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

1. "Since thib 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 Oregon 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 substituted:.

396 GO TO (397,397,404), MIT ,

Page 36 The 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 firnd little use for NUMCON and SHORE routines mentioned
in Optional Computer Operations on page ll. If NSH = O and NCO = 0, no
sounding card is needed, and these subroutines are not used.

ERRATA

Page 1i, the LIST OF FIGURES should read:

"7 Bathymetry of Depth Grids 44, 45
6 Example of Input for Computer Program 43 "

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

Page 26, the definition of COL = 0 should read:
"If COL # O on a ... If COL = O, the plotter ..."

"

Page 29, the definition of NXCMAT should read:
"If NXCMAT = 0, the ... if NXCMAT # 0, 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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LIST OF SYMBOLS !

direction of ray travel
a given angle
wave speed

incremented distance between successive calculation
points along a wave ray

acceleration due to gravity

~wave height

water depth

maximum water depth at which refraction begins to
be important for a group of sinusoids

ray curvature

wave length

deep~water wave length

wave period

conversion factor relating dh/dn and dC/dn
arrows used in establishing grid boundaries

a small distance used in initial positioning of grid
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partial with resPeét to the direction normal to a
wave ray

1 See APPENDIX B for definitions of symbols used in the com-
puter program.
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A METHOD FOR CALCULATING AND PLOTTING
SURFACE WAVE RAYS

by

We 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 direc-
tion of travel and the period of the wave, successive points along
the ray path are calculated. 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, obtalned
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 thelr rays approach perpendicularity.
Any wave-refraction analysis requires the determination of wave-
ray patterns; however, i1f 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.

- Plerson, Neumann, and James (1955) explain how to estimate
the effect of refraction on a continuous wave spectrums They ap-
proximate the deep-water spectrum by a finite sum of discrete long-
crested sinusoilds, refracting each separately and recombining them
to approximate the refracted spectrum. A cursory inspection of an
application of their 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.



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)e The computer program itself has evolved from Griswold
and Nagle (1962), Mehr (1962), Griswold (1963), Harrison and
Wilson (196%4), and Wilson (196k4).

METHOD

Initial Requirements. Let the coastal area of interest be
specified and the group of sinusolds, characterized by their peri-
ods and directions of travel { Ty,As} , be given. It is necessary
that a chart including the coastal area of Ilnterest and containing
- adequate bathymetric information be available.

Selection of Grid Boundaries. A rectangular X,Y-coordinate
grid, whose boundaries also form a rectangle, is imposed on the
chart of the region. The boundaries are identified by the lines
X=0, X=AM, Y=0, and Y = ANNe 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 sinusolds, and the
bathymetry and coastal ares of interest, Six examples, illustrated
in sketches 1 through 6, will show how these lines are initially

positioned.

The seaward extent of the regilor of analysis is approximated
by drawing on the chart the contour whose value, hg, 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 Iy = 2.56 T2, of the longest-period sinus-
oid in the group. If an island or reef lies seaward from the h,-

' 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 hee

The lateral extent of the region of analysis is approximated
by considering the given directions of travel {Ay} in conjunction
with the he-contour. Arrows, ¢; and ¢y, with the bounding direc-
tions for the set {A;} are drawn on the chart. Usually, @; and
O, are polnted toward the area of interest. The exception (sketch
hs occurs when the area of interest lies in a bay, in which case
€3 and @, are directed toward the headlands. The lateral extent



of the region of analysis must include the intersections of @, and
a with the h,~contour; and, if an intersection lies on an island
(sketch 3), the lateral extent must be extended to include 1t and
the surrounding water whose depth is less than hg.

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 & small island (sketch 6), the region of analysis must in-
clude all water of depth less than h, in the viecinity of the island,

When the extent of the region of analysis has been determined,
the grid boundaries, X =0, X = AMM, Y = O, and Y = ANN, are posi-
tioned initially. Generally the Y-axis is established parallel with
the -direction of the h,~contour; however, when the area of interest
lies on & promontory (sketch 5), the Y-axis is parallel with a line
connecting the intersections of Q1 and O, with the he-contour. In
each of the sketches, the shoreline of the area of interest and that
portion of the hg~contour between Q3 and G, must lie a distance at
least equal to & inside the grid boundaries.? 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 positives

Selection of Grid Intervale. 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 20,000.3 Any cell size which meets both requirements can
establish a grid interval satisfactory for the program. The number
of feet per grid interval 1is needed for computaticns.

When both criteria are satisfied, the initially selected
position of the grid boundaries 1s adjusted to make the distance

25, 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 capaclty of the IBM T09% com-
puter, See the DISCUSSION section for storage requirements of
the program when used with other computers.
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® equal to two grid units and AMM and ANN in'tegers.4 Parallels and
perpendiculars, whose intersections are the grid points, are ruled
on the chart. The directions of travel {!h_} for the group of
sinusoids are expressed in degrees with respect to the direction

of increasing X, as finally established (sketch T).

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.?

Selection of Depth Values. A Z-axis 1s established vertically
with 2 = O at sea level and increasing positively downward so that
the X,Y,Z-coordinate system is left-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 (ft/m)s Should the depths be given in feet, DCON =
1 (ft/ft).

¥ 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 1s no provision for this operation in
the present computer program.
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Sketch 8.

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



shoreline (sketch 9)s The "depth" assigned to each reflected con-
tour 1s the negative of the water depth associated with the contour
being reflecteds 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
— Water
— Shoreline

————ew — Contour

<o e . — Reflection of contour in shoreline

Sketch 9.

Selection of Ray Origins. To determine 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 (T,,A,)--represented
by a straight line--is drawn on the chart in deep water (h > 1/2 Lyy).
Origin points for the rays are selected along this crest, and the
coordinate values for each point are recorded (sketch 10).6 This
method of choosing wave-ray origing 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 piaced closer than one-half grid unit to a
grid boundary.



Sketch 10,

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 & set of angles {B;} at the point, the ray paths radiating
from the point are traced (sketch 11). When the rays reach deep
water, their directions give the directions of travel {Ai} cor-
responding to the selected angles {B:L} .

Camputer Operations.! 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)s At each point a plane is fitted by

T a11 operations described in this section are performed by the
computere. :



Sketch 11.

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

dh_ 3
on X

Wave speed (C) and dC/on are calculated with

oh
sin A + rYd cos A.

— &T 2
C = 3~ tanh ( T )

and §=%hﬁow

where8

W= p ]
= ) R L ” .
g * gag * 1a (140) - 1n (1-k'C)

8 See Harrison and Wilson (1964 ) Appendix F for the derivation of W.

10



In this expression k' = T/bx and k" = 2x/gle BRay curvature (K) is
computed with

1 ,-oC
K=E(—BE)¢

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

JAV:Y = (Kn+ Kn+1) Dn/2 ’

An+1=‘%1+AA9

A =(A'n+A‘n+1) /2,

Xn+q = Xn + Dy cos A,

and Ypt1 = ¥ + Dy 8in A

where D,, the incremented distance between points, is given by the
ratio h /Lqs (See Griswold and Nagle, 1962; Griswold, 1963.)

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

Optional Computer Operations., The computer mey be made to
perform any or all of three optional operations. The first cal-
culates the coordinates along a ray of the positions occupled by
a wave crest at equal time intervals (CIN). 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, 1if exercised, provides the plotter with data from
which it can draw an approximate position of the shoreline.?

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

9 The approximation becomes poorer as Bh/BX]h=o approaches zero
positively.

11



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. Bach 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 in APPENDIX 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 1.0 A
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 - HP/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 written 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.

12
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Figure 1. Orientation of Plot Border and Label.



Plotting Systems Compatible with the Program. The Calcomp
670/564 plotting system was used. This plotting system, produced
by California Computer Products, Inc.ll, consists of a Model 670
magnetic-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-
ratible 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 & ray pattern. A depth grid would be
prepared, and coordinate values obtained for initial points of
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 can 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,

l. 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 plets-—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, 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,
celibrate, and label the X- and Y-axes, Calibrations are located

2 B
-The input listing for an example operation of the computer
program is given in figure T in APPENDIX D.

13 This subroutine was modified from a Calcomp subroutine of

the same nume,
18



2.TITLE- Draws borders and
labels each plot.

1. MAIN-
Controls
program
and
handles
input.

3. AXIS - Draws axes on each
plot.

4. NUMCON - Draws soundings on
each plot.

8. SHORE - Draws shoreline on each
plot.

7. MOVE - Calculates successive
points along each ray.

6. RAYN -
B Controls
calculation
of each
ray and
bhandles
output.

8. SURFCE- Calculates ray curvature
ateach point.

9. VELCTY-
Converts
depth
to wave

+  speed.

11.PCD — Computes PCTDIF.

12.STORE - Stores coordinates of
each point along ray.

10. CONDER-
Converts
9_1_1. to ..a_c
on dn

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

Figure 5. Generallzed Flow Chart of Computer Program. SYMBOL,
NUMBER, PLIT670, and BCDFL not included.
subroutines)

19
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Give origin

and initial angle for each ray

Gives sounding

values tobe drawn on plot

Give water depths

Specities depth grid,

number of rays,
wave period,and
other information

RAY CARDS

1 SOUNDING |
CARD

Information
DEPTH GRID for
CARDS plot no. 2
1 PLOT CARD
RAY CARDS

1 SOUNDING
CARD

L

ll

DEPTH GRID
CARDS

1 PLOT CARD

Information for plot no.l

1 JOB CARD

Gives number of plots to be prepared

FITTING

3 SURFACE - l
CARDS

Figure 4.

(in this figure, it equals two)

Information for surface fitting

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
CTOUR value, NUMCON 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

g% | ..o 2O for the entire depth grid. When NCO ¥ O, NUMCON

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

5. SHORE,

If NSH # 0, 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-
gists of a line connecting these points. This subroutine cannot

be used unless %% l 20 for the entire depth grid. If NSH = O,

h=0

SHORE is not called.

6. RAYN.

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

Compﬁtations of new points along a ray terminate when one of
the following five conditions is encountered. Listed with each is
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the message that is produced for the printed output.
(1) MmIT = 3, CURVATURE APPROXIMATIONS NOT CONVERGING.

(2) ¥Go = 2, RAY REACHED GRID BOUNDARY.

]

(3) woP = 2, RAY KEACHED SHORE.
(4) (/DY) % 0.005, RAY REACHED 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 = 0, X, Y, ANGLE, and TIME are ocutput 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 coordinates 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 the
location of the next point. MOVE then calls 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 19th 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 = 23 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, B(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 DEP £ O, If NDP = 2, control is transferred
back to MOVE., Otherwise, VELCTY is called to obtain CXY., If
(DEP/WL) > 0.5, NFX =1 and curvature, FX, = 03 if (DEP/WL) s 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 NFX =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.

1l. 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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15+ DRAW.

DRAW 1s called by RAYN after all polnts 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 mumbered.
If CIN > O, marks are placed along a ray to designate crest rositions;
if CIN = O, these marks are not entered.

% cArT, SYMBOL (X,Y,HEIGHT,BCD,THETA,N)

14, SYMBOL.
This subroutine is used to prepare plotter instructions for
drawing charecters where: .

(1) X,Y are the coordinates of the lower, left-hand corner of the
first character to be drawn,

(2) HEIGHT specifies the character height and spacing in inches
where the spacling between the lower left-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 contailning
alphanumeric information,

(+) THETA is the line angle where THETA = O for characters to
be drawn from left to right and THETA = 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,THETA,N)

. This subroutine is used to prepare plotter instructions for
drawing floating-point numbers vheres

1 This and the following three subroutines are not listed in

APPENDIX C, but they are available from California Computer Products,
Inc.The versions of these four subroutines may differ depending on
the computer and plotter systems being used, but their calling state-
ments will be the same. Only & 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).
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(1) X,Y,HEIGHT, and THETA are the same as for SYMBOL,
(2) FLOAT is the floating-point number to be drawn, and

(5) -1 = N = 11 vhere N gives the number of decimal places to be
drawne For -1 and O, no decimal places will be drawn} how-
ever, -1 suppresses the decimal point and O does not.

16, PLT6T70.

This subroutine has two entry points used by the computer
programs

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

The flrst is used to iniltialize plotting operations by reserving
an output buffer region for plotter information. The limits on

the dimension of this reglon are 120 = N = 180,000, where it is

recommended that N be at least 2000.

The second entry point is used to 1ssue 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 1s used to issue
instructions to establish a new origin at the point to which the
pen 1s 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 tapes

17+ BCDFL,

This subroutine i1s used internally by the Calcomp sub-
routines to convert fixed- and floating-point numbers into BCD.
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APPENDIX B,

Principal Variables Used in Program

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

AMM , ANN Maximum values of X and Y, respectively, for a
particuler depth grid.

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

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

BUFFER 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,

c(4) The four values of the depth grid which are closest
to a specific calculation point along a ray.

CIN If CIN > O: in the input and output, the travel
time in seconds between successive crest marks along
a rayj; internally in program, the same time as above
but measured in hours. If CIN = 0: no crest marks
will be placed along rays.

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

- COL If COL = O on a particular ray card, the plotter——
when plotting this information--will pause before that
ray is plotted, If COL # 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.

CTOUR An array specifying the sounding values in feet which

are to be drawn on & particular plot. NCO gives the
number of these values,

26



CXX0 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 xx/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
ware 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 # 0 (for rays originating from a point) causes
rays to be numbered at their terminal points; FAN = O
(for rays originating from points spaced along a crest)
causes their origin points to be numbered.

X Ray curvature (grid units -1y,

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

uT . The height in inches for a specific plot.

1,7 Indices for CMAT; I =X + 1, J = Y + 1.
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KCIN

KREST

LI

MIT
MM, NN

MXPLOT

NAX

NCO

NDP

NOR
NPLOT

NPT

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 & 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 & ray.

MIT = 1 if the curvature'approximations in MOVE have

converged to one value; MIT = 2 if they have converged
to two valuesy MIT = 3 if they have not converged.

The dimensions for a particular depth grid.
The dimension of the AX and AY arrays.

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

The ray number.

If NAX = O, the borders of a given plot will be un-
calibrated; if NAX £ O, the borders will be calibrated
with integral values of grid units.

If NCO is an integer where 1 $NCO s 5, it specifies
the number of CTOUR values to be inputy if NCO £0,
no CTOUR values will be input and no sounding card

-is needed.

1f DEP> O, NDP = 1; if DEP %0, NDP = 2,

1f (DEP/WL) > 0.5, NFX = 13 if (DEP/WL) & 0.5, NIX = 2.

The number of rays to be_calculatéd 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 # 0, the shoreline will be drawn on a particular
ploty if NSH = O, it will not be drawn.
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NXCMAT

PCTDIF

PROJCT

RT
s(3,3)
SCL
SCLI

TIME

If NXCMAT # O, the depth grid will be input for a
particular ploty 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 m.

The scale of the plot.

1/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 calculatibn point along
a raye. v
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MAIN

5
7

500

401

3938
11
3939
494
495

493

3936
3937

4322
4321
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APPENDIX C,

Program Listing

LISY8

LABEL

PROGRAM
PROGRAM FOR THE CALCULATION AND PLOTTING OF SURFACE WAVE RAYS.
WRITFEN IN FORTRAN II FOR THE IBM 7094 COMPUTER AND
THE CALCOMP 670/564 PLOTTING SYSTEM.
PHYSICAL TAPE UNIT A6 IS USED FOR PLOTTER OUTPUT.
THIS PROGRAM NEEDS THE FOLLOWING SUBROUUTINES...TITLE,AXIS,
NUMCONy SHURE ¢ RAYN ¢ MOVE ¢ SURFCE ¢ VELCTY  CONDER 4 PCDy STORE » DRAW,
SYMBOL s NUMBERPLT670, BCDFL.

THIS PROGGRAM WAS PREPARED BY W.S.WILSON, DEPT.OF OCEANOGRAPHY,
JOHNS HUPKINS UNIVERSITY, IN PURSUANCE OF CONTRACT DA-49-055-
CIV-ENG=-64—5 WITH THE COASTAL ENGINEERING RESEARCH CENTER,
UsS.ARMY CORPS OF ENGINEERS. JULY 21,1965,

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

DIMENSION S{3,3),EM(443),E(3),YVW(3),CMAT(100,100),C(4),BUFFER{200MAIN

10),AX{1000),AY(1000),CTQUR(S)

MAIN

COMMON SyEMyEsYVH,CMATCoBUFFERyAXyAY 3CTOUR PROJCT 3Dy TT,CXY(MAX,GRMAIN

LIC,UCON,DEP WL yAMM,ANN,DY ,FAN,DATE},DATE2,CIN
CALL PLCTS (BUFFER(2000),2000)

MMAX = 1000

L1 = 57

LIT = (LI-4)/3

READ INPUT TAPE 5,5,((S{19J)sd=193)9I=1,3)
FORMAT(6F12.8)

READ INPUT TAPE 54T+ {(EMILyI)yL=1,4),1=1,3)
FURMAT(12F6.2) )
READ INPUT TAPE 5,+500,MXPLOT,PROJCT,DATEL,+DATE2
FORMAT (13,A6,2A4)

DO 399 NPLOT=1,MXPLOT

READ INPUT TAPE 5,401 sTT4NORMM,NN,GRID,DCONs;NSHyNCOyNXCMAT (NPT,

1 NAXyCINsHT

FORMAT (F5.1931492F7.0,514,F7.0,F9.3)
CIN = CIN / 3600.

WL = 32.2¢TT##2,/6.2831854

AMM = MM-~1
ANN = RNN-1
DY = ANN/HT

SCLI = GRID#DY#12,

CALL TITLE (NPLOTyNAX,SCLI,HT)

IF (NXCMAT) 3939,3938,3939

READ INPUT TAPE 54119 ({CMAT(I5J)sI=14MM),Jd=1,NN)
FORMAT (10(F3.0,1X))

IF (NCO) 493,493,494

READ INPUT TAPE 5,495, (CTOUR{KC),KC=1,NCO)
FORMAT (5F8.2)

CALL NUMCON (MM,NN,NCO)

IF (NSH) 3936,3937,3936

CALL SHORE (MM,NN)

DO 15 N=1,NUR

MAX = 1

READ INPUT TAPE 5,6,A,X,YFAN,COL

FORMAT (F7.2¢2F6.242F3.0)

IF (COL) 4322,4321,4322

CALL PLOT (0+0,0.0,~3)

A=A+ 0174532925

CALL RAYN (XyYoA)NPLOT N¢MMAX,LIJNPT,LII)
CONTINUE

30

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN



ano

399

9999

CUNTINUE

CALL PLOT (0.040.0,4-3)

CALL PLOT (0,0,999)

WRITE UUTPUT TAPE 6,9999
FORMAT (17HITHIS IS THE END.)

CALL EXIT
END

LISTS
LABEL

SUBROUTINE TITLE (NPLOT,NAX,SCLI,HT)

DIMENSIGN S5(3,43),EM(493)4£(3),YVW(3),CMAT(100,100)},C(4),BUFFER(200TITLE
10),AX(1000},AY(1000),CTOUR(S)

CUMMON S+EMsEsYVWCMATCoBUFFERJAXyAY,CTOURPROJCT 9Dy TT,CXYyMAX,GRTITLE

1I10yUCON+DEP,WLyAMMyANN,DY,FAN,DATEL,DATE2,CIN

IF (NPLGT -

L) 701,701,700

700 CALL PLGT {(RT+6.0,(YHT=HT)/2.0,-3)

701

104

705

706

708
707

RT = AMM/DY

XNPLOT = NPLOT

CALL SYMBOL
1+ SCL = 1/
CALL NUMBER
CALL NUMBER
CALL NUMBER
CALL NUMBER
CALL SYMBUL
CALL SYMBOUL
CALL SYMBOL

(-1.540.0,0.21,81HPROJ.NO.
y 1T = » CIN =

190.,81)

{~1.5913.5090.21,CIN#36004+90¢,~1)

(=1.5511.1640.21,TT 490.,41)
(-1.5.0&.46.0.21,50.1 ’90- '_1)
("1-5;06- 12,00211XNPL0T190. 1‘[)
(=1.5902.88,0.21,DATEL490.44)
(=1+5403.60,0.21,DATE2,90.44)
(~1.5+01.4490.21,PROJCT490,.,46)

{F (NAX) 705,704,705
CALL PLOT (0.040.0,3)
CALL PLOT (0.04HT,2)

GO TO 706

CALL AXIS (043049 1HY414yHT 490.,0.,DY)
CALL AXIS (UeyO0e9lHX9y=19yRT90e30.45DY)
CALL PLUT (0.04HT,3)

CALL PLOT (RT4HT,2)

CALL PLGT (RT,0.0,2)

IF (NAX) 707,708,707

CALL PLCT (0.040.0,42)

CALL PLGT {(0.040.04-3)

YHT = HIT
RETURN

ENC
LISTS
LABEL

SUBROUTINE AXIS (XsYysBCDyNCoSIZE,THETA,YMIN,DY)

MUDIFIEGC FRUM A CALCOMP SUBROUTINE OF THE SAME NAME,
REPROCUCED WITH PERMISSION FROM
CALIFORNIA COMPUTER PRODUCTS,INC.yANAHEIM,CALIF.

SIGN = 1.0

IFINC) 1,242

SIGN = -1.0

NAC =XABSF (NC)
TH=THETA*#0.017453294
N = DY % SIZE + 0.5
CTH = CUSF (TH)
STH = SINF (TH)

N
X8
Yb

N
X
Y
XA X

oionn

- 0.1 #= SIGN = STH

31

s PLOT NO.

MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
TITLE
TITLE
TITLE

TITLE

TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
TITLE
AX1S

AX1S

AXIS -

AXIS
AXIS
AX1S
AX1S

. AXIS

AXIS
AXIS
AXIS
AXIS
AXTS
AX1S
AXIS
AXIS
AXIS
AXIS



20

101
100

30

21
10
20
bl

12
14

YA =Y + 0.1 #= SIGN # CTH
CALL PLCT (XA,YA,3)
DU 20 I =1yN

CALL PLCT (XB2YBs2)
XC = Xp + CTH/DY

YC = Y + STH/DY
CaLL PLUT (XCyYCy2)
XA = XA + CTH/DY

YA = YA + STH/DY
CALL PLCT (XA,YA,2)
X6 = XC

Yb = ¥C

ABSV = YMIN + TN

XA = X8 — (.20 # SIGN - .05) »STH - .02857»
YA = Yo + (.20 ®= SIGN - +05) # CTH - ,02857¢ STH

N=N+1

DG 30 I = 14N

IF (MODF({ABSV,5.)) 100,101,100

CALL NUMBER (XAsYA,0.13ABSV,THETA,-1)
ABSV = ABSV - 1.

XA XA - CTH/DY

YA YA - STH/DY

TNC = NAC + 7

XA = X + (SIZE /7 2.0 —.06 ¢ TNC)#CTH = (-.07 + SIGN#,.36)¢ STH
YA = Y + (SIZE / 2.0 —-.06 '# INC)#STH + (-.07 + SIGN#.36)+ CTH

CALL SYNBOL {(XA,YA,0.14+8BCD,THETA,NAC)
RETURN
END
LISTB
LABEL
SUBROUTINE NUMCON (MM ,NN¢NCQ)

CTH

AXIS 18
AXIS 19
AXIS 20
AXIS 21
AXIS 22
AXIS 23
AX1S 24
AXIS 25
AXIS 26
AXIS 27
AXIS 28
AXIS 29
AXES 30
AXIS 31
AXIS 32
AXIS 33
AXIS 34
AXIS 35
AXIS 36
AXIS 37
AXIS 138
AXIS 39
AXIS 40
AXIS 41}
AXIS 42
AXIS 43
AXIS 44
AXIS 45
NUMCONOO
NUMCONOL
NUMCOUNO2

DIMENSION S(353)EMI4,3)4E£(3),YVW{3),CMAT(100,100),C{4),BUFFER{200NUMCONO3

10),AX(1000),AY{1000)4CTOURLS)

NUMCONO4

COMMON SyEMyE,YVHW,CMAT,CoyBUFFERsAX,AY CTOUR,PROJCT 4D, TT,CXY,MAX, GRNUMCONOS
110,0CON,DEP, WL 4AMM,ANN,DY,FAN,DATEL,DATEZ,CIN

NUB = NN-1

MUD = MM-1

DO 5000 J=2,NOD
YJ = J-1

KKK =1

DC 8000 KC=1,4NCO
KWIT = 0

NUIF = 3

1 = MM=-1

DO 1010 Il=1,M00D
X1 = I-1

IL = [+1

XL = IL-1

IF (KWIT)} 21,21,8000

IF (CMAT(I,J)) 10,10,20
KWiIT = 1 .

IF (CMAT(I,J)*DCON-CTOUR(KC)) 12,11,13
AX(KKK) = XI

AY(KKK) = CTOUR(KC)

KKK = KKK+l

NDIF = 3

GG 70 1010

GO TO (14477+14),NDIF
NOIF = 1

GO TO 1010

32

NUMCONO6
NUMCONO7
NUMCONOB
NUMCONO9
NUMCON10
NUMCON11
NUMCON12
NUMCONL3 -
NUMCON14
NUMCON15
NUMCUN1 6
NUMCONL 7
NUMCON18
NUMCON19
NUMCON20
NUMCON21
NUMCON22
NUMCUNZ3
NUMCON24
NUMCON25
NUMCON26
NUMCON27
NUMCON28
NUMCON29
NUMCON30
NUMCON31



13
15

17

81
82

1010
8000

670

996

991
668
103

104

105
109

5000

GO TO (77,15,15)4NDIF

NOIF = 2

GG TO 1010 :
SLPX = (DCON®{CMAT(IL,J)-CMAT(I,J)))/({XL-XI)
XP = {CTOUR(KC)-DCON®CMAT(I,J})/SLPX + XI
AX{KKK) = XP

AY (KKK} = CTOUR({KC)

KKK = KKK+1

GO TO (81,82)4NDIF

NDIF = 2

668 10 1010

NOIF = ]

I = 1-1

CONTINUE

KKK = KKK-1

IF (KKK-1) 5000,668,670

KKL = KKK-1

D0 997 1A=1,KKL

IAD = A+l

D0 997 IB=IAD,KKK

IF (AX(IA)=-AX(IB)) 997,997,996

XMIN = AX(IA)

AX(IA) = AX{IB)

AX{(IB) = XMIN

XMIN = AY(IA)

AY(IA) = AY(IH)

AY(IB) = XMIN

CONTINUE

IF (XMOUF(J,2))104,103,104
KONE = KKK

KADD = -1

LAST = +]

GO 10 105

KUNE = +1

KADD = +1

LAST = KKK

CALL NUMBER (AX{KONE)/DY,YJ/DY30.L0,AY{KONE)0.0,-1)
IF (KONE~LAST) 109,5000,109
KONE = KONE + KADD
GU TO 105
CONTINUE
CALL PLCT {Cey04y~3)
RETURN
END
LISTS
LABEL
SUBROUTINE SHOURE (MM,NN)

NUMCON32

NUMCON33

NUMCON34
NUMCON35
NUMCON36
NUMCON37
NUMCON38
NUMCON39
NUMCON4O
NUMCON41
NUMCON42
NUMCON43
NUMCON44
NUMCON4S5
NUMCON46
NUMCON47
NUMCON48S
NUMCON49
NUMCONS0
NUMCONS 1
NUMCONS2
NUMCONS3
NUMCONS54
NUMCONSS
NUMCONS6
NUMCONS57
NUMCONS58
NUMCONS9
NUMCON60
NUMCON61
NUMCON62
NUMCON63
NUMCON64
NUMCONG65
NUMCONG66
NUMCON67
NUMCONG6S
NUMCON69
NUMCONTO
NUMCONT1
NUMCONT2
NUMCONT3
NUMCONT74
NUMCONTS

SHORE
SHORE
SHORE

DIMENSION SU3,3),EM{4,3),E(3),YVN(3),CMAT{100,100),C{4),BUFFER{200SHORE

10),AX{1000),AY({1000),CTOUR(S)

SHORE

CUMMON SyEMsEsYVWsCMAT,CoBUFFER)AXyAYCTOUR yPROJCT D5 TTyCXY, MAX y GRSHORE

110,0CON,DEP,WLyAMM,ANN,DY,FAN,DATE14DATE2,CIN
PONTF(X14X29D14D2) = X1 - Dla((X1~X2)/(D1-D2))

IC =3

DO 1 J=1,NN
YJ = J-1

HL = J-1

YL = JiL-1

I = MM

00 2 Il=1,MM
X1 = I-1

33

SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE

_SHORE

00
0l
02
03
04
05
06
07
08
09
10
11
12
13
14
15



100
101

102
103

200
202

203
204
201

206
209

207

300
302
303

100 WRITE OUTPUT TAPE 6,7,PROJCT,DATEL,DATEZ,NPLOT,TT,N
FORMAT (1H1,11HPROJECT NO.yA632Hy 92A%y10H,

7

IL I+1
XL -1
IF (CMAT (1,J)) 100,200,300
IF (IC~2) 101,101,102 .
XP = PONTF{XIsXLsCMAT(1,J),CMATLIL,J))
CALL PLOT (XP/DY,YJ/DY,4IC)
IC = 2 .
G0 T0 1
IF {(J-1) 101,101,103
YP = PUNTF(YJsYLoCMAT(1¢J),CMAT{1,JL))
CALL PLGT (0.,YP/DY,IC)
IC = 2
XP = PONTF(XI4XLyCMAT(I,J),CMAT(IL,J))
CALL PLOT (XP/DY,YJ/DY,IC)
GO T0 1
IF (11-MM) 201,202,201
CALL PLOT (XI/DY,YJ/DY,IC)
IF (I1C-2) 203,203,204
IC = 3
GU TO 1
IC = 2
GO TO 1
IF (IC-2) 207,207,206
IF (J-1) 207,207,209
Yp PONTF{YJyYL,CMAT(1,J),CMAT{L,JL))
CALL PLOT (0.5YP/DY,IC)
IC = 2
CALL PLOT (XI/DY,YJ/DY,IC)
IC = 2
Go 10 1
IF (1I-MM)} 2,302,2
IF {1C-2) 303,303,1
YP = PONTF(YJoYLsCMAT(1,J),CMAT(]1,JL)})
CALL PLUT (0.,YP/DY,1C)
IC = 3
G0 70 1
I =1-1
CONTINUE
CALL PLOT (0.0,0.0,~3)
RETURN
END
LISTS
LABEL

[ ]

SUBROUTINE RAYN (XY, AyNPLOT¢NsMMAX,LI,NPTHLII)

SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
SHORE
RAYN

RAYN

RAYN

DIMENSION S(3+3),EM{443),E(3),YVW{3),CMAT(100,100),C(4),BUFFER(200RAYN

10),AX{1000),AY{1000)4CTOUR(S5)

RAYN

COMMON Sy, EMyEYVWsCMATCoBUFFERsAXyAY 4CTOURPROJCT 4Dy TT,CXY,MAX, GRRAYN

11D4yDCON,DEPyWL yAMM,ANN,DY, FAN,DATEL,DATEZ2,CIN

NDP = 1 R
NFK = 1

NGO = 1
KREST = 0
KCIN = 0

CALL SURFCE (X,YsAsFKsNFK,NDP)

CALL MOVE (X;YsA,FKyNGO,MIT,NFK,NDP}
TIME = 0.0

ANGLE=A#57,29577951

IF (NPT) 100,101,100

34

PLOT NO.,13,10H,

RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN
RAYN

PERIORAYN



10 =4F5.1914H SEC.y RAY NO.y»I3,1H.//) » RAYN

WRITE OQUTPUT TAPE 64150 . RAYN

150 FORMAT (1H 53Xy 3HMAXy6X91HX8X 9 lHY »8XsSHANGLE s 6X34HTIME,4X,6HPCTDIRAYN
1F 35X, SHCEPTH, 6X,1HD//) RAYN

GC TO 19 RAYN

101 IF (N-1) 800,800,801 RAYN
801 IF (XMUCF(N,LII)) 803,800,803 RAYN
800 WRITE OUTPUT TAPE 6,850,PROJCT,DATEL,DATE2,NPLOT,TT RAYN
850 FORMAT {12H1PROJECT NO.sA692H, 42A4,10H, PLOY NO.,I13,10H, PERIOD =RAYN
19F5.145H SEC.//7) ' RAYN
WRITE QUTPUT TAPE 6,851 RAYN

851 FURMAT (8H RAY NO«s4X93HMAX 36X LHX 18X 1HY 38X SHANGLE6X ,4HTIME//) RAYN
803 WRITE OUTPUT TAPE 6,853 ,NyMAXsX,YsANGLE, TIME RAYN
853 FORMAT (1lH 41641Xy1792F9.2yF11.24F10.3) RAYN
GG TO 19 RAYN

3 MAX=1+MAX RAYN
IF (MAX+KCIN=-MMAX) 399,400,400 RAYN

400 WRITE OUTPUT TAPE 6,401 RAYN
401 FURMAT (80X,36HDIMENSION OF QUTPUT-ARRAYS EXCEEDED.) ' RAYN
GO TO 15 RAYN

399 ZCXY = CXY RAYN
CALL MOVE (Xy Y AsFKyNGO,MIT,NFK,NDP) RAYN

GO TAO (396,402)4NDP RAYN

402 WRITE QUTPUT TAPE 6,403 RAYN
403 FORMAT (80X, 18HRAY REACHED SHORE.) RAYN
GO TO 15 RAYN

396 [F (D/DY - .005) 700,700,702 RAYN
700 WRITE OUTPUT TAPE 6,701 RAYN
701 FURMAT (80Xy26HRAY REACHEU SHALLUW WATER.) RAYN
GG TO 15 RAYN

702 GO TO (397,397,404), MIT RAYN
404 WRITE UUTPUT TAPE 6,405 RAYN
405 FORMAT (80X,40HCURVATURE APPRUXIMATIGNS NOT CONVERGING.) RAYN
GO TO 15 RAYN

397 IF (NPT) 180,20,180 RAYN
180 IF (XMODF{MAX,LI)) 20,5,20 RAYN
5 WRITE OUTPUT TAPE 697,PROJCT,DATEL+DATEZ2,NPLOT,TT,N RAYN
WRITE UUTPUT TAPE 6,150 RAYN

20 TIME = TIME + (D#GRID/(1800.#(CXY+2ZCXY))) RAYN
ANGLE=A#57.2957795!1 RAYN

19 IF (NPT) 160,161,160 RAYN
160 CALL PCL (CHE4PCTDIF) RAYN
WRITE UUTPUT TAPE 6y129yMAX9X9YsANGLE,TIME,PCTOIF,DEP,D RAYN

12 FORMAT (1742F9.24F11.2,F10e3,F10.1,F10.2,F10.3) RAYN
161 KMAX = MAX RAYN
PX = X RAYN

PY = ¥ . RAYN
CALL STORE {X,YyAKMAX,TIME,KCIN,KREST) RAYN

GO TO (10,11), MIT RAYN

11 IF INPT) 170,10,170 RAYN
170 WRITE QUTPUT TAPE 6,9 RAYN
9 FORMAT (1H+,80X,19HCURVATURE AVERAGED.) RAYN
10 IF (MAX-1) 4,4,13 RAYN
4 GG TO (3,402),NDP RAYN
13 GO TO (3,406),NGO RAYN
406 WRITE UUTPUT TAPE 6,407 RAYN
407 FURMAT (BOX,26HRAY REACHED GRID BOUNDARY.) RAYN
15 IF (NPT) 190,191,190 . ‘RAYN
191 WRITE OUTPUT TAPE 651233,N,KMAX,PXsPY,ANGLE, TIME RAYN
1233 FORMAT (1H+,169s1X91742F942,F11.2,F10.3,//) - RAYN

N
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190

201

202
203
102
104

39

101
10

OV ~W0

17

18

[- - SIVER )

38

CALL DRAW (N,KMAX,KCIN,KREST)’ ) RAYN 79
RETURN : RAYN 80
END 8 RAYN 81

LISTS MOVE 00

LABEL MOVE 01
SUBROUTINE MOVE (X,YsAyFKyNGO,MIT,NFK,NDP) MOVE 02
DIMENSICN S{3,3),EMI4,3)4E(3),YVWI3), CHAT(XOO.IOO)yC(“),BUFFER(ZOOMOVE 03
10),AX(1000),AY(1000),CTOUR(S) MOVE 04
CCMMON S+EMyE,YVW,CMAT,HCy UUFFtR'AX.AY'CTOUR.PROJCT.D.TTJCXYtMAX:GRMBVE 05
1I0¢DCONJDEPy WL AMMoANN, DY, FAN,DATEL,DATE2,CIN MOVE 06
MIT = 1 MOVE ©7
GO TO (201,202)4NFK MOVE 08
D = 0.5 MOVE 09
G0 70 203 MOVE 10
D = DEP / WL MOVE 11
IF {MAX-2) 38,102,104 MOVE 12
FKBAR=FK MOVE 13
00 20 11=1,20 MOVE 14
DELA=FKbAR#D MOVE 15
AA=A+DELA MOVE 16
ABAR=A+.5#DELA . MOVE 17
DELX = U = COSF(ABAR) MOVE 18
DELY = D » SINFUABAR) MOVE 19
XX=X+DELX MOVE 20
YY=Y+DELY MOveE 21
CALL SURFCE (XXsYYAA,FKKoNFK,NDP) MOVE 22
50 1O (101,6), MIT MOVE 23
GU TO (10,38),NDP MOVE 24
FKBAR = 0.5 & (FK + FKK)} MOVE 25
IF (IT = 18) 5437,9 MOVE 26
FKKPP = FKBAR MOVE 27
IF (MAX = 2) 74749 MOVE - 28
IF (1T - 1) 20420,9 MOVE 29
IF (ABSF{FKKP-FKBAR) — (0.00009/D)) 6,6,20 MOVE 30
FKKP = FKBAR MOVE 31
IF (ABSF(FKKPP ~ FKBAR) - (0.00009/D)) 18,18'17 MOVE 32
MIT = 3 MOVE 33
GO TO 38 MOVE 34
FKHBAR = 0.5 » (FKBAR + FKKP) MOVE 35
MIT = 2 MOVE 36
60 10 239 MOVE 37
IF ({XX=0.5)% { (AMM~0.5)-XX))2+2+3 MOVE 38
IF ((YY-0.5)#((ANN=0.5)-YY))2+2+8 MOVE 39
NGG = 2 MOVE 40
X = XX MOVE 41
Y =YY MOVE 42
A = AA MOVE 43
FK = FKK ’ MOVE 44
RETURN MOVE 45
END . MOVE 46

LISTY ) SURFCEQO

LABEL SURFCEO1
SUBROUT INE SURFCE (X YsAyFKyNFK,NDP) SURFCEO2
DIMENSION S(3,3)4EM{4,43),E(3),YVW{3),CMAT(100,100),C(4%),BUFFER(200SURFCEO3
10),AX(1000),AY{1000),CTOUR(S) SURFCEO%
COMMON SoEMyEYVW,CMAT,CoBUFFERyAXsAYCTOURyPROJCT oDy TT,CXYyMAXy GRSURFCEDS
1ID’DCON'DEP'HLyAHM'ANNQDY'FANIDATEIvDAth’CIN SURFc506
[=x+1. SURFCEO?
J=Y+l. . SURFCEOB
Fl=] SURFCEO9
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N>

318

319

320

324
321

322
323

401

402
403

101l

102
103
104

105

1000
106

FJ=J
AL=X+1.-F1
YL=Y+1.-F)

IF (MAX-1) 1,1,4

IF (ZI-FI) 1,2,1

IF (ZJ-FJ) 1,3,1
Z1 = FI
ZJ4 = FJ
CUL)=CMAT(1,J)
CL2)=CMAT(I+1,J)
C(3)=CMAT(I+1,J+1)
Cl4)=CMAT(I,4+1)
D0 318 I1=1,3
YVW(II) = 0.
D0 318 L=1,4
YVWOID) = YVW(II)+C(L)*EM(L,IT)
DU 319 fI=1,3
E(il) = 0.
DO 319 JJ=1,3
ECID) = EQII)+S(I1,JJ)eYVR(JI)
DEP = (E{1) + E(2)sXL + E(3)sYL) » DCON
IF (DEP) 320,320,324
NDP = 2
GO TO 403

I+ ({DEP/WL)-0.5) 321,321,322
NFK = 2
GG Tu 323
NFK = 1
CALL VELCTY (CXY,TT4MAX,DEP,NFK)
PCX = E(2) * DCON
= E(3) * DCON

DN = -PCX*SINF(A) + PCY#COSF(A)
CALL CUNDER {DNyTT,CXY,MAX,NFK)
GO TO (401,402)4NFK
FK = 0.0
GO TO 403
FK = =DN/CXY
RETURN
END

LISTS

LABEL
SUBROUTINE VELCTY (CXYsTT,MAX,DEP,NFK)
IF (MAX - 1) 101,101,102
BAR = 6.2831854/TT
CXX0 = TT#32,2/6.2831854
CCC = CXXU
6o to 103
CCC = XCXY
GO TO (104,105),NFK
CXY = CXx0
60 TO 106
OC 1000 M=1,90
CXY = CXXU*TANHF (BAR#DEP/CCC)
1F {ABSF(CXY-CCC)~.00005) 106,1000,1000
CLC = (CXY+CCC)/2.
XCXY = CXY
RETURN

END

LISTY

LABEL
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SURFCELO
SURFCE11l
SURFCEL2
SURFCEL3
SURFCELl4
SURFCELS
SURFCEL6
SURFCEL7
SURFCELS
SURFCE19
SURFCE20
SURFCE21
SURFCE22
SURFCE23
SURFCE24
SURFCE25
SURFCE26
SURFCE27
SURFCE28
SURFCE29
SURFCE30
SURFCE31L
SURFCE32
SURFCE33
SURFCE34
SURFCE3S
SURFCE36
SURFCE3T
SURFCE38

. SURFCE39

SURFCE40
SURFCE4L
SURFCE42
SURFCE43
SURFCE44
SURFCE4S
SURFCE46
SURFCE47
SURFCE48
VELCTYO00
VELCTYOL
VELCTYO2
VELCTYO3
VELCTYO04
VELCTYO05
VELCTYO06
VELCTYO?
VELCTYO8
VELCTYO9
VELCTY10
VELCTY11
VELCTY12
VELCTY13
VELCTY14
VELCTY15
VELCTYL6
VELCTY17
VELCTY18
CONDEROO
CONDEROL



101

102
104

105

900

901

902

410
400
403

402

401

404

405

SUBROUTINE CUNDER (DN,TT,CXYyMAX,NFK)
IF (MAX - 1) 101,101,102

Cl = TI/12.5663708

C2 = 6.2831854/(32.2#7TT)

GU TO (105,4104)4NFK

C3 = CZ=CxY
Al = C3/(1.4C3)
A2 = C3/(1.-C3)
A3 = LUGF(1.+C3)
A4 = LUGF({1.~C3)
DN = (ON/CL)#(1./(AL+A2+A3-A4))
RETURN
ENC
LISYS
LABEL

SUBROUTINE PCD (C,E,PCTDIF)
DIMENSION Cl4),E(3)
IF(C(1)aC(2)#C(3)2C(4)) 901,900,901
PCTDIF = 999, :
G0 TO 902

Pl = ABSFU(C(LI-E(1))/C(1))

P2 = ABSF((C(2)-E(1)-E(2))/C(2))

P3 = ABSFU(CU3)-ELL)-E(2)-E(3))}/C(3))
P4 = ABSF(IC(4)-E(LI-E{3))}/Cl4))

PCTDIF = 100, # MAX1F(P1l,P2,4P3,P4)
RETURN

END

LISTS

LABEL

SUBROUTINE STORE {XyY A KMAX, TIME ,KCIN,KREST)

CONDEROZ
CONDERO3
CONDERO4
CONDEROS
CONDERO6
CONDERO7
CONDEROSB
CONDERO9
CONDER1O
CONDER11
CONDER12
CONDERL3
CONDERL4

PCD
PCD
PCD
PCD
PCD
PCD
PCD
PCD
PCD
PCD
PCD
PCO
PCOD
PCD
STORE
STORE
STORE

DIMENSIUN S(343)4EM{493)4E(3),YVW(3),CMAT(100,100),C(4),BUFFER(200STORE

10)4AX(1000),AY(1000),CTOUR(S)

STORE

CUMMON SoEMyE,YVWCMAT,CyBUFFER)AXyAY4CTOUR PROJCT 4D TT,CXYyMAX,GRSTORE

116,0CON+DEP,WL yAMM,ANN,DY,FAN,DATEL,DATEZ2,CIN

IF (CIN) 403,403,410

IF {(KMAX-1) 400,400,401
AT = 0.0

K = KMAX + KCIN

AX(K) = X.

AY(K) = ¥

IF (CIN) 205,205,402

ZA = A

ICXY = CXY

GU TO 205

ET = TIME - AT

IF (CIN - ET} 405,404,403
K = KMAX + KCIN

AX(K) ==X

AY{K) =Y

KREST = KREST + 1

AT = AT + CIN

GO TO 402

DSC = (ET-CIN)#{CXY+2CXY)}#3600./(GRID#2.)

= (A+ZA)/2.
XM = DSC#COUSF(AA)
= DSC#SINF(AA)
K = KMAX + KCIN
AX(K) ==X+XM
AY(K) = Y-YM
KREST = KREST + 1
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STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE
STORE

STORE

STORE
STORE

00
ol
02
03
04
05
06
07
08
09
10
11
12
13
00
01
02
03



205

600

KCIN = KCIN+1
AT = AT + CIN
GO TO 401
RETURN
END
LISTH
LABEL
SUBROUTINE DRAW (N,KMAX,KCIN,KREST)

STORE
STORE
STORE
STORE
STORE
DRAW
DRAW
DRAW

DIMENSION S{343)sEMI4,3),E(3),YVH(3), CMAT(IOO:IOO),C(#)'BUFFER(ZOODRAH

10),AX(1000),AY(.1000),CTOUR(S)

DRAW

COMMON S»EMyE+YVW, CMAT,C BUFFERsAXsAY,CTOUR ¢ PROJCT 4Dy TT,CXY,MAX,GRDRAW

1ID.DCUN'DEP,NL,AMM.ANN,DY.FAN,DATE[,DATEZpClN
XN = N

KMAX = KMAX + KCIN

IF (AX{KMAX)) 600,601,601

AX(KMAX) = —AX{KMAX)

* KREST = KREST - 1

601
103

200
201

104

110
111

105
301
300

302

501
500

303
108

106
208

IF (XMOUF(Ns2)) 104,103,104

KTWO = KMAX-1
KACD = -1
LAST = +1

MC = KREST + 1

IF (FAN) 200,201,200

CALL NUMBER (AX{KMAX) /DY AY(KMAX)/DY;0.35/DY4XNy0.04s~1)
CALL PLUT (AX({KMAX)/DYsAY{(KMAX)}/DY,3)

IF (KMAX - 1) 106,106,105

KTWO = +2
KADD = +]
LAST = KMAX
MC =0

IF {FAN) 111,110,111

CALL NUMBER (AX{1)/DY,AY{(1)/DY,0. 35/DY'XN10 0,-1)
CALL PLLT (AX(1)/DY,AY(1)/DY,3)

[F (KMAX = 1) 106,106,105

IF (CIN) 300,300,301

IF (AX{KTWO)) 302,300,300

CALL PLCT {AX(KTWO)/DY,AY{(KTWO)/DY,2)
GO TO 303

AX{KTWU) = =AX{KTWO)

WI = 0.05

MC = MC + KADD

IF (XMOUF(MC,10)) 500,501,500

Wi = 0.10

XPN = AX{KTWO)/DY

YPN = AY{KTW0)/DY

K KTwG-~-KAUD

XPL = AXI(K)/DY

YPL = AY({K}/LY

DSC = SURTF(({XPN-XPL)#82.4+{YPN-YPL}2u2,)

CALL PLGT (XPN,YPN,2)}

X8 = +wls(YPN-YPL)/DSC

YB = ~Wl#(XPN-XPL)/DSC

CALL PLUT (XPN+XB,YPN+YB,2)
CALL PLOT (XPN-XB,YPN-YB,2)
CALL PLCT (XPNsYPN,2)

IF (KTWG-LAST) 109,106,109
KTw0 = KTWO + KADD

GO 70 105

IF (KADD) 208,108,108

IF (FAN) 205,107,205

39

DRAW
DRAW
ORAW
DRAMW
DRAW
ORAW
ORAW
DRAW
DRAW
DRAW
DRAW
DRAKW
DRAW
DRAW
DRANW
DRAMW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
ORAW
DRAW
DRAW
DRAW
DRAW



107

108
207
20%

CALL NUMBER (AX{1)/DY,AY{1)/DY+0.35/DY,XNs0.0,-1)

GO TO 205
IF (FAN) 207,205,207

CALL NUMBER (AX(KMAX}/DY, AY{(KMAX}/DYy0.35/DY9XN30.0,y~1)

RETURN
END
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DRAW
DRAW
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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 76°1.9'W, 36939,5'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.)15 Two listings of printed ocutput from the computer
are given in figures 8 and 9. (PFigure 8——for NPT = l——gives the
printed output for ray number 5 of figure 103 figure 9~-~for NPT =
O-—give; 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 = 120°, 180°, 2109,
and 240° on the large grid. Figure 12 illustrates how rays for
T = 6 sec can be refracted away from a point in shallow water,
Figures 11 and 12 show how the 20- and 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. '

15'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 5. Location of Depth Grids.
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DIMENSIONS OF DEPTH GRID —m NUMBER OF FEET PER GRID INTERVAL
WAVE PERIOD FOR THIS PLOT, SHORELINE IS TO BE DRAWN, AS 0P~
> SECONDS POSED TONOT BEING DRAWN
?
NUMBER OF PLOTS TO BE FOUR SOUNDING VALUES ARE TO
PREFPARED BE INPUT FOR THIS PLOT
PROJECT NUMBER PRINTED OUTPUT INFORMATION /S
DESIRED FOREVERY SUCCESSIVE CALCULA-
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Example of Input for Computer Program.
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PROJECT NO. VBUL2, 00/15/65, PLOT NU.

MAX

O VS w N -

X

1%.79
15.54
15.29
15.04
14.19
14.54
14.29
14.04
13.79
13.54
13.29
13.04
12.79
12.54
12.29
12.0%
11.81
li.bo8
11.36
11.15
10.94
10.173
10.%2
10.31
10.11
9.90
9.69
9.49
9.30
9.11
8.92
8.74
8.57
8.39
8.22
8.04
7.89
T.67
7.51
7.35
T.20
7.05
6.90
6.75
6463
6.53
6.47
6.42
6.40
6.38
6,37
6.36

A

3.25
3.68
4.12
4.95
4.58
be.42
5885
6.28
6.71
7T.15
7.58
d.0l
8.45
.88
9.31
9.73
10.13
10.52
16.50
1.7
11.62
1L.97
12.32
12.67
13.02
13.37
13.171
14.04
14.37
la.68
14.58
15.46
12.56
15.84
l16.11
16.40
16.08
16.54
7.1
17.38
17.58
t1.16
17.92
ld.u6
18.19
18,20
18.22
la.24
ld.24
18.44
18.24
18.24

ANGLE

120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.00
120.06
120.19
120.29
120.35
120.43
120.55
120.67
120.73
120.77
120.480
120.81
120.86
120.95
121.05
121.16
121.28
121.51
121.80
122.01
122.23
122.39
122.47
123.21
124.73
126.25
127.63
129.11
130.68
134,34
140.85
148.05
155.38
162.22
168.16
173.08
177.01
180.09
182.47

1y, PERIOD
TIME

Ve

U.021
0.041
0.062
0.082
0.103
0.124
Oel44
Uel65
0.185
0.206
0.226
Ve247
U.268
0.288
0.308
ve.327
C.346
0.364
V.382
ve399
U.4l16
0.433
0.450
O.467
0.484
0.500
0.517
Ue533
U.548
0.563
U.518
0.592
0.605
0.619
Ue634%
0.648
U661
G.6174
0.685
0.696
0.707
Q.717
0.727
0.735
Vo741
Oe 747
U.751
0.754
0.756
0.758
0.759

= 4.0 SEC., RAY NO.

PCTDIF

WO~ N XNNWEWRETORTXROOD DD D DO, re

® 8 8 & o 0 4 6 8 & 5 6 3 6 0 5 O % 8 4 B 0 s E 0 0 S B O G O B S N

COCOWWWHRrrmmkr NNNOQOOOOCONN=mONNWFROO=~OO
L[] L

~N
-
.

~

27.1
27.1
27.1
10.4
25.0
25.0
25.0
25.0
25.0
25.0
25.0
2%.0
25.0

DEPTH

46.79
46.54
46.20
46.13
45,52
44.07
42.43
41.73
42.85
43.92
44.42
44.25
43.27
41.70
39.77
37.73
37.41
36.01
34.66
33.81
33.47
33.33
33.17
33.24

33.29°

32.83
31.87
30.94
30.03
29.15
28.54
21.02
27.00
26.98
27.53
27.86
25.83
23.36
21.22
20.31
19.37
18.42
16.62
12.27

8.6%

5.79

3.71

2.29

1.38

0.82

0.48

0.28

S5e
D

0.%00
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.%00
0.500
0.500
0.500
0.500
0.485
0.460
0.456
0.439
0.423
0.412
0.408
0.406
0.405
0.405
0.406
0.400
0.389
0.377
0.366
0.355
0.348
0.329
0.329
0.329
0.336
0.340
0.315
0.285
0.259
0.248
0.236
0.225
0.203
0.150
0.106
0.071
0.045
0.028
0.017
0.010
0.006

RAY REACHED SHALLOW WATER.

Figure 8. Exampie of Output from Computer Program ( NPT =1).



Ly

PROJECT WU.

RAY NU.

[N}
14

19
Y

20
24

21

Z1

22
22

23
23
24
24
25
25
2¢
26
el
21
Za
23
24
29
30
30

31
31

veoll,

MAX

1
261
1
261

1
263

1
264

1
265

1
214

1
212

1
264

08/15/765, PLUT NO.

39.42
4.18

89.1¢6
4451

88.49¢
4.42

B8.064
4.41

68.38
3.60

38.12
3.93

87.86
4.21

87.6C
3.44

87.34
3.93

87.00
O.al

86.82
4.13

86.5€
0.32

86.3C
0.38

86.04
0.31

4%.26
25.91

46423
26490

47,20
21.44

48.117
217.49

49.14
31.01

50.11
29317

51.08
28.33

52.05
31.39

53.02
29.36

53.99
34.64

54.96
28.83
2%.9.
34.31

56490
39.40

57.87
37.43

-5, PERIOD

ANGLE

195,00
169.39

195.00
191.07

195.00
188. 74

195.00
189.27

19%.00
201.93

195.00
191.21

195.00
191.49

195.00
202.65

195.00
194.25

195.00
184.08

195.00
194.60

195.00
155.14

195.00
155.94

195.00
194.57

= 6.0 SEC.

TIME

0.
2.480

O.
2.480

0.
2.480

0.
2.480

0.
2.483

0.
2.491

0.
2.487

g.
2,475

0.
2.489

C.
2.516

0.
2.489

C.
2.563

0.
2.5178

0.
2.541

RAY

RAY

RAY

RAY

RAY

RAY

RAY

RAY

RAY

RAY

RAY

RAY

RAY

RAY

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

REACHED

Figure 9. Example of Output from Computer Program ( NPT=0),

SHALLOW

SHALLUW

SHALLOW

SHALLOW

SHALLOW

SHALLOW

SHALLOW

SHALLOW

SHALLOW

WATER.

WATER.

WATER.

WATER.

WATER.

WATER.

WATER.

WATER.

WATER.

GRID BOUNDARY.

SHALLOW

WATER.

GRID BUUNDARY.

GRID BOUNDARY.

GRID BOUNDARY.
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Figure 11. Ray Patterns (T = b4 sec; A = 120°,
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Figure 13. Ray Pattern (T = 6 sec, A = 180°) on ILarge Grid.
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V:S. ARMY COASTAL ENGRG. RES. CENTER, CE., WASH. D.C. 1. Wave Refraction
2. Virginia Beach,

A METHOD FOR CALCULATING AND PLOTTING SURFACE WAVE Virginia
RAYS by W. Stanley Wilson, February 1966, 57 pp., 3. Computer
Programs

including 15 illustrations
. 4. Plotter Systems
. I Wilson, W.S.
TECHNICAL MEMORANDUM No. 17 UNCLASSIFIED I1 Title

A method using a digital computer and incremental plotter for
calculating and plotting wave rays (orthogonals) 1s 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 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. Numerical
results may be plotted automatically. Example of results, obtained
by application of method at Virginia Beach, Virginia, is presented.
Unless the bathywetry of area is unusually smooth, this method 1is
faster than manual construction. The computer program is included.

U.S. ARMY COASTAL ENGRG. RES. CENTER, CE., WASH. D.C. 1. Wave Refraction
2, Virginia Beach,

A METHOD FOR CALCULATING AND PLOTTING SURFACE WAVE Virginia
RAYS by W. Stanley Wilson, February 1966, 57 pp., 3. Computer
Programs

including 15 illustrations.
oo 4. Plotter Systeas

: . i I Wilson, W.S.
TECHNICAL MEMORANDUM No. 17 UNCLASSIFIED Il Title

A method using a digital computer and incremental plotter for
calculating and plotting wave rays (orthogomals) 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 each point on path, water depth and bottom slope are
éstimated 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 may be plotted automatically. Example of results, obtained
by application of method at Virginia Beach, Virginia, 1s presented.
Unless the bathymetry of area is unusually smooth, this method is
faster than manual construction. The computer program is included.

U.S. ARMY COASTAL ENGRG. RES. CENTER, CE., WASH. D.C. 1. Wave Refraction
2. Virginia Beach,

A METHOD FOR CALCULATING AND PLOTTING SURFACE WAVE Virginia
RAYS by W. Stanley Wilsom, February 1966, 57 pp., 3. Computer
including 15 illustrations Programs

4. Plotter Systems

I Wilson, W. S.
TECHNICAL MEMORANDUM No. 17 UNCLASSIFIED IT1 Title

A method using a digital computer 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 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 approximsted by iteration procedure. Numerical
results may 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.

U.S. ARMY COASTAL ENGRG. RES. CENTER, CE., WASH. D.C., 1. Wave Refraction
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including 15 illustrations Programs
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I Wilson, W.S5.
TECHNICAL MEMORANDUM No. 17 UNCLASSIFIED II Title

A method using a digital computer 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 patl are cal-
culated. For each point on path, water depth and bottom s}ope are
estimated from depth grid by linear interpolation; wave spéed and
curvature computed according to classic theory; and location of next
successive point approximated by iteration procedure. Numerical
results may be plotted sutomatically. . Example of results, obtained
by application of method at Virgimia 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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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
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successive point approximated by iteration procedure. Fumerical
results may be plotted automatically., Example of results, obtained
by application of method at Virginia Beach, Virginia, is presented.
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faster than manual construction. The computer 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
éstimated from depth grid by linear interpolation; wave speed and
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successive point approximated by iteration procedure. Numerical
results may 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.

U.S. ARMY COASTAL ENGRG. RES. CENTER, CE., WASH. D.C. 1. Wave Refraction
2. Virginia Beach,

A METHOD FOR CALCULATING AND PLOTTING SURFACE WAVE Virginia
RAYS by W. Stanley Wilson, February 1966, 57 pp., 3. Computer
including 15 illustrations Programss

4. Plotter Systeas

I Wilson, W. S.
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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 mext
successive point approximated by iteration procedure. Numerical
results may 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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culated. For each point on path, water depth and bottom s}ope are
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	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066



