 7 for identification purposes, were started in the a ea !ust sou:n

of Nova Scotia on the outer outer grid, Figure 3, with an initial propagation

direction of due west,

The small rectangle on the upper left edge of the outer outer grid

outlines the overlap, or match area, between this grid and the next grid



Fig~ 2 SimpU.fied Flow Chart for Nave Refraction Program
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shoreward, the outer ~id, Figure i1. Only the rays entering this match area

in Figure 3 appear in the succeeding plot in Figure 4. Similarly, in Figure 4,

only those rays enteririg the rectangular match area on the left. edge of the

grid will appear in the inner grid, Figure 5. And finally, of the rays in

. igure 5, only those entering the match area on the left side of the plot

are shown in Figur~ 6, and so are plotted from the easternmost grid to the

westernrms t .

'l'he rays plotted in Figures 3-6 represent waves having a period of l0

seconds and, since wind is negle ted, a windspeed of 0 knots. Figures 7-10

are plots generated by the modified program, having the sarre period, initial

coordinates and initial direction as those in Figures 3-6, but with a 50 knot

east wind. The num rical output for ray number 4 is given in Appendix C.

SUGGESTIONS FOR FURTHER WORK

To be complete, bottom friction and percolation should also be considered

in the riedel since a significant portion of the Gulf of Maine is "shallow

water," especially to loner period waves. Putnam and Johnson state that�7!

the effective roughness, and therefore the damping effect on waves, is

determined by the size of the ripples in the sand. Ripple size, in turn, is

controlled by grain size, water depth, and wave height and period, so that

bottom friction is not a static quantity, They estimate that wave height may

be reduced by 30 percent by small slopes. Most of this reduction occurs in

the final 20 percent of the shallow water travel of the wave. A typical

friction factor of f = ,01 is calculated for a four-foot, twelve-second wave

moving in relatively shallow water over ripples having a pitch of five inches,

This value has been used wide+ by C. Bretschneider, although he used a�8!

different rrethod to arrive at this value. Iwagaki and Kakinuma obtained a

15
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relationship between the bottom friction factor, calculated fram wave

observations, and the wave Reynolds nurser.  l9!

According to Putnam, energy loss by the moverrent of water in the�a!

perm=able bottom- � i.e,, percolation � may amount to as much as ten percent

for small slopes. R.gure 4 of his paper corrpares the r~lative effects of

these forrrL- of enexgy d'ssipat.ion on wave height..

Because water is not inviscid, wave decay occurs and should. be considered.

G. Bretschneider has devised a graphical m thod for calculating wave decayQi!

in areas with no wind. A num=rical method fox' wave decay in shallow water

�2!
and appropriate computer logic has also been outlined.

The assumption of a uniform wind velocity could also be improved, If

the wind velocity were known as a function of' space and tirre, matters wo~ld

be sirrplified; but obtaining such perfect data is highly unlikely. If

enough st~ps report barorrx:tric preSs~ readings SO that isobars may be

plotted, wind velocity could be approximated by the basic equations for

�3!gradient or geo trophic wind. Equate.ons describing the wind fields of

typhoons and hurricanes are also available. Both Bretschneider and
�4! �5!

Wilson have attempted to corrpute waves generated by moving or stat,ionary

sto~ '"' '"!

Another questionable assumption is that of a plane surface. As pointed

out by Chao, this assunption is valid for small areas, but not for areas
�8!

of the size of the Gulf' of Naine. He has transformed the equations governing

wave mfraction to account for the sphericity of the earth. These transforma-

tions should be incorporated into the refraction program.

Model studies have shown that in areas of strong rav converp.nce,�9!

the refraction factors calculated indicate waves higher than those that

actually occur, Diffraction., or energy moverrent parallel to the ray crest,

causes this exaggeration and should therefore be included in the model.
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APPENDIX A

Subroutines of Wave Refraction Program

MkK: Reads grid data and. computes grid constar.ts. Then reads wave ray

starting cards.

SUBROUTINE PBANE: Draws and labels map on which wave rays are plotted,

SUBROUTINE RAYCON: Controls each ray as it progresses across the grid,

Also causes ray data to be stored temporarily when ray enters next

SUBROUTINE DEPTH: Calculates the water depth at each ray point by using

values from surrounding grid intersections, and also determines if'

wave ray has left the grid bound. aries.

SUBROUTINE CUHVE: Calculates local wave speed and find.s the curvature of'

the ray at the point.

SUBROUTINE REPMC. Solves the refraction equations to find the next

point on the wave ray.

SUBROUTINE HEIGHT: Calculates the shoaling coefficient and the refraction

coefficient.

SUBROUTINE WRITER: Supplies printed. output showing the progress of each

ray .

SUBROUTINE ERROR: Estimates error in depth a,s computed by SUBROUTINE

DEPTH  called by WRITER!.

SUBROUT1NE DWIND: Increments fetch snd calculates new wave parameters.

Also increments elapsed time of wave ray progress across grid.

SUBROUTINE SWIND; Computes equivalent deep water fetch and new wave

parameters. Also increments elapsed time.
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Listing of MoCified Nave Re&action Pro~am



1

2 ~
3 ~

4 ~

5.

6 ~
7 ~

7 ~ 1
7 ~ 2

~ ~ ~
~ 0 0

~ ~ ~

~ ~ ~

~ ~ ~

~ ~ ~

~ 1 ~

38 1
39

40 '

41

42 ~
43 ~

44 '
45.

46 '

47'
48

49 ~

50

51.

52 ~
53

54 '
55 '

56

57

THE FOLLOW
XPMIN
XPMAX

YPNIM

YPMAX

XARRO
YARRO

COMMON O 

~To F yGRINC

iSKyTpUWiII

C C C
C C

C C C
C C

C C C C
C C C C
C C
C C

C C C C
C C C C
C C
C C C
C C C C
C C C
C

C C C C C C
C C

C C C
C C

WAVES MK.V-UNH OS/360 FORTRAN H WITH OUTPUT PLOTS
A PROGRAM TO CONSTRUCT REF RACT ION DIAGRAMS AND COMPUTE WAVE
HE IGHT S FOR WAVES MOV IN ' INTO SHOAL I NG WAT ER ~
RY R ~ S ~ DOBSON ~ MODIFIED BY 8 ~ PERRY iR ~ L STREET,
AND T R ~ MOGEL

DEPARTMFNT OF CI VIL ENGINEER INGg
STANFORD UNIVERSI TY ~ JULY 1968

MODIF IED BY D ~ E THRALL EDAL UNIVERSITY OF NEW HAMPSHIRE
SEPTEMBER 1972
ADAPTED FOR OS/360 OCTOBER 1967 BY R ~ L ~ STREET AND B ~ PERRY
INPUT PARAMETERS.

CONDI Tl ONS FOR MARK I V y MI ~ GE MJ AND L I MNPT ~ L T ~ 1 000 ~
B2 = RAY SEPARATION COEF IC lENT
CONTP = CONTOUR USED WHEN PUNCHING PUNCHC CARDS
DCON = MULTIPLIER TO CONVERT DEPTH UNITS TO FEET~  F10~5!
DELTAS = MINIMUM STEP LENGTH ALONG RAY IN SHALI OW WATER ~  F10 ~
DNORTH = ANGLE BETWEEN X AXIS AND NORTH +=CCW! IN DEGREES
FACT = RAT IO OF COORDINATES ~ ~ ~ THIS PROG ~ /NEXT PROG   F10 ~ 5 !
t RID = NUMBER OF GR ID UNITS PER GR iD DIVISION ~  F10.5!
GRINC = STEP LENGTH ALONG RAY IN DEEP WATERi  F10 5! ~
HC = CHARACTER HE IGHT USED FOR ANNOTATION
HO = I Nl T I AL WA VE HE I GHT

IDNO = RAY ID NUMBER
IGRCON = GRID UN!T IDENTIFER ~ 1 = FEET 2 = MILES, 3 = METRES
IS = GR 10 Il!FNTIF IER �=OUTER' 1=INNER!
IUNITS = UNITS OF PUNCHED COORDINATED�=OUTER' 1=1NNER!
L IMNPT = MAX NUMBER OF RAY COMPUTATION POINTS ~  l5! ~
LRAY = END OF RAYSET IDENTIFIER�=NO MORE RAYS!
MI = MAX ~ VAt UE FOR I SUBSCRIPT NUT TO EXCEED 350 ~ �5!
MJ = MAX ~ VALUE FOR J SUBSCRIPTS NOT TO EXCEED 350 �5! ~
NBOX = WHEN CARDS PUNCHED   1=WHEN ENTER ING 0=WHEN LEA V ING BO
NPLTTR = PLOTTFR Sl ZE

NPRINT = FREQUENCY OF PRINTED OUTPUT FOR EACH RAY. �5!.
PLOTW = PLOT WIDTH

PUNCHR = CARD PUNCHED AT BREAKING HEIGHT  FINO;TROYES!
PUNCHN = DATA PASSLO TO NEXT GR ID  F, NO;T p YES I
PUNCHC = CARDS PUNCHED CONTP FT ~ CONTOUR   F,NO;T YES !
RK = REF RACT ION COEF I C I ENT
SK = SHOAL I NG COE F I C I ENT
T RAY PER lOD

IIW = WIND VELOCITY IN KNOTS
T ITLI ~ ~ TITL5v FIRST FIVE L INFS IN PLOT ID BLOCK
Xl y XZq Yl e YZ=COORD INATES DEF INlING AREA FOR CARD OUTPUT   F10 ~ 5!
X Y A = RAY STARTING PARAMETERS  COOTDI NATES AND ANGLE !
XCONST = DI SPI ACEMENT OF Y AXIS NEXT PROG UNITS  F10~5!
XARROgYARRO COORDINATES OF CENTER OF NORTH ARROW
YCDNST = DISPLACEMENT OF X AXIS NEXT PROG UNITS  F10 ~ 5!

ING INPUTS ARE FOR PLOTTING 4 REGION OF THE PROGRAM GR ID
X COR ~ OF LH FDGE OF REGION
X COR ~ OF RH EDGE OF REGION
Y COR ~ OF BOT TOM OF R EG ION
Y COR ~ OF TOP OF REGION
X COR ~ OF PLOTTED ARROW
Y COR ~ OF PLOTTED ARROW I IF COR OF ARROW ARE OFF

PLOTTED REC IONr NO ARR:iW I S PLOTTED!
12! E �! WAR Bl HZ CO CXY DCDH DCON DFLTAS DRC DTGR DXY E
e HOy IGOy JGOq L IMNPT t NPR I NT t NP T r PHX r PHY e RCCOt RK v M I ~ MJ e S IGt
F p Vg WL p WLOp WAD g GR IDp DEP�6960 !

ZB

8 ~

9 ~
10 ~

11.

12 ~
1.3

14.

15 ~
16 ~

17 ~

18 ~

19 ~

20 ~

21 ~
22 ~

2 3 ~

24 ~

25 ~

26 '

27 ~
28 '
29 ~

30

31 ~
32 ~

33 ~
34 '

35 ~

36 ~

37 ~
38 ~



COMMOhl /COPT/BOXr FACT ~ IUNITS ~ PDXt TITLE�0! rX1 r X2tXCONSTt YltY2 t
~ YCONST t I St PUNCHN t PUNCHB r PUNCHC r PLAT t IPNOr CONTP t HC I Dr
~ XPMAX r X PMINr YPMAX t YPMI N

REAL>8 UDATE
COMMON/DATE/UPATE
LOGICAL BOXrPUNCHNtPUNCHBrPUNCHCrPLATrREFIND

FOLLOWING DATA FORMAT TRUNCATED TO FOUR LETTER WORDS'
DATA IFEET IMILES IMETRE/4HFEET 4HMILE 4HMETR/

50 FORMAT�Llr 215r2F10 ~ 5!
51 FORMAT�F10 ~ 5r 2 I 1 !
52 FORMAT �F 10 ~ 5!
56 FORMAT�5!
57 FORMAT  8A4t6F6 2!
58 FGRMAT Ilr2F6.2tF7 ~ 2r6F6 ~ 2tF7.2r4xt15!
59 FORMAT�F7 ~ 2!
60 FORMAT   1Wl t 9X r ' STANFORD WAVF REFRACT ION PROGRAM MK V' r /1HO r 9Xt

~ ' DFVELOPED AT C I VIL ENGINEER I NG DEPARTMENTr STAhIFORD UNI VERS ITY'
~ / 0 r9X t UN I VERS ITY OF hlEW HAMPSHIRE VERS ION ////!

71 FORMAT  1 r 105Xr t DATE rA8!
61 FORMAT �H+ t 20A4/BH SET NO ~ t I 3t IOHt PERIOD = t F7 ~ 2 t 7H SECS ~ t t 8H RAY

~ NO ~ t 15t 21Hr INITIAL TIME STEP =t FB ~ 1 t7H MIN ~ t17H WIND VELOCITY
» t F4 ~ lt 6H KNOTS//1H t3X t5HPOINTt 5X ~ 1HX r8X t 1HY reX t 5HAhlGLE r 5Xt 5HDEPTH
.,4X,7HMAx DIF,3X,6HPERIOD 3X eHLENGTH 4X 5HSPEED 5XreHHEIGHTr 5Xr2H
~ K R t 8 X r 2 HK S r 8 X r 5 HF E T CH r130H  GU!  GU!  DEG!  FT!  PERCENT!

 SEC!  FT!  FPS!  FT!  DIMENSIONLESS!  NM!
//1H t I 7 t 3F9»2 t F 11»2 t 10X t FB ~ Zt 3F10 ~ 2 t 20X tF10»4!

62 FORMAT�9HO ALL SETS COMPLETED NUMBER OF SETS = I4!
63 FORMAT�HOr9Xr 19HPROGRAM PARAMETERS.//25H GRID LIMITSt ABSCISSA

~ =r!4r 12Ht ORDINATE = t 14t 1H»/27H PRINTED OUTPUT Ih TERVAL = r I4r 8H
~ POINTS ~ /19H GRID SI ZE ~ UNIT =tF9 ~ 4t 1X rA4r 1H ~ /31H DEEP WATER IhlCR
~ EMEh TAL STEP = t F7 ~ 3 r 12H GRID UNITS ~ /49H DEPTH CONVERS IONr DEP   I t J
~ ! TO FEET MULTIPLY BY F6. 3!

64 FORMAT   1H0t 59HPROGRAM STOPP Epr MI >MJ GREATER THAN 36960 NOT ALLOWE
~ Dt MI =t�t7Hr MJ =t14!

66 FORMAT '0 DATA IS PASSED WHEN RAYS ENTER'/
THE BOX DEF INED BY THE FOLLOWING POINTS: '/10Xt2HX= t F7 ~ 2 t

~ 5H t Y- t F7 ~ 2 /10X t 2HX= t F7 ~ 2 r 5Hr Y= t F7 ~ 2/ 10X t2HX= t F7 ~ 2 r 5H r Y= t F
~ 7 ~ 2/10XtZHX=r F7 2r 5Hr Y= tF7 ~ 2 /36H GRID CONVERSIOhl FOR PUhlCHEP
~ CARDS / 10X t HHXPUhl � X+   t F7 ~ 2 t 3H !   r F7 ~ 2 ~ 1H! / 10X t BHYPUN � Y>   t F7 2 r 3H !
~ - tF7 ~ 2r 1H! >

666 FORMAT '0 DATA IS PASSED WHEN RAYS   EAVE'/
THE BOX DEF INEP BY THE FOLLOWING POINTS: '/10Xt2HX= t F7 2 t

~ 5H t Y=tF7»2 /10X r2HX= t F7 ~ 2 r 5Hr Y= tF7 ~ 2/1GXt2HX t F7»2 t 5Ht Y=t F
~ 7 ~ 2/10X t ZHX= t F7 2 r 5H ~ Y= r F7 ~ 2 /36H GR I D CONVERS ION FOR PUNCHED
~ CARDS /10Xr 8HXPUN=X+   t F7 2 t 3H!   r F7 ~ 2t 1H!/10X t BHYPUN=Y+  tF7 ~ 2 t3H!
~ -   r F7 ~ 2 t 1H! !

67 FORMAT  ' 1ND RAYS FOR THIS SET� ' / ' SET NUMBER r I4!
68 FORMAT  r INPUT CARDS FOR NEXT PROGRAM DATE'rA9t

~ 29X,rOrrll!
69 FORMAT  CARPS PUNCHED WHEhl H/D>0 ' 78 DATE'rA9r

29Xr'1'rll!
70 FORMAT ' CARDS PUNCHED AT'rF6 ~ 2r' FT ~ CONTOUR DATEttA9r

~ 29Xr'2'tll!
72 FORMAT ' RAY STARTED OFF GRID OR ON LAND' !
73 FORMAT r0 CARPS ARE PUNCHED WHEN THE LOCAL WAVE HEIGHT'/

EXCEEDS 0 78+DEPTH FOR DEEP WATER WAVE HEIGHTS FROM'/
2 ' 0 FEET TO 24»0 FEET IN INCREMENTS OF 2 0 FEET'!

74 FORMAT '0 CARDS ARE PUNCHED WHEN THE WAVE RAY CROSSES THE't/
F7»2r' FOOT BOTTOM CONTOUR' !

58 ~

59 '

60 ~
60 1

60 ~ 2

61

62»

63 ~

64 '
65

66.

67»

68 '

69 '
70 ~

71 ~

72

73

74 ~

75»

76 ~
77 ~

78 '

79 '

80»

81»
82 '

83

84 ~
85.

86»

87»

88»

89»

90 '
91

QZ

94»

95

96»
97

98

99»

100

101

10'
103

104»

105»

106.

107»
108»

109

110o
111»

112»

113

114»



75 FORMAT   0 PLOTT ING TAPE IS GENERATED ~ PLOT WIDTH IS t F'5 ~ 2t
INCHES' /' AND THE CHARACTER HEIGHT IS' F5 ~ 2 ' INCHES ' !

76 FORMAT  '0 THE PLOTTING AREA IS REDUCED TO- '/
10Xp'XNIM='iF7 ~ 2g' XMAX='yF7 ~ 2/
}OX''YMIN='eF7 ~ 2t' YMAX='yF7.2/

~ ' AND THE NORTH ARROW IS LOCATED AT:'/
}OX' XARROW='gF7 ~ 2g' YARROW='gF7 ~ 2!

157 FORMAT RA4i46Xg'0'pl}!
158 FORMAT '}'y77Xi'0'pI}!

INTEGER RCNT/0/

WRITE�y60!
READ BASI C DATA

READ�0!  TITLE  I! g l=l g12! HAMI gMJp IGRCON,GRID' DCONqXARROp YARROp
. DNORTHq I S ~    DEP   I+  J-} ! ~M I ! y I = } ~ M I ! r J= } ~ >J !

IF MI<MJeGT+36960!GO TO 10
MI I =M I-1

MJJ=MJ-1

READ�,50!PUNCHN,PUNCHB PUNCHC PLAT,REFIND L IMNPT NPRINT DELTAS
GR INC

IF   PUNCHN ! READ  5y 51 ! X} y X2 y Y} y Y2 ~FACTfXCONSTy YCONSTf IUNITSfNBOX
PLOTW=1 ~ 0
HC=O~ 1

I F   PUNCHC ! RF AD  5p 52 ! CONTP
IF  PLAT ! READ  5y52! PLOTWgHC
HC I D=O ~ 666667<HC

BOX=.FALSE.

IF NBOX.EQ. 1!BOX=.TRUE.
UNIT = GR ID

GO TO �6,17,}8!, IGRCON
16 I GRCON = IF EET

GO TO 19

17 GR I D = GR ID>6080 ~ 27
I GRCON = I M I LE S

GO TO 19

18 GRID = GRID+3 ~ 281

IGRCON = IMETRE

19 CONTINUE

XPMIN=O ~ 0
YPMIN=O ~ 0
X PMAX =M I I

YPMAX=MJJ
IF REFINDIREAD�g52!XPMINpXPMAXgYPMINpYPMAXgXARROpYARRO
PDX= YPMAX-YPMIN!/PLOTW

ARROWL=PLOTW/4 0

SCAFAC=GRID/6080 27

IN} TAL I RES FRAME ROUT INE

I F   ~ NOT PL AT ! GO TA 20

CALL FRAMEI  XPMAXyXPMINgYPMAXq YPMINgSCAFACiPLOTWyHC!
2C IF   PUNCHB! WRITE �y69! UDATE r I S

IF   PUNCHC ! WR I TE   6 y 70 ! CONTP e UDATE e! S
C

WRITE� 63! MI MJ NPRINT UNIT IGRCON GR INC DCON
I F   PUNCHN ~ AND ~ BOX ! WR I T E   6 y 66 ! X 1 y Yl i X 1 y Y2 t X2 g Y2 i X2 i Y 1 t

FACT,XCONST, FACT YCONST
IF PUNCWN+AND NOT BOX!WRITE�p666!X1~ Y1 y X1 ~ Y2gX2 o Y2eX2e Yl ~

FACT ~ XCONSTr FACT t YCONST
IF   PLlNCHB ! WR I TE�y73 !

IF   PUNCHC! WR ITE �y74! CANT P
IF  PLAT!WR I TE   bp 75 ! PLOTW yHC

30

115 ~

116 '

117 ~

}le.

119 '

120 '

121 ~

122 ~

123
123.1

124 ~
125 ~
126 ~

127 ~
128 ~
129 ~

130+
131 e
132 '

133

134

135 ~

136.

}37 ~
138

139

140 '
141 ~

142 ~

143 ~

144 ~

}45 ~

146 ~
147 ~

148 ~
149

150 ~

}51
}52 ~

!. 53 ~

154
155

156 ~

157 ~
158
159

160 ~

161 ~

162 ~

163 ~
164 ~
165 ~

1.66 ~
167 ~
}es.

169 '
170

}7} o

172
173 ~



C ~

498

499

500

200

502

!!¹¹ -2!!

LOtCOtHOt FN

600

121

119

120

10

31

IF REFINO!WRITE�,76!XPMIN XPMAX YPMIN YPMAX XARRO YARRO
READ WAVE DATA

NOSET=O

GO TO 500

WRITE�t67!NOSET
GO TO 500

IF  PUNCMN! WR I TE  7r 158! IUNI i S

LRAY=O

READ�t57tEND=120! TITLE I!r 1=13t20 !
NOSET=NOSET+1

READ� 58 END=121! LRAY X YtA,RK SK 82 T MO UW WAD IDNO
IF LRAY ~ NE ~ 0! GO TO 498

IF  sHOT PLAT!GO TO 502
CALL FRAME TITLEr 5rNOSETr3G!
CALL ARROW  XARROt YARROr DNORTHtARROWL !
I F   ~ NOT ~ PUNCHN! GO TO 502
IF   XPMI N ~ NE ~ 0 ~ 0 ! GO TO 502
CALL PLOT  90t X lt Yl !
CALL PLOT 90rXltY2!
CALL Pt OT 90rX2r Y2!
CALL PLOY 90tX2rYl!
CALL PLOT 9ltXlt Yl!
GO TO 502
READ�t58rENO=119!LRAYtXrYrArRKrSKrB2rT»HOrUWtWADtlDNO
IF ! RAY ~ NE ~ 0! GO TO 499
UF= I ~ 699669¹UW
WMM AX=   . 30¹UF¹¹2 ! /32 ~ 174

ET=0

W AR=0 ~ 0174532925¹WA 0
F=60710¹UF¹¹2¹     I/    1-3.74116¹   T/UF ! ! ¹¹ ~ 2 !-I ! ¹¹3 !
HO=   0 ~ 30/3 2, 174 ! ¹UF¹¹2¹  I �   I+ ~ 004¹     32 ~ 174¹F /UF¹¹2 ! ¹+ ~ 5
SI G=6 ~ 28318531/T

Co = 5. 12o4062¹T

WLO = CQ¹T

DRC = WLO¹O F 6

DTGR = GR INC/CO

UNI T = DTGR¹GR I 0

Bl = B2

NPT = I

CXY = CO

FN=F/6080 ' 27

WL = WLO

CALL DEPTH XtY!
WR ITE �r 71!UOATE
'WRI TE   6t61 ! TITLE t NOSETt T ~ IONOt UNIT t UW tNPTr X r Yr At DXYt TtW
IF DXY ~ LE 0 !GG TO 60G
CALL RAYCON Xr YrAtWMMAX!

Go To 5ol

WR ITE   6t 72 !
GO TG 501
RCNT=RCNT+ I

  F   RCNT ~ L T ~ 2 ! GO TO 200
GO TO 120

IF   PUNCHN ! WR I TE   7 t 158 ! I UNI TS
CONT INUE

WRITF �r62! NOSEY
IF PLAT!CALL FRAMEL
RETURN

WRITE�r64! Ml rMJ

174 a

175 ~

176 ~
177 '

178 '

179 '

180 ~

181 ~
182 ~
183.

184 ~

185 ~
186 '

187 '
188 ~

189 ~

190 ~
19 la
192.

193 ~
194a

195 '

196 '
197 '
198 '

199 '
200 ~
20'0 I

200 ~ 2
200 3

200 ~ 4

200 ' 5

200a6

201 ~

202 ~
203

2G4 ~

205 ~
206 '
2G7 ~

208 ~
208a 1

209 ~

2 10 ~
211
212 '

213 '
214 '
215a

216.

217 '
218 '

218 ' 1

219 '

220 ~

221 ~
2 22 ~
223 ~

224 ~
225 ~



1Z

13
130

20

32

60
61

62

71

81

82

10

11

RETURN

END
SUBROUTINE RAYCON XyYyADyWHMAX!
COMMON D  12!iE�!yWAR~B1~82gCOgCXYyDCDHqDCONiDELTASrDRC>DTGR~DXYiE

~ T f F f GR INC y HOg IGOe JGOy L IMNPT s NPR INT yNPTg PHXy PHY y RCCQ> RKy MI yMJ e S IGy
~ SKy T q UW t I!F v V e WLr WLOt WAD y GR ID y DEP �6960 !

COMMON/COMA/XP t YP
COMMON /COP T/BOX y FACT g I UNI TS y P DX p T I T LE   20 ! g X 1 g XZ g XC QNST f Y 1 ~ Y2 e

~ YCONST p I Sy PUNCHY y P UNC HB ~ PUNC HC y PLAT f I DNO g C ONTP y HC I D t
~ X PMAX y X PM INr YPMAX y YPMI N

OGICAL AREA 1 y BOX' PUNC y PUNB t PUNCHNy PUNCHOUT WRTNy WRTB y WRT3 f PUNCHB ~
~ PUNCHCiPLAT

DATA X PL y YPL/0 ~ Oy0 ~ 0/
R E At X PLOT   1300! YPLOT   1300!
FORMAT i+~ i!
FORMAT '+ ~ '!

FORMAT I+ 4 ' !
FORMAT lXyZF6+ZyFT ~ Zg6F6 ~ ZpFT~Zg4Xy I5y 6Xe '0' y ll!
FORMAT   IXf 2F6 ~ ZfF7 ~ Zy TF6 ~ Zy F7 ~ Zf I 5y4X f 2 y I 1 !
FORMAT IXgZF6 ~ ZyFT ~ 2 7 F6 ~ ZyFT ~ 2g15 4X ' I.' p Il!
PUNCHD= ~ FALSE ~
PUNR= UNFALSE

PUNC= ~ FALSF ~
WRTN= ~ FALSE ~
WRTB= ~ FALSF ~

WRT3= ~ FALSF

HB=24 ~ 0
HOB L = 1000 ~ 0

DLAST=3000.0
AI=AD

XPLOT  1!=X

YPLOT  1!=Y

NPLOT= 1
AR = AD+0 ~ 0 1745329 2 5

H = HO

IGO = 1

COSA = COS AR!
S I NA = S I N  AR !
PX = X
PY = Y

X = COSAWGRINC+X
Y = S INA<GR INC+Y

CALL DEPTH XrY!
NWR ITE = 1

IF  DXY ~ Lf 0 ~ ! GO TO 22
IF   DXY ~ LT+ DRC ! GO TO 1 1
CALL DW IND   AD!
H=HO

GO TO 300
X = PX

Y = PY

CALL CURVE XpYyARpFK!
NWR I TE = 1
IF  H AGE ~ WWMAX! GO TO 13
CALL SWIND ADiWyUNIT!

GO To 130

ET = F I+UN I T /3600 ~
CALL RFFRAC Xe Yv ARsFKe630t CZOtK21> $22>625!
NWR I TF = 2

GO TO 30

226 ~

227 ~
2Z8 ~

229 ~

230 ~
231 i

2 32 ~

233+
234 ~
235m

236 ~
237 ~

238 '

239 ~
240 ~
241

242m
243 '

244m

245 '
246 '
247 ~

248'
249 ~

250 ~

251
-2 52

253 ~

254 ~
255.

256 ~

257-
258 ~
259 ~

260 ~
261

262 '

263

264 ~
265 '

266 ~
267.

268 ~

269

270 ~

271

271 1

271 2
272+

2 73 ~
274 ~
275 '

276 '
276 F 1
276~2

276 ~ 3
276 ~ 4
277+

278%

279 e



21

22

25

30

NWR ITE = 3

GO TO 30
NWR ITE = 4

AD=AR¹57 ~ 29577951
NPT=NPT+1
IF   DXY ~ LT»-1000 ~ ! NWRI TE=5
GO TO 910
NWR ITE = 7
CALL HE IGHT   XP g YP g AR g H!
AD= AR ¹ 57 ~ 29577951

CARDS PUNCHED H/DXY�»78

100

120

150

190

200

250

290

CARDS PUNCHED FOR NE XT PROGRAM

300

33

I F   ~ NOT ~ PUNCHB ! GO TO 200
HOB=0 ~ 78¹DXY/  SK¹RK!
I F   HOB GT ~ HOBL ! GG TG 150
IF  HOB. GT HB > GG TO 190
I F   PUNR! GO TO 120
VRAD=ARCOS  PHX/   PHX¹PHX+PHY¹PHY ! ¹¹0 ~ 5 ! !
IF   PHY ~ LT ~ 0! VRAD=-VRAD
ACONT=   AR-VR AD ! ¹57 ~ 29578+1 80 ~ 0
HW=H¹HB
WR I TE  8 y 82! X w Ye ADe RK p SK y Bl y T e HB y DXY> HW s ACONT y IDNGa IS
'WRTB= ~ TRUE ~
PUNB= TRLlE ~
IF HOB' GT�~�  HB-1 O!!GO TO 190
HB=HB-2 ' 0
PUNB= FALS'ED
GD Tn IOO
IF   HR ~ GF ~ 24.0! GO TO 190
IF HGB ~ LT.  HB+3 ~ 0! !GO TO 190
HB=HR+2. 0

PUNR= ~ FALSE ~
GO TO 150
HOBL=HOB

CARDS PUNCHED WHEN DXY CONTP FEET

IF  ~ NOT ~ PUNCHC!GO TO 300
IF DXY ~ GT ~ DLAST!GO TO 250
I F   DX Y» GT ~ CONT P ~ OR ~ PUNC ! GO TO 290
VRAD=ARCOS   PHX/     PHX¹PHX+PHY¹PHY ! ¹¹0 5! !
IF PHY ~ LT ~ 0 ~ ! VRAD=-VRAD
ACONT=   AR-VR AD ! ¹57 ~ 29578+ 180 0
WRITE�»81! Xg YgADgRK ASK gBl q TgHOgDXYgHpACONTp IDNOp IS
WRT3= ~ TRUE ~
PUNC= ~ TRUE ~

GO TO 290
IFIDXY ~ GT ~ CONTP+5 ~ 0!PUNCH fALSE ~
DLAST=DXY

IF   ~ NOT»PUNCHN! GG TO 390
IF PUNCHD! GO TG 390
AREA 1=x.LT.x2.AND.X.GT.xl.AND.Y.L T. Y2.AND.Y.GT.Y1
IF     »NOT ~ AREAl! AND ~ BOX ! ~ OR     NOT ~ BOX l ~ AND ~ AREAl ! !GO TO 390
XPUN=X¹FACT-XCONST
YPUN=Y¹FACT-YCDNST
WR I TF � »71 ! X PUN p YPUNg ADg RKr SK g Bl g T y HOyUWr WAD p IDNOy IUNITS

280 ~

281

282 ~

283 ~

284 ~
285»

286 ~

287 '
288 ~
289 ~

290 ~

291
292 ~

293 ~
294 ~

295 ~

296 '

297 '

298 '

299 '
300.

301,

302 ~
303 ~
304.

305 ~
306»

307

308 '
309 '

310

311

312 ~

313 '

314
315 ~
316

317 '
318»

319»

320

321 ~

322

323
324
325.

326 ~
327 ~
326»

329
330»

331»

332»
33 3»

334

335
336»

337 ~

338»

339 '



PUN C HD = ~ TRUE

WRTN= ~ TRU'ED

CONTINUE390

GT.1! GO TO 915

T-l ! ! /OT I C !

2 ~ 33333

9!.0

915

907

908

990

920

922

NPT=NPT+1

IF  NPT ~ GT ~ LIHNPT ! NHRITE 6
NPLPT=NPLOTtl

IF NPLOT AGE 1297!NWRITE=8
XPLOT NPLOT!"-X

YPLOT NPLOT!=Y

IF MOD NPTiNPRINT! ~ EQ 0! GO TO 915
IF   WRT B ~ OR ~ HRTN ~ OR ~ WRT3 ~ OR ~ NWR I TE ~
GO TO �0 12 990! IGO

CALL WRITER XgYgAD gHgNWRITE!
IF   WRTN! HRI TE  ew60!
IF t WRTB! WRITE� e,el !

IF HRT3!WRITE�y62!
HRTN= ~ FALSE

WRTR= ~ FALSE ~
'HRT3= FALSER

DTIC=XPLOT NPLOT!-XPLOT NPLOT- 1!
IF DTIC.NE.O.O!GO TO 907

XT I C=O. 03 ¹POX

YTIC=O ~ 0
GO TO 908

ATIC=ATAN  YPt OT NPLOT!-YPLOT NPLO
XTIC=O.03¹POX¹COS ATIC+1.57079!

YTIC=O 03¹PDX¹SIN ATIC+1.57079!
NPLOT =NPLOT+ I

XPLOT NPLOT! =X+XTIC

YP LOT   NPLOT ! = Y+YT I C
NPLOT'=NPLOT+1

XPLOT NPl OT!=X-XTIC

YPLOT NPLOT!=Y-YTIC

NPLOT=NPLOT+I

XPLOT NPLOT!=X
YPLOT NPLOT!=Y

GO TO loil2r990!gIGO
IF  NOT PLAT!RETURN
WMRGN=O 2¹PDX

XPI4tINW=XPHIN+WMRGN
XPMAXH=XPMAX-WMRGN

YPMINW=YPMIN+HMRGN

YPMAXW~YPMAX-WMRGN

DO 920 I I= I gNPLOT
I F   X PLOT   I 1 ! . LT ~ XPM INW ! GO TO 920
IF XPLOT  I 1 ! ~GT ~ XPHAXW! GO TO 920
IF   YPLOT   I 1 ! ~ LT ~ YPMINW !GO TO 920
IF YPLOT  Il! ~ GT ~ YPMAXH!GO TO 920
GO TO 922

CONTINUE
RETURN
DI SP=4 ~ 5

IF  IDNO GE 10 ! Dl SP=DISP 0 ~ 5
I F   IDNO ~ GE.100 ! DISP=DI SP-0. 5
IF   IDNO ~ GE e 1000 ! DI SP=DISP 0 ~ 5
IF   I DNO GE 10000 ! DI SP=D I SP-0 ~ 5
X I = X PLOT   I 1! -DI SP¹PDX¹HC I D
D I SP = 0 ~ 66667

IF   YPLOT   I 1+1 ! ~ GT a YPLOT   I 1 ! ! D ISP=-
Y I = YPLOT   I 1 !+D I SP¹PDX<HC ID

340

341

342

343 '

344 ~
345 '

346 '

347 '

348 '

349 ~

350 ~
351
352 '

353 '
354 '

355

356 '
357 '

358 '

359 '
360 '

361

362

363m

364 '

365 '

366 '
367 ~

368.

369

370 '

371.

372 ~
373 ~

374 ~
375 '

376.

377 ~
378

379,

380 '
381 o

382 '
383
384a

385

386 ~
387 ~

388m

389
390

391 '

392 '
393

394 '

395 '
396 '
397

398 '
399 ~



DO 924 II =I 1tNPLOT
IF XPLOT  IL! GT ~ XPMAX !GO TO 926
If  XPLOT  IL ! ~ LT ~ XPMIN!GO TO 926
IF   YPLOT   I L !»GT ~ YPMAX ! GO TO 926
IF YPLOT  IL! ~ LT ~ YPMIN!GO TO 926
IF   IL ~ EQ ~ NPLOT ! GO TO 927

924 CONT I NUE

926 I L= I I � I
927 IL=IL" I

DF=   XPLOT   I 1 l-XPL ! <<2+  YPLOT   I I !-YPL! +2
DL= X PLOT   IL !-XPE ! <>2+  YPLOT  IL !-YPL !><2
IF DF.GT»DL!GO TO 950
CALL PLOT 91tXIt YI !
WRITE�t 9930! IDNO

9930 FORMAT   I 5 ~ 100X !
CALL CHAR HCIDt 0!
DO 930 I =! 1 t I L

930 CALL PLOT 90tXPLOT  I! t YPLOT  I ! !
XPL=XPLOT   IL+1!
YPL = YP LOT   IL+1 !
CALL PLOT  91 t X PL t YPL !
RE Tl!RN

950 CONTINUE
Da 960 I=Il,IL
II=IL � I+Ii+1

960 CALL PLOT 90 XPLOT  II! YPLOT II!!
XPL=XPLOT I1!
YPL=YPLOT  Il!
CALL PLOT  91tXP' t YPL !
CALL PLOT f 91 t X I t Y I !
WRITE �t9930! IDNO
CALL CHAR HCIDt 0!
RETURN

END
SUBROUTINE WRITER XtY ANGtH NWRITE!
COMMON D�2! t E  6! tWARtB1 t82 tCOtCXYt DCDHtDCONtDELT'ASt DRCt DTGRtDXYt E
T F GRINC HO IGO JGO LIMNPT NPRINT NPT PHX PHY RCCO RK MI MJ 5IG

~ SK T,UW,UF,V WL WLOtWAD GRID,DEP�6960!
I F   NWRITE ~ EQ ~ 5 !DXY=DXY+10000 ~
CALL ERROR FITt DIFMAX!
FN=F/6080 '
WRITE� 62! NPT X YtANG DXYt DIFMAXt T WL CXY HtRKtSK FN

62 FORMAT   1H t I7 t 3F9 ~ 2t Fl 1 ~ 2t F10 ~ 2 t F8 ~ 2 t 3F10 ~ 2 t 3F10 ~ 4!
GO TO   ll ~ 20t21 t22t 23 ~ 24t25t26! t NWRITE

20 WRITE  et61! NPT
61 FORMAT�9H CURVATURE AVERAGED AT POINTt I4!

GO TO 11.
21 WR I TE   6t 63 !
63 FORMAT  1H t42HRAY STOPPEDt NO CONVERGENCE FOR CURVATURE'� !

GO TO 12
22 WR1TE�t64! X» Yt ET
64 FORMAT  1H t 32HRAY STOPPED t REACHED SHORE ~ X = t F7»2t 6Ht Y= t F7 ~ 2t 1

7Ht ELAPSED TIME -t F15 ~ 2t9H HOURS !
GO TO 12

23 WRITE btb5! Xt YtET
65 FORMAT   1H t 35HRAY STOPPED t REACHED BOUNDARY ~ X = t F7 ~ 2 t 6Ht Y = t

~ f 7 ~ 2t 17Ht ELAPSED T IME = t F15 ~ 2 t 9H HOURS
GO TO 12

24 WRITE bt66! ! IMNPTtX Y66 FORMAT   1H t 55HR AY STOPPED t NUMBER OF POINTS EXCEEDS MAXIMUM ~ L IMI
35
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401 ~
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405 ~

406 '

407.

408 ~
409 '

410 '
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412 ~

413 '
414 ~

415 ~

416»

417»

418.

419,
420 ~
421 ~

422»

423»

424 ~
425 ~
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428 ~

429 ~
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431

432»
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434»
435»

436 ~

437»

436»

439.

439.1

440

441,

442
443 '

445»

446 '
4-4 »
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450.

450

45 1.

452 ~

453
454 ~
455
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457»



~ T =rltr13H POINTS ~ X =rF7 ~ 2y6Hr Y =gF7 ~ 2!
GO TO 12

25 WRITE�p67! DELTAS' Xr Y
67 FORMAT  1H r 51HRAY STOPPED' INCREMENT DISTANCE ALONG RAY

~ F6o3y17H GRID UNITS ~ X = ~F7 2y6Hy Y =yF7 ~ 2!
LESS THAN'

GO TO 12
WR I TE   6 ~ 68 !26

68

12

11

FKM =   FKM+FK18 ! +0 ~ 515
NCUR = 2

GU TO 13
X = XX

Y = YY

A = AA

FK = FKK

!F  NCUR ~ EO~ 2! RETURN 2

16

10 RETURN 1

END

SUBROUTINE CURVE Xi YiAiFK !
COMMON 0  12 ! p E �! tWARwBl t82tCQpCXY yDCDHtDCOhlyDELTAS yDRC

~ T F GR INC HO I GO JGO L IMNPT NPR INT NP T PHX PHY RCCO RK
SK T UW UF V WL WLO WAD GR ID DEP   36960 !

tDTGR~DXYeE
MI tMJ e S IGt

COMMON/COMA/XP ~ YP

GO TO �0pll!i IGO
CALL DEPTH XpY!
IF  DXY<200 ~ ~ GT WL! GO TO 10
IF  DXY I E 0 ' ! RETURN

JGO = 2

ARG = 32 1725>DXY

CXY = SORT ARG!

36

11

12

13

111

110

FORMAT   ' RAY STOPPED y PLOTT! h!G ARRAY F I LL ED ' !
IGO = 3

RETURN

END
SUBROUTINE REFRAC X>YyAyFKq+r<>+r+q+!
COMMON D�2! E�! WAR Bl 82 CO CXY DCDH DCON DELTASgDRC DTGR DXY E

~ T y F ~ G R I hIC f HO y I GO y J GO g L I MhlP T f hl P R I N T y hI P T y P H X y P H Y y P C C 0 y R K y M I y M J y S I G y
~ SK t T tUW r UF r V r WL s WLO eWADt GR ID y DEP   36960!

hl CUR = 1

GO TO �lp IZy10! y IGO
FKM = FK

IGO = 2

DS = CXV~DTGR
IF  DS LTD DELTAS! RETURN 5
RESMAX = 0 00005/DS
DO 110 I=le20
DELA = FKM<DS

AA = A+DELA

AM = DELANO.5+A

XX = COS AM!<DS+X

YY = SIN AM�DS+Y

CALL CURVE XXyYYgAAyFKK!
IF  DXY LE» 0 ' ! RETURN

GO TO   ill y 16! s hICUR
FKM =  FK+FKK!<0 ' 5

IF  ! ~ EQ ~ 1! GO TO 110
IF  RESMAX eGT ~ ABS FKP-FKM! ! GO TO 16
IF   I FQ ~ 18! FK18 = FKM
FKP = FKM

IF  RESMAX ~ GT ~ ABS FK18-FKMI! GO TO 15

RE TLIRN 3
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479 ~
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DCDH = 16»08625/CXY

GO TO 14

10 CI = CXY

JGO

DO 120 I= lt 50
ARG =  DXYOSIG! /CI
CXY = CO+TANH ARG!
RESID = CXY-CI
IF  ABS RESIO! ALTA 0 F 001! GO TO 13

120 Cl =  CXY+CI!+0 ~ 5
13 RCCO = CXY/CO

SCMC =   1 -RCCO>RCCO!+SIG
V = SCMC>OXY+RCCO~CXY
DCDH = CXY+SCMC/V

14 PHX = E�!+2 ~ >XP+E�!<YP+E�!
PHY = E�!+2 ~ 4YP+E�!>XP+E�!
FK =  SIN A!>PHX-COS A!<PHY!+PCOH>DCON/CXY
RETURN

ENO

SUBROUTINE DEPTH Xt Y!
COMMON D�2! E�! tWAR Bl B2 CO CXY DCDH DCQN,DELTAStDRC DTGR DXY E

. T t F t GR INC t HO ~ IGOt JGOt L I MNPT t NPR INT t NPTt PHX t PHY t RCCOt RKt M I t MJ t S IG t
~ SK ~ T UW UF Vt WL WLO WAD t GR IOt DEP �6960 !

COMMON/COMA/XPt YP
DIMENSION SXY   12 t 6!
DATA SXY /0 ~ 30861241 t 0 ~ 23684207t 0 ~ 21770331 r

~ 0 23684207t 0 ~ 08492823 t 2+ 0 ~ 05143541 t 0 08492823 t 0 ~ 00598086 t 2>0 e 13
038 277 t 0 00598086 t 0 ~ 0 5322964 t 0 ~ 19677030 t 0 ~ 1441 3872 t 0 ~ 10586122 t 0 ~ 09

~ 031100t 0 ~ 06758374 t 0 ~ 03349283 to ~ 03349282 r 0 ~ 18241626 t 0 ~ 34031099t
~ -0 ~ 12440190r 0 ~ 12440190 t 0 ~ 05322964 t0 10586122 t 0 ~ 14413872 t 0 19677030
~ t 0 ~ 03349282't -0 ~ 03349 283 r 0 »06758374 t 0 ~ 0903 1099 t 0 12440 190 t -0 12440
~ 191 r -0 34031099 t-Oe 18241625 r 4>-0 ~ 12499998 t 2<0 ~ 12 5t 2+0 ~ t 2+0 ~ 1249999
~ 9 t 2+ 0 ~ t 0 ~ 052631 57 r 0 ~ 05263157 t 0 ~ 05263 1 58 t 0 052631 57 t 0 ~ 1 5789473 r
.2>0 15789474t 2+-0 ~ 15789473t 2+0 ~ 15789473 r-0 ~ 15789473t 4+-0 »12499998 t
~ 2 + 0 ~ t 2 < 0 ~ 1 2 5 t 2 tt' 0 ~ r 2 ~ 0 e 1 24 9 9 9 9 9 /

X+ l.

J = Y+1
XP = AMOO Xt 1 !
YP = AMOD Yr 1 ~ !
IF  NPT ~ EO 1! GO TO 11
IF  IP .NE ~ I ! GO TO 11
IF   JP ~ FQ ~ J! GO TO 14

ll IP = I
JP = J
IF   I. LT. 2»OR. I. GT.  Ml-2! .AR.J. L T.2.OR. J. G T.   MJ-2 ! ! GO TO 2OO
LCNT= I+ J+M I
D   1 ! = DEP   LCNT-Ml !
D   2 ! = OFP   LCNT+1-M I !
D   3 ! = DE P   LCNT+ 1 !
O�! -" DFP  LCNT !
D�! = DFP  l CNT+2-Ml !
DI6! = DEP LCNT+2!
D�! = DEP LCNT+1+MI !
D 8! = OEP LCNT+MI!
D 9! = DEP LCNT-1!
D  10! = DEP   I CNT -}.-MI !
D�1! = OEP LCNT-MI-MI !
D   12 ! = OEP   LCNT+1-M I-M I !
DO 110 K= 1 t 6
f K! = 0 ~
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524 ~

525 ~
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527 ~
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530 ~

531 ~
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533 ~
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535 ~
536 '
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538 e
539

540.

54l»

542

543

544 e

545»

546»
547.

548»
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550 ~

551

552 e
55M
k. 54

555.
556 »
55?.

558 e

559
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56l.e

562 ~

563.

564»
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567»

568 ~
569»

5?0 ~
571»

572 ~

573e
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578 ~

579 ~

58O.
581 '

582

583 '
584 '

585 '
586.

587 '

588 '
589 '
590 '

591 '
592 '
593 '

594 '
595 '
596 '

597 '

110

14

200

597 ~ 1
597 ~ 2

12

10

110

12

38

DO 110 L=l ~ 12
E K! = E K!+D L!¹SXY LtK!
DXY =  E   I !+E   2 ! ¹XP+E   3! ¹YP+E �! ¹XP¹XP+E   5! ¹XP¹YP+E   6!¹YP¹YP ! ¹OCON
RE TUR N

DXY=DXY-10000 ~

RETURN

END

SUBROUTINE HEIGHT  Xt YrA tH!

COMMON D�2! E�! WAR Bl 82 CO CXY DCDH DCON DELTAS,ORC DTGR DXY E
T F GRINC HO IGO JGO LIMNPT NPRINT NPT PHX PHY RCCG RK MI MJ SIG
S K t T t UW t UF ~ V t WL ~ WL0 t WAD t GR I D t '~EP   36960!
WL = WLO¹RCCO

GN = 12 ~ 5663706144¹DXY/WL

I F  GN ~ GT ~ 174 ~ 62! GN = 174 ~ 62

CG =   I ~+GN/SINH GN! ! ¹CXY

SKI=SQRT  CO/CG!

I F   CG ~ LT ~ Oe ! RETURN

RKI=ABS  1 /B2!
RKI=SQRT  RKI !

H=HO¹  I+   RKI¹SKI-RK¹SK!/RK¹SK ! !

RK=RKI

SK=SK I

GO TO  lltl2!t JGO

u = -2.¹SIG¹RCCO¹CXY/ V¹V!

GO TO 10

U = -0 ' 5/DXY

U = U¹DCON

DCDH = DCDH¹DCON

COSA = COS A!

SINA = SIN  A!

P - "�  COSA¹PHX+SINA¹PHY!¹OCDH¹DTGR¹2o

Q =     E   4 !¹2 ~ +U¹PHX¹PHX ! ¹S INA¹S INA   E  5!+U¹PHX¹PHY ! ¹2 ~ ¹S INA¹COSA
+   E � ! ¹2.+U¹PHY¹PHY ! ¹COSA¹COSA ! ¹DCDH¹CXY¹Dl GR¹DTGR¹2 ~

83 =     P-2 ~ ! ¹B 1+ � ~ -Q! ¹82! / P+2 ~ !

Bl = 82
B2 = 83

RETURN

END

SUBROUTINF ERROR F ITtDIFMAX !
COMMON D  12!tE�! ~ WARtBlr82tCOtCXYtDCDHtDCONtDELTAStDRCrDTGRrDXYrE
T F, GR INC HO I GO JGO, L IMNPT NPR INT NPT PHX PHY RCCO RK MI ~ MJ S I G
SKtTtUWrUFrVtWLrWLGrWADrGR IDtDEP�6960!
DIMFNS-ION - QP �!

IF  NPT ALT. 3! GO TO ll

IF  EP AEQUI E�!! GO TO 12
DP  l! = F �!

DP�! = E  I!+E�!+E�!

DP�! = E  1!+E�!+E�!+E�!+E�!+E�!

DP�! = E  1!+E�!+E�!

DIFMAY = 0 ~

SUM = 0 ~
DO 110 I= 1t4

DIF = ABS D  I ! � DP  I ! !

DIFMAY = AMAX1 DIF tDIFMAY!
SUM = DIF¹DIF+SUM

DI FMAY = DI FMRY¹OCON

SUM = SUM¹O ~ 25

F I T = SQRT  SUM!

FP = E�!

D IFMAX = D IFMAY/DXY¹ 100

598 '
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600 '

601 ~
602 '

603 '

604 '

605 '

606 '

607 '

608 '

609 '

610 '
611
612

613 '
614 '
615.

616 '
617 '
618 '

619 '
620 '
621

622 '
623 '

624 ~

625 '
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627 '

628 '
629 '

630 '

631

632 '
633 '

634 '
635 '



636 '

637 '

638 ~

639 ~

640 ~
641

642 ~

642 1

642 ~ 2
643 '

644 '

645 '
64be

647 '

648 '
648 ~ 1

648.2

4!t
600!
3 ' 225t3 ~ 36t
t .4783toet
,.825/

10

12

GO TO 90

AX I SN=5¹K

GO TO 90

AX I SN=10¹K

17

95

RETURN

END
SUBROUTINE FRAHEI  XHAX XMIN YMAX YMIN SCFAC PLOTW HC!

I NIT I AL I ZES PLOTT ING ROUTINES

LOG I C AL S TD L A8E LD
REAL¹8 UDATE

COMMON/DATE/UDATE
INTEGER AX I SN
REAL ARROWA�5! tARROWL  15! tARROWX  15! t ARROWY  15! t TITLP 

TITS E � ! t XLABEL   1! t YLABEL   1 ! t SUNT   1! t XPLT �00! t YPLT 
DATA ARROWA /0 ~ t5 ~ 902 to ~ to ~ t 1 e5708t 4 ~ 7124to ~ t3 ~ 1416 t
3 ~ 1416t 0 ~ 077 t Oe 0605 t 0 ~ 077 t 0e0605/ t ARRO'WL / ~ 1 522 t ~ 1 174

~ 04348 t ~ 04348 t Oe t 4783 t ~ 52 35 t ~ 2004 t ~ 1 522 t ~ 653 t ~ 82 5 t ~ 653
I =HC¹10 ~ 0+0 ~ 5
HC= I /10 ~ 0
XDELT=XMAX-XM IN
YDELT=YMAX-YHIN
PDX=YDELT¹WC/PLOTW
XMAX F =X MA X+   21 e 4+3 ~ 67/HC ! «P{~X
XD=XMAXF-XHIN
XL=XD¹PLOTW/YDELT
CALL PLOT  201 t XMINt XMAXF t XL v XDt YMINt YMAX t PLOTWt YDELT !
CALL DATER UDATE!
K=1

MJJ=YDELT
IF  MJJ/�¹K! ! ~ LEe12!GO TO 12
IF   MJJ/  5¹K! ! ~ LEe 12!GO TO 15
IF   HJJ/�0¹K! ! ~ LE ~ 12!GO TO 16
IF  MJJ/�5¹K! ! LE ~ 12!GO TO 17
K=K¹10

GO TO 10
AXISN=Z¹K

GO TO 90
AX I SN= 15¹K

CONT I NUE
PDXHC=PDX/HC
SCALE=SCFAC¹PDXHC
TIC=0.05¹PDXHC
NX=X DE L T/AX I SN+ 1

NMI N=XMI N

NXM IN =NM I N/AX I SN
If  MOD NMINtAXISN! ~ EQ 0!GO TO 95
NX=NX-I

NXM I N=NXMI N+ I

CONT I NUF
N 1 X=NXM I N¹ A X I SN
XNUMY = 1 a 666¹ P DX+ YM I N
XAXSLX=  XMAX+XMIN! /2 ~ 0- 9 ~ 0! ¹PDX
XAXSLY=-3 ' 333¹PDX+YMIN
NY= YDE LT /AX I SN+ I

NM I N= YM IN

NYH IN=NM IN/AX I SN
IF  MOD NMINt AX I SN ! ~ EQ 0 ! GO TO 98
NY=NY-1

649 ~
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669 ~
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692 '

693 '

694~

695 ~

696 ~
697 r

698 '

699 ~

700 ~
701 ~

702 ~

703

704 ~

705 ~
706 ~
707

708 '

DRAWS PI OTT ING F R AME

708

DRAW X AX I S

9010

1005

9011

1010

1020

DRAW Y AX IS

!IO

NYM I N=NYMI 8+1

CONT INUE

Nl Y =NYM I N> AX I SN
YNUMX=-Oe 666+PDX+XMI N
YAX SLX=-2 ~ 333+PDX+XMI N
YAX SLY   YMAX+YMIN ! /2 ~ 0  9 ~ 0 ! +POX
XS=   XL-2 ~ 0! 4PDXHC+XMIN
XLS=3 ~ 2<PDX+XMAX
RETURN
ENTRY FRAME TITI ErNLrNSETrNUNITR!

I F  NUN I TR. G T. 0! R EW IND NUNI TR
CALL PLOT 90rXSrYMAX!
CALL PLOT  91 r XSr YMIN !
CALL PLOT�!
CALL PLOT �0ir XMINrXMAXFrXLrXDr YMINr YMAXr PLOTWr YDELT!

LABELO= FALSE
DISP=-2 ' 3<POX

DQ 1010 I=lrNX
NUM=N1X+   1-1 ! +AX I SN
IF   NUM GF ~ 1 0 ! DI SP= 2+0>PDX
IF   NUM ~ GE 100! D I SP=-1 ~ 5<POX
XNUMX=NUM+OISP
IF   LABFt A+OR ~ XNUMX ~ I T ~ XAXSLX ! GO I'O 1005
LABFLD= TRUF. ~
CALL PLAT 9lrXAXSLXrXAXSLY!
WRITE �r 9010!

CALL CHAR HC,O!
FORMAT  'X AXI Sr GRID UNITS' r 100X!
CALL PLOT 9lr XNUMXr XNUMY!
WRI TE �r 9011!NUM
FORMAT   I 3r lOOX !
CALL CHAR  HCr 0!
CALL PLGT 90 xMAx YMIN!
DO 1020 I " -1 r NX
X= WAX-I!+AXISN+NIX
CALL PLOT 90rXrYMIN!
CALL PLOT 90rXrYMIN+TIC!
CALL PLOT 90rX ~ YMIN-TIC!
CALL PLOT 90rXrYMIN!
CALL PLOT 9lr XMINrYMIN!

LABEL 0=. FALSE~
DISP=-2.3+POX
Do 1030 I =1 r NY
NUM=N1Y+   I-1 ! +AX I SN
IF  NUM GF 10 ! DI SP=-2 0>POX
I F   NUM ~ GE ~ 100! D I SP =-!, 54PDX
YNUMY=NUM+OISP
IF LABELO ~ OR ~ YNUMY ~ LT+YAXSLY!GO TO 1025
LABELD=~TRUF..
CALI PLOT 91r YAXSLX r YAXSLY!
WRITE� 9030!
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750 ~



CALL CHAR  HCr 1!
FORMAT  ' Y AX I Sr GRID UNITS' r 100X !
C A L L P L OT   9 1 r Y NU l4I X r Y NUM Y !
WR I TE � r 9011 ! NUM
CALL CHAR  HCr 1!
CALL PLOT 90rXMINrYMAX!
DO 1040 I=lrNY
Y"- NY-I!+AXISN+NIY

CALl PLOT 90rXMINrY!
CALL PLOT 90rXMIN+TICrY!
CALL PLOT 90rXMIN-TICrY!
CAi L PLOT 90r XMINr Y !
CALL PLOT  9 1 r XMINr YMIN!

9030

1025

1030

1,040

DRAW TOP OF FRAME

CALL, PLOT 90rXMINrYMAX!
DO 1050 I = 1. NX
X=  I � I ! 4AXI SN+NIX
CALL PLOT 90rXrYMAX!
CALL PLOT 90rXrYMAX-TIC!
CALL PLOT 90rXr YMAX!
CALL PLOT 91r XMAX, YMAX!

1050

F ILL ID BOX

1060

9060

1070

9070

9075

1080

9080

DRAW RIGHT SIDE OF FRAME

DO 1090 I= l.r NY

4Z

YLS=YMAX-PDX

00 1070 I = 1 r NL

00 1060 J=lr4
TITLP  J!=TITLE�+  I � ! !+J!
YLS=YLS-I ~ 5+POX

CALL PLOT 91r XLSr YLS!
WRITE �r9060!TITLP
FORMAT�A4r 100X !
CALL CHAR  HCr 0!
YL S= YL S-1 ~ 54PDX
CALL PLOT 91rXLSr YLS!
WRITE�r 9070! SCALE
CALL CHAR  HCr 0!
FORMAT  r 1 IN ~ =r rF5 2r rN M ~ r r 100X!
IF  NSET ~ LEe0!GO TO 1080
YLS=YL S-1 ~ 5+PDX
CALl PLOT 91rXLSr YLS!
WR I TE � r 9075! NSET
CALL CHAR HCr0!
FORMAT ' SFT NUMBER' I4rl.OOX!
CALL PLOT  9 1 r XLS r YLS 1 ~ 5<PDX !
WR I TE   4 r 9080 ! UDATE
CALL CHAR HCr0!
FORMAT �X r A8r 100X !
X=XMAX+21 4+POX
Y=YLS-2 ' 54PDX

CALL PLOT 90rXMAXrY!
CALL PLOT 90rXrY!
CALL PLOT 90rXrYMAX!
CALL PLOT 90rXMAXrYMAX!
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}O9O

100

105

110

115

116

120

I ! y YPLT   I ! | I=1 pNPLT !

PL!¹¹2

DRAWS NORTH ARROW

5

60

CLOSES PLOTTING ROUT INES

CALL PLOT  90» XSy YMAX !
CALL PLOT 91 y XS» YMIN!
CALL PLOT�00!

RETURN
END

Y= NY-I ! ¹AXISN+NlY

CALL PLOT  90» XMAXs Y!

CALI PLOT 90»XMAX-T IC»Y!
CALL PI OT 90yXMAXtY!
CALL PLOT 9l»XMAXyYMIN!
IF NUNITR»LE.O!RETURN

XPL=XHAX

YPL=YMIN

READ NUNITRgEND=120!CONT»NPLT» XPIT 
OO 105 I= l»NPLT

IF  XPLT  I !.GT.XMAX! XPLT  I ! =XMAX

IF  XPLT f I ! ~ LT. XM IN�! XPLT   I ! =XM IN
IF YPLT  I ! ~ GT ~ YHAX! YPLT� !=YMAX

IF  YPLT  I ! ~ LT. YMIN! YPLT I I ! =YMIN
I~PLTl=NPLT-1

OF= XPLT  1!-XPL! ¹¹2+  YPLT  1!- YPL ! ¹¹2

DL= XPLT NPLT!-XPL!¹¹?+ YPLT NPLT!-Y

IF OF ~ GT ~ DL!GQ TO 115

DO 110 I =1 pNPLT1
CALL PLOT 90yXPLT  I ! y YPLT  I! !

XPL=XPLT NPLT!

YPL=YPLT NPLT!

CALL PLOT 91 »XPI » YPI !
GO TO 100

DO 1.1.6 I=I»NPLTI

I I =NPLT- I+1

CALL PLOT 90,XPLT  II!,YPLT  II!!
XPL=XPLT  1!

YPL-"YPLT�!

CALL PLOT 91yXPL> YPL !
GO TO 100

CONT INDE

RETURN
ENTRY ARROW  Xhg YAp DARROW|ALTH!

IF XA ALE XMIN!RETURN

IF XA ~ GT ~ XMAX!RETURN
I F   YA ~ L E ~ YM IN ! RETURN

I F   Y A ~ GT ~ YMAX ! R ETURN
IF ALTH ~ I E 0 ~ 0!RETURN

AARROW=DARROW¹0 F 017453295

DO 5 I=}r15
ARROWX I!=ARROWL I!¹COS ARROWA I!+AARROW!¹ALTH¹PDXHC+XA

ARROWY I!=ARROWL I!¹SIN ARROWA I!+AARROW!¹ALTH¹PDXHC+YA

DO 60 I=1,14
IF  I E0.12!CALL PLOT 99!

CALL PLOT 90»ARROWX I ! »ARROWY I ! !

CALL PLOT  9 I. g ARROWX   15! NARROWY   15! !
RETURN

ENTRY FRAMEL

811

812 ~
813 ~

814»

815 ~
816 '

817 ~

818 '
8}9 ~

820 '

821 '
822»
823 ~

824 ~
825 ~

826 ~

827 ~
828 ~
829 ~

830 ~
831 '

832 ~

833 '
834 '

835 '

836 '
837 '
838

839 '
840 '

841 '

842 ~

843 ~
844 ~

845»

846»

847 '

848 '
849
850 ~

851 ~
852 ~
853 '

854 '
855 ~
856 ~

857 '
858 '

859 '

860 '
861

862 ~

863 ~
864 '
865 '

866 '
867 '
868.

869 '
870 '



SUBROUTINE DW IND   A!
COMMON D   1 2 ! t E   6 ! t WAR t B 1 t B2 s CO tC X Y s l'0 DH t DCON s DELTAS s DRC s DTGR t DXY t E

~ T t F t GR INC s HOt I GO t JGO s L I MNP T t NPR INT s NPT t PHX t PHY t RCCOt RK t MI t MJ s S I G t
~ SKtTtUWtUFtVtWLtWLO ~ WADtGRIPtDEP�6960!

AR =4+0 0174532925

UP=UF+COS WAR-AR!
F"-F+ 'R INC +GR I 0
T=8 ~ 60+ UP/32 174!+  1-1/  1+ 008+�2 174<F/UP++2!+> ~ 333!++5!
HO   0 ~ 30/32 ~ 1 74 ! ~UP~ ~2+   1 1 /   1+ ~ 004+   32 ~ 1 74+F/UP++2 ! ++ a 5 ! ++2 !
S I G=6 ~ 28318531/1
CO=5 ~ 1204062+T
WLQ=CQ<T
ORC=WLO+0 ~ 6

DT GR =GR INC� /CO
NUNI T =OTGR~GR I D
ET= FT+     UNI T+NUNI T ! /7 200 ~ !
UN I T=NUNI T
CXY=CO

WL=WLO

RETURN

END
SUBROUTINE SWIND  At Hs UNIT !
COMMON P�2! sE�! tWARsBltB2sCOtCXYsDCDHsDCONtDELTAStDRCtDTGRtDXYtE

~ T F GRINC ~ HA IGO JGO LIMNPT NPRINT NPT PWX PWY RCCO RK MI MJtS IGt
~ SK t T t UW t UF t V s WL t WLO t WAD t GR IP t DE P   36960 !

AR= A+0 ~ 0174532925
UP=UF+COS  WAR-AR !
COSW=COS WAR-AR!
F=1942 56231<UP++2st:   �/�-107 ~ 24666+H/UP>+2!>> ~ 5!-l! >+2!
F=F+CXY<DTGR

600 UP/32 ~ 174� �-1/�+ ~ 008+�2 174+F/UP>+2!+~i333! 5!
HO-   p. 3p /3 2. ! 74 ! +Up a 2m   1-1/   1+. 0044   32 ~ 174~ F /UP»2 !» ~ 5 ! ~~ 2 !
S I G=6. 283 18531/T
CO= 5 ~ 12040624T
WLO=CO>T

DRC=WLO+0 ~ 6

DTGR=GR INC/CO
NUN IT=DTGR>GR I P
ET=ET+    UNI I+NUN I T ! /7200 ~ !
UN I T=NUN IT
RETURN

END
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895 '

896 ~
897 ~
898~

899 '

900 '
901 ~

902 ~
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909 '

910 '
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912.





APPENDIX C

Numerical Computer Output for Ray No.

V=10 Seconds, V=50 Knots
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