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COASTAL ENGINEERING RESEARCH CENTER 
Addenda and Errata for Technical Memorandum No. 17 

1. Since thi~ Technical Memorandum was approved for publication, the 
Coastal Engineering Research Center has used the computer program fn co-
operation with the U. S. Army Engineer District, Wilmington, to plot rays 
in the vicinity of dregon Inlet on the Outer Banks of North Carolina. 

2. A card deck containing the program is available on loan from CERC 
for copying by the borrower. This deck is identical to that in Appendix c 
except for the following changes: 

Page 35 Cards numbered RAYN 45 through RAYN 49 have been removed, 
and the following has been subs~ituted: 
396 GO TO (397,397,404), MIT 

Page 36 Th~ following has been inserted between MOVE 11 
and MOVE 12: 

IF (D/DY - 0.005) 204,204,203 
204 D • DY * 0.005 

3. The sample data in figure 6 will also be provided to enable.de-
termination of satisfactory operation. If satisfactory, the resulting plot 
will be identical to that in figure 10; the printed output for the fifth ray 
will be identical to that in figure 8. 

4. It is recommended that a Calcomp reference manual be used in con-
junction with this report. The Calcomp subroutines are not listed in Appendix 
c, but are included in the card deck which can be borrowed from CERC. If an 
IBM 7094 computer and a Calcomp 670/564 plotting system are used, these sub-. 
routines will be the correct ones for use with this program. If another 
computer or plotter is used, other versions of the subroutines should be 
obtained. 

5. Users may find little use for Nill-ICON and SHORE routines mentioned· 
in Optional Computer Operations on page 11. If NSH • 0 and NCO = O, no 
sounding card is needed, and these subroutines are not used. 

ERRATA 

Page ii, the LIST OF FIGURES should read: 
II 7 

6 
Bathymetry of Depth Grids 
Example of Input for Computer Program 

Page 18, footnote 12 should read: 
" ••• is given in figure 6 ••• " 

Page 26, the definition of COL • 0 should read: 

44, 45 
43 II 

"If COL;. 0 on a ••• If COL• O, the plotter ••• " 
Page 29, the definition of NXCMAT should read: 

"If NXCMAT • 0, the ••• if NXCMAT rf1. O, the ••• " 



FOREWORD 

An important aspect of any wave refraction analysis is 
the determination of wave-ray patterns· for a coastal area of 
interest. Manual construction is both difficult and time con-
suming - especially when waves with many periods and directions 
of travel must be followed over an irregular bottom. 

An alternative to manual construction is presented in this 
report. A digital computer and an incremental plotter are used 
to calculate and plot wave rays. 

This study was begun at the Virginia Institute of Marine 
Science, Gloucester Point, Virginia, under Contract DA-49-055-
CIV-ENG-64-5 with the Coastal Engineering Research Center, U. S. 
Army Corps of Engineers, Washington, D. C. The study was com-
pleted and the report prepared at the Johns Hopkins University, 
Baltimore, Maryland, under the same contract. The author, 
w. Stanley Wilson, is a graduate student in the Department of 
Oceanography at the University. 

NOTE: Comments on this publication are invited. Discussion 
will be published in the next issue of the CERC Bulletin. 

This report was prepared under authority of Public Law 
166, 79th Congress, approved July 31, 1945, as supplemented 
by Public Law 172, 88th Congress, approved November 7, 1963. 
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A MErHOD FDR CALCULATING AND PLOTTING 
SURFACE WAVE BAYS 

by 

w. Stanley Wilson 
The Johns Hopkins University 

Baltimore, Maryland 

ABSTRACT 

A .. method using a digital computer and an incremental plotter 
for calculating and plotting wave rays is described. Given a grid 
of depth values, the initial position of a wave ray, and the di~ec
tion of travel and the period of the wave, successive points along 
the ray path are calculatea. For each point on the path, water 
depth and bottom slope are estimated from the depth grid by linear 
interpolation, wave speed and curvature are computed according to 
classic theory, and the location of the next successive point is 
approximated by an iteration procedure. The numerical results 
may be plotted automatically. An example of the results, obtained 
from an application of the method to Virginia Beach, Virginia, is 
presented. 

Unless the bathymetry of an area is unusually smooth, this 
method calculates and plots wave rays faster than they can be 
manually constructed, 

INTRODUCTION 

As waves move toward a beach, their crests approach paral-
lelism with the shoreline and their rays approach perpendicularity. 
Any wave-refraction analysis requires .the determination of wave-
ray patterns; however, if the bathymetry is irregular, the deter-
mination of the ray patterns--even for waves with a single period 
and direction of travel--can be both cumbersome and tedious. 

Pierson, Neumann, and James (1955) explain how to estimate 
the effect of refraction on a continuous wave spectrum. They ap-
proximate the deep-water spectrum by a finite sum of discrete long-
crested sinusoids, refracting each separately and recombining them 
to approximate the refracted spectrum. A cursory inspection of an 
application of thei;r method (Pierson, Tuttell, and Woolley, 1953) 
reveals the extensive labor required of which by far the greater 
:part is the construction of ray :patterns for single sinusoids. 
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The method.which they use to construct the rays is the manual method 
of .Arthur, Munk, and Issacs (1952) • 

.An alternative to manual construction is presented in this 
report. A digital computer and an incremental plotter are used to 
calculate and plot wave rays. Important references for the basic 
wave-refraction theory are Munk and Arthur (1952) and Dorrestein 
(1960). The computer program itself has evnlved from Griswold 
and Nagle (1962), Mehr (1962), Griswold (1963), Harrison and 
Wilson ( 1964), and Wilson ( 1964). 

MEI'HOD 

Initial Requirements. Let the coastal area of interest be 
specified and the group of sinusoids~ characterized by their peri-
ods and directions of travel { T1 ,A1 J ·, be given. It is necessary 
that a chart including the coastal area of interest and containing 
adequate bathym.etric information be available. 

Selection of Grid Boundaries. A rectangular X,Y-coordinate 
grid, whose boundaries also form a rectangle, is imposed on the 
cha~t of the region. The boundaries are identified by the lines 
X = O, X = AMM, Y = o, and Y = .ANN. The position to be selected 
for these lines depends on the maximum water depth at which re-
fraction begins to be important for the group of sinusoids, the 
given directions of travel for the group of sinusoids, and the 
bathym.etry and coastal area of interest •. Six examples, illustrated 
in sketches l through 6, will show how these lines are initially 
positioned. 

The seaward extent of the regior. of anal:ysis is approximated 
by drawing on the chart the contour whose value, he, represents the 
maximum water depth at which refraction begins to be important for 
the group of sinusoids. This depth, he, equals one-half the deep-
water wave length, 1/2 L4 = 2.56 T2, of the longest-period sinus-
oid in the group. If an island or reef lies seaward from the h0 -
contour (sketch 3)., the seaward extent of the region of analysis 
must be extended to include it and the surrounding water whose 
depth is less than he• 

The lateral extent of the region of analysis is approximated 
by considering the given directions of travel { ~1} in conjunction 
with the he-contour. .Arrows, ai and a 2 , with the bounding direc-
tions for the set { A1). are drawn on the chart. Usuall:y, a 1 and 
a~ are pointed toward the area of interest. The exception (sketch 
4J occurs when the area of interest lies in a bay, in which case 
al and a2 are directed toward the headlands. The lateral extent 
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of the region of analysis must include the intersections of a 1 and 
a2 with the he-contour; and, if an intersection lies on an island 
(sketch 3), the lateral extent must be extended to include it and 
the surrounding water whose depth is less than he• 

The landward extent of the region of analysis must, of course, 
include the beach of the area of interest. When the area of interest 
lies on a small island (sketch 6), the region of analysis must in-
clude all water of depth less than he in the vicinity of the island, 

When the extent of the region of analysis has been determined, 
the gri~ boundaries, X = o, X = AMM, Y = o, and Y =ANN, are posi-
tioned initially. Generally the Y-axis is established parallel with 
the ·direction of the he-contour; however, when the area of interest 
lies on a promontory (sketch 5), the Y-axis is parallel with a line 
connecting the intersections of a1 and a2 with the he-contour. In 
each of the sketches, the shoreline of the area of interest and that 
portion of the h~-contour between a1 and a2 must lie a distance at 
least equal to 8 inside the grid boundaries. 2 Note that the X-axis 
increases positively seaward from the area of interest and that the 
X,Y-coordinate system is right-handed; hence, all coordinate values 
are positive. 

Selection of Grid Interval. Two opposing criteria govern the 
selection of the grid interval. The first requires that each grid 
cell be so small that its bottom topography can be approximated by 
a plane surface which need not necessarily be horizontal. The sec-
ond requires that each grid cell be so large that the total number 
of grid points~ which are the coordinate intersections, does not 
exceed 20,000. .Any cell size which meets both requirements can 
establish a grid interval satisfactory for the program. The number 
of feet per grid interval is needed for computations. 

When both criteria are satisfied, the initially selected 
position of the grid boundaries is adjusted to make the distance 

2 8, a small distance, serves to position the grid boundaries 
initially so that the grid interval can be selected. 8 will then 
be set equal to two grid units. 

3 This value depends on the storage capacity of the IBM 7094 com-
puter. See the DISCUSSION section for storage requirements of 
the program when used with other computers. 
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5 equal to two grid units and .AMM and ANN integers. 4 Parallels and 
perpendiculars, whose intersections are the grid points, are ruled 
on the chart. The directions of travel { A1 } for the group of 
sinusoids are expressed in degrees with respect to the directiop 
of increasing X, as finally established (sketch 7). 

Sketch 7. 
If both criteria cannot be satisfied with a single grid, two 

overlapping grids--each including the area of interest--can be used 
(sketch 8). Each must satisfy both criteria.5 

Selection of Depth Values. A Z-axis is established vertically 
with Z = 0 at sea level and increasing positively downward so that 
the X,Y,Z-coordinate system is lef't-handed. Any unit may be used 
to measure water depth; however, the program needs the conversion 
factor to feet (DCON). For example, if depths are given in meters, 
DCON = 3 .. 28 (f't/m). Should the depths be given in feet, DCON = 
1 (f't/f't ). 

4 The computer program requires that MM = AMM + 1 be an integral 
multiple of 10. This requirement can be changed by altering the 
controlling input format statement. 

5 If more than two grids are used, the rays can be transferred from 
one grid to the other. There is no provision for this operation in 
the present computer program. 
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Estimate from the chart the water depths at every grid inter-
section where the depth is non-negative. Record these depth values. 
Negative depth values are associated with grid points which lie on 
land. They are assigned as discussed below. Draw depth contours 
in a strip extending at least three grid units seaward from the shore-
line. On the land draw the reflections of these contours in the 
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shoreline (sketch 9). The "depth" assigned to each reflected con-
tour is the negative of the water depth associated with the contour 
being reflected. From these land contours, negative depth values 
are estimated and recorded for every grid point lying two grid units 
or less from the shoreline. Depth values need not be considered 
for grid points further inland. 

- Land D -Wat~r 
- Shoreline 
- Contour 
- Reflection of contour in shoreline 

Sketch 9. 

Selection of Ray Origins. To detennine the ray pattern for a 
given sinusoid, origin points must be specified for individual rays. 
A segment of a single wave crest of the sinusoid (T1 ,A1 )--represented 
by a straight line--is drawn on the chart in deep water (h > 1/2 L41 ). 
Origin points for the rays are s~lected along this crest, and the 
coordinate values for each point are recorded (sketch 10).6 This 
method of choosing wave-ray origins is used if the ray pattern for 
a single sinusoid having a fixed direction of travel and approaching 
the area of interest from the sea is wanted. 

6 No ray origin may be pl.aced closer than one-half grid unit to a 
grid boundary. 
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If a group of rays converging upon a single shallow-water point 
from many directions is desired, then the reverse tracing procedure 
(Dorrestein, 1960) is used. For the point of interest, a given T, 
and a set of angles { B1 ). at the point, the ray paths radiating 
from the point are tracea (sketch 11). When the rays reach deep 
water, their directions give the directions of travel { A1} cor-
responding to the selected angles { B1 } • 

Com;puter 0perations.7 The computer starts with a ray origin 
and approximates the path by calculating successive points. For 
this calculation the computer needs the array of depth values, the 
wave period (T), the direction of travel (A), and the coordinates 
of the initial position (X,Y). At each point a plane is fitted by 

7 All operations described in this section are performed by the 
computer. · 
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Sketch 11. 

least-squares to the four closest depth values. Water depth (h) 
and the gradients oh/oX and oh/oY are obtained from the plane. 
The change in depth normal to the ray (oh/on) is found from 

oh oh oh dn = - dx sin A + dY cos A • 

Wave speed (C) and 0C/0n are calculated with 

and 

where8 

C = ~ tanh ( 21' 

oC Oh dii=dri.w 

W = ~1 
• [ Ck + Ck + ln ~l+k"C) - ln (1-k"C)] • 

l+k"C l-k 11C 

8 See Harrison and Wilson (1964) Appendix F for the derivation of W. 
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In this expression k' = T/41C and k" = 21C/gr. P.ay curvature (K) is 
computed with 

K = ! (~) • C on 

Denoting the current point (Pn) and the next succeeding 
point (Pn+1), Pn+1 is reached ·from Pn by iterating with 

t::.A = (Kn+ Kn+l) Dn/2 ' 
An+l =~+M, 

X = (An + An+l) /2' 

Xn+1 = Xn + Dn cos X 
' 

and Yn+1 = Yn + Dn sin A 

where Dzi, the incremented distance between points,·is given by the 
ratio hn/Ld- (See Griswold and Nagle, 1962; Griswold, 1963.) 

Computations stop when the ray reaches the shore or a border 
of the grid. The coordinates of the points defining the ray path 
just completed are recorded on a magnetic tape. The process is 
repeated for each ray origin specified. Later, the information 
contained on this tape is used by the plotter to draw the rays. 

Optional Computer Operations. The computer may be made to 
perform any or all of three optional operations. The first cal-
culates the coordinates along a ray of the positions occupied by 
a wave crest at equal time intervals ( Cll). If the value of CIN 
is chosen so that CIN/T = M where M is an integer, the result of 
the calculation can be interpreted as the positions of every Mth 
crest in a sinusoidal wave train. 

The second operation obtains coordinate values of points on 
the depth grid where the linearly-interpolated depth equals zero. 
This option, if exercised, provides the plotter with data from 
which it can draw an approximate position of the shoreline.9 

The third operation enables the plotter to enter selected 
soundings on the ray diagram. If a judicious selection of water 

9 The approximation becomes poorer as oh/oxlh=O approaches zero 
positively. 
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depths is made, an idea of the bathymetry of the region of analysis 
can be formed directly from the ray plot without referring to the 
chart of the region. 

The results of these optional operations are recorded on 
the same magnetic tape used for the ray calculations. 

Plotting Operations. The plotter transforms the calculations 
recorded on the magnetic tape into a series of plots. Each plot 
shows ray paths and is bordered and labeled. If the options have 
been exercised, the plot will also show travel-time marks, the 
shoreline, and soundings. (See figures 10-15 inAPPENDIX D.) 

The maximum dimensions of the plotting surface are 120 feet 
by 29.5 inches. The position of the border and label of each plot 
is controlled by AMM, ANN, and HT, as shown in figure 1. 10 AMM 
and ANN have already been determined by the depth grid. HT must 
be chosen and may be set equal to its maximum value of 28 inches--
1.5 inches less than the respective plotting dimension. On the 
other hand, it may be chosen to make the scale of the plot (SCL) 
equal to a specified value. In the latter case, HT = GRID • 
SCL • .ANN • 12, where GRID equals the number of feet per grid 
interval. 

Before beginning a series of plots, the plotter pen is set 
(15.0 - HT/2) inches from the bottom of the roll of paper where 
HT is the height selected for the first plot. This establishes 
the origin, as shown in figure 1. 

DISCUSSION 

Computers Compatible with the Program. Although the pro-
gram for calculating wave rays was writt~n in Fortran II for 
the IBM 7094· computer, any computer operating with the Fortran 
monitor system and satisfying the memory requirement can be used. 
Approximately 11,000 positions are required for the data (ex-
clusive of the depth grid) and the program. In addition, one 
memory position is required for each coordinate intersection on 
the depth grid. 

10 These are the dimensions for the Calcomp 564 plotter. See 
the DISCUSSION section for the dimensions if other plotters are 
used. 
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Plotting Systems Compatible with the Program. The Calcomp 
670/564 plotting system was used. This plotting system, produced 
by California Computer Products, Inc. 11 , consists of a Model 670 
mag.netio-tape unit and a Model 564 plotter. (See figure 2.) 
The tape unit simultaneously reads information from the magnetic 
tape and instructs the plotter in graphing the information. The 
drum-type plotter translates information on the tape into de-
flections parallel with the X-axis by rotating a drum and de-
flections parallel with the Y-axis by moving a pen carriage a-
long a track parallel with the axis of the drum. A given line 
is approximated with this system by movements of the pen in any 
of eight directions in .005-inch steps. 

Calcomp makes other tape units and plotters which are com-
patible with the system. Among the tape units are Model Numbers 
570, 670, 750, 760, and 770; among the plotters are 502, 563, 
564, and 763. With the exception of.the 502 plotter, whose 
plotting dimensions are 31 inches by 34 inches, the plotting 
dimensions of all these plotters are 120 feet by 29.5 inches. 
These models differ in plotting speed, step size, number of basic 
directions, and ability to read various densities of magnetic 
tape. 

Recommendation for a Field Test. A practical field test 
of the method described in this report could be performed if it 
were possible to locate a coastal area having a well-defined 
swell. A hydrographic survey would be necessary if adequate 
bathymetric information were not available. Aerial photography 
could provide the deep-water wave length and the crest pattern 
for the swell. It would then be possible to compute the period 
of the swell and to draw a ray pattern. A depth grid would be 
prepared, and coordinate values obtained for initial points pf 
rays. Ray paths would be computed, plotted, and compared with 
those obtained from the photography. 

SUMMARY 

Unless the bathymetry of an area is unusually smooth, 
the method described in this report calculates and plots wave 
rays faster than they oan be constructed manually. The method 
requires the availability of a compatible computer and plotting 
system and the preparation of a grid of depth values for each 
region of analysis. 

11 305 Muller Avenue, Anaheim, California, 92801. 
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.APPENDIX A. 

Description of Computer Program 

The computer program for calculating and plotting wave rays 
consists of a main program and sixteen subroutines. The main pro-
gram and twelve of the subroutines are included in the generalized 
flow chart of the program as shown in figure 3. Definitions of 
variables used in this section are found in .APPENDIX B. 

1. MAIN PROGRAM. 

MAIN controls the operation of the computer program and 
receives all input. Any given operation of the computer program 
entails the preparation of a magnetic tape containing instructions 
for the plotter to produce one or more plots--each plot to con-
tain, for a specified wave period and depth grid, a group of re-
fracted rays whose origins and initial angles were given. The in-
put, when punched on cards and arranged for a given operation of 
the computer program, appears physically as is shown in figure 4.12 

For the first plot, MAIN calls TITLE, NUMCON, and SHORE 
subroutines to prepare the general features of the plot. For 
each ray, MAIN calls RAYN to compute the path. When all paths have 
been computed for the first plot, the cycle is repeated for each 
additional plot. 

2. TITLE. 

TITLE produces the information necessary for the plotter to 
write the label and draw straight-line borders for each plot. The 
label includes a project number, date, plot number, and wave period. 
Depending on the value of NAX 1 TITLE may call AXIS in order to pre-
pare instructions for drawing and calibrating the X- and Y-axes. 

3. AXIS. 13 

AXIS prepares instructions so that the plotter can draw, 
calibrate, and label the X- and Y-axes. Calibrations are located 

12 The input listing for an example operation of the computer 
program is given in figure 7 in APPENDIX D. 

13 This subroutine was modified from a Calcomp subroutine of 
the same na.me. 
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- 2.TITLE- Draws borders and -
labels each plot. 

' !T 
3. AXIS - Draws axes on each -.!- MAIN- plot. 

Controls 
program ! NUMCON - Draws soundings and ------~ on IE----- each plot. handles 

input. 
1-----~ S. SHORE - Draws shoreline on each !<----- plot. 

·~ ~ VELCTY-

7. MOVE - Calculates successive Converts 
- - ~ depth points along each ray. ~ 

!T to wave . speed . ', •ii 

8. SURFCE- Calculates ray curvature IE--

6. RAYN - at each point. 
~ -

Controls -
calculation 10. CONDER-

Converts . of each - 11.PCD - Computes PCTDIF. ~ ah to ac .~ -ray and an on 
handles 
output. . 12. STORE - Stores coordinates of - -- each point along ray. 

' 

- 13.DRAW-Plots ray after all points -
have been calculated. 

Figure 3. Generalized Flow Chart of Computer Program. SYMBOL, 
NUMBER, PLT670, and BCDFL not included. (-----optional 
subroutines) 
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Give origin 
and initial angle for each ray 

Gives sounding 
values to be drawn on plot 

RAY CARDS 

1 SOUNDING -
CARD 

Give water depths DEPTH GRID 
CARDS 

Information 
for 

plot no. 2 --Specifies depth grid, 
number of rays, 1 PLOT CARD 
wave period,and 
other information 

RAY CARDS 

1 SOUNDING 
CARD 

DEPTH GRID 
CARDS -1 PLOT CARD 

1 JOB CARD 1-----
3 SURFACE-

Information for plot no.l 

Gives number of plots to be prepared 
( in this figure, it equals two) 

FITTING Information for surface fitting 
CARDS 

Figure 4. Generalized Diagram of Input for Computer Program. 
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at integral values along the axes. In this modification of AXIS, 
which is listed in APPENDIX c, the product of DY and SIZE must 
be an integer. For information concerning Calcomp's version of 
AXIS, see their Reference Manual {California Computer Products, 
Inc., 1963). 

4. NUMCON. 

NUMCON is called by MAIN to draw specified sounding values 
on a particular plot. NCO gives the number of sounding values, 
and each value is represented by an element of the CTOUR array. 
For each integral value of Y where 1 ~ Y ~ ANN - 1 and for each 
OTOUR value, NID1CON prepares the necessary instructions for the 
plotter so that the value of CTOUR will be drawn at those positions 
on the plot where the linearly-interpolated value of CMAT equals 
the value of CTOUR. This subroutine cannot be used unless 

oh I 
dx h=O 

~ 0 for the entire depth grid. When NCO ~ O, lWMCON 

is not called, and a sounding card is not used in the input. 

5. SHORE. 

If NSH ~ O, SHORE is called by MAIN to prepare the necessary 
plotting instructions so that the shoreline can be drawn. Coor-
dinates of points, where the linearly-interpolated value of CMAT 
equals zero, are calculated. The shoreline, when plotted, con-
sists of a line connecting these points. This subroutine cannot 

oh I be used unless dx h=O ~ for the entire depth grid. If NSH = o, 

SHORE is not called. 

6. HAYN. 

HAYN is called by MAIN to determine the path of each wave 
ray. HAYN calls MOVE to obtain the coordinate~ of each point 
along a ray. After each point is located, RAY.N first calls PCD to 
obtain PCTDIF and then calls STORE to store the coordinates of 
the point. After all points have been computed, HAYN calls 
DRAW so that the coordinates of the points can be transformed into 
plotting instructions. 

Computations of new points along a ray terminate when one of 
the following five conditions is encountered. Listed with each is 

21 



the message that is produced for the printed output. 

(1) MIT = 3, 

(2) NGO = 2, 

NDP = 2, 

CURVATURE APPROXIMATIONS NOT CONVERGING. 

RAY REACHED GRID BOUNDARY. 

RAY ltEACHED SHORE. (3) 

(4) (D/DY) l'ii 0.005, RAY REACHBD SHALLOW WATER. 

( 5) MAX + KCIN ~ MMAX, DIMENSION OF OUTPUT-ARRAYS EXCEEDED. 

RAYN outputs information in either of two formats, de-
pending on the value of NPT. If NPT ~ O, MAX, X, Y, ANGLE, 
TIME, PCTDIF, DEP, and D are output for each point along a ray; 
if NPT = o, X, Y, ANGLE, and TIME are output only for the origin 
and terminal points of a ray. An example of each format is 
given in figures 8 and 9 in APPENDIX D. 

]. MOVE. 

MOVE is called by RAYN to calculate the coordi:1ates of 
the next point along a wave ray. D is computed, and the curva-
ture used in getting the present point is used to approximate thP. 
location of the next point. MO~ then calla SURFCE to obtain the 
curvature at the approximated position of the next point. The 
average of the curvatures at the present and new points is taken 
and is used to obtain a second approximation of the next point. 
This procedure continues for a maximum of 20 times or until two 
successive curvature averages differ by a factor less than 
0.00009/D. If this convergence occurs, the new point is accepted 
and MIT = 1. If the average curvatures used on the 18th and 
20th trials have converged to less than 0.00009/D, the curvature 
used to obtain the new point is the average of the curvatures 
used on the 19~h and 20th trials. This is.done because the 
curvature approximations have converged to two values. MIT = 2 
in this situation and, if NPT ~ o, causes a message CURVATURE 
AVERAGED to appear with the printed output. If neither con-
vergence condition is satisfied, MIT = 3 and no new point is 
accepted. 

Before returning to RAYN, the coordinates of the new point 
are tested to see if the point lies one-half grid unit from the 
edge of the grid. If this is true, NGO = 2; if this is not 
true, NGO = 1. 
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8. SURFCE. 

SURFCE is called by MOVE to calculate curvature for a specific 
point along a wave ray. The four closest CMAT values are stored in 
C(4), and the coefficients, E(3), of the plane fitted to c(4) are 
calculated. DEP is obtained by interpolating on this plane. NDP = 1 
if DEP > O; NDP = 2 if DEF ;:r; O. If NDP = 2, control is transferred 
back to MOVE. Otherwise, VELCTY is called to obtain CXY. If 
(DEP/WL) > 0.5, NFK = 1 and curvature, FK, = O; if (DEP/WL) ;:r; 0.5, 
NFK = 2 and FK is computed after calling CONDER to obtain the partial 
of wave speed normal to the ray. 

9. VELCTY. 

VELCTY is called by SURFCE each time a wave speed, CXY, is to 
be obtained. If NFK = 1, CXY = CXXO. If NFK = 2, the expression 
on page 10 is used to obtain CXY. 

10. CONDER. 

CONDER is called by SURFCE to convert the partial of water 
depth with respect to the direction normal to a ray into the partial 
of wave speed with respect to the normal. The expression on page 10 
is used. 

11. PCD. 

PCD is called by RAYN to compute PCTDIF for a given point along 
a ray. For each of the four depth values, c, closest to the point, 
PCD obtains the percent difference between C and the corresponding 
point on the plane fit to the four C•s. PCTDIF represents the maxi-
mum of these four differences. 

12. STORE. 

STORE is called by RAYN after each point along a ray has been 
calculated. The X,Y-coordinates are stored in the AX and AY arrays, 
respectively. If CIN > o, the X,Y-coordinates representing the posi-
tion of a wave crest at .equal time intervals along a ray are calculated 
and similarly stored in AX and AY. If CIN ~ o, these crest-position 
coordinates are not calculated. 
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13. DRAW. 

DRAW is called by RAYN af'ter all points have been calculated 
for a given ray so that the coordinates of these points can be trans-
formed into plotting instructions. In order to minimize plotting 
time, odd-numbered rays are plotted beginning with the initial point; 
even-numbered rays are plotted beginning with the terminal point. 
Note the description of FAN in APPENDIX B to see how rays are numbered. 
If CIN > o, marks are placed along a ray to designate crest positions; 
if CIN ~ o, these marks are not entered. 

14. SYMBOL. 14 CALL SYMBOL (X,Y,HEIGHT,BCD,THEI'A,N) 

This subroutine is used to prepare plotter instructions for 
drawing characters where: 

(1) X,Y are the coordinates of the lower, lef't-hand corner of the 
first character to be drawn, 

(2) HEIGHT specifies the character height and spacing in inches 
where the spacing between the lower lef't-hand corners of 
two successive characters equals 6/7 HEIGHT, 

(3) BCD is the string of characters to be drawn and is written 
either as Hollerith information or as a variable containing 
alphanumeric information, 

( 4) TimA is the line angle where THE.rA = 0 for characters to 
be drawn from lef't to right and THEr.A = 90 for those to be 
drawn from bottom to top, and 

(5) N is the number of characters to be drawn. 

15. NUMBER. CALL NUMBER (X,Y,HEIGHT,FLOAT,THEI'A,N) 

This subroutine is used to prepare plotter instructions for 
drawing floating-point numbers where: 

14 This and the following three subroutines are not listed in 
APPENDIX C, but they are available f'rom California Computer Products, 
Inc.The versions of these four subroutines may dif'fer depending on 
the computer and plotter systems being used, but their calling state-
ments will be the same. Only a description of their calling state-

·ments will be given hereJ more information, including typical listings, 
is contained in the Calcomp Reference Manual (California Computer 
Products, Inc., 1963). 



(1) X,Y,HEIGHT, and THEI'A are the same as for SYMBOL, 

(2) FLOM is the floating-point number to be drawn, and 

(3) -1 ~ N ~ 11 where N gives the number of decimal places to be 
drawn. For -1 and O, no decimal places will be drawn; how-
ever, -1 suppresses the decimal point and O does not. 

16. PLT670. 

This subroutine has two entry points used by the computer 
program: 

CALL PLOTS (BUFFER(N) ,N) 
CALL PLOT (X,Y,IPEN) 

The first is used to initialize plotting operations by reserving 
an output buffer region for plotter infonna.tion. The limits on 
the dimension of this region are 120 ~ N ~ 180,000, where it is 
reconnnended that N be at least 2000. 

The second entry point is used to issue instructions to 
move the pen to a new location (X,Y) specified in inches, where 
the pen will be up if IPEN = 3 and down if IPEN = 2. If IPEN < o, 
the call is an end-of-plot entrance. This call is used to issue 
instructions to establish a new origin at the point to which the 
pen is to move. During the plotting operation, the only time 
that plotting can be stopped is after the pen has moved to a 
newly established origin. If IPEN = 999, a terminating mark is 
written on the tape. 

17• BCDFL. 

This subroutine is used internally by the Calcomp sub-
routines to convert fixed- and floating-point numbers into BCD. 
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A 

AMM,ANN 

ANGLE 

AX,AY 

BUFFER 

C(4) 

CIN 

CMAT 

·COL 

CT OUR 

il>PENDIX B. 

Principal Variables Used in Program 

In the input: the initial ray angle measured in 
degrees relative to the direction of increasing X; 
internally in the program: the ray angle in radians 
for a specific calculation point along a ray. Note 
sketch 7 on page 6 to see how A is measured. 

Maximum values of X and Y, respectively, for a 
particula~ depth grid. 

The ray angle in degrees for a specific calculation 
point along a ray. 

Two arrays used for temporary storage of output in-
formation. The dimension of these arrays is speci-
fied by MMAX. 

An array used for temporary storage of plotter out-
put information. Limits on the dimensioning of this 
array are given in the description of PLT670 in 
APPENDIX A. 

The four values 9f the depth grid which are closest 
to a specific calculation point along a ray. 

If cm > O: in the input and output, the travel 
time in seconds between successive crest marks along 
a ray; internally in program, the same time as above 
but measured in hours. If cm = O: no crest marks 
will be placed along rays. 

The array representing the grid of depth values.The 
dimension of this array is given by MM,NN. 

If COL= 0 on a particular ray.card, the plotter~ 
when plotting this information~will pause before that 
ray is plotted. If COL f o, the plotter will not 
pause. This pause is called an "end-of-plot entrance" 
and is discussed in the PLT670 section of APPENDIX A. 

An array specifying the sounding values in feet which 
are to be drawn on a particular plot. NCO gives the 
number of these values. 

26 



CXXO Deep-water wave speed in feet per second. 

CXY Wave speed in feet per second at a specific calcula-
tion point along a ray. 

D The incremented distance in grid units between suc-
cessive calculation points along a ray. 

DATE1,DATE2 The date given in the form x:x./yy/zz, where xx is the 
day, yy the month, and zz the year. 

DCON The conversion factor necessary for the product of 
DCON and CMAT to be a depth measured in feet. 

DEP The water depth in feet at a specific calculation 
point along a ray. 

DN Before CONDER is called: the partial of depth with 
respect to the direction normal to a ray (feet per 
grid unit); after CONDER is called: the partial of 
wa-re speed with respect to the direction normal to 
a ray (feet/second per grid unit). 

DY The number of grid units per inch for a specific 
plot. 

E(3) The coefficients of the equation of the plane fitted 
to the four closest depth values around a specific 
calculation point along a ray. 

EM(4,3) This and the S(3,3) array are used in obtaining E(3). 
(See Harrison and Wilson, 1964, Appendix C for the 
derivation of these arrays.) 

FAN FAN f O (for rays originating from a point) causes 
rays to be numbered at their terminal points; FAN = 0 
(for rays originating from points spaced along a crest) 
causes their origin points to be numbered. 

FX Ray curvature (grid units - 1
). 

GRID The number of feet per grid unit for a particular depth 
grid. 

HT The height in inches for a specific plot. 

I,J Indices for CMAT; I = X + 1, J = Y + 1. 
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KCIN 

KREST 

LI 

MIT 

MM,NN' 

MXPLOT 

N 

NAX 

NCO 

NDP 

NOR 

NP LOT 

NP!' 

NSH 

The number of crest marks calculated along a ray which 
do not coincide with calculation points used for plot-
ting the ray path. 

The number of crest marks calculated along a particular 
ray. 

LI + 5 = the number of lines printed per page. The 
value of LI depends on the page height and printer 
being used by·the computing center running the program. 

The serial number of a specific calculation point 
along a ray. 

MIT = 1 if the curvature approximations in MOVE have 
converged to one value; MIT = 2 if they have converged 
to two values; MIT = 3 if they have not converged. 

The dimensions for a particular dept4 grid. 

The dimension of the AX and AY arrays. 

The number of plots to be prepared for a given oper-
ation of the computer program. 

The ray number. 

If NAX = o, the borders of a given plot will be un-
oalibratedJ if NAX ~ o, the borders will be calibrated 
with integral values of grid units. 

If NCO is an integer where 1 ~NCO ~ 5, it specifies 
the number of CTOUR values to be input; if NCO ~ o, 
no CTOUR values will be input and no sounding card 
·is needed. 

If DEP> O, NDP = l; if DEP iS O, NDP = 2. 

If {DEP/WL) °> 0.5, NFK = lJ if (DEP/WL) ~ 0.5, NFK = 2. 

The number of rays to be calculated for a given plot. 

The plot number. 

This determines the format of the printed output; see 
the discussion of RAYN in APPENDIX A. 

If NSH 1 o, the shoreline will be drawn on a particular 
plotf if NSH • o, it will not be drawn. 
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NXCMAT 

PCTDIF 

PR OJ CT 

RT . 

S(3,3) 

SCL 

SCLI 

TIME 

TT 

WL 

X,Y 

If NXCMAT -::/: o, the depth grid will be input for a 
particular plot; if NXCMAT = o, the depth grid used 
for the previous plot will be used again. 

An estimate of how well the linear-interpolation sur-
face fits the four depth values which are closest to 
a specific calculation point along a ray. See the 
description of PCD in APPENDIX A. 

Six digits of alphanumeric information used to identify 
each operation of the computer program. 

The width in inches of the plot. 

See EM. 

The scale of the plot. 

l/SCL. 

The total time in hours necessary for a wave crest 
to travel from a ray origin to a specific calculation 
point of the same ray. 

The wave period in seconds. 

The deep-water wave length in feet. 

The coordinates of a specific c~lculation point along 
a ray. 
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APP~JlifDIX C • 

Program Listing 

• LISTd MAIN 00 
• LABEL MAIN 01 
CMAIN PROGKAM MAIN 02 
C PROGRAM FOR THE CALCULATION ANO PLOTTING OF SURFACE WAVE RAYS. MAIN 03 
C WKITfEN IN FORTRAN II FOR THE IBM 7094 COMPUTER AND MAIN 04 
C THE CALCOMP 670/564 PLOTTING SYSTEM. MAIN 05 
C PHYSICAL TAPE UNIT A6 IS USED FOR PLOTTER OUTPUT. MAIN 06 
C THIS PROGRAM NEEDS THE FOLLOWING SUBROUTINES ••• TITLE,AXIS, MAIN 07 
C N~MCON,SHURErRAYNrMOVE,SURFCE,VELCTY,CONDER,PCD,STORE,DRAW, MAIN 08 
C SVMdOL,NUMBER,PLT670,BCOFL. MAIN 09 
C MAIN 10 
C THIS PROGRAM WAS PREPARED BY W.S.WILSON, DEPT.OF OCEANOGRAPHY, MAIN 11 
C JOHNS HOPKINS UNIVERSITY, IN PURSUANCE OF CONTRACT OA-49-055- MAIN 12 
C CIV-ENu-64-5 WITH THE COASTAL ENGINEERING RESEARCH CENTER, MAIN 13 
C U.S.AKMV COKPS OF ENGINEERS. JULY 21,1965. MAIN 14 
C MAIN 15 

OIMENSION Sl3,31rEM14r31,El3lrYVWl31,CMATllOO,lOOJ,Cl4J,8UFFERl200MAIN 16 
lOJ,AX(lOOOl,AYl10001rCTOURl51 MAIN 17 

COMMON S,EM,E,YVW,CMAT,C,tlUFFER,AX,AY,CTOUR,PROJCT,D,TT,CXY,MAX,GRMAIN 18 
lID,UCON,UEP,WL,AMM,ANN,DY,FAN,UATEl,DATE2,CIN MAIN 19 

CALL PLOTS IBUFFERl2000l,2000l HAIN 20 
MMAX = 1000 MAIN 21 
LI = 57 MAIN 22 
Lil = ILI-41/3 HAIN 23 
READ INPUT TAPE 5,5,(IS(l,J),J=l,3l,I=l,3l MAIN 24 

5 FORMATl6Fl2.8l MAIN 25 
READ INPUT TAPE 5,7,llEMIL,Il,L=l,4),I=lt3l MAIN 26 

7 FURMATl12F6.2l MAIN 27 
REAU I~PUT TAPE 5,500,MXPLOT,PROJCT,DATE1,DATE2 MAIN 2B 

500 FORMAT 113,A6,2A4l MAIN 29 
00 J99 NPLOT=l,HXPLOT HAIN 30 
REAU INPUT TAPE 5,40l,TT,NOR,MM,NN,GRID 1DCON,NSH,NCO,NXCMAT,NPT, MAIN 31 

1 NAX,CIN,HT MAIN 32 
401 FORMAT IF5.l,314,2F7.0,514,F7.0,F9.3l MAIN 33 

CIN = CIN I 3600. MAIN 34 
WL = 32.2r.TT••2./6.2831854 HAIN 35 
AMM = MM-1 MAIN 36 
ANN = NN-1 MAIN 37 
DY = ANN/HT MAlN 38 
SCLI = GRID•UY•L2. MAIN 39 
CALL TITLE INPLOTrNAX,SCLI,HTl MAIN 40 
IF INXCMATl 3939,3938,3939 MAIN 41 

39Jd READ INPUT TAPE 5,11,llCMAT(I,Jl,I=l,HMl1J=ltNNl HAIN 42 
11 FORMAT 1101F3.0,1Xll HAIN 43 

3939 IF INCOl 4931493,494 HAIN 44 
494 READ INPUT TAPE 5,495,ICTOURIKCJ,KC=l,NCOl HAIN 45 
495 FORMAT 15F8.2J MAIN 46 

CALL NUMCON IMH,NN,NCOl MAIN 47 
493 IF INSHl 3936,3937,3936 HAIN 48 

3936 CALL SHORE IMM,NNl HAIN 49 
3937 DO 15 N=l,NUR MAIN 50 

MAX = 1 HAIN 51 
READ INPUT TAPE 5,6,A,X,Y,FAN,COL MAIN 52 

6 FORMAT IF7.2,2F6.2,2F3.0l HAIN 53 
IF (COL) 4322,4321,4322 MAIN 54 

4322 CALL PLOT 10.0,0.0,-3) MAIN 55 
4321 A = A • .0174532925 HAIN 56 

CALL RAVN 1x,Y,A,NPLOT,N,MHAX,LI,NPT,LIII HAIN 57 
15 ~ONTINUE . HAIN 58 
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399 CONTINUE MAIN 59 
CALL PLOT 10.0 10.0,-31 MAIN 60 
CALL PLOT 101019991 MAIN 61 
WRITE UUTPUT TAPE 6 1 9999 MAIN 62 

9999 FORMAT 117H1THIS IS THE END.I MAIN 63 
CALL EXIT MAIN 64 
ENO MAIN 65 

* LIST8 TITLE 00 
* LABEL TITLE 01 

SUBROUTINE TITLE INPLOT,NAX,SCLI,HTI TITLE 02 
DIMENSIGN Sl3131,EMl4,311tl31 1YVWl31 1CMATl100 1 1001 1C(41,BUFFER(200TITLE 03 

101,AXllOOOl,AYllOOOJ,CTOURl51 TITLE 04 
CUMMON S1EM,E1YVW,CMAT,C,BUFFER1AX 1AY,CTOUR,PROJCT,O,TT,CXY,MAX,GRTITLE 05 

llO,UCON,DEP,WL 1 AMM,ANN 1DY 1FAN 1DATEl,OATE2 1CIN TITLE 06 
IF INPLuT - ll 701,701,700 TITLE 07 

700 CALL PLOT IRT+6.0 1 1YHT-HTl/2.0,-31 TITLE 08 
701 RT = AMM/OY TITLE 09 

XNPLOT = NPLOT TITLE 10 
CALL SYMBOL 1-1.5,o.o,o.21,e1HPROJ.NO. ' PLO~ NO. TITLE ll 

l , SCL =. 1/ , TT = 1 CIN = ,90. 1 811 TITLE 12 
CALL NUMBtR 1-1.5,13.50,o.21,CIN•3600.,90.,-11 TITLE 13 
CALL NUMBER 1-1.5 1 11.161 0.21,TT 1 90. 1 11 TITLE 14 
CALL NUMBER 1-1.5,0b.46,o.21,ScLI,90.,-11 TITLE 15 
CALL NUMBER 1-1.5,06.12,0.21,XNPLOT,90.,-ll TITLE 16 
CALL SYMBOL 1-1.5,02.ea,o.21,DATEl,90.,41 TITLE 17 
CALL SYMBOL l-l.5 1 03.60 1 0.21,0ATE2 1 90. 1 41 TITLE 18 
CALL SYMBOL l-1.5,0l.44 1 0.21,PROJCT,90.,61 TITLE 19 
IF INAXI 705,704,705 TITLE 20 

704 CALL PLOT I0.0,0.0,31 TITLE 21 
CALL PLOT IO.O,HT,21 TITLE 22 
GO TU 706 TITLE 23 

705 CALL AXIS 10.,0.,lHY,1,HT ,90.,o.,0Y1 TITLE 24 
CALL AXIS 10.,o.,1Hx,-1,RT,o.,o.,ov1 TITLt 25 
CALL PLLT IO.O,HT,31 TITLE 26 

706 CALL PLOT IRT,HT,21 TITLE 27 
CALL PLOT IRT,0.0,21 TITLE 28 
IF (NAAI 707,708,707 TITLE 29 

708 CALL PLOT I0.0,0.0,21 TITLE 30 
707 CALL PLOT I0.0,0.0,-3) TITLE 31 

YHT = HT TITLE 32 
RETURN TITLE 33 
END TITLE 34 

* LISTS AXIS 00 
• LABEL AXIS 01 

SUBROUTINE AXIS (X,Y,BCD,NC,SIZE,THETA,YMIN,UYI AXIS. 02 
C MUOlFlED FRUM A CALCOMP SUBROUTINE OF THE SAME NAME. AXIS 03 
C REPROOUCEU WITH PERMISSION FROM AXIS 04 
C CALIFOR~IA COMPUTER PROUUCTS,lNC.,ANAHEIM,CALlf. AXIS 05 

SIGN = 1.0 AXIS 06 
IFINCI 1,2,2 AXIS 07 

1 SIGN = -1.0 AXIS 08 
2 NAC =XABSF INCi AXIS 09 

TH=THtTA•0.017453294 AXIS 10 
~ = DY • SIZE + 0.5 AXIS 11 
CTH = CUSF llHI AXIS 12 
STH = SIN~ ITHl AXIS 13 
TN N AXIS 14 
Xtl X AXIS 15 
Yl:l Y AXIS 16 
XA = X - O.l • SIGN• STH AXIS 17 
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YA = Y + O.l • SIGN • CTH AXIS 18 
CALL PLCT IXA,YA,3) AXIS 19 
DU 20 I =l,N AXIS 20 
CALL PLCT 1Xu,Ybr21 AXIS 21 
XC = Xb + CTH/OY AXIS 22 
YC = Yb + STH/DY AXIS 23 
CALL PLCT IXC,YC,21 AXIS 24 
XA = XA + CTH/OY AXIS 25 
YA = YA + STH/OY AXIS 26 
CALL PLGT IXA,YA,21 AXIS 27 
X6 = XC AXIS 28 

20 Yb = YC AXIS 29 
ABSV = YMIN + TN AXIS 30 
XA = XB - (.20 • SIGN - .051 •STH - .02857• CTH AXIS 31 
YA = Yo + 1.20 • SIGN - .051 • CTH - .02857• STH AXIS 32 
N = N + l AXIS 33 
DO 30 I = lrN AXIS 34 
IF IMOUFIABSV,5.11 100,101,100 AXIS 35 

101 CALL NU~BEK IXA,YA,O.l,ABSV,THETA,-1) AXIS 36 
100 ABSV = ABSV - 1. AXIS 37 

XA = XA - CTH/DY AXIS 38 
30 YA = YA - STH/OY AXIS 39 

TNC = NAC + 7 AXIS 40 
XA = X + !Silt I 2.0 -.06 • TNCl•CTH - (-.07 + SIGN•.36)• STH AXIS 41 
YA = Y + !SIZE I 2.0 -.06 • TNCl•STH + 1-.07 + SIGN•.361• CTH AXIS 42 
CALL SYMBOL IXA,YA,0.14,sco,THETA,NACI AXIS 43 
RETURN - AXIS 44 
END AXIS 45 

• LISTS NUMCONOO 
• LAdEL NUMCONOl 

SUBROUTINE NUMCON IMM,NN,NCOI NUMCON02 
DIMENSION S(3,3J,EMl4,31,El3l,YVWl31,CMATl100,100),Cl4l,BUFFERl200NUMCON03 

lOl,AXllOOOJ,AYllOOOl,CTOUKl51 NUMCON04 
COMMON S,EM,E,YVW,CMAT,C,BUFFER,AX,AY,CTOUR,PROJCT,D,rT,CXY,MAX,GKNUMtON05 

lJU,DCON,OEPrWL,AMM,ANN,DY,FAN,DATE1,0ATE2tCIN NUMCON06 
NOD =· NN-1 NUMCON07 
MOD = MM-1 NUMCON08 
DO ,000 J=2,NOD NUMCON09 
VJ = J-1 NUMCONlO 
KKK = l NUMCONll 
DC 8000 KC•l,NCO NUMCON12 
KWIT = 0 NUMCON13 
NUIF = J NUMCON14 
I = MM-1 NUMCON15 
DO 1010 II=l,MOO NUMCUN16 
XI = 1-1 NUMCON17 
IL = l+l NUMCON18 
XL = IL-1 NUMCON19 
IF IKWITJ 21,21,sooo NUMCON20 

21 IF ICMATll,Jll 10,10,20 NUMCON21 
10 KWIT = l _ NUMCON22 
20 IF ICMATll,Jl•OCON-CTOUR(KCJI 12,ll,13 NUMCUN23 

- 11 AX I KKK I = XI NUMCON24 
AYIKKKI = CTOURIKCI NUMCON25 
KKK = KKK+l NUMCON26 
NOif = 3 NUMCON27 
GO TO 1010 NUMCON28 

12 GO TO ll4,71rl4J,NOlf NUMCON29 
14 NOif = 1 NUMCON30 

GO TO 1010 NUMCON31 
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13 GO TO 177,15,151,NDIF NUHCON32 
15 NDIF = 2 NUHCON33 

GO TO 1010 NUHCON34 
77 SLPX = IDCON•ICHATllL,Jl-CHATll,Jlll/IXL-XII NUHCON35 

XP = ICTOURIKCl-DCON•CHATII,Jll/SLPX +XI NUHCON36 
AXIKKKI = XP NUHCON37 
AYIKKKI = CTOURIKCI NUHCON38 
KKK = KKK+l NUHCON39 
GO TO 1a1,a21,NOIF NUHCON40 

81 NDIF = 2 NUHCON41 
~G TO 1010 NUHCON42 

82 NDIF ~ 1 NUHCON43 
1010 I = I-1 NUHCON44 
8000 CONTINUE NUHCON45 

KKK = KKK-1 NUMCON46 
IF IKKK-11 5000,668,670 NUMCON47 

670 KKL = KKK-1 NUMCON48 
DO 997 IA=l,KKL NUHCON49 
IAO = IA+l NUHCON50 
DO 997 IB=IAD,KKK NUHC0N51 
IF IAXllAl-AX(IBll 997,997,996 NUHCON52 

996 XHIN = AXIIAI NUMCON53 
AXllAI = AXllBI NUMCON54 
AXIIBI = XMIN NUMCON55 
XMIN = AYllAI NUHCON56 
AYIIAI = AYIIBI NUHCON57 
AYII81 = XMIN NUHCON58 

991 CONTINUE NUHCON59 
668 If IXMOUFIJ,211104,103,104 NUHCON60 
103 KUNE = KKK NUHCON6l 

KAOO = -1 NUHCON62 
LAST = +l NUHCON63 
GO TO 105 NUMCON64 

104 KONE = +l NUHCON65 
KAOO = +l NUHCON66 
LAST = KKK NUMCON67 

105 CALL NUMBER IAXIKONEl/DY,YJ/OY,0.10,AY(KONE),0.0,-11 NUMCON68 
If IKONE-LASTI 109,5000,109 NUHCON69 

109 KONE = KONE + KADD NUMCON70 
GU TO 105 NUMCON71 

5000 CONTINUE NUMCON72 
CALL PLCT I0.,0.,-31 NUHCON73 
RETURN NUMCON74 
ENO NUMCON75 

• LISTS SHORE 00 • LABEL SHORE 01 
SUBROUTINE SHORE IMM,NNI SHORE 02 
DIMENSION Sl3,31,EHl4,31,E131,YVWl31,CHATllOO,lOOl,Cl41,BUFFERl200SHORE 03 

lOl,AXllOOOl,AYllOOOl,CTOUKl51 SHORE 04 
COMMON s,EH,E,YVW,CMAT,C,BUFFER,AX,AY,CTOUR,PROJCT,O,TT,CXY,HAX,GRSHORE 05 

lID,DCON,OEP,WL,AHM 1 ANN,OY,FAN,OATEltDATE2,CIN SHORE 06 
PONTFIXl,XZ,Ol,021 = Xl - Dl•llXl-X21/IDl-D211 SHORE 07 
IC 3 SHORE 08 
DD l J=l,NN SHORE 09 
YJ = J-1 SHORE 10 
JL J-1 SHORE 11 
YL = JL-1 SHURE 12 
I MM SHORE 13 
00 2· 11=1,MH SHORE 14 
XI 1-1 SHORE 15 
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IL = l+l SHORE 16 
XL = IL-1 SHORE 17 
If ICMAT tl,J)) 100,200,300 SHORE 18 

100 lf IIC-l) 101,101,102. SHORE 19 
101 XP = PONTFIXlrXL,CMAT(J,J),CMATIIL,J)l SHORE 20 

CALL PLOT IXP/DV,VJ/DV,JCI SHOKE 21 
IC = 2 SHORE 22 
GO TO l SHORE 23 

102 lF (J-11 101,101,103 SHOKE 24 
103 VP= PONTFIVJ,VL,CMATll,Jl,CMAT(l,JL)) SHORE 25 

CALL PLOT •o.,VP/DV,IC> SHORE 26 
IC = 2 SHORE 27 
XP = PONTFIXI,XL,CMATIJ,J),CHATIJL,J)I SHORE 28 
CALL PLOT IXP/DV,VJ/DVrIC> SHORE 29 
GO TO l SHORE 30 

200 IF III-MM) 20lr202r201 SHORE 31 
202 CALL. PLOT IXl/DV,VJ/DV,JC) SHORE 32 

IF IIC-2) 203,203,204 SHORt 33 
203 IC = 3 SHORE 34 

GU TO l SHORE 35 
204 IC = 2 SHORE 36 

GO TO l SHORE 37 
201 IF IIC-2) 207,207,206 SHORE 38 
l06 IF IJ-11 207,207,209 SHORE 39 
209 VP PONTFIVJ,VL,CMATllrJl,CMATll,JLll SHORE 40 

CALL PLOT 10.,VP/OVrIC) SHORE 41 
IC = 2 SHORE 42 

207 CALL PLOT IXI/OV,VJ/OV,JC) SHORE 43 
IC = 2 SHOKE 44 
GU TO l SHORE 45 

300 IF III-MM) 2r302r2 SHORE 46 
302 IF IIC-21 303,303,l SHORE 47 
303 VP = PONTFIVJ,YL,CMATll,J),CMATll,JL)) SHORE 46 

CALL PLOT 10.,YP/OY,JCI SHORE 49 
IC = 3 SHORE 50 
GO TO l SHORE 51 

2 I = I-1 SHORE 52 
l CONTINUE SHORE 53 

CALL PLOT IO.o,o.0,-3) SHORE 54 
RETURN SHORE 55 
ENO SHORE 56 

• LISTS RAYN 00 
• LABEL RAVN 01 

SUBROUTINE RAVN 1x,v,A,NPLOT,N,HMAX,LI,NPT,LII) RAYN 02 
DIMENSION Sl3,3lrEMl4,3),El3),VVWl3),CMATllOO,l00),Cl4),8UFFERl200RAVN 03 

lOl,AXllOOOl,AVl1000),CTOURl5) RAVN 04 
COMMON s,EM,E,YVWrCHAT,C,BUFFER,AX,AY,CTOUR,PROJCT,D,TT,CXY,MAX,GRRAYN 05 

110,ocoN,DEP,WL,AHM,ANN,OV,FANrDATEl,DATEZ,CIN RAYN 06 
NOP = l RAYN 07 
NFK = 1 RAVN 08 
NGO = l RAYN 09 
KREST = 0 RAYN l•O 
KCIN = 0 RAYN 11 
CALL SURFCE 1x,Y,A1FK,NFK,NOP) RAVN 12 
CALL MOVE 1x,v,A,FK1NGO,MIT1NFK,NDPI RAYN 13 
TIME = O.O RAVN 14 
ANGLE=A•57.29577951 RAYN 15 
IF INPT) 100,1011100 RAVN 16 

100 WRITE OUTPUT TAPE 617,PROJCT,OATE1,0AJE2,NPLOT,TT,N RAYN 17 
7 FORMAT llHl,llHPROJECT NO.,A612H, 12A4rlOH, PLOT N0.,13,lOH, PERIORAYN 18 
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10 =,F5.l,14H SEC., RAY N0.,131lH.//I RAYN 19 
WKJTE OUTPUT TAPE 61150 RAYN 20 

150 FORMAT llH 13X13HMAX16X1lHX18X1lHY18X15HANGLE16X 1 4HTIME14X16HPCTDIRAYN 21 
lF15X1SHCEPTH,6X1lHO//I RAYN 22 

GO TO 19 RAYN 23 
101 IF IN-11 800,800,801 RAYN 24 
801 IF (XMUDF(N,Lilll 803,8001803 RAYN 25 
800 WKITE OUTPUT TAPE 61850 1PROJCT 1DATEl 10ATE2 1NPLOT 1TT RAYN 26 
850 FORMAT ll2HlPROJECT N0. 1A6 1 2H 1 12A4110H 1 PLOT N0. 113110H1 PERIOD =RAYN 27 

11F5.l,5H SEC.///) . RAYN 28 
WRITE OUTPUT TAPE 61851 RAYN 29 

851 FORMAT (8H RAY N0.14X,3HMAX,6X1lHX,8X,lHY18X,5HANGLE,6X14HTIME//) RAYN 30 
803 WRITE UUTPUT TAPE 6,853,N1MAx,x,Y,ANGLE1TIMf RAYN 31 
85J FORMAT llH 1l6,lX11712F9.2 1Fll.21FlO.JI RAYN 32 

GO TO 19 RAYN 33 
3 MAX=l+MAX RAYN 34 

IF IMAX+KCIN-MMAXI 399 1400,400 RAYN 35 
400 WRITE.OuTPUT TAPE 6,401 RAYN 36 
401 FORMAT (80X136HDIMENSION OF OUTPUT-ARRAYS EXCEEDED.) RAYN 37 

GU TO 15 RAYN 38 
3q9 ZCXY = CXY RAYN 39 

CALL MOVE IX1YtA1FK1NG01MIT,NFK1NDPI RAYN 40 
GO TO (396,40211NDP RAYN 41 

402 WRITE OUTPUT TAPE 6,403 RAYN 42 
403 FORMAT (80X1l8HRAY REACHED SHORE.I RAYN 43 

GO TO 15 RAYN 44 
396 IF ID/DY - .0051 700,700,702 RAYN 45 
700 WRITE OUTPUT TAPE 6,701 RAYN 46 
701 FORMAT 180X,26HRAY REACHEU SHALLOW WATER.I RAYN 47 

GO TO 15 RAYN 48 
702 GO TO 13971397140411 MIT RAYN 49 
404 WRITE OUTPUT TAPE 61405 RAYN 50 
405 FORMAT (80X140HCURVATURE APPROXIMATIONS NOT CONVERGING.I RAYN 51 

GO TO 15 RAYN 52 
397 IF INPTI 180120,180 RAYN 53 
180 IF (XMODF(MAX,Llll 20,5120 RAYN 54 

5 WKITE OUTPUT TAPE 617 1PROJCT 1DATEl,DAfE2,NPLOT,TT 1N RAYN 55 
WRITE UuTPUT TAPE 6,150 RAYN 56 

20 TIME= TIME+ IU•GRID/(1800.•ICXY+ZCXYlll RAYN 57 
ANGLE=A•57.2957795l RAYN 58 

19 I~ (NPTI 160,1611160 RAYN 59 
160 CALL PCu IC1E,PCTOIFl RAYN 60 

WRITE OUTPUT TAPE 61121MAX,X1YtANGLE,TIME1PCTOIF1DEP,D RAYN 61 
12 FORMAT 117,2F9.2 1Fll.2 1Fl0.3 1FlO.l,Fl0.2 1Fl0.31 RAYN 62 

161 KMAX = MAX RAYN 63 
PX = X RAYN 64 
PY = Y KAYN 65 
CALL STORE IX1Y1A1KHAX1TIHE1KCIN1KRESTl RAYN 66 
GO TO 110,1111 HIT RAYN 67 

11 IF INPTI 170,101170 RAYN 68 
170 WRITE OUTPUT TAPE 6,9 RAYN 69 

9 FORMAT llH+,80X,19HCURVATURE AVERAGED.) RAYN 70 
10 IF IHAX-11 4,4,13 RAYN 71 

4 GO TO 13,40211NDP RAYN 72 
13 GO TO 13140611NGO RAYN 73 

406 WRITE OuTPUT TAPE 61407 RAYN 74 
407 FORMAT (80X,26HRAY REACHED GRID BOUNDARY.I RAYN 75 

15 IF INPTI lq0,191 1190 RAYN 76 
191 WRITE OUTPUT TAPE 6tl233,N 1KMAX,PX·1PY 1ANGLE1TIME RAYN 77 

1233 FOKMAT lltl+,I6,lX,J712F9.2 1Fll.2 1Fl0.3,//) RAYN 78 
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190 CALL DRAW IN,KMAX,KCIN,KRESTl. RAYN 79 
RETURN RAYN 80 
END RAYN 81 

• LISTS MOVE 00 
• LABEL MOVE 01 

SUBROUTINE MOVE 1x,v,A,FK,NGO,MIT,NFK,NDP) MOVE 02 
DIMENSICN S\3,3l,EMl4,3l,tl3l,YVWl3l,CMATl100,100l,Cl4l 1BUFFERl200MOVE 03 

10l 1AX(l000) 1AY(l000l,CTOUK15l MOVE 04 
COMMON S,EM,E,YVW,CMAT,C,UUFFtR,AX,AY,CTOUR,PROJCT,D,TTJCXY,MAX,GRMOVE 05 
lIU,OCUN,OEP,WL,AMM,ANN,OY,FAN,OATEl,OAT~2,CIN MOVE 06 

MIT = 1 MOVE 07 
GO TO 1201 12021,NFK MOVE 08 

201 D = o.~ MOVE 09 
GO TO 203 MOVE 10 

202 0 = OE~ I WL MOVE 11 
203 IF IMAX-21 38,102,104 MOVE 12 
102 FKBAR=FK MOVE 13 
104 DO 20 11=1 120 MOVE 14 

39 DELA=FKbAR•O MOVE 15 
AA=A+DELA MOVE 16 
ABAR=A+.5•UELA MOVE 17 
DtLX = U • CUSFIABARl MOVE 18 
OELY = U • SINFIABARl MOVE 19 
XX=X+DELX MOVE 20 
YY=Y+OELY MOVE 21 
CALL SURFCE (XX,YY,AA,FKK,NFK,NOPI MOVE 22 
~O TO 1101 161, MIT MOVE 23 

101 GU TU 110,38),NOP MOVE 24 
10 FKBAR = 0.5 • IFK + FKKl MOVE 25 

IF llT - 181 5,3719 HOVE 26 
37 FKKPP = FKBAR MOVE 27 

5 IF (MAX - 21 7,7,9 MOVE 28 
1 IF Ill - ll 20 120,9 MOVE 29 
9 IF IABSFIFKKP-FKBARI - 10.00009/D)l 6,6,20 MOVE 30 

20 FKKP = FKBAR MOVE 31 
IF IABSFIFKKPP - FKBARI - (0.00009/011 18,18117 MOVE 32 

17 MIT'= 3 HOVE 33 
GO TO 38 HOVE 34 

18 FKBAR = 0.5 • IFKBAR + FKKPI MOVE 35 
MIT = 2 HOVE 36 
GO TO 39 HOVE 37 

6 If llXX-0.51•1(AMM-O.Sl-XXll2,2,3 HOVE 38 
3 IF llYY-0.51•11ANN-0.51-YYll21218 MOVE 39 
2 NGO = l HOVE 40 
8 X = XX HOVE 41 

y = yy HOVE 42 
A = AA HOVE 43 
FK = FKK HOVE 44 

38 RETURN HOVE 45 
END HOVE 46 

• LIS TB SURFCEOO 
• LABEL SURFCEOl 

SUBROUTINE SURFCE 1x,v,A,FK,NFK,NOPl SURFCE02 
DIMENSION Sl3,3l 1EM(4,3l1El31,YVWl31,CMATl100,100l,C!41,BUFFERl200SURFCE03 

lOl,AXllOOOl 1AYl1000l1CTOURISI SURFCE04 
COMMON s,EM 1E1 YVW 1CMAT,C,BUFFER,AX,AY,CTOUR,PROJCT,O,TT,CXY,MAX,GRSURFCE05 

ll0 1UCON 1 0EP 1WL,AHM 1ANN,DY,FAN,OATE1,0ATE2,CIN . SURFCE06 
l=X+l. SURFCE07 
J=Y+l. SURFCE08 
Fl•I SURFCE09 
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FJ=J 
XL=X+l.-Fl 
YL=Y+l.-FJ 
IF (MAX-11 l,1,4 

4 IF (Zl-F-11 l,2,1 
2 IF IZJ-FJI 1,3,1 
1 ll = FI 

ZJ = FJ 
Clll=CMATll,Jl 
Cl2l=CMATll+l,Jl 
Clll=CMATII+l,J+ll 
Cl4l=Cl-IATI I,J+ll 
00 318 II= 1 , 3 
YVW I 111 = o. 
00 31.8 L=le4 

318 YVkllJI = YVWllll+CILl•EMIL,111 
00 319 JI=l,3 
Elill = O. 
00 319 J J = l ,J 

319 EllII • Ellll+SIIJ,JJl•YVWIJJ) 
3 OEP • IElll + E121•XL + El3l•YLl •OCON 

IF IOEP) 320,J20,324 
3lU NOP = 2 

GO TO 403 
324 I~ llOEP/WLl-0.51 321,321,322 
321 NFK = 2 

GO TU 323 
322 NFK = 1 
323 CALL VELCTY ICXY,TT,MAX,OEP,NFKI 

PCX = El2l • OCON 
PCY = El31 • OCON 
ON = -PCX•SINFIAl + PCY•COSFCAI 
CALL CONDER ION~TT,CXY,MAX,NFKI 
GO TO 1401,4021,NFK 

401 FK = O.O 
GO TO 403 

402 FK = -ON/CXY 
403 RETURN 

ENO 
• LISTS 
• LAilEL 

SUUROUTINE VELCTY CCXY,TT,MAX,OEP,NFKl 
IF IMAX. - LI 101,101,102 

101 BAR = 6.2831854/TT 
CXXO = TT•ll.2/6.2831854 
CCC = CXXO 
GO TO 103 

102 CCC = xCXY 
103 GO TO 1104,105),NFK 
104 CXY = CXXO 

GO TO lu6 
105 OG 1000 M=le90 

CXY = CXXU•TANHFIBAR•OEP/CCCl 
IF IAB~f!CXY-CCCl-.000051 106,1000,1000 

1000 CCC = ICXY+CCCl/2. 
106 XCXY = CXY 

RE JUR"l 
ENO 

• LIS TO 
• LABEL 
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SURFCElO 
SURFCEll 
SURFCE12 
SURFCE13 
SURFCE14 
SURFCE15 
SURFCE16 
SURFCE17 
SURFCE18 
SURFCE19 
SURFCE:20 
SURFCE2l 
SURFCE22 
SURFCE23 
SURFCE24 
SURFCE25 
SURFCE26 
SURFCE27 
SURFCE28 
SURFCE29 
SURFCE30 
SURFCE31 
SURFCE32 
SURFCE33· 
SURFCE34 
SURFCE35 
SURFCE36 
SURFCE37 
SURFCE38 
SURFCE39 
SURFCE40 
SURFCE:41 
SURFCE42 
SURFCE43 
SURFCE44 
SURFCE45 
SURFCE46 
SURFCE47 
SURFCE48 
VELCTYOO 
VELCTYOl 
VELC

0

TY02 
VELCTY03 
VELCTY04 
VELCTY05 
VELCTY06 
VELCTY07 
VELCTY08 
VELCTY09 
VELCTYlO 
VELCTYll 
VELCTY12 
VELCTY13 
VELCTY14 
VELCTY15 
VELCTY16 
VELC TYl 7 
VELCTY18 
CONOEROO 
CONOEROl 



SUOROUTINE CONDER IDN,TT,CXY,MAX 1NFKI CONDER02 
IF IMAX - 11 101,101,102 CONDER03 

101 Cl = Tl/12.5663708 CONOER04 
C2 = 6.2831854/132.l•TTI CONUER05 

102 GU TO 1105 1104),NFK CONOER06 
104 CJ C2•CXY CONOER07 

Al C3/ll.+C31 CONUER08 
AZ C3/ll.-C31 CONDER09 
AJ LOGFl1.+C3l CONOERlO 
A4 LOGFll.-C31 CONOERll 
ON IU~/Cll•ll./1Al+A2+A3-A4ll CONOER12 

105 RETUKN CONOER13 
ENO CONOER14 

• LIST8 PCD 00 
• LABEL PCD 01 

SUBROUTINE PCD (C,E,PCTDIFI PCD 02 
DIMENSION Cl41,El31 PCD 03 
IFIClll•Cl2l•Cl3l•Cl4ll 901,900,901 PCD 04 

900 PCTOIF = 999. PCD 05 
~O TO 902 PCO 06 

901 Pl AUSFllClll-Ellll/Cllll PCO 07 
P2 = AUSFllCl2l-Elll-El211/Cl211 PCD 08 
PJ = ABSFllCl3l-Elll-El2l-El3ll/Cl3ll PCD 09 
P4 = ABSFllCl4l-Elll-El3ll/Cl4ll PCD 10 
PCTDIF = 100. • MAX1FIP1,P2,P3 1P4l PCD 11 

902 RETURN PCO 12 
END PCO 13 

• LISTS STORE 00 
• LABEL STORE 01 

SUBROUTlNE STORE IX1Y 1A1KMAX1TIME1KCIN 1KRESTI STORE 02 
DIMENSION Sl313l,EMl413l,tl31,YVWl311CMATllOO,lOOl,Cl4l1BUFFERl200STORE 03 

lOl,AXllUOUl 1AYllOOOl,CTOURl51 STORE 04 
CCMMON S,EM 1E,YVW,CMAT,C1hUFFER,AX 1AY,CTOUR1PROJCT,O,TT,CXY,MAX,GRSTORE 05 

llD1DCON1DEP1WL1AMM1ANN10Y,FAN10ATEl1DATE2,CIN STORE 06 
IF ICINl 403 1403 1410 STORE 07 

410 IF IKMAX-ll 400 1400,401 STORE 08 
400 AT = o.o STORE 09 
403 K = KMAX + KCIN STORE 10 

AXIKl = X STORE 11 
AYIKl = Y STORE 12 
IF (CINI 20j,205,402 STORE 13 

402 ZA = A STORE 14 
ZCXY = CXY STORE 15 
GU TO za5 STORE 16 

401 ET = TIME - AT STORE 17 
IF ICIN - ETI 405,404,403 STORE 18 

404 K = KMAX + KCIN STORE 19 
AXIKl =-X STORE 20 
AYIKl = Y STORE 21 
K~EST = KREST + l STORE 22 
AT = AT + CIN STORE 23 
GO TO 402 STORE 24 

405 DSC = IET-CINl•ICXY+lCXYl•3600./IGRI0•2.l STORE 25 
AA = IA+lAl/2. STORE 26 
XM = USC•CUSFIAAl STORE 27 
YM z USC•SINFIAAl STORE 28 
K = KMAX + KCIN STORE 29 
AXIKl =-X+XM STORE 30 
AYIKl = Y-YM STORE 31 
KREST = KREST + l STORE 32 
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KCIN = KCIN+l STORE 33 
AT = AT + CIN STORE 34 
GO TO 401 STORE 35 

205 RETURN STORE 36 
ENO STORE 37 

• LISTd DRAW 00 
• LABEL DRAW 01 

SUBROUTINE DRAW IN,KMAX,KCINrKRESTl DRAW 02 
DIMENSION S13r3lrEMl4r3lrEl31rYVWl31,CMATl100rlOOlrCl41rBUFFERl200DRAW 03 

lOl,AXllUOOl,AYLlOOOl,CTOURl51 DRAW 04 
COMMON s,EM,E,YVW,CMAT,C,UUFFER,AX,AY,CTOUR,PROJCT,O,TT,CXY,HAX,GRDRAW 05 

llDrDCON,DtP,WL,AMM,ANN,OY,FAN,DATEl 1 DATE2,CIN DRAW 06 
XN = N DRAW 07 
KMAX = KMAX + KCIN DRAW 08 
IF IAXIKHAXll 600 1 601,601 DRAW 09 

600 AXIKMAXI = -AX(KMAXl DRAW 10 
KHEST = KHEST - l ~RAW 11 

601 IF IXMOUFIN,211 104,103,104 JRAW 12 
103 KTwO = KHAX-1 DRAW 13 

KACD = -1 DRAW 14 
LAST = +l DRAW 15 
MC = KREST + 1 DRAW 16 
IF IFANI 200,201,200 DRAW 17 

200 CALL NUMBEH IAX(KMAXl/OY,AYIKMAXl/DY,0.35/DY,XN,O.O,-l) DRAW 18 
201 CALL PLGT IAXIKMAXl/DY,AYIKMAXl/OY,31 DRAW 19 

IF IKMAX - ll 106 1 106,105 DRAW 20 
104 KTWU +2 DRAW 21 

KADD = + l DRAW 22 
LAST = KHAX DRAW 23 
MC = 0 DRAW 24 
IF (FAN) lllrll0,111 DRAW 25 

110 CALL NUMBtR IAX(ll/OY,AYlll/DY,0.35/DY,XN,O.D,-11 DRAW 26 
111 CALL PLLT (AXIJl/DY,AYlll/DYr3l DRAW 27 

IF IKMAX - ll 106,106,105 DRAW 28 
105 IF !CINI 300,J00,301 DRAW 29 
301 IF IAXIKTwOll 302,300,300 DRAW 30 
300 CALL PLOT IAXIKTWOl/DYrAY(KTWOl/DY,21 DRAW 31 

GO TO 303 DRAW 32 
302 AXIKTWUI = -AXIKTWOl DRAW 33 

WI = 0.05 DRAW 34 
MC = MC + KAUO DRAW 35 
IF (XMOUFIMC,1011 500,501,500 DRAW 36 

501 WI= 0.10 DRAW 37 
500 XPN = AX(KTWOl/DY DRAW 38 

VP~ = AYIKTWOl/DY DRAW 39 
K = KTwu-KAOD DRAW 40 
XPL = AXIKl/DY DRAW 41 
YPL = AY(Kl/UY DRAW 42 
DSC= S~RTFl(XPN-XPL1••2.+(YPN-YPL1••2.I DRAW 43 
CALL PLOT IXPN,YPN,2) DRAW 44 
Xtl = +Wl•lYPN-YPLl/DSC DRAW 45 
YB = -WI•IXPN-XPLl/OSC DRAW 46 
CALL PLOT IXPN+XBrYPN+YB,21 DRAW 47 
CALL PLOT (XPN-XB,YPN-YB,21 DRAW 48 
CALL PLOT IXPN,YPN 1 2l DRAW 49 

303 IF IKTWO-LASTI 109rl06rl09 DRAW 50 
109 KTWO = KTWO + KADD DRAW 51 

GO ro 1U5 DRAW 52 
106 IF (KADDI 2oa,1oa,1oa DRAW 53 
20d If (FAN) 205,107,205 DRAW 54 
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101 CALL NUMBEK lAX(ll/DY,AYlll/DY10.35/DY,XN,O.O,-ll 
GO TO 205 

lOe lF {FAN) 207,£05,207 
201 CALL NUMBER lAXlKMAXl/DY,AYIKMAXl/DY,0.35/DY,xN,O.O,-ll 
205 RE.TURN 

ENU 

40 

DRAW 55 
DRAW Sb 
DRAW 57 
DRAW 58 
DRAW 59 
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APPENDIX D. 

Example of Computing and Plotting Operations 

To illustrate the computing and plotting operations, a portion 
of the coast south of Cape Henry and including Virginia Beach was 
selected as an area of interest. Two depth grids, one large and one 
small, were established. (See figure 5.) The grid interval for each 
equals 3038 feet, and each origin is located at 7601.9 1w, 36039.5•N. 
U.S. Coast and Geodetic Survey boat sheets 5988, 5990, 5991, 5992, 
5993', and 6595 and charts 1222 and 1227 were used to obtain depth 
values at grid intersections. Figure 7 shows the smoothed con-
tours of the depth grids. It is apparent from the figure that 
this portion of the continental shelf includes many irregularities. 

An annotated listing of input to the computer program is 
given in figure 6. (This input was used to produce the plot shown 
in figure 10.) l5 Two listings of printed output from the computer 
are given in figures 8 and 9. (Figure 8--for NPT = 1--gives the 
printed output for ray number 5 of figure 10; figure 9--for NPT = 
0--gives the printed output for ray numbers 18 through 31 of fig-
ure 14.) 

Six plots are presented in figures 10 through 15. Figure 10 
shows a ray pattern for T = 4 sec and A = 120° on the small grid. 
On this figure the option to enter soundings has been exercised for 
10, 20, 30, and 40 feet. (Figure 2 shows this plot being drawn.) 
Figure 11 shows ray patterns for T =4 sec and A= 1200, 180°, 2100, 
and 240° on the large grid. Figure 12 illustrates how rays for 
T = 6 sec can be refra.cted away from a point in shallow water. 
Figures 11 and 12 show how the 20- a.rid 40-foot soundings have 
been entered. 

Figures 13, 14, and 15 show ray patterns for T = 6 sec and 
A =.180°, 195°, and 210°, respectively. The contours of the depth 
grid in figure 7 have been superimposed on these three figures in 
order to show the relation between the bathymetry and the ray patterns. 

The computing time required to produce the information for 
these six plots was 0.14 hours. In contrast, the plotting time was 
much longer--3.5 hours. 

l5 If the computer program has been modified or if the program is 
not being used with a Calcomp 670/564 plotting system, the input 
listing of figure 6 and the plot in figure 10 provide the necessary 
information to conduct a test. 
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Figure 6. Example of Input for Computer Program. 
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Figure 7• Bathymetry of Depth Grids 
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(after Harrison and Wilson, 1964). 
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PROJL~r ~o. VBOll, bd/15/b), PLOT NU. l, Pt:IUOO = 4.0 SfC., ~AY NO. 5. 

11AX x y A~GLE: TIME PC TD IF OEPrH 0 

l l '>· 79 3.2'> 120.00 u. o. 46.79 0.!>00 
l 15.54 3.6ti 120.00 u.Oll o. 46.54 0.500 
j 15.29 4.ll 120.00 0.041 lo l 46.20 0.!>00 
4 15.04 4.)5 120.00 o.06l 1. l 46.lJ 0.500 
'> 14. 19 4.-.a 120.00 o.062 lo l 45.52 o.500 
b 14.54 '>.'fl 120.00 0.103 0.6 44.07 o.soo 
1 14.29 '>.115 120.00 0.124 o.6 42.43 0.500 
<J 14.04 6.211 120.00 o.144 t.6 41. 73 o.soo ., u. 79 6. 71 120.00 0.16'> 3. 1 42.85 O.'>OO 

l U 13.54 1.15 120.00 o.1e5 2.4 43.92 0.'>00 
ll 13.29 1.~a 120.00 0.206 2.4 44.42 0.!>00 
'll 13.04 tl.O l 120.00 0.226 0.6 44.25 0.500 
lJ 12. 1'1 ti .'o5 120.00 IJ.247 t .4 43.27 0.500 
14 12.54 llotl8 120.00 0.268 l o4 41.70 o.soo 
1 '.> 12.29 9.Jl 120.06 0.288 2.0 39.77 0.500 
16 12.05 9. 73 120.19 0.308 2.0 J7.7J 0.485 
l/ 11.tll 10. 13 120.29 u.121 0.8 31.41 0.460 
ld 11.'>8 10.!>2 120.3') 0.346 0.8 36.01 0.456 
l 'l ll.J6 to.r;o 120.43 0.364 0.8 34.66 0.439 
2<l 11. l'> 11.n ll0.55 0.382 o.e n.e1 0.423 
2l 10.94 ll ob2 120.67 IJ.399 0.8 33.41 0.412 
2l 10.13 11.97 llO. 73 0.416 0.8 33.33 0.40tl 
2J 10. '>2 u. 32 120. 71 0.433 2.3 H.17 0.406 
l~ 10. 31 l.?.67 120.80 0.450 2.3 n.24 0.405 
2~ 10.11 u.02 120.81 0.46 7 2.3 J:J.29" 0.405 .t- Lo 9.90 l3'.J7 ll0.tl6 0.484 l.7 32.83 0.406 en ll 9.69 u.11 120.95 0.500 1.1 31.87 0.400 
l.d 9.49 14.04 ll l. 0'> 0.517 1.11 30.94 0.389 
2'.I 9.30 14.37 121. 16 0.533 l .11 JO.OJ 0.377 
JO 9.11 14.611 121. 28 o.548 1. 8 29.15 0.366 
31 8 .92 14.~8 121.51 0.563 4.5 211.54 o.355 
Jl 8. 74 15.lb 121.110 u. 5 II! 3.1 21.02 0.348 
j j ti. 51 b.56 12l.Ol 0.592 1.1 21.00 0.329 
J4 8.39 l '>. tl4 122. 23 0.605 3.1 26.98 0.329 
3.'> 8.22 16. ll ll2.39 o.619 0.9 27.53 0.329 
3b 11.04 16.40 122. 4 7 u.634 o.9 21.86 0.336 
H 1.11'> lb.Oii 123.21 o.64!1 o. 25.83 0.340 
H 7.67 lb.94 124. 7J u.661 o. 23.36 o. 315 
}') 7.'H 11. ltl 126.25 o.6 74 21.1 21.22 0.285 
40 7.35 l 7. 38 127. 6j u.6d5 21.1 20.31 0.259 
41 7 .20 11. ~tl 129. 11 0.696 21.1 19. 37 0.248 
4~ 7.05 11. 16 130. 68 0.101 27.1 18.42 0.236 
4J 6.90 11.'12 1 34. 34 0.111 10.4 16.62 0.225 
44 6. 75 ld.06 140.85 u. 727 25.0 12.21 0.203 
4'> 6.63 ltl.l'.i 146.05 0.735 25.0 8.6'j 0.150 
46 6. !)j 16.20 155.36 o.741 25.o 5.79 0.106 
4/ 6.47 111.22 162.22 0.747 25.0 J.71 0.011 
4d 6.42 l<l. 24 16tl. l6 o.751 25.0 2.29 0.045 
4'l 6.40 ltJ • .14 173. 06 o.754 25.0 1.38 0.020 
'>0 6.38 lt1.l4 117. 01 o.756 25.0 0.82 0.011 
51 6.37 ltl.;.1:4 180.09 u.756 25.0 0.48 0.010 
52 6. 36 l!l.24 ltll.4/ u.759 25.0 0.211 0.006 

RAY REACHED SHALLOW WATER. 

Figure 8. Example of Outp:it from Computer Program ( NPT = 1 ). 



PROJECT NO. VUOll, Oll/15/b5, PLOT NO. 5, PERIOD = b.o s~c. 

~AY NO. MAX x y AN!.LE TIME 

ld 1 !19.42 45.lb 195.00 u. 
1~ lbl 4. llJ 25.-H 1&9.39 2.460 RAY REACHED SHALLOW WATER. 

19 1 119.lti 4b.23 195.00 o. 
lJ 2bl 4.51 2ti.'70 191.07 2.480 RAY REACHED SHALLOW WATER. 

lO 1 66.'7(, 41.20 195.00 o. 
2ll 263 4.42 27.44 l!llJ. 74 2.41JO RAY REACHED SHALLOW WATER. 

21 1 ll6.ti4 411. 11 195.00 o. 
21 264 4.41 21.49 lll9.21 2.41l0 RAY REACHEO SHALLOW WATER. 

2l 1 ll6 •. Hl 4'1.14 195.00 o. 
n 265 3.i>O 31.0l 201.93 2.48J RAY REACHED SHALLOW WATER. 

23 1 d8. ll 50. ll 195.00 o. 
23 214 3.'H 29.31 l'H.21 2.491 RAY REACHED SHALLOW WATER. 

24 1 ti 7. llb 51.06 1'15.00 o. 
24 272 4.ll 21l.H 191.49 2.41l7 RAY REACHED SHALLOW WATER. 

2~ 1 87.tiC 52.05 195.00 u. 
2, 2b4 3.<t4 Jl.J'l 202.b5 2.475 RAY REACHED SHALLOW WATER. 

2t. 1 u1. J4 53.02 195.00 o. 
.t> 
...... lb 274 3.'73 2'1.36 194.25 2.489 RAY REACHED SHALLOW WATER • 

ll 1 ll 7 .u.; 5J.99 195.00 o. 
21 2~4 0.4 I 34.64 164.06 2.516 RAY REACHED GRID BOUNDARY. 

lo 1 116.tU 54.'lb 195.00 o. 
2-J 273 4.13 211.6·i 194.60 2.489 RAY REACHED SHALLOW WATER. 

2'l 1 ll6.5t 55.9:. 195.00 o. 
2' 2'10 0.32 31J.Jl 155.14 2.563 RAY REACHEO GRID BOUNDARY. 

30 1 t16.JC 5b.90 195.00 o. 
JU 296 O.J& 39.40 155.94 2.578 RAY REACHED GRID BOUNDARY. 

31 1 tl6.04 5 7.87 195.00 o. 
31 2e5 o.;1 31.43 194.57 2.541 RAY REACHED GRID BOUNDARY. 

Figure 9. Example of Output from Computer Program ( NPT = 0 ). 
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u,s. ABMY COASTAL INGRG. US. CENTER, CE., WASH. D.C. 

A METHOD FOR CALCULATING AND PLOTTING SURFACE WAVE 
RAYS by w. Stanley Wilson, February 1966, 57 pp., 
including 15 illustrations 
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2. Virginia Beach, 
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I Wilson, W.S. 
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A method using a digital comput"r and incremental plotter for 
calculating and plotting wave rays (orthogonals) is described. Given 
grid of depth values, initial position of wave ray, and direction of 
travel and period of wave, successive points along ray path are cal-
culated. For ~ point on path, water depth and bottom slope are 
estimated from depth grid by linear interpolation; wave speed and 
curvature computed according to classic theory; and location of next 
successive point approximated by iteration procedure. Numerical 
results -y be plotted automatically. Example of results, obtained 
by application of method at Virginia Beach, Virginia, is presented. 
Unless the bathyaetry of area is unusual,ly smooth, this method is 
faster than manual construction. The cot11puter program is included. 
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grid of depth values, initial position of wave ray, and direction of 
travel and period of wave, successive points along ray path are cal-
culated. For each point on path, water depth and bottom slope are 
estimated from depth grid by linear interpolation; wave speed and 
curvature computed according to classic theory; and location of next 
successive point approximated by iteration procedure. NtDRerical 
results -y be plotted automatically. Example of results, obtained 
by application of method at Virginia Beach,·Virginia, is presented. 
Unless the bathymetry of area is unusually smooth, this method is 
faster than manual construction. The computer program is included. 
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