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ABSTRACT

- The computer program for ocean wave refraction described estimates
and comstructs wave refraction diagrams which are graphical representations
of changes in direction of wave fronts as they move over relatively shallow
ereas with varying depths. The rays or orthogonels celculated indicate
the direction of travel of the weve energy from a given initial position.

For each point along the rsy, water depth and bottom slope are
estimated from the depth grid by linear interpolation; wave speed and
curvature are computed according to the first order wave theory; the loca-
tion of the next successive point is approximeted by an iterative procedure.
Sample date and their results are included.

A1l subroutines, with the exception of NUMBER, SYMBYL and DATE
(which is written in binary) are written in FORTRAN 32 end together are
designed for use only on the Bedford Institute CDC 3150 computer. :
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1.0 INTRODUCTION

A weve refrection diegram is a graphical representation of the change
in direction of a wave front as it moves from deep water to shallow water.
A straight wave front of a wave Propagating over shallow areas ( depth less
than half the wavelength) starts to bend as its velocity becomes a funetion
of depth. When Progressing over increasing depths wave orthogonals tend
to diverge and when progressing over shoals or ridges they tend to converge.

The refraction theory applied to this program is based upon the
following assumptions: (1) that the waves are long-crested, sinusoidal,
Progressive grevity waves for which the linear weve theory applies; (2)
that the wave period is constent throughout the shoaling process; (3) that

to the wave front; (5) that the amownt of wave energy between orthogonals
remzins constent; (6) that the effect of friction and currents on the refrac—
tion process is negligible. These last two essumptions meke it possible to
estimate variations in wave height with variations in depth and orthogonal
spacing.

Refraction diegrams are constructed in two weys. The first, known
as the 'wave-front method', is essentially the illustration of successive
wave front positions (at given time intervals), found by using Huygen's
principle, on & chart of the region of interest. The second method, known
as the 'orthogonal method', illustrates the Path of the wave orthogonals.
This second method is employed in the program described. :

This progrem was designed to replace the menual construction of wave
rays particularly when s miltiple number of periods and angles of approach
are to be considered. However, it should be noted that the preparation of
the depth grid and rey cards will exceed in time and effort that required
for the menuel construction of two or three refraction diagrams.

Comparisons of manuelly and computer comstructed refraction plots
will show slight differences, due to the finite grid spacing and lack of
an integrating effect over an ares eround each point in the computer product.
These differences may be made smaller by using a smaller grid spacing (if
- possible) and by visuelly integrating the area around each grid point and
using the integrated depth as the grid depth at any point.

The refraction prineiple is quite useful and cen be employed in a
wide variety of applications. Of particular importance is its identification
of areas of convergence and divergence of wave rays. For example, when
esteblishing a wave climate for a certain aree through direct wave measure-
ments observations should be confined to regions of non-convergence and
non-divergence. This is one important epplication for which this technique -~
has been used. Other uses mzy be found in Pierson, Neumann, and James
(1955) and Pierson, Tuttell, sma Wooley (1953). : "




2.0 METHOD

2.1 Initial Requirements

A hydrographic chart with sufficient depth detail is the basie
requirement. This chart must cover the shoreline of interest end extend out
into weter that is considered ‘'deep', i.e. where the depth is at leest equal
to half the wave length of the longest wave to be considered.! Under these
circumstances 'deep water' conditions prevail; i.e. no refraction is occurring
and the initial wave front can be assumed to be a streight line. A set of
periods and angles for which wave rays are to be drawn must be chosen and the
'deer water' wave front fitted into the aree of interest. Since the maximum
tlctting dimensions of the PDP-8 plotting system are 22 x 28 inches, the area
of interest on the chart should not exceed these dimensions if the ratio
between the size of the resultant wave ray plots to the chart size is to be
egqusl to one. There is & provision mede to scale the plot down but unless
sherelines and contours are indicated in the output plot the results cannot
be easily referenced to the original chart. To plot shorelines mejor altera-
tions rust be mede to the depth grid and will be described later. These

terations are manually time-consuming and the additional plotting of shore-
lines end contours requires a considerable amount of computer time and memory
sprace &5 will be seen. For these reesons it is most adventagecus to meke the
ratio of the refraction plot to chart size, one to ome. Clear plastic over-
leys of the shore line and contours on the resultant wave ray plots will
relate the refraction dimgram to the chart.

2.2 Selection of Grid Boundaries

A rectangular (right-handed) X-Y coordinate system, whose
boundaries form the boundaries of the depth grid, is imposed on the aree of.
interest. The boundaries of the plot are specified by the lines X = 0,

X= A, Y =0and Y = ANN (AMM and ANK are expressed in grid umits). Care
rust be exercised in selecting these boundaries. As indicated before some
eriteria must be kept in mind: (a) all rays must start in deep water for all
angles of epproach (if a 'deep water' wave front is required), (b) no shoals
should be left in the seaward direction, and (c) the engles of approach should
be adequately covered by the depth grid, so as to ensure realistic approaches
to the shoreline of interest. For example, if the shoreline of interest is

on an islend the depth grid must surround the island since the waves which
arrive at any point on the shore could originate from almost any point

around the island.

Generally (and for the program presented here) the Y-exis is set
parallel to the coast (or to the contour defining the boundary of 'deep
water'); the X-axis increases positively seaward. If another orientation
is desired changes must be made in the main program. The shoreline and
the 'deep water' contour must-lie at least one grid unit from the grid
boundaries since any rey which comes within one-helf grid unit of the bowmdary
is stopped at that point.

1. Wavelength L = 5.12 T2 where T is the period of the wave in seconds.

%‘}



2.3 Selection of Grid Interval

The depth grid is & two-dimensional arrgy of integer depths,
ell equally spaced. The selection of the grid intervel is dependent on
opposing criteria. The first requires that each grid cell be so small that
its bottom topography masy be epproximated by a plene. Of course, the smaller
the cell the better the approximetion end the better the resolution of the
wave reys. The number of depths in the grid, however, is limited by the size
of the computer core. For the BIO computer the maximm dimensions of the
depth grid are 25 x 30 (i.e. 25 in X direction and 30 in Y direction) - see
Memory Requirements, Section 6.1. Along with these criteria some considera-
tion of the size of the area must also be made. For instance, since the Y
axis can only be 28 inches long (i.e. HT < 28) and cen only have 30 equally
spaced points, the points then will.be spaced 0.932 inch apart. This is an
odd figure. It is certainly easier to use a distance of one inch so that
inch- lined paper or plastic can be lsid on top of the hydrogrephic chert to
interpolate the depths at the grid points. If one inch is used then 28 points
are sufficient. The grid interval will then be equal to one inch times map
scele factor to yield actual separation between depths in feet. This factor
is determined by the scele of the hydrogrephic chart used. If this grid
interval does not yleld sufficient resolution the area of interest should be
subdivided into overlapping arees that are small enough to yileld adequate
resolution and whose orthogonals ere made to match in the overlapped regions.

2.4 Selection of Depth Values

The depths used in the depth grid mey be expressed in any
units. The depths used, however, must be converted to wmits of feet to be
useful for this program. For this reason the program requires a conversion
factor called DCZN which when multiplied by the depth unit used Yields depths
in feet. For example, if the depths are in fethoms DCPN = 6.0 (ft/fm) and if
the depths are in metres DCPN = 3.28 (ft/m).

The depth at each grid point is most easily determined by
fi rst drewing contour lines on the hydrographic chart at convenient intervals.
This may appear time-consuming but it saves on the interpolation time required
to establish the depth at each grid point. Depths indiceted should be & visual
integration of depths within en area of one-half grid unit square.

To obtein a plot of the shoreline the depths overland are not
set equal to zero (as they would be if no shoreline is to be dravn) but are
set equal to negative values which are generated, as indicated below. Depth
contours are drawn in a strip extending at least three grid units seaward
from the shoreline. On the land the reflections of these contours about the
shoreline are drawn. The depth essigned to each reflected contour is the
negative water depth essociated with “the contour being reflected.. Successive
reflections should be made to cbtain the depths further inland. Once within
two grid units of the boundary the remaining depths may.be set equal to zero
(see Figure 1).
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FIGURE 1: Depth Grid used to draw Shoreline

2.5 Selection of Rey Origins

Ta determine the wave rey paths, the starting points (ray
origins) of each ray must be specified, along with the angle st whieh the rays
are to set out from these points. If the rays are originsted in deep water
then gll the initial points mey lie orn the same straight line end all the
angles for the rays are the seme. For example on Figure 2 a wave front is
indicated with the starting points of the wave razys. The ramys coriginate in
deep water (i.e. beyond deep water contour DW) so their origins may lie on a
streight line. The starting peints are given by their X and Y coordinstes.
The angles or angle (for this example dencted as A) are measured in degrees
with respect to the increesing X-axis, as shown in Figure 3. This method of
selecting ray origins is used 1f the refraction of a particular wave front
for e particular wave period is desired.

If instead it is desired to see from which direction and
location waves are refracted into e point then el1 possible angles of approach
are specified for that point for 2 particuler wave period. These rays then
radiate from that point. When these rays reach deep water, their directions
yield the angles at which wave rays should be initially started in deep water
in the cese of the first zpplication mentioned sbove.
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FIGURE 2: Initiel Wave Front Positions on Depth Grid

FIGURE 3: Selection of Initial Ray Angle



3.0 COMPUTER_OFERATIONS {(quoted from Wilson)

The computer sterts with a ray origin and spproximetes the path by
calculating successive points. For this ealculation the computer needs the
array of depth values (KMAT), the wave period (TT), the direction of travel
(4), and the coordinates of the initial position (X,Y). At each point a
first order plane is fitted by least-squares to the four closest depth
values. Water depth (h) and the gradients 5h/9x and 8h/3y are obtained
from the plane. The change in depth normal to the ray (5h/3n) is found from

sh _ _3h 2
an—-ax51nA+aycosA

Wave speed (C) and -g—s are calculated with

C=%tm (cT)

and
3C _ 3h
an  an v
where
el 1 .
= k! " 1
lfiuc + EEEWE-+ 1n{1+k"C) - 1n(1-k"C)
end
T n_ 2 .
k' = i and k" = r (see Harrison and Wilson,
196L4)

Ray curvature (K) is computed with

Denoting the current point (Pn) and the next succeeding point (Pn+

Pn+l is reached from Pn by iterating with

(1)

(2)

(3)

(k)

(5) & (6)

(n

1

)



AA = (1«:!l + K, +1) D /2 (8)
An+1 = Ay A (9)
A.= (An + An+1)/2 (10)
X 41 =% +D, cos A . (11)
and
(12)

In+1 = Yn + Dn sin A

vhere Dn, the incrementel distence between points, is given by the ratio
hn/Ld {Griswold and Nagle, 1962; Griswold, 1963).

Computations stop when the rays reach the shore, & border of the
grid, when the number of the points aelong a ray exceeds 1799 or when the
botton slope increases very sharply. The coordinates of the points. defining
the ray path, just completed, are then stored and subsequently written on
tepe. The process is repeated for each ray origlin specified. Later, the
information contained on this tape is used by the PDP-8 plotter to draw
the rays. ’

3.1 Optional Operations

The computer mey be made to perform any or all of four options
provided memory space is availeble (see-Memory Requirements). The first cal-
culates the coordinates along & ray of the positions occupied by a wave
crest et equael time intervals (CIN). If the value of CIN is chosen so that
CIN/TT = 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 velues of points on
the depth grid where the linearly-interpolated depth equels zero. This
option, if exercised, provides the plotter with deta with which it can draw an
epproximate position of the shoreline. The epproximation becomes poorer as
L,0atn=o.
9x

The third option enables the plotter to enter selected sound-
ings on ‘the rey diagrems. If a judicious selection of water depths is made,
en jdee of the bathymetry of the region of enelysis can be formed directly
from the ray plot without- referring to the chart of the region. These
soundings should also verify the accuracy of the computed rasy paths.



The fourth option causes the computer to caleculate the points
along a straight line wave front if N@FENT # O. Only the initial point (XST,
YST) end the final point (XEND,YEND) need to be specified. The front is
divided up into KPR equally spaced points and these points are taken to be the
starting points of the rsys originating on that wave front. This option
is not exercised if N@FRNT = O.

3.2 Plotter gperati ons

The PDP-8 computer is used to transform the data on the CDC
3150 output tape into the plots desired by mesns of the CALCOMP plotter and
the PLYTIS or PLTLS plotting routire. The choice is determined by the mode
of output; paper or magnetic tape. Each plot shows ray paths and is bordered
and lebelled. If the options have been exercised, the plot will also show
travel-time marks, the shoreline, and soundings.

The maximum dimensions of the plotting surface are 120 feet by
29.5 inches.? The position of the border end label of each plot is con-
trolled by AMM, ANN and HT (the height of the plot in inches). AMM and ANN
are determined from the dimensions of the depth grid. HT must be fed in end
msy be no greeter than 28 inches. The value of HT, however, msy be chosen so
as to produce & specific scale of plot (SCL). This may be done by setting
HT = GRID-SCL-ARN-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 estsblishes the origin. . Subsequent
plots are spaced by 6 inches from the previous plot.

4.0 DESCRIPTION OF COMPUTER PROGRAM (SWAVE)

This progrem consists of a me2in program, 17 subroutines (ong-: of these -
is a binary program) and 4 fimction routines. The description of the main end
subprograms follows in Figure 3 which is a diagram depicting the seguence in
which the various subroutines are called. Program varigbles will be discussed
later.

MATN Progrem

This part of the program called MAIN controls the rest of the pro-
gran and receives the data input. This data which is to be described later
is read in on cards. MAIN caells (in order) the following subroutines:
TITLE, NUMCPE, SHURE aend RAYN. RAYN is called for each ray but the other
subroutines are only called once {for each plot).

2. These are the maximum dimensions of the roll of plotting paper.



2'I'ITI.E ~ Draws borders
and labels each plot

1MATN - Tnput 1s || 36RAF - Drews each exic
read in on plot
hNUMCm - Drews soundings
on each plot

5SHMRE - Drews shoreline

IVELCTY

13 Converts depth to

1

8DRAW - Plots all

information

3 wave speed
FRONT - Sets up on _eech plot
straight line
wave front
8SUl'-lFCE - Calculates ray
curvature at each point 100¢NDER
14 Converts
3h, 3¢
LIvgVE - Calcuwlates an *° 3
I successive points
TRAYN - Comtrols| L8long each ray
celeulation of
each rey and 16
handles the PCD ~ Computes PCTDIF
output
l T d !
ST@RE - Stores all 5.
coordinates of points Eﬁﬁk-oli{‘e:g:e
used for plotting on which
program was
run

FIGURE L: Generalized Flow Chart of SWAVE
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TITLE

This subroutine produces all the informetion necessary for plotting
the borders of and the labelling of each plot. The lsbel contains the pro-
Jject number, date, plot number, wave period, end time between crest marks.
Depending on the value of NAX, TITLE mey or msy not call GRAF vhich prepares
instructions for drawing calibrated X and Y exis.

GRAF

This subroutine calibrates X and Y axes and prepares the instructions
for the resulting plot. Calibrations are located at integral values along
the axes. The product DY-SIZE must be integer.

NUMCEN

This subroutine (which is optionally called) draws specified sounding
velues on a particular plot. KCP specifies the number of sounding values,
end these values are stored in the arrsy CTPUR. For each integral value of
Y wvhere 1 < Y < ANN - 1 and for each value of CTPUR, NUMCPN prepares the
necessary plotting instructions for the plotter to draw this value of CT@UR.
This subroutine cannot be used unless g—}; > 0 & h =0 for the entire depth

grid. When RCP < O NUMCPN is not called, =nd no sounding cerd is read.

SHPRE

This subroutine (which is optionelly called) is only celled if .
RSE # 0. Vhen called it prepares plotting instructions for drawing the
shoreline on a plot. Coordinetes of points, where the linearly-interpolated
value of KMAT eguals zero, are calculated. When plotted, the shoreline
consists of a line jJoining all these points. This subroutine cannot be used

when 32 < 0 &t h = O for the extire depth grid.

FRZNT

This subroutine is only called if N@FRNT # 0. When called it cal-
culates the coordinates of the starting points of each ray if the points
211 lie on e streight line (i.e. the wave front is streight). For each wave
front this subroutine is only called once, subsequent plots use the original
starting points if the varigble NEWRAY = 0.

RAYN

This subroutine is the heart of the program. RAYN calls, in order,
the following subroutines SURFCE, MJVE, DATE, PCD, ST@YRE and DRAW. RAYN calls
SURFCE to obtain the initial curvature of the ray. MJVE then calculates the
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coordinates of all the points on each ray. DATE calls the date from the com-
puter accounting system. After each point is located on a plot, RAYN calls
PCD to obtain PCTDIF and then calls STPRE to store the coordinetes of the
point. After all points heve been generated, RAYN calls DRAW to prepare
Plotting instructions for the stored points.

The calculation of new points dlong a rsy cesses when one of the
following conditions is encountered. Each condition is followed by the
message which is printed by the computer when this condition is fulfilled.

1. MIT = 3, CURVATURE APPROXTMATINS N@T CPNVERGING

2. NG@ = 2, RAY REACHED GRID BYUNDARY

3. NDP = 2, RAY REACHED SH@RE

b. K (or KMAX + KCIN) > MMAX, DIMENSIEN @F GUIPUT ARRAYS EXCEEDED

NOTE: Condition 3 msy occur in deep water if the bottom slope is changing
too fast. .

RAYN also prepares the printed output for the entire program. Two formats
are availeble: first, if NPT # 0, MAX, X, Y, ANGLE, TIME PCTDIF, DEP, and
D.are printed for eagch point elong & ray; second, if BPT = 0, X, Y, ANGLE and
TIME ere output only for the initial and final points along & ray.

SURFCE
This subroutine is calied by RAYN and MJVE and it in turn cglls

VEICTY and CYNDER. SURFCE calculates the curvature for a specific point
elong e Wave ray. The four closest KMAT values (depth grid values) i.e.
closest to point of interest, are stored in arrey C and the coefficients
found in arrays EM and 8 are combined with the values in C to obtain the
coefficients of the plane fitted to the four depths. DEP is obtained by
interpolating on this pleane.

If DEP > 0 NDP = 1

IfDEP <0 NDP = 2

If NDP = 2, control is transferred back to MPVE. Otherwise, VELCTY is
celled to obtain CXY.

If DEP/WL > 0.5 NFK = 1 and FK = 0 (curvature)

If DEP/WL < 0.5 BFK = 2 and FX is computed efter calling C@NDER
to obtain the partiel derivetive of wave speed normel to the ray.

VELCTY

This subroutine is called by SURFCE each time a wave speed CXY is
required. If NFK = 1, CXY = CXX¢). If NFK = 2, CXY = equation 2.



CONDER

This subroutine is called by SURFCE to convert the partial derivative
of water depth with respect to the direction normal to & rsy into the partiel
derivative of wave speed with respect to the normal(see equation 3).

MPVE

This subroutine is called by RAYN and in turn calls only SURFCE.
MZVE calculates the coordinates of the next point glong a wave ray. D is
calculated, and the curvature used in getting the present point is used
to spproximate the location of the next point. M@VE calls SURFCE to obtain
the curvature at the epproximated position of the next point. The average
of the curvatures et the present and new points is teken and is used to
obtain & second approximation of the next point. This procedure continues
for a maximm of 20 times or until two successive curvature aversges -differ
by a factor less than 0.0009/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 0.009/D, the curvatures of the
19th and 20th trials ere eversged to obtain the curvature used in calcul-
ating the new point. This is done beczuse the curvature approximations
have converged to two values, MIT = 2 in this case and, if NPT # 0, the
message CURVATURE AVERAGED eppears on the printer output. If neither
convergence condition is satisfied, MIT = 3 and no new point is accepted.

Before returning to RAYN, the coordinates -of the new point are
checked to see if the new point lies one-half grid unit from the edge of
the grid. If this is true, NG@J = 2, otherwise NGP = 1.

DATE

This subroutine called by BRAYN returns the date on which the program
is run from the internal accounting system of the BIO computer.

PCD

This subroutine is celled by RAYN to celculate the meximum percent
difference (PCTDIF) between the depth at a point on the ray and the
surrounding four grid depths.

STPRE

: This subroutine is called by RAYN after each point along a rsy has
been computed. The X,Y coordinates are stored in the AX and AY arreys
respectively. If CIN > O, the X,Y coordinates representing the position of
a wave crest at egual time intervels along a ray are calculeted and similarly
stored in AX and AY. If CIN < 0, these crest positions are not calculeted.
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DRAW

This subroutine is called by RAYN after all points have been cal-
culated for a given rsy so that coordinates of these points cen be trans-
formed into plotting instructions. In order to minimige Plotting time,
odd-numbered rays are plétted beginning with the initial point; even-
numbered rays are plotted beginning with the terminal point.. IP CIN > 0O
marks gre placed along a ray to designate crest positions, otherwise
there are no marks. -

SYMBJL end NUMBER

These subroutines are system plotting subroutines used for plotting
characters or numbers and are celled by TITLE, GRAF, NUMC¢N, and DRAW.

PLETS

This subroutine is called by MAIN to initialize plotting operastions
by reserving an output buffer region for plotting information. The limits
on the dimension of this region are 120 < N < 180,000, where it is recommended
that N be at least 2000.

PLOT

This subroutine is called by MAIN, TITLE, AXTS, NUMCON, SHORE and
DRAW to issue Plotting instructions to the pen.

5.0 DESCRIPTION OF PROGRAM VARTABLES

A . - initial ray angle measured in degrees relative to the
direction of increasing X. Internally in the program
the rey engle in radians for a specifie celculation
point along & ray.

AMM, ARN -~ meximum values of X and Y, respectively, for a
Particular depth grid.

ANGLE - rey engle in degrees for a specific point =long a rgy.

AX, AY - two arreys used for temporary storage of plotter output
information. The dimensions of these arreys 1ls specified
by MMAX. .

B ~ dummy erray for starting angles for reys.

BUFFER = &n arrgy used for temporary storage of plotter outpﬁt

information. See discussion of PLYTS.

c - the arrgy for the four closest points to a specific
calculation point along a ray.
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CIN - if CIN > 0: in the input and output, the travel time
in seconds between the CIN/TT successive crest marks
is given along & ray; internslly in program, the same
time as gbove but meesured in hours. If CIN = 0: no
crest marks are made on the wave ragys.

CT@UR - an array of up to five sounding values in feet.
These values are plotted numericelly on the resultent plot.,

CXxg¢ ~ deep weter wave speed in ft/s.

cxXy - wave speed in ft/s at a specific point on a ray.

D - incremental distance in grid units between
successive celculation points along a ray.

DCgR ~ conversion factor which will take XKMAT values
into units of feet.

DEP - water depth in feet at e specific point on a rgy.

IN - before CPNDER is called: 5h/4n in ft/grid unit;
after CYNDER is called: 3C/®n in fit/s/grid unit.

T - & durmy ergument for subroutine DATE where the
date is subsequently stored.

DY - number of grid units per inch for & specific plot.

E - arrgy of coefficients of the equation of the plane

fitted to the four closest depth values around a
point aiong & ray.

EM - array used in calculation of coefficients for fitted depth
plane (see Harrison and Wilson (196L4), Appendix C).

FAN ~ FAN # 0 (for rays originating from one point) ceuses
rays to be numbered at their terminal points;
FAN = 0 (for rays originating along a front) causes
their initial points to be numbered.

FK ~ ray curvature (1/grid unit).

GRID -~ number of feet per grid unit for e parbicula:;' depth grid.
HT ~ length in inches of Y exis for a specific plot.

1,J — indices for KMAT: I =X+ 1, J=Y + 1.

K - index specifying the number of regys in straight

line wave front.

KCIN ~ nunber of crest marks celculated elong a ray which do
not correspond to calculation points used for
plotting the ray path.



KREST

MIT

ey

NDP

N@FRNT

N¢gR
NPL@T

NSH
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errey of grid depth. Dimension is (MM, §N).

number of crest merks calculated elong a particular rey.
LI + 5 = number of lines printed per page. )

serial number of a specifie calculation pbint along a ray.
MIT = 1' if the curvature epproximations in MJVE heve
converged to one valuey; MIT = 2 if they have converged _

to two values; MIT = 3 if they have not converged.
X-dimension of the depth grid (number of.points on X axis).
dimension of AX and AY arreys .. .

number of plots to be prepared for a given operstion
of the computer program.

rgy number.

if NAX = 0, the borders of a given plot will be
uncelibrated; if NAX # O, the borders will be
calibreted with integral values of grid units.

this varieble specifies the number of sounding values
which are to be read in (must be < 5) if NCO < 0 no
sounding card is required. ’

if IEP > 0, NDP = 1, if DEP < 0, NDP = 2.

if NEWRAY = O the starting points for the previous

vwave front and plot are to be used egain; if NEWRAY # 0
these starting points are calculated by calling
subroutine FRUNT or read in on cards.

iz (DEP/WL) > 0.5, WFK = 1; ir (DEP/WL) £.0.5;, §FK = 2.
Y-dimension of the depth grid (number of proints on Y axis).
if NPFRNT = O then wave front is not straight and the
points on the front must be reed from cards and FRURT is
not called. If E@FRNT # O then only XST, YST, XEND and
YEND need be read in end subroutine FRENT is called.
number of rgys to be drawn for g glven plot.

plot number.

this determines the format of printed oﬁtput. See
discussion of RAYN in previous section.

if NSH # O e shoreline is drewn; if NSH = 0O no shoreline.



NXCMAT

PCIDIF

PROJCT

SCL
SCL1

TIME

XY
XEND,YEND

XST,YST
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if NXCMAT = O & depth grid is resd in; if NXCMAT # O
the depth grid for the previous plot is used again.

this is the percent difference between an interpoleted
depth and a nearby grid depth. See discussion of PCD
in previous section.

six digits of alphanumeric information used to
identify the project number.

width in inches of the plot.

array used for calculating the coefficients
of fitted depth plane.

scale of plot.

1/SCL.

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

wave period in seconds.

calculated X coordinates of points on straight
line wave front.

calculated Y coordinates of points on straight line
wave front.

deep—watei' wavelength in feet.
coordinates of a specific ecelculation point.
coordinates of end point on straight line wave front.

coordinates of starting point on straight line
wave front.

6.0 PROGRZM LISTING

{see following pages)



SEQUENCE,708
JCBy SPAV-Q 3

FCRATRAN, L, X,

DOV OOO00

Soonno

jeerrencassccaen 'oa
»366P ,005,AC N

MS FOATRAN (4.2) 78S0S 187012

PROGRAN SMAVE
FAIN FROGRAM FCR THE CALCULATION AND FLOTYTING CF SURFACE WAVE RAYS

THIS PROGRAN NEECS THE FOLLOWING SUBRCUTINES.« TITLE ,GRAF,
BUHGCNySFtﬁEyFﬁthlyFAVN.HGVE|SURFCE.VELCTV,GONDER.PﬁB'SIGﬁE.
DRAH,SYHBCL,&LFEEE,FLOTS,PLGT,AXISXV.FLO?!Y'ANB DATE

THIS PFOGRAF WAS FREPARED 9Y ke S WILSTNyOEPT OF OCEANOGRAPHY,
JCHNS FOPKINS UMIVERSITY, IN FURSUANCE OF CONTRACT 0A=49=055=
CIV-ENG-€4=-5 k1T THE COASTAL ENGINEERING RESEARCH CENTER,
LeS«ARMY CORPS CF ENGINEERS. JULY 2141985,

DIMENSION S(3,3), EF(4,3), E(), YUHL2), KMAT(25,33), Clu4)y BUFFER
841, AX(1800), AY(1800), CTCLR(S), UisQ), visol, B¢50), IVFY(21)
COMMCN /DATAZ S(3,3) .

COMMGON /CATAZ EV(4yQ)

CCMHCA E.VVH,KFDI'G.UUFFER.ﬂX.AV.OVDUR'FROJCT.UpY'yﬂXY.NAX.GNlC.
GCCONSDEP oLy AHN,ANN DYy FAN)CIN, OT 4RT

MEW USERS BEWARE CF DIMENSICNS CF KMAY, FORMAT OF KHMAT, AND
VAUE CF HT, KHICH DETERMINES THE SIZE OF THE PLOYS

THE VALUE OF HFAX MAY ALSC HAVE TO BE ADJUSTED IF THERE ARE
PORE TFAN 3800 PCINYS CALCULATEC ALONG EACH RAY

'tdz? CCISJ!,JI.4=l.3).!Bl.3)-0-19|-é.5.-0.5.-0-6'3-0,0-0.-3-5'ﬂ.in
’ .

E;Tl (((EH!I,X),Lﬂluhiglﬂl.l)‘kil-ﬂa)pﬂ-ﬂn!ll.ﬁﬂ)yJiﬂ-ﬂ).Z(lcOﬂl)
CALL FLOTS (BUFFER(2030),2333) :

CALL GATE (OT)

LIl 5 (LI-4)/3
READ 18, MXPLCY,PROJCT
FRINY 89 .
PRINY 20, MXPLCT,FROJCT
CC 17 NPLCT=1,FXFLOT

RESD 21, !l.ACH.FH,NN'GRID.QCON'NSP.NOOpNxcﬂhfnNP';NAX.CIN.HT.
3 NCFFNT,MEWRAY

IF(FYoGT.2840HT a 28

PRINT 22

PRINT 23, tl.hCH.ﬁH.NN.GR!D,BGCN,NSH,NGO.NXCHA!.RP!.NIX.GIN.H!n
§  NCFRNT,MEWAAY

CIN = CIN/JEO00.

WL = 32.2°T1%92,/6,2831864

ANN = M=)

ANN 3 ANeg

DY = ANN/ZHT

SCLI = GRIO*CY*12,

KRAYS = NCR

CALL TITLE (DPLOTHNAXy SCLILHT)

IF INXCMAT) Go1,8

REAL (60y24) (IVFTII),1=2,81)

PRINT 25

PRINT 265 CIVFT(I},T02,21) .
REAG (80,IVFT(2) 3 CAKMAT (1400 9 T01, PM) pJmi  NND

> .’bhb’bb")Dbbbb’bhbh)hhhbhbbbbh’ﬁbbhbbbbhbbhbhbbbbbbb

#%0 MSOS V4e2 BCITICNwSC DATESL2/02/78.

s
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- N

X N

10
1

12

13
14

15
18

~

1

i8
19
20
21

FORNAT
FCRMAT (2044)

FORMAT (4HD, ZHHVARIABLE FCRMAT FOR KMAT)
FCRMAT (1X, 2

FORMAT (IHJ.ZRBOEPTP GRIO VALUES (KNATYH)
FCRMAT (84)

FORMAT (5F8.2)

PRIAY 27
IVFTCL) = 4niaXy
| L
ENCEDE (1,28,1VFTL2) )1
WRITE (blglVFl) LIKHAT €190y Jud gHN) g Jug yNN)
I+ INCL)Y Uyby
REAC 29, (C‘CLF(IG':KC".NCO)
PRIN 30D
PRIAY 31, (CICLRUI) Is1,hCC)
CALL NLMGCK (FFyAN,NCO)
IF (NSH)Y 5,6,9%
CALL SHFCRE (FFyNA)
IF INOFRNTJEC.0) 7,10
IF (NENRAYJEGC.D) 14,8
D0 § N=i,KRAYS

MAX = |

REAT 324 Ak, VYyFAN

FRINT 33

FRINT Juy AyXyYyFAN

LN = X

VipN) = ¥

B(N) = A®0,017453292%

f a3 A%,3174532925

CALL RAYN (X ¥ A)NPLOT Ny HMAX,LI)NPT,LIT)
CONTIME
60 10 16
IF (NEWRAY.EG.0) 12911
REAC 35, A,XST,YST,XEND,YEND
PRINT 36
PRINT 374 AyASTyYSTyXEND,YEND
FAN @ 0.
GALL FRONY ("ﬁsijvstllEhn.VEND.Noﬂ’U|V’
DO 13 Ksi,KRAYS

8{K) = A
CONTIME
DO 15 K=1,KRAYS

MAX =2 4

X = UKD

Y = VEK}

# = BLKD

CALL RAYN (XpYyAgNPLOT Ky MMAXGLI,NPTHLIL)
CONTINUE
CALL PLCYXY (RT14Gep=2:39050)
CALL ENCFLCY (20)

CALL AXISXY (za.«a.n.au.n.o.u.an.n.zo.n.—z..-z..-a.n.-a.o»
CONT INLE
CALL FLOT (00904093}
BRINT 238

FCRMAT (I3,A€)

FORMAT (41X 14HNXPLOT PROJGT)
FCRNAT (1X%,1€P€)

FORMAT (F5.1|1&.ZI§.F7.0.F7-2.5!k,FT-0.F9.8,2X.Il,hx,l 1)

FCRMAT C1HJ,83H 17 NOR MM NK  GRID  CCON NSk NGO NXCMAT NPT
$nAX  CIN Ht NOFRNT NEWRAY)
(1!.F5-1.!k,21&.F700 FPa292109 2X9 155214 yF740,F9e392691K,38)

PP PP PP PP EB PP PR PR PR OEREPRPRPREEERRDBED PP DD DI



FCRMAT (KO, 31rSCLNA

FGRNAT (1X,5F5,0)

FLRMAT (B7e2,2F
FCRMAT (1h0,22¢

FURMAL (FlazqauF
FCRMAT (1H0,30h
FCRMAT (1X,F7.2
FCRMAT (47H1THI
EnD

PRCGRAN VARIABLES

31394 R A 01331 X KC 98323 1
gt526 £ 8 G077z 3 KRAYS 00747 1
00759 R HT- gov24 L 80746 I
ac7rse 1 I 6072¢ 1 LIz 00753 I
3672 1 IVFT 00741 1 MM 00742 2
9c?76 1 J €0722-1-  MraAX 90752 1
01024 1 K ag73g 1 MXPLOY 00740 %
GCPFRCM VARISBLES
1726477 & ANN 0s2re R c 17474 R
17501 R ANN 17507 R CIN 17473 R
01004 R AX 17444 R CIGLR 17511 R
13426 R AY 37464 R cxy 17633 R
g1402 & BUFFER 17460 R 0 00000 R
DATA VARIABLES
gco2z En 00000 & s
STATEMENT NUMEERS
1 03354 8 01620 18 02042
2 01523 9 61706 18 02052
3 o1s27 10 01717 17 02114
4 31630 11 01723 18 00000
5 nieo04 12 01777 1§ 00002
€ 01610 12 02006 20 00010
7 01614 14 02014
FCRIRAK LIAGNOSTIC RESLLYS FoOR SHAVE
CCPPILED LEKGTHS OF SWAVE -~ P 02160 1788 0

hC ERFORS

Le2yF3,0)
MAGLE

o)
ANGLE
giFEc!)

X Y FAN)
FORMAT (SX)F74242F6,2)F3.0)

XST

18 THE ENDJ)

ING VALUES TO BE CONTOLRED)

YST XEND YEND)

NAR
NCC
NEWRAY
NN

NOFRNT
NOR

DCCN
OEP

oy

33382

DD DI

007235
00746
00743
09745
aarvo
00216
00362

17608
17467
00014
17466
17486

00043
00030
)57
06076
00100
00111

X020 20 e g bt 0

DEDD

FAN
GRID
KMAT

‘PROVCY

60114
00128
20126
00130
0014

00448

17843
17462
17478
godee

DWDEODHD

A DD

X
XEND
xSY

Y
YEND
YsY

0Qis2
goig2
33167
go0azz
90204
80210
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naoo

[ ~ -

w e

PRCG

0c363 R
00026 1

conr
17677 &
. 17504 R
01406 R
13626 F
01402 R
oatTa
ogo22 R

stay

MS FORTRAN (4,2)/MS0S 2/Mm e
SUBROUTINE YITLE (NFLOT,NAX,SCLI,hT)

TNIS SLBRCLTINE KEQLIRES THE FOLLGWING SUBROUTINES,PLCT,SYMBCL AND
NUMBER AND GRAF

CINEASIOM IFRCJNCL21)

CIMENSION SU3,3)p EFC0y3)y ECI), YYNLI), KNAT(2B,30)y Ct4)y BUFFER
$01)y Ax(1800)) AY(1800), CTCLR(S), U(S3), VISI)y EL5)) IVRT(21)
COMMON ZDATAZ $12,3)

COMMCN Z0ATAZ EMIG,D)

COMMCN E)YVigKNAT G yBUFFER)AX9AY yCTOUR PROJCT ;85 TTCXY,MAX,GRIC,
SCCON)DEPy hLyANF yANN DY, FAN,CIN,CT4RT

KT = AbM/LY

INPLCT = APLCY

ENCOOE (81,6,1PROUNCH

CALL SYMEBOL (=1.5,0+090421, IPROJINC(L) 4904901)

CALL MLMOER (=1.5,1€42590424,CIN*3600499044=~1)

CALL NLMBER (=345)1242590421977,90491)

CALL ALMEER (=1.5910025,0421,45CL2,904 =1}

CALL MMPER (=1.5907.75,0424XNFLCT 90091}

CALL SYMUGL (=1459320889042190T7990.,8)

CALL SYMBCL (~345901s4ky0421,FRCICT,90,4,6)

IF INAX) 24142

CALL FLOT €0.0,0.0,0)

CALL FLOT €04044T7)2)

GO T0 3

CALL GFAF (0450492RYy4,HT38045044CY)

CALL GRAF (04,049 iRXy=1yRT90ep0e,07)

CALL PLOY (040,F7,3)

CALL FLOT (RTyk142)

CALL FLOT (RT,0.0,2)

IF INAX) S,l,y5

CALL FLOT (0.0,0.042)

CALL FLOT (0404040,-3) .

YHT = bT

FETURN

FORMAT (BAHIPRCJUNCEL) » PLOT NO. s SCL = 47/

= sy CIN = )

€
END
RAN VARIABLES

8 gos2r 1 IVFT 00247 R v 00554 R
v

IPRCUNG 00053 R
Ch VARIABLES

ANN oa37é
ANN 17507
AX 17444
AY 12464
BUFFER 17460

VARIABLES

< 17474
CIn 17473
CICLR 17514
Ccxy 17503
0 00000

DDDBD
DD
=1
-t

EM JJI R s
EMENT MUMEERS

OCCN 47508 R
OEF 47487 R
Jd3L 1
oy 17466 1
E 17456 R

OENOBREWN.

XAPLOT

FAN
GRID
KeaT
MAX
PRCJCT

ogéLy R

47843 R
17462 F
17478 R
00006 &

YHY

RY

L[
YV



1 00757 2 ae772 3 010

FCRIRAN LIAGNOSTIC RESLLTS FOR

CCFPILEC LENGTHS OF TITLE =P 01124 ¢ 17513
NC ERBORS

25

TITLE
0

gansz

4 08043

§ 04090

& 00000



oco0n

NS FORTFAN (4.2)/NSOS 12702722
LLORCUIEWL KUFCCN (PH NN, HCO)

emecsscsecccrnacnan —— e PCTY TN cunseas

THIS SLBRCLYINE REQUIRES THE FDLLtH!NG SUBROUT INES,PLCTy MUFBER

ALU THL FUNLTILM XNLLH.

CIMENSION S(3030, EF(4y3),y E(3)) YVW(3), KFAY(25,30), CU4), DUFFER
${1)y AX(1800), AYL1000), CTCURLS), UL50), VIS03, EI50), IVFT(2Y)

&GP e

D M= owm

i0
11
i3

14

15

CONMCN ZDATAZ §13,3)
COMMCN /CATAZ EFL,3)

COsMCN E.\Vh.KP!IpG|BUFFER|AX,AV.GTOMﬂ.PRDJG'pﬁ.llpGlV;HAX.GRICp

SCCON DEP KL s ANN yANN ,0Yy FAN)CINy DT 9RT
ACD a MN~i
HCO = MM-)
€0 22 v=2yMC0
YJ ® J-3
KKK = 4
00 13 KCaiyhCC
KNIT = 0
NDIF o 3
1 = M-}
€0 12 11s4,M00
X1 s 1-4
I s 348
XL @ ILl-4
IF tKRIT) 1,8,43
IF (KFll(llJ)) 24243
KWIT o

1F (KHAIl!.J)‘ﬂcON~CIOUR(KG)) Selks?

AX(kKK) & XI
AY(KKK) = CTOQURLKCY
KKK = KKK+Q

MEXIF = 3

6C TC 12

GC 10 (5191530 NDXF
NCXF =

GC 1C 13

GC TC (9,8,8)y NDIF
NCIF = 2

GC 10 12
SLPX 3 (CCCN®(KMAT (ILyJ) =KMAT(I3J)) )/ (XL-X1)
XP = {GTCUR(KC)=DCCNSKMAT(Z4u))/SLPX4RT

AXCKKK) = XP
AY(XKK) = CTCURIKC)
KKK = KKK+d
GG 10 (td.ttb‘ NOIF
NCXF =
GC 10 12
MOIF = 8
12 I-¢
CCNIXKLE
KKK = K=1
1P IKKK-!) 22517 944
KKL = KKK=i
D0 16 IAsiyKiL
1A0 s 1be2
CO 16 IB>1AL, KKK
IF (AX(IA)=AXLIB}) 16936418
XMIN = ax(1a)
AX{I8) = AX(18)
AXCIE) = XMIN

ao ﬂﬂﬂﬂﬂﬁhﬂﬂﬂﬂﬂﬂﬂﬂoﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ0ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂaﬂnﬁ QOO

Y Y KRy Y

10



16
18

19

22
e1
22

XMIN = AY(IA)
AY(14) = Av(Id)
AYL18) = XVMIN

CCNTINLE

IF (XFCOF(Jy2)) 19,18,19
(]

KCNE = KK
KACE = -1
LAST = 44
G0 10 20
KCKE = 48
KADC 2 <1
LAST 3 KKK

CALL NUMBER (AX(KONE)/ZDY9YJ/DYy3440,AYCKONE) 9d0dp=2)

IF (KCNE=LAST) 21,22,21
KCNE = KCMNE+XAGD

6Q 70 20
CONT INLE

CALL PLOT @04y04y<3

RETURN
END

PRCGRAM VARIABLES

39313
00916
40534
00535
00536
0C517

b ot 0t et 2o TY

CCHNCh VARIABLES

17477
175082
01404
10424
14622

R
R
R
R
R

’

AMM
ANN

AX

AY
BUFFER

BAVA VARLABLES

09022

EM

STATEMENT MLMEERS

1 00744
2 £0754
3 00753
4 0076%

FCRYRAN CIAGMOSTIC RESLLYS FOR

ggsaz
00454
00804
3542
605114
00510

et bt Dut et 20 D

1372
17507
17444
17464
17460

DTBD/DDD

S 04004
€ 01010
7 04013
8 1922

CCFPILED LENGTHS OF XUMCCA - P
S

MC ERFOR

I
IVFT

J
KABE
KKK

CIN

CTOLR
\]

1382

(]

00533
065461
00512
313543
.08503

17474
17473
17514
17903
00000

8 01025

10 01073
11 01076
12 31133

17518

00 03 08 =0 0

AUMCCN

3082

oaoaOOLOOOOO0OOO0O000

00514
00501
00527
24333
00144

17608
17467
00014
17466
17456

13 01112
14 01133
15 011854
16 1172

70 i 5D

NGIF
SLPX

Fan
GRIC
KFATY
Max
PROJCT

‘17 01212
18 0117
19 01327

00520 &
00523 &
00837 R
00531 §
00506 &

17813 §
17462 &
17475 B
338 B

Xz
XL
AMIN

A\ 2

20 04236
a1 012e7
22 giare

- EEZ -



o000

~ .

&

QW & N oW

e

13
18

48
1?

MS FORTRAN (4.2)/NS0S 12/07122

SUBRCUTENE SHCRE (NNyNN)
THIS SLOFCULTINE RECLIRES VHE FOLLCWING SUBROUTINE, PLCT.
17 ALSC REGUIRES THE FUNCTICN PCNTF

CINENSION SU3y3), EFtLy3)y EL3)y YVH(I), KPAT{25930), C(4)y BUFFER
$41), AX{1800), AY(1800), CYCUR(S), ULSQ), V(S50), BCS50), IVFT(24)
COMMON ZCATA/Z §5(3,3)
CCHMCN ZDATAZ EF(4N)
CCHMCN E.YVH.KFAI.G'BUFFER;II.QY'CYOUF.PROJO'nﬂ.TloB!Vlel.GRIl.
lggONngP.thAHh.ﬂhN.DV.FAh.CXh'DT,RT

-

€O 17 Jag, NN
YJd 5 J=i
JL = Jed
YL = JL-}

00 16 Ilng,ykM
Xl s I-i
IL = et
W = IL-1
IF (XMATETy0)) 145,13
IF 11C=2) 24243
¥P = FONTF XL XLyKMAT(T4J) o RHATLIL,J))
CALL FLCT (XP/DY,YJ/DY,1CH
Ic = 2
Go 10 17
¥ (J-!’ s
P a FCh’PIVJ.VLlKHAT(i;Jl|KHA‘(I.JL”
géll ;lC‘ 10. yYP/0Y ,IC)
)
P 5 PONVFOXI XL KMAT (1,00 o KMAT LIL4J})
gﬂl# FLC' (XP/0Y: ¥YJ/0Y,1C)
Q
IF (IX‘VN' 996s9
CALL FLCT (3I/0Y,Y3/DY,1C)
IF (IC=20 7,7,8
Ic =3
G0 T1C 17
1I°= 2
€0 1C 17
IF (1C«2) 18,12,40
IF CJ=1) 12,332,184
YP u PCNTFUVJ YL KMAT (1539 KMAT (L9dLl))
CALL FLCT (0.,YF/0Y,1C)

1 =2
géLL FLCT (31/0Y,YJ/0Y,1C?

GO T0 17

IF (II-MM) 46,34940

IF (1C-2) 18,15,17

YP 8 PENTFUYJ YL KMAT {44J) ,KMAT (1,JL0)
CALL PLCT (J4,YP/DYIC)

1
CCNTINLE
CaLL FLDT (0;0.0.0.-3]
RETUR
END

DO ooDOCODNOOCOCECOCOOoNOoDoORNOUOSODOCo0D0ORSODODODDCOO0O0D0D



PRCGRAM VARIABLES

0C310 & ] [1EITIRY It 00907 1 Ju
acs12 b4 00454 X IVF?Y aoogoe R V)
00501 1 I¢ 28321 4 Q44 R ¥
06513 1 11
CCHNCN VARISBLES
17477 B Aum 01372 R C 172471 R OCEN
17508 R ANN 17507 R GIN 17423-R OGP
01404 R AX 17444 R CTOUR 17514 R OT
40424 R AY 47464 R cxy 17503 R oY
01402 R BUFFER 17460 R D 90000 R €
DATA VARIABLES
0co22 & EM G000 R S
STATEMENT NLMBERS
1 66693 4 00717 ? 61022.
! 2 2e6d 8 Q0775 8 01025
3 o712 ¢ 61002 9 01030

FCRTRAN DIAGNOSTIC RESULTS FOR SHORE

CCFPILED LENGTHS OF SHORE -P 01234 € 17515 O o0oos2
NC ERRCRS

00514
00517
22823

17608
17467
00014
17466
17456

13 01338
11 04042
12 c402¢

[0

DD

Xz
XP

FAN
GRID
KNAT
MAX
PRC.CY

.13 uus
14 01413
15 01130

00808
00520
00828

16 J1347
17 91461

- ga -



- Y- X - N-F-T.]

CALL SYMEOL (XA,¥B8,0.1448CD,THETA,NAC)
RETURN
ENO
PRCGRAM VARIABLES
00044 R ABSVY 00006 I NAC 00018 R TH 00032 R
82016 R CTH gago2 R SIG» ogoe2 R TN 00024 R
Jd337 1 I 30320 R STH 00086 R TNC . 00040 R
oc0is 1 N
STATEPENT ALMEERS . .
1 60103 2 00105 3 00220 . boDo27e

(X2

(L3

NS FORTRAN (442)/M505 1201772
SURRCUTINE GRAF (X, YoNCDy NC,SI2E, THETA,YMIN, DY) '

THIS SLORCLTING FEGUIRES THE FOLLCWING SUBROUTINES,PLOT,SYNBOL AND
NLMDER. 1T ALSC KECUIRES TFE FUNCTIOM MOOF.

FCOIFIED FRCP A CALCOMP SUBACLTINE OF THE SAME NAME.
FEPROCLCEL NWITH PERFISSION FRCM

CALIFCRNTA CCMFLTER PRODUCTS, INC.,ANAHEIM,CALIF.
SIGN ® 1,0

IF ING) 1,2,2

SIGN = =1,0

MAG = DAESFUINC)

TH u THETA®D,017453294

N a DYSSIZE40.9

CTH = COSF(TH)

STH = SINF (TF)

IN®m N
g = X
Yg s ¥
XA 3 X=0,4°SIGMN*STH

YA = Ye0.48SIGNUCTH
CALL PLOT (XxA,YA8,3)
€0 3 Iag,N
CALL PLCY (XE,Y8,2)
XC = XE4CTH/CY
YC = YE4STH/CY
CALL PLCT (XCyYC,2)
XA = XACTH/CY
YA = YASSTHILY
CALL FLOT (XA,YA,2)
X8 = x¢
Y8 = YC
PESY = YMINGTA
XA & XE={s20°SIGN=405)%STH~,02857%CTH
YA = YE+(.20°SICN=,(5)°CTh=,02857*STH
o= Net
CO 6 Iagyh
IF (MCCFC(ABSVS5e)) 55445
CALL MUMBER (xn.vn,u.t.Aﬂsv.1u5tn.-1)
ABSV = ABSV-i.
XA 3 XA«CTH/CY
Y& 3 YR-STHICY
ING 2 MAC+?
XA 2 X4(SI2E/2.0+«0&%¥TNC) *CTH~(~oJ7+SICN*.36) *STH
YA = VO(SIZEIZ‘O-.DG‘TNC)'STHO(-.G?OS]GN‘.JS)'CTH

mmMmmmMmMmMMMmMMmmmMmMmMOMMMIMMmMEMmMmMmmmmmMmMMmmMEamMmmMmmmammmmEammmem

WONON LR

10

XA
X8
XC

$ 00306

00034 R
00aze R
00842 R

YA
Y8
Ye

© 00315



ccrp
MC EFRRO

FCRTRAN CIAGMOSTIC RESLLTS FOR

GRAP

zgec LENGTHS OF GRAF P 285 € I 0

_La_



MS FORTRAN (4e2)/MS0S 12702712

=mum
™
O

FUNCTICN PONTF ity x2,D1,LC2)
FONTF » X1=C1®({X$=x2}/(01-D2))
END
FCRTIRAN DIAGNOSTIC RESLLYIS FOR PONTF
CCPPILEC, LENGTHS OFf PCATF -P 0pged € agooa 0 80000
NC ERRORS



1
2
3
4

MS FORTRAN (4.2)/MSOS
SLIROUTINE FRCNT (A ,XST,YSToXEND,YENDyNORyUyV)

DIMENSION §(3,3), EFC4s3)y E(I),y YVH(I), KNMAT(25,30)y Cl4), BUFFER
$41)y AX(1800), AY(1800), CTCUR(S), UCED), V(B03, B(50), IVFTi21)

COMMCN ZLATAZ S43,3)
CCMMCN /CATAZ EFL4,)

COMMON EoYVisKFAT,CyBUFFER)AX5AY ,CTOURpPROJCT 90y TT4CXYMAX)GRILS

GCCON,DEP y WL s AMK o ANN,DY FANCINy DT yRT
CAR = MOR~S
KRAYS 2 ANCR
XINCR & (XENC=XST)/CNR
YINGR s (YENC~YSY)I/ZONR
4= A%0,0174532%28
Uiy s XsY
V(1) & YSt
Fl o 3.1415926536
API = FI/2.
BA = A<AF) . '
00 1 K=2,KRAYS
U(K) = U{K=1)+XIACR
VIK) = VIK=-1J¢YIMR
DELX = LUIK)=XEND
QELY = V(K)=YEND
IP (DELXeGE«DeJdI31.ANDeDELY.GE«D.0001) 298
CONT INLE
ADEL © NCR-K+1
IF (NOEL) 39043
FRINY §
CONT INCE
RETURN

FORMAT (1X,42hERRCR IN CALCULATION OF RAY STARTING PCINT)
END

PROGRAM VARIABLES

3323)°'R AR 00234 R . DELY 00232 I K
20226 & APX 00236 R DELY 00211 I KRAYS
00085 R B 00163 T IVFY 00242 I NDEL

CCFPCN VARIASLES ’

CAMTT R AMM 01372 R € 17474 R DCCA

172501 R ANN 17507 R CIN 17473 R DEF
01404 R AX 17244 R CTOUR 17611 R OF
1424 & AY 17464 R " CXY 17633 R DY
01402 R BUFFER 17460 R O 00000 R €

UATA VARIABLES
00022 R EM 0000 R S

STATERENT NUMBERS

1 00343 2 00353 3 00363

FCRTRAN CIAGNOSTIC RESULTS FOR FRONT

CCPPILED LENGTHS OF FRONT - P 00456 C 17515 ' O  00QS2

NO EREORS

i2/0/17¢2

OO ANOOOOOD

oga2z R
00206 R

17508 R
17467 R
00014 I
17466 I
17456 R

4 003€7

OO NGAN S W

Pl
QhR

FAN
GRIEC
KFAT
MAX
PRCJCY

¢ nocoo

poz21e
qu2t4

17643
17462
47478
ooocoe

m|BOED

XINCH
YINCR

- t;a -



(X XX Y3

-

S N o\ swun

1
12
13
14
3

18
17

18

18
20
21

. MS FORTRAN (4+2)/MSOS 12700712
SUBROUTINE KAYN (Xy¥yAaNPLOT oMy MMAX,LI,NPT,LET) '

IMIS SLOKCULTINEG RLOLLIRES THE FOLLLWING SUBROUT INES,; SLRFCE yNCVE
CATE (DINAKY) yPGCySTCRE)AND LRAW

IT ALSC RECLIRES THE FUNCYICN XMOCF,
CIHENSION S5€343)y ENFG&y3), ECI), YVK(D), KMATU29,300, ClU), BUFFER
4010, AX{18J0)y AY(1E00), CTCURIS), ULSD), Vi(50), B(50), IVFT(21)
CCUMGN /DATAZ S513,3)

CCHMMON ZLATAZ EM(U, Q) °

COMMON E,vvu.KNB!.C.BUFFEH.AX.RY.C!BUE.FROJGI.B.!l.C!V.HAX.GRIE,
SCCONJOEP Lo ANN L ANN JDY o FANSCIN L T,RT

NGP o g

MK o

NGO = 8

KREST = 0

KCIN & 0

CALL SLRFCE (X4YyAyFKyNFKyNCF)

CALL MCVE (X.';A'FI.NGD,HXT.th.NSPl

TIME = 0,0

ANGLE = A®57,2557795)%

1F (NPT) 1,8,1

ERINT 23, PRCJCT,LT,NPLOT ,TT,A

FRIMY 29

60 T8 16

IF IR=1) 4,4,3

IF (XMCDF(NyLITIY}) B,4,5

FRINT 30, FRCJCT,CV oNFLOT,TT

FRINT 28

FRINT 32, NoMAX,XyY,ANGLE,TINE

G0 10 16

FAX » JerAX

1F (PAXSKCINSNRAX) 87,7

FPINT 33

GG Y0 25

2CXY = CxY .

CALL MCVE (X4Y,4,FK,NGOyMIT,NFK,NCP)

GC TC (1099)y ALCF

FRINT 234 .

GO T¢ 28

6L TG (12,12,11), HIT

FRINT 25

GO TO 25

IF {NF1) 13,15,13

IF (XNCDF(MAXSLY)) 15,14y145

FRINT 28, PRCJCT,ET NPLOT ,TT,yN

PRINT &9

TIME & TIPEH(D*GRID/ (1800 % (CXY+2CXY)))
ANGLE = A%57.29577951

IF INFY) 17,268,177

CALL PCO {(CHE,FCTIDIF)

FRINY 36, MAX X, Y ANGLE s T IME ,FCTDIF ,0EP50
KMAX o MaX

X = X

FY oy .

CALL STORE (XyY,8,KMAX,TIME,KCINy KREST,HMAX)
GO 70 (21,19), MIV

IF (NFT) 20421420,

PRINT 37

IF (MAX~1) 22,22,23

::::z:z:xz::x::::::z::1::::::r:x::::r.:::::::r:xx!x:::::z::r:r::z

ODND UL W

-og-



GC TO (648)) MOF
GL IC (Lyzu), NGO
FRINT 38

IF (NPT} 27926427

FRINT 29, NyKPAX,FX,PY,ANGLETINE

CALL OFRAW (N KMAX,KCIN,KREST)

FETURN

FORMAT (1h2,L1WFRCJECT NO.,A6G,2Hy 948,10Hs PLOT NCoy13,10H, PEFICO

$ 24FSa1yp1UH SECey RAY NOspI3y1H//)
.29 FORMAT (3 93X93hMAX, 06Xl kXyB8XyLHY 8 X 3BHANGLE 9 Xy 4HT INEy Xy

$EHPCTDIF 95Xy SFCEFTH 6 Xy1HO//)
30 FORMAT (12HIFRQOUECT NC.9R642Hy 9A8,10F, PLCT NC.,13420H, PERIOD s

$F544,5F
URN

FURMAT ¢

FCRUAT
FCRMAT
FORMAY
FCRMAT
FORMAT
FCRMATY
FCRMAT
FCRMAT
END

SEC/277)
L]

(IR s 1691X%,17,2F942,F11.2,F10.3)
(B0Xy36+CIPENSION CF CLYPUT~ARRAYS EXCEEDECS)

80Ky 10FFAY REACHED SHLRE.)

(80X 40RCLRVATURE APPRCXIMATIONS NOT CONVERGING.)

(X792FGe25F11429F10435F10439F10.29F1003)

CiH+ 80X 1SHCURVATURE AVERAGED )
(80X, 26HFAY REACHED GRID BCUNDARY.)
(140, 1€91X;1752F 92, F124245F13439/72)

PRCGRAM VARIABLES

33754 & AKGLE 03742 1 KCIM 20734 1
0cs43 & B 60766 I KVAX 00736 I
80763 R FK Qu740 I  KREST 00737 I
00707 T IVFT 00708 T HIT 00766 R

COFPFCN VARIABLES

372477 F ANM t1372 R © 17471 R
17501 R AWK 17507 R OIN 17473 &
01404 R AX 1764 R CTCLR 17511 R
13424 R AY 17464 R cxyY 17503 R
01402 R BUFFER 17460 R 0 00000 R

DATA VARIABLES
. 0622 R EN 0RO S
STATEPENT NLMEERS
1 01042 8 01157 19 012%6
2 01065 $ 01201 16 01276
3 e 13 21236 17 3133
4 03100 11 01215 18 01331
9 01120 12 0i222 19 01357
¢ 01141 12 01226 20 01383
7 1152 14 31234 21 31367
FCRTRAN CIAGNOSTIC RESLLYS FOF  BAYN
CCPPILED LENGTHS OF RBYM -p ais82 17515

NC ERFORS

NOP
NFK
NGO
PCTOIF

RAY NCayiXy3HMAX 68Xy AHX 8K AHY , 8X s SHANGLE 56Xy YHTINEL/ )

0g767
00774
00758

17505
17467
33d44
17466
17456

01374
04402
01410
01434
01620
01440

T T I I I I TIEINNIIITIYTIIXEXTTIX

M=o D

Px
TINE

FAN
GRIC
KNAT

MAX
PRCJCT

00000
60030
00085
00140
00317
06127

mmm



aoo

NOALS @ ps

1?7
18

2

-

PRCG

39917 R
ggs21 &
90340 R
00545 R

NS FORTRAN (4.2)/MSOS 1291712
SUBROUTVING MCVE Ny Yy AgFKyNGC)NIT 4 NFK NDP) ’

THIS SLOACLVINE REQLIKED THE FOLLCWING SUBROUT INE ,SURFCE,
CIMENSION 5(3,3), EFU4,3), ECD), YVN(3), KMAT (25,3009 Cl4), BUFFER
$41), AXU1800)y AV(1800), CTCUR(5), U(S0), Vi5d), B(53), IVFT(2%)
CCHMCN /ZCPT147 S13,3)

CCMMON ZCATAZ EF(4, )

CCONMCN EyYVhyKMATCoUUFFER ) AX)AYCTOUR)PROJCT, Ly TT,CXY,MAN,GRID,
SCCON,OEPyhLy ANN)ANN,OY,FANyCIN,CT,RT

MIT = 4

GO TO (1,2}, NFK

0 = 0.5

GG T0 4
£ = CEF/ML
IF (0/CY~.009) 3,344
€ = 0Y* )8
IF (MAX=2) 21,5,6
FKBAR = FK
0C 14 IT=1,2)
DELA = FKEAR'D
AA = ASCELA
ABAR = A+, S%CELA
DELY = CP°CCSF{ABARY
DELY = C*SINF(2BAR)
XX a3 XeCELX
¥YY 2 YeQLLY
CALL SURFCE (XX, YY,AA; FKKyMFK,NOP)
LG TO (8y17), MIT
GO 10 (9,23, MDF
FKEAR = D45% (FK+FKK)
IF tIT-18) 11,12,13
FXXFP s FXOAR
IF (MAX=-2) 12,12,13
IF (IT=1) 14,3413
IF (ABSFUFKKP-FKEAR)=(0,00009/70}) 17,17,1%
FKKP = FKBAR
IF (ABSF (FKKFP=-PKEAR) «(0,00006/0)) 168,16,15
FIT a2 3
G0 TO0 23 °
FKBAR = 0.5% (FKBAR+FKKP)
FMIT = 2
6C 7C 7
IF COXX=0s5)°((APF=0sB)=XX)) 39,28,18
IF (LYY=0,8)% ((AMN=0.8)=YY)} 19,18,20
NGO = 2
2o XX
Yo vy
A= AA
FK o FKK
RETURN
END

RAN VARIABLES

Al 00623 R DELX 00533 R FKK 00513 X
ABAR 00828 R DELY 00542 R FKKP go4ss I
060843 R FKBAR 08538 R FKRPP 00000 R

8
BELA

PD6 8 10020 30 50 00 1m0 000 1d 5ot 56 00 Dt 50 Dt D0 b 0 ot Dt 0t D Dt 18 Dot S0 0nt Sk B Ot Dt b Ot D 8=t (D=t ot 80 00 Bt =t B3 g (4 St B0 Bt Pt

DONCONT N -

Iy
IVET
u

00144 ®
00527 R
Q0534 R

v
XX
Yy



GCPMCN VARIZBLES

17677 R ANY

47501 R ANN

Jiudh R AR

10420 R AY

01402 R BUFFER
0ATA VARIABLES

2d322.¢ EM
STATERENT NUMBERS

1 00556

4 00975
FCRTRAN

CCPPILED LENGYNS OF MCHE
hC ERGORS

01372 R €
17507 R CIN
17444 R CTOLR
17464 R CXY
1R D

Goe0R S

3 ooeoe
€ 00604
7 00606
8 006S%

9
Y]
11
12

DIAGNOSTIC RESULYS FOR
37548 D

- P 01401

17474 R
172428 R
17544 R/
17503 R
00000 R

goee2
33673
00678
00702

MOVE

.

poeN
OEP
o7
oy
E

27605 R
17467 R
60016 2
17466 I
17456 R

413 o0ovQ?
14 37254
45 00783

FAN
GRIC
KRat
LI
PROJCT

46 00756
47 dores
18 00277

17543 R
47462 R
17478 &
00006 R

RY
It
NL
YVi

19 04043

" 20 04033

231 02033

\/_SE-
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MS FORTRAN (4.2)/NSOS
SUBROUT IN SURFGE (Xp YAy FKyNFKyNOP)

lo/14772

THIS SUBRUUTINE REQUIRES THE FOLLOWING SUDRCUTINES, VELGTY,

AND CONDER

DIHENSION SE3,3)y EMULs3)y E(3),y YVH(3), KNAT(25,30), G(4), BUFFER
$i1)y AKL1800), AY(1800), CTOUR(S), UC50), VIS0)s B(5O), IVFT(21)

COMMON ZUATAZ S(3,3)
COMMON /DATA/ EM(4, 3)

COMMON £ YV KNAT)GyBUFFER AX9AY 9 CTOUR) PROJCT 0y T1CXY, MAX, GRID,

SUCONDEP oL ¢AMM, ANN DY s FAN,CINy DT ,RT
1 = X4,
Jo= (e,
Fl1a]
Fd n
XL » X¢Q,-F1
VL & Yeie~FJ |
IF {MAX=1) 3,351
IF (2I-FI) 3,2,3
IF (ZJ=FJ) 3,693
I » FI
WeFy
Cli) s <RATCIVS
GI2) o KMAT(Zeg,4)
CI3) = KMAT{Ied5J08)
Cle) a2 XMAT (I,J¢1)
00 & Kk(sL,$
wWatlln = 0,
00 0'L=g,0
YVHELE) o YVHLIRD4CILI®EM(L,1Z)
00 6 [543
ECLL) = 0.
00 3 JJ=1,3
ECEL) n ECRD) ¢SELT,JJ) BYVHIII)
OEP, = (ELA)+ E(2)XL+E(II*YL) *DCON
IF (OEP) 7,748
NOP = 2
GO 10 14
IF CLUEP/WL) =D.5) 9,9,10
NFK,= ¢

60 70 11

NFK =

LGALL VELCTY (CXY4TT,NAX,DEP,NFK).
PGX @ E(2)%DCON

PGY = E(3)*0CON

ON = =PCXPSINF(A) +POY#COSF (A}
GALL GONDIR (0N TT,GXY oHAXyNFK}
GO T2 12,130y NFK

42 FK = 0.0

13 FK = ~ON/CXY
L& RETURN
EN

PROGRAN VARIABLES

00310 R
00543 R
00508 R
00507 R

8 005031 _ I .00834 I Jd
ON Jaser 1 1I 30532 1 L

FI 00454 I IVFT 00537 R (23]
FJ 90504 I J 80541 R PCY

.

DONPOBE W -

f-'-(-'-QLQ&L&GLLL&LL&LLLFGBQLGG‘LLL‘EGLLGL‘-
N
-

Cretbececeece
'
s&S
Do~

80000 R
33164 R
00541 R

v
v
XL

00513 R
00520 R/
00523 R

L.
29
4.



CCRMEN VARIABLES

© 4777 R AnN 01372 R [ 17478 R DoCN
17504 R ANN 17507 R CIN 17473 R DEP
01404 R AX 174044 R CTCLR 17514 R ot
10424 R AY 17404 R (33 17533 R oy
03402 & BUFFER 17480 R ] 00000 R E
OATA VARIABLES
¢o022 & EM * 60000 R 8
STATEVENT NLMBERS
1 toroe & 00744 7 01042
& oo707 $ 01000 8 01045
3 80714 6 01023

FCRIRAN CIAGAOSTIC RESLLTS FOR SURFCE

CGPPILEC LENGTHS OF SURPCE =+ ¢ 01202 C 17548 O 00082
HC ERRORS

17505 R
17467 R
00014 I
17466 %
17458 R

9 03083
10 01066

FAN
GRI1L
KFAT
Max
PRCJCY

11 04060
12 011a2

()]
17

wa

13 01430
14 04333

—gs-



g ran -

-

M5 FORIRAN (4,2)/MS0S

SUNROUTINT VELCTY (CXY, 1T (MAX,0EP(NFK)

IF 1¥83=1) 141,¢

BAR = €42831854217

CXx0 = T1932.2/€.2031854

CCC = CXX0

G TC 2

CCC = XCXY

GG YO (4,5), MFK

CXY "a CXX0

GO0 Y¢ 7

CQ0 6 Mel,90
CXY = CXXCOTANRF {BARPDEP/CCO)
IF (ABSFUICXY=CCCI=edINB) 7,6yb

CCC o (CXYHCCC) /2.

XCXY =« CXY

FETURN

END

PRCGRAM VARIAELES

BAR 0011 @ ccc Q0007 R

STATENMENT MNLMEERS

1 0033 3 00047 4 33088
2 00045

FCRTRAN CIAGNOSTIC RESLLIS FOR VELCTY

CCPPILEC LENGTHS OF VELCIY - P 00164 C Qgpas o

MC EREFCRS

Cxx0

geooo

127017172
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
00016 I
5 33360

DN NS W

10

6 03133

00oL3 R

XCxy

7 30118

_9£_



MS FORTRAN (4.2)/MSOS

SUBRCUTINE CCMDER C(LN,TT,yCXYyPAX,NFK)
REAL LCGF
IF (MAX=1) 141,2
€l s 11712,5€63208
C2 = 6.2031854/71(32.2°TT)
& GC TC (hy3), NFK
3 €3 = CasCxy
AL B C/U1.4L3)
A2 = CI/(14-CY)
A3 = LCGP(1.4C3)
A4 = LCGF(4.-C3)
Ch 2 (IN/CL)®(24/71AL3A2HAT=A4))

-

4 RETURN
)
PRCGRAM VARTABLES
2R m cote4 R A3 00003 R
06022 B A2 00026 R A4
STATEMENT ALMEERS
1 00037 2 00050 3 20056

FORTRAN CIAGNOSTIC RESULTS FOR  CONDER
GCMPILED LENGTHS OF CCMDER - P 20466 € 33333 O
ERRCRS

23

NN

180172

Lol ol ol ol ol ol ol ol X o o o

00014 R

4 Jdies

DONMDD L WM e

00034 R

- LE -



- MS FORTRAN (4,2) /HSO0S 12701722

SUIIROUTINE PCO (C,C,PCTOLF)
CIMENSION Ct4dy E(3)

REAL MAXIF ’

IF (Cevci2Iscineciud) 2,1,2
FCTOIF = 999,

G0 10 2

Pl ® AESFCLCUISI-EL11I/0M4))

F2 » ABSFPULCI2)-E{1)-E(2))/C(2))
FI = AESPOIC(II=E(1)=E(2) =ECIN /C(I))
F4 & AESPULCUUI-ECLI-ELI ) /CLL))
FCIDIF & 133.°MAXIF (P1,P2,P3,F4)
RETURN

END

PRCGRAM VARIABLES
0082 R PL NN R P2 30336 R P3 3380 R P4
STATEFENT ALMEERS .
1 00028 2 goo3o 3 00077
FCRTRAN CIAGNOSTIC RESLLIS FOR PCD

GCPPILEC LENGYHS OF PCOD =P 00473 © 00000 0 dooco
ML ERRORS

N .
WORNPGE W

]
ZXXXXTXTXITXZRXRXRER



w8 e

>

o

-

MS FORVRAN {(4e2)/MSOS

SUBROUYI&E STCRE (X ,¥,A)KMAX ) TIME yKCIMyKREST yMMAXD
CIMENSION S$(3,3), EFC4s3)y E(3), YVR(3), KMAT(25,30), CL4)y BUFFER
$(1)y AxC1800), AV(:ano). CTCURLS)y .UC50); V(B0), B(SD), IVFT(21)

CCMMCN /CATAZ S(3,3)
CONMCN /DATAZ ENL4y )

CCHHCN E.YVH,KPAI.C.BUFFERg‘X,AYgCTUUR,FRDJGT;B.'I.GI‘;HAX.GRlﬂ.
SOCON, DEP s MLy ARM g ANN 30Y, FAN,CINyOT4RY

IF (CIN) 3,3,4

IF (KMAX=4) 242,95

AT = 0.0

K = KMAX4KCIN

IF (KaGToMMAXSCRaKaLELJ) GO TC 8
AX(K) = X

AY(KYy = ¥

1F (CIM 9,954

Az A

2CxXY = cxv

Gt TC

ET s 11HE-ﬂl

IF (CIN-EV) 746,3

K @ KMAX+KCIN

IF (K.GTMFAXCRoMoLELD) GO TC 8
AX{K) = =X

AY(K} = ¥

KREST = KREST44

AT = AT+CIN

GC TC 4

CSC = (EY-C!hl'(ClYOlCXY)'JﬁﬂB.I(GRIB'Z.)

AA o (A+28)/2. -
X4 = BSCYCCSF (AR
YK = CSCOSING(80)
K = KMBX#KCIN

IF (KeGT,MMAXLCReKaLESD) GO TC 8
AX(K) = ~Xexp
AYC(K) = Y-YM
KREST = KREST+t
KCIN = KCINe3

AT = ATeCIN

6C TC 5

CONTINLE

RETURN

END

PRCGRAM VARJABLES

00524 R
00506 R
00310 R

AA 00822 R DSG
AT 60514 R
[} 00454 1 1VF1

COMMCN VARISBLES

12477 & ANy 01372 R c

17501 R ANN 17807 R CIN

03404 K AX 17444 R GTGUR

13424 R AY 17464 R Gxy

01402 R °©  BUPFER 17460 R o
DATA VARIABLES

oos22 R ENn dI3 R S

00506
60000
0014%

17672

17473
17544
17503
00000

B0

ADTDOD

cCx

DCCN
OEP

oY

1e/01/772

z?z227222222222222'2222222222‘22222222222222

00526 R
00530 R

17505 R
17467 R
23314 I
17466 I
17456 R

OBmNOWME W

XM
L

FAN
GRIC
KMAT
MAX
PRCJCY

00840 8
00812 R

17523 R
17462 R
47478 R
00006 R

24
cxy

RT
A4

YN



STATEMENT MLMRERS
1 00552 3 00564 5 00614
2 00557 & 00607 € 00624
. FCRYRAN CIAGAOSTIC RESULLYS .Fﬂﬁ STORE
¢ =P 03034 € 7515 o

CCHPILEC LENGTHS OF STORE
RECRS

00052

7 00685

8 00748

9 00%ue



0060

N e

@ we

o e

i0
1

1

L]

18
1€

17
18
19

MS FORTRAN (4.2)/MS0OS
SUBROUTINE ORANW (M, KMAX,KCIN,KREST)

121

THIS SLBROUTINE REQUIRES THE' POLLCWING SUBROUTINES,PLOT ANC

MMBER.

CIMENSION S(3,3), ENCUy3), ELI)y YVH(I), KMAT(25,30)y CC4)y BUFFER
610y AXC18J3), AY(1830), CTOUREB)y ULB0), V(50D E(B0), IVFTI21)

COMMCN /0ATAZ S$(3,3)
CCMMCN /LATAZ EF(4y23)

'CCMMCN E,YVHoKFAT,C)BUFFER)AXsAY,CTOUR,PROJCT 0, TT,CXY4MAX,GRID,

IBCDN.DEP.HL.ﬂPH.AhN.D'.FAN.G!N.UT,RT
AN 3

KMAX 2 KMAXeKGIMN

IF CAXIKMAXD) 12,2
AX(KMAX) = ~AX(KMAX)
KRESY © KREST-}

IF (XNCOFIN,2)) €,3,46 -
KTHO = KFAX=2

KAUD = -3

LAST =2 +1

MC = KFESTet

IF CFAD) hy5yte

CALL NLMBER (AX(KMAX)/OYs AY (KMAX) /DY, 0+35/0Y9 XKy Be0y=1)

CALL PLCT (AXI{KFAX)/DY,AY (KNAX)/DY,3)
IF (KMBX=1) 17,17,9

RTHO = +2

KAQD = +8

LAST = KPMAX

*C = 0 .

IF (FAM *8

CALL hLMEER (AXE2)/7CY9AYLL) /DY 2.35/70Y9XN9Jedy=2)
CALL FLOT (AXC1)3/CY4AYL)2DY,3)

IF (KMAX=1) 17,1749

IF (CIN) 11411,8)

IF CAX(KTRHC)) 12,11,

CALL FLOT (AX(K!RC)IDV'AV(KIiG)IDV.zl
GC TG 15

AXC{KTHC) = «=AX{KTKO)

w1 = 0.05

¥C = MC+KACC

IF (XKCOFINMG10)) 14,543,104

#1 = 0.0

APN = AXIKTRCIZCY

YPN = AY(KTWCI/ZTY

K = KThO~KADD

XPL s AX{(K}/CY

YPL s AY{K)/DY

CSC = SORTFUCARS (XPA=XPL) ) ®¥20ABS{YPN=YPL)¥%2)
CALL PLOT (XPNyYPhy &)

XB 8 ¢WIS(YFN-YFL)/(SC

YE = =hI®(XFN-XFL}/{SC

CALL PLOT (XFNaXB,YFN+YBy2)

CALL PLOT CXFA=X8,YFN-YD,2)

CALL PLOT (XFh,YFhy2)

IF (RThO-LAST) 164147,16

KTWO = KINOOKAUC

G0 TC

IF (KAID) 18,20,20

IF (FAN) 22,19,22

CALL NLMBER (AX(1)/CY9AV(1)/DYyJ.35/70Y9XN33035~1)

000600000 O00O0ON0000000000C00000000D0G0000D0B000DBO0O0COO

DDNONSWR -



Gf Tp 22

20 IF (FAN) §3,22,
21 CALL NUMELN (AX(KKAN)/ZUY,AY IKHAX) Z0UY,

22 RETURN
END

PRCGRAN VARIABLES
ao31e R [}
00537 R 0sc
Jd4sSe 1 IVFY
00532 1 R
CCrMCN VARIABLES

4777 R ANM

17808 R ANN
Q1404 R AX
10424 R Ay

1432 R BUFRER
DATA VARIBBLES
gto22 R &M
STATEPENT NMUMBERS
1 djs21
2 00627
3 00635
& 00634
FCRTRAN

CCFPILED LENGTHS OF ‘DRAN
KC ERRORS

¢l

0as0? g KADD
00506 1 KThO
' 00%10 3 LASY

00543 3 MC

01372 R ]

12500 R CIM

17444 R CIOLWR

L7464 R cxy

17460 R 0

00000 R S
8§ W1 9
6 00ra2s 10
7 00736 41
8 60768 2

CIAGNOSTIC RESLLTS FPOR

00000
00144
00522
00541

17471
17473
17541
17503
33900

04004

04027
CRAW

=P 012 € 17918 D

JeJU/CY XNy 040,-4)

33352

00504
93533
00526

12905
L7467
00044
17466
17480

13 01045
14 01047
18 03474
16 01176

ocoooo

Xy DD

XN
XPL
XFN

FAN
GR1E
KMAT

PRCLCT

4761203
18 p12o7
19 0s213

00543 &
0838 R
00338 R

47943 R
17482 R
17475 &
goo0e R

va
L
YPN

RY
17

YN

20 01237
24 01243
22, 01267



NS FORTRAN (4.2)/NSOS 18701772 -

FUNCTICR TANHF X}
p s EXF(X)

8 = EXPleX)

TANKF = (A=B)7CA4ED
END

PRCGRAN VARIABLES
gagoo2 & A 00004 R -]
FCRTAAN DIAGNOSTIC RESLLTS FOR TANHF

CCPPILED LERGTHS OF TANKP - p- Qo0cés ¢ 00000 © 00000
hC ERRORS

DTVTOVWD

NG

_Ef[-



corpl
NC ERRCR

HS FORTRAN (4.2)/MSOS

FUNCTICN XMCCF (1,J)
XPOOF s NCCUI4U)

[15)]

FORTRAN CIAGNOSTIO RESLLTS FOR XNODP

LED LENGTHS OF XNCTP =P 2038 € 3 0
S

NN

12701712

oD

W

—'fr'l -



M8 FORTRAN (4.2) /MSOS

BUNOTICN MODE (Xy¥)
I e XeCa5
o 3 Ve0s8

. FCOF = MGG (2,4}
END

PRCGRAN VARIABLES
00003 3 3 00004 3 J
FORTRAN CIAGNOSTIC RESULTS FPOR MODF

CCYPILED LENGTHS OF MCOF ' ~ P 00080 C€ 00000 O
KC ERRORS

[TREL]

se/00/02

VDTDD

DN

-S"'(-



NS FORTRAN t4e2)/MSOS

SLORQUTINE mm (10UK 4 ML €C 4 LEEV)
I8 (150=1) 89440
l CALL thnFtol @0

CALL ADIZNY (204400092040 .0.0.‘00-0,00aﬂ.ﬁlu-ﬂ-p‘hOQ'ﬂIQ'

PRCGRAN VARIAGLES
ogool 2 15
STATEPENT AMLMBERS
1 geoz’ 2 coo2s
FCRTAAN CIAGNOSTIC RESLLYS FOR PLOTS
CCPPILEC LENGTHS OF PLCTS «P 00104 € 00800 O 00000
EREORS ,

SO LA



1F (15M) B,1,5

S PORTRAN {4.2)/MSOS

SUBRCUTIME PLOT (XyV,IPEN)

CALL LEACER
g 16 &

CONTINLE
CCNTINLE

S R -
o

CCNTINLE

IF (IPEN) ©y8y7
& ISH = 0

CONT ING
G0 TC (3,2}, SSHICHFLG)

ISW
CALL PLOTXY (=2:39=2¢3)0) 0}
CALL ENDPLGT (200

RETURN
CONT INLE

-~

1P = ISBS{3=IPEN)
GALL FLOTRY (X,V,IP,0)

RETURN *
ENTRY WHEFE
RETURN
€ND
PRCGRANM VARJABLES
00027 1 4
STATERENT NAMEBERS

1 (0026
2 00038

FCRIRAN

CCMPILED LENGTRS GF PLCT
aC ERKCRS

TIFE  002.38 MIN
EGUIP,513NTCIECUOL

LC8D,56

RUN

33 1 I8u

3 00068 & 00042

CIAGMSTIC RESLLYS FOR  PLOT
-p .0017¢ ¢ 00000 O

12700772

2::L ‘:!3!' $20)4040920609000940+092000y=209=209~2609=240)
=

8 00073

60000

-t h wh of wf b o o o oo} ) = = o of o) =f ot b=

CANOWLUN.

8 ooove

7 00us6

- Lﬂ -



suee
6373 SIGHP
32570 CPMRTNS
41122 T.MUTROY
42318 MICER
44036 NLMBER
45453 MICKPY
51082 COGCERROR
51537  S1MCOS
83048 CiCADRI
€02643 EATE
8734 1AMWF
¢A189  SLRFCE
71459  SKCRE

EMR
J8373  ASIGNF
32337 GACRENND

4tlz6  TvFEOUT,.
41614  READCALL
40628 MRC
41303 PMIRFRR

42371  CFCER
43582 CKSHFLAG
40623  NSReo
L4554  GICSPLCT
45503 CRIVERO?
1334 CECENFIL
44bL3  CACSUPLY
47568  TICK
51332 NIM
81324 FIMF
81565 SIN
51543 ' FLCATF
83233 CAGSTRX
63144  CICSBIR
83063 CiGSBRY
64161 GECHSIC
82657 COLEXXTS
85631 nceclaer
63703 GOC1OSET
84473 FRCGNANE
41232 RABR
81472 1aES
1472  AES
€4020 VELCTY
€£020 SLFKCE
70742 FONIF
43275 . Syreol
66420 GECINGOT
50232 AxiSxy
72600  MLMCON
13206 LSTY
0464& RSTCRE
10577  MCEXIY
11567 rlExADD
Cleut  JCCCN
16376 Clt.etw

Jeu10
uhnoy
41148
he3er
Whbd6
(X114
51324
92064
63232
603ty
61418
65352
rarii

e
464
41134
42014
41510
W1e4?
41237
43332
376238
37642
42327
41511
51582
3e3rd
46629
Jes23
L1650
51034
£1327
1486
62064
saur?
53188
53133

53048

8451¢
83684
55628
836¢9
83668
87161
Lau??
92264
814re
63166
83067
63188
85447
41321
5017
00240
[T
03352
126422
10567
12630

Unty
MILOCPRR
NhR
CRDLR
Neo
0R1V3I691
EXTREMAL
LIGF
C10.M520
DATEX
DRAW
NCVE

. NUNGON

Q8aPAUSE
TheREJY
ICGATE
STATUS. »
READMODE
SAR
NFCHECK
SThMINS
STOPTPRY
CROER
FLAG.e
BKkSPss
1SIGN
ORIVERD &
QEQEUFOT

QUQINFNS
GBQENTRY
OCIADTON
08QLENSE
Q8gouTTs
LED2ER, F
LEADER

C10QSTIR
QEDENGIN
ENOPLOT
TITLE
uc

RFT
MSY0.SP
MEMCRY
Ice

civ

37531
56663
84434
51321
61620
80633
53147
52374
54764
50743
63246
13225
12654
04725
12375
12289
10367

QUFFER
TYRFCUT,
RAAR
CPDLR

XL

ROHRS
SENSATCH
SURTF
CONTROL
PLOT
STORE
RAYN
TITLE

SIGNF
MTEXIT2
TNJREJ2
FCos
HRITE, .
HRTHCODE
HUATISTT
CIOREJ
STATBUF
RINENT
MTDER
MISTH
USTHO2
TFCHAR
FLGICH
WRITES
PERRAUMB
LABELX
AMINL
XFIXF
LOGLOF

GLQMURX
QBQECFRE
QB8ARJUNES
UTESLHIY
NOBCILJS
Q8QECITS
HHATKIND
LEDZER.Z
SSHTCHF
MAXAF
ORAW
#HOOF
Q1QMUIR
QLQEXRR
Q6QLGINR
PLOT XY

37228
40324
wi2rn
42501
hu515
4Esat
Slura
52365
54652
60522
63413
70233
T84b7

36440
41133
hir2e
41750
41622
41654
40410
37748
37652

4e214
46500

81503
53144

TAPCHAND
WHATISIY
NThPSR
FRCPR
CHARTF
WRITEY
BBSF
FCHRF
ECOINP
FLCTS
PCD
FRCNT
SWAVE

LMTST
TheEXTT
T+NOTROY
CLPMY. o
ERASEe o
ACISEe o
FIEX1Y
REJECTY
REGRIN
INDXD
MIDERNM
:EAD.-

FIXF
CICSEXS
Q1GSERX
GEaFLrAB
CaQCeNVT
CBLERRCR
BCILJUSCN
C10.+510
Qeprcsve
GeaLGorc
L)

LCGF
STCRE
SINF
XMCOF
CEQLGOTR
GHALGINX
FRONT
FLOTS
SETCLOCK
RHT

BSI0
LCADMS IO
EINT,
C1C3.01

ITuuly
L0623
4iugd
42547
L4554
47124
61533
saur?
6005
[ 2:3]
636006
70710

37057
41429
hi1148
43542
41636
41630
40049
3res12
40015
3720
L0432
41510
3070
46130
Jr4u4
45453
h7424
51038
64332
654563
82264
53427
53433
63077
42517
83743
4526
54753
86435
83774
60334
g2722
63742
63427
81867
71063
86530
64652
67453
76602
01366
12528
41664
14002
10200
07600

PAUSE
NRO

Hiﬂlhs
SCAR
Q1C3SFLOT

LENG INP
Th.E1
N&R
AEYHCH
WEITED. o
RCBCALL
MILOCPRR
ciceat
STCREUFF
INCX33
SLRCHECK
SETLFes
SCARLSTY
HCOKAEDS
Qecstop
HICHFT
INITFL
iy
XKINIF
FLcal
SGAT -
Q4QIvRX
QIUAEXR
Q4GALRX
SCAR
Q8GISRAY
PhRIELO
QEQLGING
QBCIFRMT
QEGICERR
DA1Ex
EXP
TONRP
PCC
ccse
GRAR
QeaLGorl
QBGINGIM
RAYM
SHAVE
SEL
ROCKFL
EIFQRADQ
CALER
DIn.
cic.2

Irs3
41049
«zd13
hi0r2
44t?5
50232
81543
b2rze
56420
8J€76
63774
70770

J€815
41126
44045
40590
hie27
41E41
42013

WHATKINC
NRC

HEWPRR
SyhacL
C10SCFLY
PLAT2

Glﬂﬂh'lh
IN.C10
HRC
PRGNAME
REACE.»
HMCCEss
HTHPRR
CHKRRTIN
CALLSTAY
PRCPR
TABLSRCH
CHKALISE
SCARNY
LCCLEIND
QGOEA%KE
HRITE

ﬂlCHLSH
XMAXLF
cos
PONRF
0100VXR
QiGDVIR
G4GDVRI
RASRREJ
Q8QIC1AE
qaceccwy
Q9QERROR
GBCFORNY
PHRTEL
WHERE
Q1CEXRT
GCONCER
MOVE
XAGSF
NUMBER
QBGENGOT
PLCT
SHCRE
FCRBCXS
RSTCREQ
FERRALO
HMIBUF
LEAGRCT
(133
£108.?



00043 CIC 12336 BRHT 12648 BNJ. T 49572 BLOKJCHL 12464 BERLAFLG 10826 BKEX1Y
98280  EReSH 1356%  UEKRRADD 11864k BODBUF 12430  ALGOPT 123643 AEY 00028 ACCCLATS
10600 AENORMAL
LO1A
HONE
ccrn
13470 23204

OATA
78008

EXTA
NONE

C(PENORY) = 33205 (MEMCRYE) = 38372

- 6ﬂ -
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6.1 Memory Requirements

This program as listed above requires 33,205 octal memory
spaces (MEMPRY) for =1l arrays end program compilation. In all there are only
33,640 octal memory spsces availsble (MEMPRYE). The difference is 434 this
is equivalent to 192 wnused floating point word locations in the computer ..
core. Since the computer compiling routine is always being updsted (with sub-
sequent changes in the available mewory space), these memory requirements
should not be extended at the present time.

If more space than this is required, i.e. to load a bigger
depth matrix, space may be obtained by sacrificing some of the power of the
Program and by removing some of the subroutines. The subroutines which nay
be removed without altering the basic operations of the program are: SHURE,
NMCPN and FRENT. The calling statements for the removed subroutines, of
course, must be deleted.

7.0 OPERATING INSTRUCTIONS

This section of the report will be written with only the user in
rind. In this section, therefore, no reference will be made to the previous
sections. Unfortunately, some repetition will follow. This repetition,
howevér, is thought to be of help especielly when making use of this Program.

The most important variables that must be read by the computer in
order to achieve useful and workable results are as follows (in order of
importance):

a. Physical size of aree of interest (this must be rectangular) - the
maxipum size of a plot is 22 x 28 inches. Generally, it is asdvisable
t0 meke the physical size of the output plot exactly the seme size
es that area of interest on the hydrogrsphie chart which is used
for establishing the depth grid. The reason for this will be stated
later. The physicel size is determined by the veriable denoted as
HT which is actually the meximum length of the Y axis in inches.

The Y exis is qlways chosen to be parallel to the coast and the
maximm length of the X axis is calculated on the basis of HT and
the relative dimensions of the depth grid.

b. Depth grid is a two-dimensional array of imteger depths equally
spaced over the area described by the variagble HT. The meximum
dimensions of this veriable (which is denoted by KMAT) are 25 x 30.
In other words, there cennot be more than 25 equally spaced depths
in the X direction and 30 equally spaced depths in the Y direction.
This matrix does not have to span the whole area denoted by HT
but must be wholly within this area. It is advisable, however, to
have this matrix span the entire area. To do this, there must be
some manipulation of the value of HT and the dimensions of KMAT.

c. Grid Spacing. This varigble which is denoted as GRID will be
determined after establishing the value of HT and the dimensions
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of KMAT. GRID is then set equal to the number of feet (actual)
between grid depths.

A description of the date required by this program is now given.
Variables along with their formsts are listed in.the order in which they are
required with suggested values for fast operation.

Card 1 MXPL@T -~ Number of plots required by one run
of the progrem. Generally there is
a new plot for every set of ray cards
(these will be discussed later).
Formet is I3. .

PR@JCT - Project number. Format is A6.

Card 2 ™r - Period of waves to be used.
Format is F5.1.

NgR — Number of wave rays or number of ray
cards to be reed in. Format is Ib.

MM - X dimension of depth grid.
Format is Ik.

NN - Y dimension of depth grid.
Format is Th.

GRID - Defined in Section 2.3. Formst is
FT1.0.

DCYN - Factor which must be multiplied by

the depths given in the depth matrix
to yield depths in feet, i.e. if
depths are in fathoms DCPN = 6.
Formet is FT.2.

NSH = 0 - Variable that specifies whether a
shoreline is to be drawn. If a shore-
line is to be drawn NSH = 1, (special
‘Blterations to the depth grid must be
made for this) otherwise NSH = 0.

This is generally what is used because
it is the easiest, and computer opera-
ting time is kept to a minimum.

Format is Ik, -

NCP =0 -~ Verigble that specifies whether a
selected depth is contoured or not.
Up to five depths mgy be contoured.
If NCg§ = 0, no contours are denocted.
Otherwise, NC# must be set equal to
the number of depths which are to be
contoured. Generally this is set to
0 for reasons of time.
Format is Ik.



NXCMAT

NAX

1l first run
0 for others

non-zZero
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- Varigble which specifies whether & new

depth grid is to be read in for this
set of rays. NXCMAT = O if a depth
grid is to be read, otherwise it is
set > 0. Generally NXCMAT = 0 for
first plot and > 0 for the rest pro-
vided all plots use the same depth
grid.

Format is Ik.

Varieble which specifies ‘the format of
the printed output (line printer).

If NPT = 1, the location of every point
(X,Y) calculated along a ray path is
printed along with the depth (DEP),
angle of ray (A), time of travel to
that point (TIME), the number of that
point along the ray (MAX), the maximum
percent difference between the depth
at this point and one of the surround-
ing points (PCTDIF) end the spacing
from the last point represented as a
factor of the value of GRID(D). If
NPT = O only X,Y,A and TIME are typed

- out only for the first and last point

‘along each ray. This is the usual

velue for NPT since it saves printing
time and paper.
Format is Ik.

Variagble which specifies whether the
borders of the plot are to be calibra-
ted or not. If NAX = 0, they are un-
celibrated; if NAX # 0, the borders
will be calibrated with integrel values
of grid units. If procedure in section
(a) is followed NAX = 0.

Format is Ik.

Varigble which specifies whether or
not crest merks are to be placed along
the wave rays along with the ‘time of
travel to that point. If CIN > 0 crest
marks are made; if CIN = O no crest
merks are made. NOTE: If CIN > 0 and
the number of points along a ray > 1000
the program will terminate. For this
reason and for reasons of time CIN = 0
for most jobs. CIN/TT corresponds to
the nunber of waves between crest marks
Format is FT.0.

length of Y axis in inches.
Format is ¥9.3.



N¢FRNT

Card 3 IVFT

Cards 4 > N (say) KMAT
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- Verieble which specifies whether or

not a straight line wave front is used;
if NPFENT # O the program proceeds to
calculate the equally spaced starting
points elong a straight line which is
determined from two points which are
read from cerds. This varigble shouléd
be zero if NEWRAY = 0.

Format is I3.

Varigble which specifies whether or not
the starting points along the new line
wave front must be recalculated or

read in from cards: if NEWRAY # O these
points are either recalculated by read-
ing in another data card containing the
two end points on the new line and the
anguler orientation of the front, or
read in from cards.

Format is I5.

This variagble specifies the format
under which the depth grid values
are to be read in.

Format is 20AkL.

Depths in grid. These values are read
in as follows: for Y = 0 all the X's
are read in, in increesing order.

Then for Y = 1, 2, ete. ‘

NOTE: Cards 3 > N are not required if NXCMAT > O.

Card N + 1 CT@UR

- Matrix of depths to be contoured.

Format is 5F8.2.

NOTE: This card is not required if NC@ = O-

Cards N + 2 + M (say)

a. If N@FRNT = O

A

FAN

- Angle in degrees along which the ray

heads initially.

- FPormat is FT7.2.

-~ Coordinates of starting point of ray.

Format is 2F6.2.

- 0 for all our epplications.

(There are N¢R of these cards.)



b. If NPFRNT # O
A - &as gbove.
Format is F7.2.
XST,YST - Coordinates of one end point of
straight line wave front.
Format is 276.2.
XEND,YEND -~ Coordinates of the opposite end.

Formet is -2F6.2.

“OZE: This card (there is only one card used if (b) option is taken) may
be omitted after the first calculation of all the starting points
if the same wave front is used for Sucecessive plots.

I there is only one plot these are all the cards that are required.
IT there is more than one Plot the computer will ask for more of cards 2
thrcugh to M for as meny plots as required. A beper tepe or magnetic tape
is cixpuwt deperding on whether the logical wnit number 51 is equipped to the
tere runch or magnetic tepe. This output tepe must be plotted on the PIP-8
cczzuter by computer operators.

T.1 Additionel Notes

(1) When this program is submitted to be run it must be specified on the
Job description card that the background is 7ot to be used.

(2) For test purposes the brogrem mey be run with Sense Switch 6 on.
Zhis ellows the Program-to run faster because no tape is output.
An idea of how the Plot looks may be geined by requesting a picture
of the scope output displey. This provides & fast means of checking
all the data and the resultant plot. NOTE: Card Al05 must be
renoved and MXPLYT set equal to one before employing this option.

(2) If the depth grid is of the same size as the borders of the areg
the resultant plot from the PDP-8 can then be laid on top of the
hydrographic chart and the shoreline drawn in by hand in order to
see how the wave rgys come in on the shore.

(L) The plot program to be used by the PDP-8 is called PLYTIS and all
plots should be of B quelity with ballpoint Pen markings.

€.0 EZR/FPLE RUNS

To exhibit the use of this brogram two example runs are included.
The first run mekes use of all opticns except the fan option and indicates the
data required for miltiple plots. The next run indicates the fan end shore-
line option. The depth grid used in both instences is the depth and referred
to as the small grid by Wilson (196€) in bis report. This grid represents the
shoreline area near the mouth of the Chesapeake Bay.
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8.1 Run # 1

As mentioned sbove, all options, except the fan option, were
employed in this run. Two plots were prepared by this example (Figures 5
and 6). TFigure 5 depicts the direction of travel (with equal time marks) of
a 4.0 second wave over a contoured bottom from the SSE direction and travel-
ling to a shoreline. The borders of the plot are calibrated in grid units
and the scale of the output plot is equal to the scale of the original hydro-
grephic chart. The option of reeding the starting points of the reys was
employed. A printout of most of the data input mey be found in Figure 7.
Figure 8 depicts the output for one rey when NPT = 1.

The second plot (Figure 6) depicts the directiom of travel
of an 8.0 second wave from the SSE direction. The borders of the plot are
calibrated and the scale of the output plot is one-~half the scale of the
hydrogrephic chart. The starting points of the rays were determined by
employing the FRENT subroutine. A printout of the data input mey be found
in Figure 9. Figure 10 depicts the output for all the rays when NPT = 0.

8.2 Run # 2

One plot was prepered for this example (Figure 11). This
plot depicts the directions from which 8.0 second waves finelly terminate at
the indiceted position near the shoreline. The borders of the plot are
calibrated in grid umits and the scale of the output is one-half the scale of
the hydrographic chart. Egual time marks are-indicated on the rays. The
_starting point and the various ray angles were read from cards. A printout
of the date input (up to first ray card) is given in Figure 12 and the output
(NPT = 0) is given in Figure 13.
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'FIGURE 5: Run # 1, Plot # 1, Straight Line Wave Front
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FIGURE 7 Input Date up to First Rey Card for Run # 1, Plot # 1



FRCJECT NC. 166, 10/07/72, FLOT NO.

MAX x
1 34,07
2 13.86
3 13.€3
4 13.38
& - 13.13
€ 12.89
? 12.€5
e 12.42
9 12.20
18 11.98
11 11.76
1z 11.54
13 11.33
14 11.10
b1 1).088
1€ 10.67
12 10446
as 18.25
18 10.05
20 Colble
21 865
22 Ge4B
z2 S.32
24 G418
25 9.06
2¢ 8.91
a7 8.79
28 8.70
2% 8.63
33 .58
31 €455
32 €.53
32 8,51
34 8453
3E 8450
3¢ 8449

ANGLE x ¥
120.00 14450 2.50

FIGURE 8:

Y ANGLE
2.25 120400
2.€1 120414
3.32 123,22
Jolk3 120.31
3.86 120.42
4027 120.56
4467 12374
5.05 120.95
5,43 121.17
5.78 121.39
615 121.56
6450 121.68
685 121.80
7.21 121.90
7.56 122,21
7.90 122.78
8.23 123.18
8.54 123.41
8.84 123.63
9415 124461°
9.41 126454
9464 128,34
9.82 132.09
3.97 135.60

10.08 238,01
13421 141.97
10.29 147 448
10.34 152.93

10.38 157.98
13.39 162.42
10440 166413
10 241 1€9.17
10.41 171.59

12441 173.51

10.41 175.09

10.61 17756

FAN

0

=59

1, PERICD = 4.0 SEC., RAY NO.

TINE

o
+017
«3386
«057
«077
«097
116
2135
«153
«170
188
+205
0222
«20D
«257
«274
«290
«306
321
«337
«350
«363
376
«383
391
«4d1
409
<415
<420
«425
428
o431
«433
«435
<436
438

PCTOIF

6e7
3.3
4ol
bal
4a1
5.8
5.8
6.7
6.7
1.1
5.2
S5e2
502
2.3
40.9
40.9
1.9
1.9
1.9

DEFTH

34456
36.87
43494
40604
39.145
38.23
36.82
35.50
34446
3472
33.98
3417

037

1.

o421

2452
«499
<488
wk?8
<466
b9
«433
<420
«423
olbll
1?7
ohi9
«h20
«398
388

© 8378

«370
«369
324
281
241
«200
170
«164
«145
«108
<076
« 052
<034
<822
334
+009
«005
+d35

RAY REACHED SHORE.

Sample Output Deta for Run # 1, Plot # 1, NPT = 1
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TI NOR ®m NN GEID CCCh ASH MCC NXCMAT NPT NAX CIN HY
20 31 20 26 3038 1.00- 0 O i 0 1

ANGLE  XST  ¥SY XEND YEND
1208) 314.07 225 16.22 3.50

FIGURE 9: Input Data for Run # l, Plot # 2

(continued from Figure T except
for remeining ray cards for
Plot # 1)

D 112.392

NOFRNY MENRAY
1 1



PRCJECY NOo

RAY NC.

- -~ oo oo Ll s oo -

10
10

11
11

®ax

1
108
1
i12
1
120
1
128
1
136
1
13¢

1
139

166, 40707772, PLOT NO.

x \ ]
14.07 2428
.78 €487
164428 2.38
9. 64 6480
14452 253
Ge bt 7.5
14474 2.63
244 8.30
14493 2475
8. 88 9.22
154 1% 2.88
8.57 10.19
1543€ 3.00
8.29 11.02
18.57 3.43
8.09 14.77
1%.79 .25
rs08 12448
16.00 3.38
T.74 12.77
16.22 .50
.73 12.80
FIGURE 10:

ANGLE

120,00
1824085

120.00
182498

120.08
183.07

120,02
181.23

120.00
183413

120,08
318%.54

120.00
182491

120.00
183.01

120400
181.49

120.00
182495

120.00
182.94

Output

2y PERIOD = 8.0 SEC.

TIMNE
0
«208
]
o214
0
230
]
02438
«276
‘e

« 300
[
328
0

x 1Y
0

« 368
4
«378

J
«379

RAY REACHED SHCREs
RAY REACHED SHORE.
RAY REACHED SHCAG.
CURVATURE APPROXIMATZONS NOT CONVERGING.
RAY REACHED SHORE,

RAY REACHED SHORE.

RAY REAGHED SHORE.

RAY REACHED SHGRE.

CURVATURE AFPFCXIMATIONS NOT CCNVERGING.

RAY REACHED SHCRE.

RAY REACHED SHOREs

Data for Run # 1, Plot # 2, NPT = 0
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sy P,

FIGURE 11: Run # 2, Plot # 1 » Point Source employing the FAN
and Shoreline Option T = 8 gec
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GRID  DCCh NSH NCO AXCMAT NPT NAX GIN (23
3338 1,33 1 3 ] 0 1 80 11,392

VARIAELE FORMAT FOR KMAT
(104 32,1X) 5402

SEFTE GRID VALUES (xMAT)
a 0 0 0 ]

32 ~gh
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x Y FA
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FIGURE 12:

Input Data up to First Rey Card
for Run # 2, Plot # 1
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FROJECT NCo 166, 32707772, FLCT ND.

GAY M.

L g

SAGLE
3£3.00
&

&

BMGLE
354430
£

ANGLE
3E5.00

BRGLE
25610

SAGLE
357.C0

AMGLE
358,33
€

2)GLE
359.08

i

AXGLE

13
11

rax x
1 £.30
€1 .95
x Y FAM
£.30 21,30 3
1 8.30
€5 €.22
x Fan
8.30 11.18 3
1 8.30

126 31806

¥ FAN
8.30 211.10 13
1 8.30

x Y Fas
€030 21.1C 1
1 8.35

132 18.55

x ¥ Fan
8.3C 21.18 2
1 €.3¢

1z 18.5¢

x Y FAMN
.38 31.28 1
1 8.20

118 18.€2

x Y FEx
8.30 11.20 1
1 2.30

114 18.53

x Y FAN
823 21420 3
3 e.30

X Y FaAN
€.3F 13.30 1
1 8.30

110 18.53

x Y FAN
8.30 12,120 1
1 .30

318 18.57

FIGURE 13: Output Data

33120
L85

11.18
2.33

31.10
$.50

131.10
«4?

13.10
183

11.110
hells

13.10
€.37

11.10
786

13.30
.02

11,30
10.19

13.10
11.18
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1, FERICD = 8.0 SEC.

ANGLE

350.00
190.73

351.00
152.64

352.00
187.74

353.00
287.91

354.00
31034

355.00
322.88

356.00
333.08

357.00
340.94

353.00C
36T 48

353.08
354442

TINE

«137

[}
165

«383

«326

« 304

0
«297

a
«298

RAY

RAY

RAY

RAY

RAY

RAY

REACMED ShCRE.

HEACHED SHCRE.

REACHED ShCSE.

REACHED GRIL BCLNDARY .

KEACHED GRIC BCLNDARY.

REACHED GRIC BCULNDARY.

REACHED GRIL BCLRDARY.

KEACHED GRIL BCLNDARY.

REACHED GEIL BOLNDARY .

KEACHET GRIC BCLNGARY.

REACHED GRIC BCULNDARY.

for Run # 2, Plot # 1, NPT = 0
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