SOUTH CAROLINA UNIV COLUMBIA COASTAL RESEARCH DIV

AD=A09} 913 F/6 8/3
INFLUENCE OF WAVE REFRACTION ON COASTAL GEOMORPHOLOGY=BULL ISLA==ETC(U)
OEC 78 € FICO DAAGZ°-76-G-01 1

UNCLASSIFIED TR 17-CRD ARO=13237+15=65




o f

=« B W20
s -
|||||' 25 lis s

L]

MICROLOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




11. CONTROLLING OFFICE NAME AND ADDRESS .
U. S. Army Research Office < Dec 78 [
Post Office Box 12211 ER OF €S
Research Triangle Park, NC 27709 190

1S. SECURITY CLASS. (of this report)

? ‘, PRI Sl |
Z ‘ !4 S MAT 3 »CL’ASSI'!C ATION OF THIS PAGE (When [Vate Fntered) oy ]
3 = - " y N :
) 2 '\ REPORT DQCUMENTATION PAGE BEFORE COMPLETING FORM ;
.' - REPORTAUMBER 2. GOVY ACCESSION NOJ 3 RECIPIENT'S CATALOG uuuota' r
| ] 13237.15-85 AD-podiqgl ‘-
3 ) “ o e S_JIYPE OF REER €0 B
2 9 . Influence of Wave Relflract ic}n o?/ Coastal Q | Technical V&P T, ;
¥ = G logy — (3¢ s/G A L ~ Y
¥ :omorahlonggr oﬁ(::H,, JC’—ngh'n-éi :23"/6 ¢ PERFORMING ORG. REPORT NUMBER 4
4 : 7. AP THOR(s = —— &, COyTRACT OR cnu'_r_n_u,p_ff(»
: 9 -i -
boS Rl (9] areS (gTY e ;
$ a e p : H
X ° 9. PERFORMING ORGANIZATION NAME AND ADDRESS ‘ 10 PROGRAM ELEMSNT.PRO‘ECTl TASK fony
: ‘:‘; University of South Carolina vV - _ A e B
. < Columbia, SC 29208 ?;’) 2 @ ! 7 Q -2-,7 Cﬁ_lj g
- PRE - emerr— :
: Q
T

Unclassified
[ /8a DECLASSIFICATION/DOWNGRADING
SCHEOULE

m! 1 ‘
1. PR

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ebstract entered in Block 20, If dilterent fromn Report)

‘

NA

E.
LI e el e e

18. SUPPLEMENTARY NOTES
The view, opinions, and/or findings contained in this report are those of the

: author(s) and should not be construed as an official Department of the Army

L position, policy, or decision, unless so designated by other documentation.

LI RERNE.

'y and ty 8y SiocR number)

bathymetry

coastal geo?rphology
geomorpholody

£ [19. KEY WORDS (Centinue on teveres side il
(. sediment transport

P continental shelf

wave refraction

‘ \Lrefractlon diagrams

ABSTRACT (Cantisus an reverse sidv ) nesessasry and identify by block number)

’gtn order to determine the effects of the continental shelf bathymetry on coastal
geomorphology, a series of wave-refraction diagrams were generated for the S. C.
coast from Bull Island to the Isle of Palms. REFRAC, a computerized wave-refractibn
program developed for this study, generates refraction diagrams which delineate !
the patterns of longshore variation in wave energy. A variety of input wave -
conditions were used in REFRAC to model the various possible wave conditions existing

in nature. The results indicate that the offshore bathymetr s pactiall
| control the co b eatin n it

oD ,"2™, UT3 .Z,z or ,;Z“&m"t and byu'gef‘l‘gg??:tztg the direction of sed't‘gens

e

PRGN Lt XM Y

Y N gy A ¥ om Troer + e pe e Prn e U T




Technical Report No. 17-CRD

Influence of Wave Refraction on Coastal

Geomorphology

Bull Island to Isle of Palms, South Carolina

Cary Fico )

Coastal Research Division
Department of Geology
University of South Carolina
Columbia, South Carolina 29208

8o 11 13 UZ23




INFLUENCE OF WAVE REFRACTION ON COASTAL
GEOMORPHOLOGY ~- BULL ISLAND TC ISLE OF

PALMS, SOUTH CAROLINA

by

Cary Fico

December, 1978

Technical Report No. 17-CRD
Coastal Research Division
Department of Geology
University of South Carolina
Columbia, South Carolina

e g ] A% W e e

. cover diagram: refraction diagram
: of 10 second period wave from the
: east

-

Frivn




LR ¢
TABLE OF CONTENTS Page N
A J
ABSTRACT 1
ACKNOWLEDGEMENTS 3 .
INTRODUCTION 4 :
LINEAR WAVE THEORY 8
General Description 8 i
Assumptions and Limitations 9 ¢
DATA INPUT 11 ;
South Carolina Wave Climate 11 |
Bathymetry 17 !
Shelf Morphology 17
Hydrographic Charts 20
DATA OUTPUT - WAVE-REFRACTION DIAGRAMS 28
Description 28
Discussion 33
CONCLUSIONS 43
REFERENCES 45
APPENDIX I: Refraction Diagrams I-1
APPENDIX I1: REFRAC--User's Guide
Program Description 11-1
Module Description II-1 _
Output Description 11-8 p ]
Input Description I1-11 g
Card Input Formatting 11-11 C

Digitized Depth Input
Programming Considerations
Determination of Input Parameters
Miscellaneous
Programs
REFRAC
JCL Considerations
Program Listing, Examples of Input
and Output
TTD (Tape to Disk)
DIGCOPY (program to list digitized tape)




LIST OF ILLUSTRATIONS

Figure Page
1. Location of study area. 6
2. Seasonal trends of wind and wave conditions. .13

3. Frequency of occurrence of sea and swell and their

approach direction. 16
4, Shelf morphology of South Carolina. 19 ;
5. Relationship of lst-, 2nd-, and 3rd order diagrams. 22 ;
6. Accuracy criteria of hydrographic charts. 5

7. Comparison of coastal geomorphology and zones of con-

verging and diverging wave orthogonal. 35
8. Model of ebb-tidal delta morphology. 40
. LIST OF TABLES

b I. Summary information on hydrographic charts.

I11. Explanation of sounding accuracy criteria.

114

e e T -
e ﬂ,_»...\.,.mr:fw\ oow s R

e BT




ABSTRACT

In order to determine the effects of the continental shelf bathy-
metry on coastal geomorphology, a series of wave-refraction diagrams
were generated for the S. C. coast from Bull Island to the Isle of
Palms. Wave rays, as they approach the shore, converge or diverge
depending on the uneven offshore bottom topography. Therefore, zones
of magnified or reduced wave energy are created from the interaction
between waves and the offshore topography. REFRAC, a computerized
wave-refraction program developed for this study, generates refrac-
tion diagrams which delineate the patterns of longshore variation in
wave energy. A variety of input wave conditions were used in REFRAC
to model the various possible wave conditions existing tn nature.
bData input included waves propagated in deep water from the east,
southeast and south for several different periods. To improve the
accuracy of the refraction diagrams, bathymetric charts of increasing
detail near the shore were used in tracing the path of a wave onto
the shore. Qualitatively, zones of potential erosion or deposition
can be inferred to correspond to converging or diverging wave rays
respectively,

The results indicate that the offshore bathymetry does partially
control the coastal geomorphology by creating zones of potential ero-
sion and deposition and by influencing the direction of sediment
transport. An analysis of the refraction diagrams reveals the fol-
lowing observations. (1) Bull Island and Capers Island, areas of
long-term erosion, are located in zones of higher than average wave
energy. (2) The southern section of the Isle of Palms has under-

gone extensive accretion due to its location in a zone of lower

et o




than average wave energy and to a sediment supply from the north. (3)
" The—obIique orientation of Dewees Inlet, as compared to the normal orien-
tation of Price Inlet, results from the increased wave energy noted at
Dewees Inlet, especially for a 10-second wave from the east. (4) The
large downdrift offset of Dewees Inlet appears to be related to a sud-
den reduction in the southward directed longshore drift at the Isle of
Palms as compared to Dewees and Capers lslands.

Additional information on the sediment transport patterns at the
ebb-tidal delta of Price Inlet was gained from the increase in detail
of the refraction diagrams for Price Inlet. For waves from the east
and southeast, the predominant direction of littoral drift is to the
south. Sediment transport reversals to the north were seen on the
south side of the inlet. These reversals in transport direction, re-
sulting from refraction around the ebb-tidal delta, are capable of
reintroducing sand into the inlet and building up the beach and
shoals south of the inlet. On the other hand, shorter period waves
from the east, because of their oblique angle of approach to the
shoreline, may enhance sediment bypassing around the distal portion

of the ebb-tidal delta at Price Inlet.
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i INTRODUCTION

The relationship between the nonuniform wave-energy distribution
along a coastline and the coastline's stability, both past and future,
is of primary importance in coastal management. A graphical method,
based on the principles of refraction, set forth by Snell's Law, is %
commonly used in displaying wave-energy distribution., These wave-re-
fraction diagrams serve as a useful tool in the interpretatiun of
coastal processes when used in conjunction with field data (Colonell
et al., 1973). Goldsmith and others (1970) concluded from refraction

computations on Monomy Island that the interaction between incoming

waves and variations in the offshore bathymetry may be able to pre-
dict changes in the configuration of the shoreline. Fico (1977)

depicted areas on the S. C. coast of varying susceptibility to storm

damage by refracting waves from several different directions, .

o " ol 2o "

This study exemplifies the significance of the offshore bathy-
metry in modifying the configuration of the S. C. coast from Bull Is-
land to the Isle of Palms (Fig. 1). Through the interaction of waves

and the offshore topography, which results in an uneven longshore

wave energy distribution, differential rates of deposition or erosion
occur along the coast. A series of wave-refraction diagrams were

generated to show the correspondence between the variation in the

wave-~energy distribution and the resulting coastal geomorphology.
Furthermore, detailed refraction diagrams of Price Inlet were able
to illustrate the effects of the offshore bathymetry on the morpho-
logy and sediment transport patterns of an ebb-tidal delta.

A computerized wave refraction procedure, REFRAC, has been im-

plemented on the [BM System 370/168 at the University of South
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Carolina. Dobson (1967) developed the initial progranm and based the re-

a fraction of incoming waves on linear wave theory. Since he assumed bot-
tom friction to be insignificant, the wave height at any point of inter-
est (usually the breaker zone) is a function of the initial deep water
wave height and the refraction and shoaling coefficients at that point.
Modifications of this program made by Senter (1972) at the Waterways Ex-
periment Station include the addition of Calcomp plot routines and a
window feature which allows wave data generated from a small-scale map
to be used as input into a larger-scale map for a more detailed refrac-
tion analysis.

REFRAC, including the above modifications, has been further al-
tered in the current study to accept digitized bathymetric input for
generation of a depth grid. Previously, areas of interest were over-
lain by a grid and the depths interpolated from a hydrographic chart

d at grid points. Next, the interpolated depth data were keypunched
onto cards. When using large areas or a series of desired large-
scale window plots, this was a very time-consuming process. These
tasks are eliminated by digitizing the shoreline and the bathymetric
contours onto magnetic tape. The digitized data are processed by the
program which creates a grid of depth values by using the straight-line

slope formula for depths between the contours.
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LINEAR WAVE THEORY

General Description

Linear wave theory, as developed by Airy (in 1845) is a first-order
theoretical approximation describing wave behavior. The theory assumes
long trains of uniform waves with long unbroken wave crests. Obviously,
this condition is not met in areas of locally generated seas, where
wave forms may consist of several periods and directions and broken wave
crests. However, swell waves, which are outside the area of generation,
approximate the above assumption (Komar, 1976). Higher-order theories,
usually referred to as finite amplitude theories, increase the number of
successive approximations in order to describe more closely the actual
wave behavior. These successive approximations serve as correction fac-
tors for preceding terms (Coastal Engineering Research Center, 1973,

p. 2-2).

Linear wave theory is more commonly used in the study of wave be-
havior because it is reliable over a number of wave conditions and
mathematically easy to apply. Dobson (1967), using linear wave theory
in the refraction of incoming waves, developed the original version
of the computer program used in this study. Therefore, the celerity
of the wave is dependent on the water depth. Refraction or the bending
of wave orthogonals (rays or lines parallel to the direction of wave
propagation) are a result of the different speeds along the wave crest
as it passes over an uneven topography. Simply stated, a wave ray
will refract toward shallower water. Because of this interaction be-
tween waves and the offshore topography, there is a variation in wave

characteristics (height, energy, etc.) in the nearshore zone. This

spatial variation in wave characteristics may be a driving mechanism

b o i, Rl 10 3 5 e e
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for nearshore circulation patterns (Noda, 1974; Sonu, 1972). Qualita-

¢ vpenrny

. tively, zones of potential erosion or deposition can be inferred to
correspond to converging or diverging wave rays, respectively.
Breaker wave height is a function of the deep water wave height af-
ter it has been modified by refraction and shoaling in shallow water.

ALthough Dobson considered frictional attenuation of wave height to be

insignificant, Goldsmith (1976) states that friction may cause a sig-
j nificant loss in wave energy and height. Because of the frictional
loss of energy over the wide shallow shelf of the Virginian Sea, wave %
heights were reduced 50 to 75 percent for longer wave periods. This ;
;? percentage will be less for smaller period waves. %
? ' A friction routine similar to the one used by Goldsmith (personal i
communication) and Coleman and Wright (1971) was added to REFRAC, the

wave-refraction program used in this study. However, the resulting

—ndiria

' > wave heights and energy are questionable. Therefore, a quantitative

O

evaluation of wave heights was not attempted.

s, Kl D 1 AN

Assumptions and Limitations

In relation to wave refraction, the main assumptions in linear

“ wave theory are (Coastal Engineering Research Center, 1973, p. 2-65):
(1) Wave energy between wave rays remains constant. This assump-
fé ‘ tion is suspect when wave orthogonals bend sharply as energy may be

transferred along the wave crests. Caustics, which are rays that 1

bend sharply enough to cross, no longer present a problem. Accord-

ing to Chao (1972), wave rays continue on the same path after they

- pass through a caustic as before the caustic, the only difference be-

1 ing a phase shift.
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(2) Wave celerity is a function of water depth. This holds true in
linear theory but not necessarily in higher-order theories. An increase
in wave height, resulting from either shoaling or refraction will cause
a slight increase in the wave velocity. This effect is small (Komar,
1976).

(3) The bottom slope is gentle (less than 1:10). Linear theory is
strictly valid only for constant depths, but il will successfully pre-
dict wave velocities over a gently sloping bottom (Dobson, 1967).

(4) Waves are long-crested, constant period, and of small amplitude.
This is not true for 'confused seas' in their area of generation but
does approximate swell conditions., In refraction studies, a spec-
trum of swell conditions needs to be analyzed to simulate the real world
(Goldsmith, 1976).

(5) Reflection of wave energy from a gently sloping bottom is neg-~
ligible. Caldwell (1949) supports this assumption for slopes of four

degrees or less.
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DATA INPUT

South Carolina Wave Climate

Brown (1977) used SSMO data (U.S. Naval Weather Service Command,
1970) to derive wind and wave-energy-flux diagrams for the South Caro-
lina coast. As expected, seasonal trends in wind and wave conditions
were noted (Fig. 2). The average annual wave energy flux on the South
Carolina coast is 1.7 x 106 g—m/s3, with a m~ximum of 3.1 x 106 g-m/s3
from the northeast. Wave energy flux is defined as the rate at which
wave energy per unit surface area is transmitted in the direction of
wave propagation.

The dominant winds (highest velocities) from the north and east
during fall and winter are reflected in the direction of the deep water
wave-energy flux. Strong storm winds from the northeast are generated
by northward passing extratropical storms and are considered by Finley
(1976) to be the "most important wave generators". Finley documented
7.3 meters of foredune erosion on Debidue Island in a two-week period
following an extratropical cyclone in February 1973. Kana (1977) re-
corded process measurements during a minor northeast storm in September
1974. An average of 3.8 m3 of sand per foot of shoreline at Debidue
Island was eroded in a 6-hour period. During this short period of
erosion, breaker heights were approximately 120 cm (4 ft) with an average
wave period of 6 seconds.

In spring and summer, an increasing frequency of winds are observed
from the south and southwest. These winds are generated by an anti-
cyclonic circulation pattern associated with a high pressure zone set-

tling over Bermuda. According to Crutcher and Quayle in Brown (1977),

an averape of 1.4 hurricanes and tropical storms affect South Carolina's




Figure 2. Seasonal and annual wind and wave energy flux (Pl )
roses computed from the 1970 version of SSMO data. Bar s
length in the wind roses represents the percentage of time
the wind blows from any given direction. Bar length in the
energy flux roses is a relative measure of the wave energy
coming from a given direction (from Brown, 1977). .
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coast annually. The probability of a tropical storm of hurricane force,
winds in excess of 74 mph, striking the South Carolina coast, was de-
termined by Nummedal and Humphries (1977) to be about .2, correspond-
ing to one every 5 years. The highest breakers recorded on the coast
were approximately 12 ft, They were recorded at Myrtle Beach during a
hurricane in 1958 (Nummedal, 1977). Nummedal and Humphries (1977) also
noted, from numerous observations at Debidue Tsland, an 1l cu decrease
in wave height for the spring and summer as compared to fall and winter.
The dominant deep water wave-energy flux in the summer, as calcu-
lated by Brown (1977), is from the southeast and lower in magnitude
than the winter flux values from the northeast and east. Finley (1976)
computed the highest sea and swell which could affect the S. C. coast
to be from the northeast and east. Figure 3 graphically displays the
frequency of occurrence of sea and swell and their approach direction. .
These SSMO-based wave climate evaluations support the morphologic evi-
dence of a net southward sediment transport.
Based on the above information and 1975 SSMO data, it was decided to
use Goldsmith's (1976) "“scatter gun" approach with respect to wave in-
put conditions. 1In this way, a variety of conditions are modeled. Un-~
fortunately, SSMO data have several inherent biases which make it dif-
ficult to determine percentage of occurrence for a given wave condition
(Goldsmith, 1976; Nummadal and Stephen, 1976).
The initial deep water wave conditions consist of waves propagating
from the east (90 degrees), southeast (135 degrees), and from the south
(180 degrees) at periods of 10, 8, 6 and 4 seconds with a wave height
of 1 foot. An initial wave height of one foot was used at the time of

this analysis because frictional attenuation of the wave height in «
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Figure 3. Frequency of occurrence of sea and swell and their
approach direction for SSMO observation square off South Caro-
lina (from U.S. Army Corps of Engineers, 1970). (from Finley,
1976). ‘
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shallow water was not considered. Therefore, these diagrams are of qual-
itative value. Calculations of energy and longshore transport can be
used for relative comparisons between sections of the coast but should

not be used as indicators of absolute magnitudes.

Bathymetry
Shelf morphology. - According to Swift (1976), the Atlantic shelf

sands are predominantly generated by erosivuzi shoreface retreat during
the Holocene transgression about 11,000 B.P. Two constructional fea-
tures formed from this sand sheet were shoal retreat massifs which are
overlain by linear sand shoals (Swift et al., 1972; Duane et al., 1972).
Refer to Figure 4.

Shoal retreat massifs are broad sand ridges of subdued relief, trans-
verse to the shelf, which mark the retreat of nearshore depositional cen-
ters. These depositional centers form off capes or cuspate forelands
and are the result of littoral drift convergence (Swift, et al., 1972).
Because of the closely-spaced forelands south of Cape Romain, the shoal
retreat massifs tend to coalesce.

Overlying the shoal retreat massifs are northeast trending linear
shoals. These shoals form an angle of approximately 35 degrees with
the shoreline, exhibit up to 30 feet of relief and may extend for many
miles (Duane et al., 1972). The shoals may be connected to the shore-
line or isolated. Duane et al. hypothesize that the shoreface con-
nected ridges are formed by storm-generated currents interacting with
the shoreface. These ridges become isolated as the shoreline retreats
in response to sea level rise. Because of the similarity in orienta-

tion of both shoreface-connected and isolated shoals with respect to

the shoreline, Duane et al. propose that the shoreline orientation pro-

P ey

[ S S —

Etroam————




Ry e

vteow i T

e oS

ST ke ok A 2 b

© g

Figure 4. Cuspate forelands and cape shoal-retreat massifs
(stippled) of the South Carolina shelf. Note overprinting
of ridge and swale topography. Contours are in fathoms.
(from Swift, 1976). .
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bably remained essentially the same during the Holocene marine trans-

gression. ;
Hydrographic charts. - Depth data is obtained by contouring hydro-

graphic charts and boat sheets printed by NOAA (National Oceanic and At~
mospheric Administration). The contoured depths are hand digitized on a
Bendix Datagrid Digitizer and stored on magnetic tape. This tape is
read by a routine in REFRAC, which constiructs a depth grid by inter-
pelating depths between the digitized contours. (For more details, re-

fer to Appendix II)

A first-order chart of the South Carolina shelf (scaled at 1:432,
720 to 1:449,659) was used to generate input data onto a larger scaled
second-order chart (1:80,000) of the section of coast between Cape Ro-
main and Folly Island. This chart generated data for the larger scaled
third-order charts (1:20,000) of Price Inlet. Refer to Fig. 5 and .
Table 1.

The advantage of this technique lies in the use of more detailed
bathymetric data for second and third order charts. This allows in-
creased detail and greater accuracy in the resulting wave-refraction
diagrams.

In relation to depcth data, two considerations are necessary.

First is the accuracy with which the depths were measured. Accuracy
criteria for the depths and navigational positioning has been compiled
by Sallenger et al. (1975). Refer to Figure 6 and Table 2 for a gra-
phical summary and explanation of this information. Second, the
amount of area distortion produced by the Mercator projection from a
sphere to a flat map need be insignificant or corrected for. Gold~-

smith et al.(1974) had a special Mercator projection constructed for .

the Virginia shelf to minimize distortion. Robinson (1969) and Green-
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Figure 5. Graphical representation of the lst-, 2nd-,
and 3rd-~order charts and their relation to each other.
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| Table 1. Hydrographic Chart Information
Charts Area Year Scale

! . 1ST ORDER 11520 s.cC. 1975 1:432,720

; 11480 coast 1975 1:449,659

i : IND ORDER 1238  Cape Romain 1973 1:80,000

‘! to Folly Is. 1973 1:80,000

1 3RD ORDER ~ H-8779 Price 1963 1:20,000

i H-4179 Inlet 1921 1:20,000
H-4180 1921 1:20,000
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Figure 6. Maximum accuracy criteria used for soundings on
hydrographic charts since 1860. Modified from Sallenger
(1975). Refer to Table 2 for detailed explanation of
this figure.
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hood (1964) state that the amount of distortion decreases closer to
the equator and that for small areas (as compared to the whole globe)
] may be negligible. The South Carolina coast lies between 32°N and 34°N

; and so qualifies as a small area. Therefore, the standard Mercator pro-

jections issued by NOAA were used without modification.
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DATA OUTPUT - WAVE-REFRACTION DIAGRAMS

Description

A complete description of the types of output, including sample
listings of the wave parameters printed by REFRAC, can be found in Ap-
pendix Il. Refraction diagrams referred to in this section are in Ap-
pendix I. (Arrows refer to direction of sediment transport.)

Wave-refraction diagrams are a graphical representation of the bend-
ing of wave rays as the waves interact with the continental shelf. This
interaction results in an uneven distribution of wave characteristics
along the shoreline, as inferred by zones of converging and diverging
wave orthogonals. Converging wave orthogonals depict areas of increased
wave height and energy commonly correlative with areas of erosion. Con-
versely, diverging orthogonals depict areas of lower wave height and
energy commonly correlative with areas of deposition. To accurately
delineate these areas of erosion and deposition for a segment of the
S. €. coastline, a set of first-, second-, and third-order wave-refrac-
tion diagrams have been generated.

A first-order diagram shows the gross energy distribution over an
extended area. Figure 1, for example, shows the over-all wave-refrac-
tion pattern on the S. C. continental shelf for waves with a 10-second
period from the east. The shelf break ranges from between 47 km and 75
km offshore at the 75 to 100 fathom contour. Figure 2 is a second-~order
diagram showing the energy distribution between Bull Island and the
Isle of Palms., This figure was generated from the first-order diagram
shown in Figure 1. The increase in detail is the result of an increase

in the density of wave rays refracted and the greater bathymetric de-

tail of the 2nd-order chart. The rays were started in deep water
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about 1 km apart. A subset of the rays refracted in Figure 2 generated
the third-order diagrams in Figures 6a and 6b. The deep water spacing
between these rays is the same as in Figure 2. These third-order dia-
grams show the detailed wave-energy distribution on Price Inlet's ebb-
tidal delta.

The bathymetry of Price Inlet was surveyed in 1921 (PI - 1921) and
again in 1963 (PI - 1963). The maximum depth of both surveys is between
25 and 30 feet. Incoming waves with periods of 6 seconds or greater
have already felt bottom and begun to refract by the time they reach
the maximum depth of the above surveys. Therefore, what is being ob-
served on these charts is the 'fine tuning' of a process that has al-
ready begun in water deeper than 30 feet. Since the same second-order
hydrographic chart generated input data at the seaward extent of both
3rd-order charts, wave refraction diagrams for PI-1921 and PI-1963 are
similar. Changes of the inner shelf bathymetry have been noted by
Goldsmith et al. (1975) off the southern Delmarva Peninsula, Virginia.
Unfortunately, a smaller scale chart for 1921 was unobtainable.

Only 2nd- and 3rd-order refraction diagrams will be described in
detail. Figures 2-5 are 2nd-order diagrams of waves approaching from
the east. These waves, typical of winter months, are generated by
extratropical storms passing north of South Carolina. A study of
these figures reveals the strong effect offshore bathymetry has on
an easterly wave approach. Waves with a period of 10 seconds (Fig. 2),
after interacting with the continental shelf, have an exceptionally
nonuniform distribution of wave energy. A very strong zone of con-
vergence exists at Capers and Dewees Inlets and Capers Island. A

dramatic decrease in wave energy is observed south of Dewees Inlet

it




and north of Price Inlet. The direction of sediment transport was cal-
culated by REFRAC to be predominantly to the south. In analyzing these
diagrams, it is important to remember the variability in the amount of
sand being transported as a result of the nonuniform distribution of
wave energy. For example, in Figure 2, more sand is capable of being
transported at Capers and Dewees Islands and their adjoining inlets be-
cause of the increased wave energy than further south on the Isle of
Palms. Therefore, from Figure 2 alone, deposition may be expected on
the Isle of Palms because of the lower wave energy and the resulting
decrease in competency of the longshore currents.

Figure 3 is a wave refraction pattern for 8-second waves from the

east. The wave energy, as compared to Figure 2, is more evenly dis-
tributed. A strong zone of convergence exists in the central section
of the Isle of Palms and the northern tip of Bull Island. Price In-

let and the remainder of Bull Island seem to be in a zone of reduced .

wave energy for both 10- and 8-second waves. The predominant direc-

tion of sediment transport for an 8-second wave is to the south.

Refraction diagrams for waves with periods of 6~ and 4-seconds

ﬁ (Figs. 4 and 5, respectively) have a progressively more uniform wave
1

i energy distribution than the energy distribution for 8- and 10-second

waves. This results from longer period waves beginning to refract in

deeper water. Furthermore, as a result of the different depths in
which waves of varying periods begin to refract, the orthogonals of
waves with longer periods tend to be more perpendicular to the coast
(compare Figs. 2-5). Figure 4 (period (T)=6 seconds) shows a zone
of convergence on the shoals north of Price Inlet. Sediment trans-

port is predominantly to the south except on these northern shoals
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where it is to the north. In Figure 5 (T=4 sec), the zone of conver-
gence has shifted to the southern shoals of Price Inlet and the nor-
thern end of Capers Island. The sediment transport is predominantly to
the south, including the northern shoals of Price Inlet. The difference
in transport direction on the northern shoals of Price Inlet is ex-
plained by the more perpendicular orientation of the wave rays with ]
the shore, for waves with a longer period. This implies that shorter
period waves may actually enhance sediment bypassing at Price Inlet.
Third-order refraction diagrams show the energy distribution and
resulting sediment transport at Price Inlet in greater detail. The
direction of sediment transport at the northern shoals of Price Inlet
is to the south in Figures 9a and 9b (T=4 sec); whereas, for 10-, 8-,
and €-second waves (Figs. 6-8) transport is to the north. Comparing
the direction of sediment transport in Figs 6a-9a and 6b-9b reinforces
the above observation that sediment bypassing at the distal margin of
the ebb-tidal delta of Price Inlet may be enhanced by waves with a
shorter period. Further analysis of these diagrams reveals the exis-
tence of sediment transport reversals south of the inlet (Figs.7a and
9b). Sediment transport reversals are caused by the refraction of
waves around an ebb~tidal delta. Finley (1976) documented a similar
transport reversal at North Inlet, South Carolina. Another observa-
tion, seen in Fig. 8a (T=6 sec), is the strong convergence of wave
rays at the seaward extent of the northern marginal flood channel.
During the summer months, storms generate waves from the south-
cast and south. Second-order diagrams of waves from the southeast
arc shown in Figs. 10-13. The influence of the offshore bathymetry

on these waves is evidenced by the alternate zones of converging and
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diverging wave rays. Contrary to waves from the east, the zones of
wave energy concentration do not shift with a change in period. TFor
waves from the southeast with periods of 10-, 8-, and 6-seconds (Figs. 10-
12), strong zones of convergence occur at the southern end of the Isle
of Palms (Breach Inlet) and the northern section of Capers and Bull Is-
lands. A weaker concentration of wave energy is seen at Dewees Inlet.
The only difference between periods is the degree of concentration;
smaller period waves are usually not as focused. Zones of reduced en-
ergy, such as Price Inlet, exist between the above zones of concentra-
tion. Waves with a 4-second period show a comparatively even wave-
energy distribution.

The direction of sediment transport was determined to be the same
for all 4 periods. Transport is predominantly to the south with an
indication of transport to the north at the northern shoals of Price
Inlet and Capers Inlet. As seen from the third-order refraction dia-
grams (Figs. 14-17), the predominant sediment transport is also to
the south, but with one important difference. A sediment transport
reversal to the north exists at the southern shoals of Price Inlet
in all the diagrams except Figure 17b, which is for a wave with a
period of 4-seconds.

Waves from the south are not affected as much by the offshore
bathymetry as waves from the east and southeast. As a result, wave
energy is more evenly distributed (Figs. 18-21)., Fig. 18 (T=10 sec)
shows zones of minor concentration at the southern and northern ends
of the Lsle of Palms. Bull Island experiences a slight increase in
wave encergy at the southern and central sections of the island. A

more even energy distribution is seen in Fig. 19 (T=8 sec), except

S T ot s e T A TR LB 1 ey o, P AN WA

Sm———




for a strong concentration of wave rays on the mid-section of the Isle
" of Palms. This zone is surrounded on either side by a reduction in 4
wave energy. Figs. 20 (T=6 sec) and 21 (T=4 sec) have a fairly uniform I
energy distribution. The only difference is seen in the direction of
sediment transport. Figs. 18-21 show a dominant transport to the north.

However, for waves with a 10-, 8-, and 6-second period, the sediment

transport on the southern shoals of Price Inlet is to thc south (Figs.
18-20). Transport is to the north for a wave with a 4-second period
(Fig. 21). By comparing the above 4 figures with the more detailed
third-order diagrams, Figs. 22-25, it is apparent that the lack of de-
tail in Fig. 21 accounts for the discrepancy in the transport direc-
tions. Fig. 25a and b shows a sediment transport direction to the
south for 4-second waves on the southern shoals of Price Inlet.
Discussion

Wave-refraction analysis provides an efficient method for inter-
preting coastal processes. When used in conjunction with field data,

refraction diagrams aid in the understanding of coastal geomorphology.

Stephen et al. (1975) measured the rates of shoreline change from ver-

tical aerial photographs between the years 1939 and 1973 for Charles-

ton County, South Carolina. The resulting classification scheme has

I}
} .
j four categories: areas of long-term erosion, long-term accretion, un-
1
!

it

stable areas and stable areas. Refer to Fig. 7 for an explanation

and the geographical location of these categories. Included in this

figure are the locations of the zones of wave energy concentration
and reduction described in the previous section. A careful analysis
of Fig. 7 reveals a relation between the zones of high and low wave

cnergy, as depicted by wave-refraction diagrams, and the coastal geo-~




Figure 7. Classification scheme of the shoreline changes for
the S. C. coast, based on aerial photographs from 1939 to 1973.
Modified from Stephen et al. (1975).

long-term erosion: areas which have undergone relatively
continuous erosion over the study interval.

long-term accretion: areas which have undergone relatively
continuous deposition over the study interval.

unstable: areas with fluctuations greater than 50 ft
over the study interval.

stable: areas with fluctuations of less than 50 ft over
the study period.

Superimposed on these shoreline changes are the various degrees
of wave ray concentrations observed from the wave refraction dia-

grams.

exceptionally high concentration
high concentration

uniform distribution of wave rays
low concentration or diverging rays
exceptionally low concentration.

N
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morphology.

There is a dynamic interaction between the tidal currents and long-
shore currents generated by waves which affects the orientation and mor-
phology of ebb-tidal deltas (Oertel, 1975; Oertel and Howard, 1972; Hub-
bard, 1977). Tide-dominated inlets have well-developed shoals forming
a high oblique angle with the shoreline. Waves have a tendency to
straighten a coastline by focusing energy on headlands. As a result,
wave dominated ebb-tidal deltas have a relatively parallel orientation
with the shoreline. Coleman (1976) cites similar behavior in river
deltas, only the interaction is between sediments supplied by the river
and the wave regime.

Analysis of Fig. 7 shows the orientation of Price Inlet's ebb-tid-
al delta to be more normal to the shoreline than the orientation of
the Capers-Dewees shoal complex further to the south. One explanation
for this is obtained by comparing the refraction patterns on these in-
lets. Price Inlet exists essentially in a shadow zone of reduced wave
energy for waves from the east, which is the direction of dominant
energy flux. Therefore, tidal currents play a more active role in
the development of the ebb-tidal delta, resulting in an almost per-
pendicular orientation to the shoreline. The Capers-Dewees complex,
however, lies in a zone of exceptionally high wave energy concentra-
tion for a 10-second wave from the east. As a result, waves tend
to push the sand up against the suore causing a more oblique or para-
llel orientation wich the shoreline.

Besides the oblique orientation of Dewees Inlet, a large down-
dritt offset is exhibited. The ebb~tidal delta will act as a bar-

rier against wave attack, but the downdrift offset is probably more
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related to a sudden reduction in southward directed longshore drift at
the Isle of Palms. This reduction in longshore drift, caused by the

§ nonuniform energy distribution, allows the deposition of sediment on

the northern end of the Isle of Palms. The area is unstable because
of its proximity to Dewees Inlet.

Figure 7 shows long-term erosion further north at Bull Island.
North Bull Island has no protecting shoals and is therefore open to
wave attack, especially from an 8- or 6-second wave from the east.
Figs. 10-13 (in Appendix 1) show a concentration of wave energy on
Bull Island for all waves from the southeast. This concentration
of wave rays results from the interaction of waves and the section
of the shoal retreat massif off the aorthern end of Bull Island
(30 foot contour and shallower). Also, there is no apparent sedi-
}{ ment source to allay the erosional trend on Bull Island.

Capers Island is also undergoing long-~term erosion. As seen
from Fig. 7, strong concentrations of wave energy are noted for

waves from the east with a wave period of l0-seconds and waves

from the southeast with a period of 10~, 8-, or 6-seconds.

A maximum accretion of 400 feet since 1941 has occurred on the

ARl

southern end (spit) of the Isle of Palms. This area is one of the
few areas on the S. C. coast categorized as long-term accretion.
An analysis of Fig. 7 reveals this section of the Isle of Palms to
3 be in a zone of reduced wave energy for most wave conditions.
1 Therefore, deposition and spit growth would be enhanced.

A comparison of Figs. 1-5, 10-13, 18-21 (in Appendix I) and
Fig. 7 suggests that longer period waves have more effect on the

shape of the coast than shorter period waves. Because of the more
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dramatic concentration or divergence of wave rays for longer period
waves, sections of the coast will accrete or erode at different rela- .
tive rates, therefore influencing the gross morphology of the coast

to a larger degree than shorter period waves. Shorter period waves
will have relatively even rates of erosion or deposition because of
their more uniform wave energy distribution. The accretion on the
Isle of Palms, the downdrift offset at Dewees Inlet, and the orien-
tation of Dewees Inlet as compared to Price Inlet support this ob-
servation. The possibility that longer period waves have more effect
on coastal geomorphology implies that the deeper offshore bathymetry
(greater than approximately 48') affects the coast more than the near-
shore bathymetry. To determine the validity of this observation,

more precise data on the frequency of various wave conditions is
necessary.

To gain an understanding of wave refraction and its possible ef- .
fects on the morphology of an ebb-tidal delta, refraction diagrams
with greater detail were generated for Price Inlet. Price Inlet is
an example of a model developed by Hayes (1975) on ebb-tidal deltas
(Fig. 8). Basically, waves will bend toward the inlet. The angle
the wave makes with the shoreline is of critical importance in deter-
mining the direction of sediment transport. Waves from the east and
southeast have a predominant sediment transport to the south. A
careful examination of Figs., 6-9, 14-17 (in Appendix I) shows sediment
transport reversals south of the ebb-tidal delta. Transport rever-
sals result from the sharp bending of wave rays around the delta

and provide a means for both reintroducing sand into the inlet,

through the marginal flood channels, and building the beach and




General ebb-tidal delta model

(from Hayes, 1975).

Figure 8.
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shoals south of the inlet. This mechanism was proposed by Hayes et
al. (1970) as being responsible for downdrift offsets.

The angle at which waves strike the ebb-tidal delta may enhance or
inhibit sediment bypassing around the distal shoals of the delta. Sand
may be transported landward onto the swash platform or along the shoal

margins depending on the tide level. At low tide, the shoals are sub-

aerial. As a result, sand transport will occur along the shoal margins.

For waves from the east, the net longshore transport is to the south.
However, an analysis of Fig. 6-9 (in Appendix I) reveals that on the
northern shoals of the delta, sediment tramsport is to the north for
waves with a period of 10-, 8-, and 6-seconds. Therefore, sand trans-
port to the south around the distal end of the delta is inhibited.

For a 4-second wave, sediment transport on the northern shoals is to
the south and, therefore, may actually enhance sediment bypassing.
This is explained by the more oblique approach of a 4-second wave to
the shoreline than the longer period waves.

Many of the ebb-tidal deltas on the S. C. coast exhibit channels
which run parallel to the shore. During early flood when the swash
bars are exposed, these mcrginal flood channels provide an avenue
for water flow and sediment transport into the inlet. 1In the vicinity
of the marginal flood channels, Figures 6-9, 14-17, 22-25 (in Appen-
dix I) show converging sediment transport directions. This conver-
gence may create a hycraulic head at the seaward extent of the mar-
pinal flood channel, thereby enhancing water flow and sediment trans-
port through the channels. The larger size of the northern marginal
flood channel probably reflects the effects of the direction of domi-

nant wave energy flux from the northeast and east. The wide funnel
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shape of this channel may result from the strong convergence in wave
rays noted in Fig. 8 (in Appendix I). This convergence of rays would
cause both an increase in wave setup and energy resulting in increased
sediment transport and erosion at the seaward extent of the flood chan-
nel.

In nature, a spectrum of wave conditions strike the shore at any
one time. Each component of this gpectrum (Jdffferent period and di-
rection) has its own distribution of wave height and energy. This
nonuniform distribution of wave characteristics, caused by wave re-
fraction, may partially explain the intermittent character of the
flood-directed stresses noted by Huntley and Nummedal (pers. comm.)
in the marginal flood channels. These authors made a series of along-
channel and cross-channel velocity measurements in both channels. An
analysis of the variability of these two directional velocities pro-
vided a measure of the radiation stress available to drive longshore
currents in the channels. These stresses were intermittent and re-

lated to obliquely incident waves.
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CONCLUSIONS

The offshore bathymetry creates zones of converging and diverging

wave rays by interacting with waves of different periods and directions.

The importance of this interaction of coastal geomorphology is seen in
the following observations from wave refraction diagrams of the S. C.
coast from Bull Island to the Isle of Palms:

1. Zones of high and low wave energy, as depicted by converging
and diverging wave rays, tend to have corresponding zones of erosion
and deposition, Both Bull Island and Capers JTsland which are under-
going long-term erosion, are located in areas of wave convergence.
Bull Island lacks an apparent sediment source which may partially ac-
count for the erosion. Further south, the southern tip of the Isle
of Palms has undergone extensive deposition. This section of the
Isle of Palms corresponds to a zone of reduced wave ernergy.

2. The large downdrift offset of Dewees Inlet appears to be re-
lated to a sudden reduction in the southward-directed longshore drift
at the Isle of Palms as compared to Dewees Island and other barriers
further north.

3. The orientation of Dewees Inlet and Price Inlet is related to
the balance between wave energy and tidal energy. Price Inlet, be-
ing in a zone of wave energy reduction, is relatively dominated by
the tidal current resulting in a normal orientation to the shoreline.
Dewees Inlet exhibits an oblique orientation with the shoreline. This
orientation is strongly related to the exceptionally high concentra-
tion of wave energy received from a 10-second wave from the east.

4. This study suggests that longer period waves and, therefore,

the deeper offshore bathymetry may have a stronger effect on the
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coastal geomorphology than shorter period waves and the nearshore

bathymetry. Evidence for this is seen by the accretion on the Isle of .
Palms, the downdrift offset at Dewees Inlet, and the shore-parallel

orientation of Dewees Inlet.

5. Sediment transport reversals are seen at Price Inlet for waves
from the east and southeast. The calculated direction of transport
implies that these reversals provide a means for reintroducing sand
into the inlet and depositing sand on the beach, and shoals south of
the inlet.

6. Sediment bypassing around the distal portion of the ebb-tidal
delta at Price Inlet may be enhanced by shorter period waves from the
east.

7. In relation to marginal flood channels at Price Inlet, the fol-
lowing observations were made:

a) Hydraulic heads resulting from the convergence of two dif- -
ferent directions of transport may enhance water flow and
sediment transport through the flood channels.

b) A wave with a period of 6-seconds from the east may account
for the funnel shape of the seaward extent of the northern
marginal flood channel because of the strong zone of conver-
gence in the vicinity.

c) The pulsating flood currents recorded by Huntley and Numme-
dal (pers. comm.) may partially be explained by the variations
in wave height produced at a point due to the simultaneous

refraction of several different wave conditions.
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PROGRAM DESCRIPTION

Module Description §

REFRAC is divided into a MAIN routine and several subroutines:

RAYCON, REFRAC, CURVE, DEPTH, HEIGHT, REFDIA, ENERGY, BOTTOM and

SORT1l. The subroutine ENERGY is similar to the subroutine used by
Colonell and Goldsmith (personal communication) for calculations of
wave power and energy.

MAIN Routine. - This routine reads the input wave parameters
such as initial wave height, period, direction and starting grid
coordinates. Calculated refraction coefficients need be supplied if

the wave starts in shallow water. Controlling program parameters such

i as window specificacions, number of wave rays and so on are also read.

Output includes a title page listing the input parameters for quick re-

ferral and comparisons between sets of rays. The shoreline, depth
contours and plot title information are plotted at this time. Cal-
culations of deep water wave celerity and length and the depth at
which refraction will begin are performed. Further calculations in-
clude printing and plotting intervals based on a time step. Time
was chosen as the independent variable in the governing equatiomns
because in deep water where effects of refraction are small, the
celerity and, therefore the distance, between two points decreases. ;

This coincides with the area in which the greatest detail is desired.

The first subroutine called in this program is BOTTOM which sets up
the depth grid for later calculations. Nested loops control the num-
ber of sets of rays and the number of rays per set to be analyzed.

* In the inner loop, control is passed to subroutine RAYCON which cal-

I1-1




culates each ray's path across the depth grid.

Subroutine RAYCON. - RAYCON controls each individual ray as it pro-

gresses across the grid. Initially, the wave is advanced one step and
the depth calculated (from DEPTH subroutine) at this point. If the
depth is greater than one-half the deep water wave length, deep water
conditions exist signifying no changes in the wave. Printing and
plotting options are then checked. The above steps are repeated un-
til transitional water depths are reached, that is, until the wave
feels bottom. Wave height and boundary positions are continuously
checked for breaking wave or out of bound conditions. As the wave
progresses through transitional water depths, the ray begins to re-
fract. RAYCON repeatedly calls CURVE, REFRAC, and HEIGHT to calculate
the curvature, step length and wave height resulting from increased
refraction and shoaling. The ray may be stopped for a variety of
reasons: there is no counvergence in the calculation for curvature,

the wave breaks, the ray reaches one of the boundaries, the maximum
number of points calculated has been exceeded, or the incremental dis-
tance between steps is less than the minimum specified. As mentioned
previously, RAYCON controls the printing and plotting for each ray.

At user-determined intervals, a tick mark is plotted on the wave ray,
and corresponding wave information, denoted by an asterisk, is printed.
Subroutine ENERGY is called before each line is printed in order to
calculate wave power and energy at that point. The boundaries for a
more detailed window are calculated if a window has been specified in
the input parameters. As a ray crosses these boundaries, values are
generated and stored on disk to be used as input data into a later,

more dcetailed refraction analysis.
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Subroutine REFRAC. - This routine and the following subroutines are

called repeatedly after the wave ray has entered transitional water
depths. REFRAC calculates the step length which is a function of the
wave celerity and time. If the step length is greater than the minimum
value specified in the input, the curvature (through CURVE subroutine)
and next X,Y coordinates are calculated. The initial curvature is used
to project the next point on the ray. A new curvature at this point is
calculated and compared to the original curvature, thus giving a better
estimate of the position for this point. This process is repeated un-
til the difference between two successive calculations is acceptably
small; then the new pcint is considered fixed. Two conditions of insta-
bility can arise. One condition results in the curvature being averaged
between solutions; a message is printed to this effect. The other con-
dition results from the failure of the calculations to converge, in
which case the ray is stopped.

Subroutine CURVE. - Based on the depth of the water, one of two

equations is used to calculate the wave celerity. Five one-thousandths
(.005) of the wavelength is the program's boundary between shallow
water and intermediate depths. The curvature of the ray is then cal-
culated. The curvature is a function of the ratio between local speed
and deep water wave speed, the depth and several depth-related coeffi-
cients, plus the azimuth of the ray.

Subroutine DEPTH. - A second degree polynomial fitted locally

(instead of on the complete depth grid) provides an accurate method

for interpolating depths at intermediate points (Dobson, 1967). The

equation is:

2 2
DEPTH e; + eyx + e,y + e,xX + esxy +e6y
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The local grid system consists of 12 points (Fig. 1) which are filtered
through a matrix of weighting terms derived from the relative positions
of the data points. This local grid system traces the ray's path shore-
ward across the depth grid. The six coefficients in the equation result
from a summing f the different filtered depths and remain constant with-
in the local coordinate system. Calculation of the curvature and refrac-
tion coefficient for a point are based on these six coefficients.

Subroutine HEIGHT. - This subroutine calculates the shoaling and

refraction coefficients, which are used in the computation of the local
wave height. The shoaling coefficient is equal to the ratio of the
group velocity in deep water to local group velocity and therefore de-
pendent on the water depth. The refraction coefficient is determined
by the change in separation of wave rays. Dobson (1967) created a sep-
aration factor which is a function of wave celerity, azimuth of the ray
and the six depth coefficients. As a result, the calculation of the
refraction coefficient for the present time step is dependent on the
refraction coefficient of the previous time step.

Subroutine REFDIA. - This subroutine plots the X, Y coordinates of

the ray as it progresses shoreward, The grid coordinates are multiplied
by the length of a grid side to convert them into plot inches before
plotting. The data input variable BOUND is subtracted from the deep-end
of the y-axis if this part of the plot is not desired.

Subroutine ENERGY. - The equations used in this routine and their

derivations may be found in the Shore Protection Manual (Coastal En-
gineering Research Center, 1973). As part of each printed line of out-
put, the total wave power and energy, the longshore power and direc-

tion (left or right) are calculated and printed. Longshore transport
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Figure 1. Local grid system used in surface fitting pro-
cedure for depth calculations.
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rates based on wave energy flux and Galvin's (1972) gross longshore
transport rates based on breaker height are calculated at the breaker
points. These transport rates are in cubic yards per year and the wave
energy flux transport rate is further converted to cubic meters per

year.

Subroutines BOTTOM and SORT1. - BOTTOM creates an evenly-spaced

depth grid from a digitized bathymetric map. A maximum of 20,000 grid
points may be generated depending on the spacing interval between grid
lines which is user determined. The digitized data includes the X,Y
coordinates of the map perimeter and the bathymetric contours and

their associated depths. Up to 100 different contours can be digitized.

The digitized data is read and converted into a numeric or charac-

terAformat for the program. As the data is read, two temporary disk
files are created. These files store the X,Y coordinates for the shore-
line and contours and will be plotted when program control returns to the
MAIN routine. The points on the perimeter are read first, and the in-
cremental distances and depths calculated. The depths are computed
from the straight-line slope formula. These calculations occur be-
tween two corners of the map unless contours cross this section of the
perimeter, in which case calculations occur between the corner and the
first contour; between contours (if more than one crossed the perimeter);
and the last contour and far corner. Upon completion of the perimeter,
the coordinates of the contours are read and converted into the proper
format. After the digitized tape is read, the tape is rewound and the
SORT1 routine called.

Subroutine SORT1 written in Assember language, links a system

utility sort to REFRAC. The depths and their coordinates are sorted

11-7




to build the desired depth grid. Note that, at this point, the only
depths are the incremental depths along the perimeter and the depths -
located at the contours. After the sort is completed, BOTTOM is re-
entered and the remaining depths calculated.
Grid depths are calculated parallel to the y-axis, one grid line at a
time. The distance between two points on two contours or a contour
and perimeter with the same x-coordinate is completed. The depth dis-
tance between these two points divided by their distance determines
the slope which is used to calculate the incremental depths between

the two points. Because of the method of interpolation described, the

i

y-axis should be drawn as perpendicular to the contours as possible.
Upon completion of the grid, program control returns to the MAIN
routine and refraction calculations as described in the previous sub-
routines begin. Fig. 2 is a generalized diagram of the flow of control ” i
in the program REFRAC. j

Output Description

REFRAC has two types of output to describe ray refraction. The
first, printed information includes a title page per set of rays.

Title of the area being analyzed and date of analysis are printed on

top of the page. An echo print of all input parameters allows a quick

referral when comparing sets of rays. The date of the hydrographic

chart and its units of measurement are also printed.
Information on individual rays is printed next. At the start of a

ray, a variable GRINC is calculated and printed. GRINC is the deep

water step length expressed as a fraction of the grid square and should .
equal approximately .5. Calculation of GRINC is further discussed in

the section on PROGRAMMING CONSIDERATIONS (Determination of Input Param-

st e e

11-8
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Program flow.

Figure 2.
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meters). Points along the ray are printed at a user specified interval.
Asterisks printed beside the point number correspond with tick marks
plotted perpendicular to the ray orthogonal. Point information includes:
location of point on the grid, azimuth of the ray, water depth, length,
speed and height of wave, refraction and shoaling coefficients, bottom
and mid fluid particle velocities, total wave energy and power, the
longshore component of power and direction (left or right as the obser-
ver faces the ocean). If the wave breaks, the longshore energy flux
factor and longshore transport rates are printed. For convenience,

the transport rates are converted into metric units. Also, the gross
longshore transport rate as derived by Galvin (1972) is printed.

The second type of output is 2 plot of the refracting rays as they
travel shoreward. Plot output includes the digitized shoreline and
bathymetric contours. Wave orthogonals or rays (lines parallel to the
direction of wave propagation) are plotted with perpendicular tick
marks. Title information on the plot includes: the period and deep
water wave height and azimuth, date of hydrographic chart, date of
plot, water level height of chart and relative water depth of plot
to chart.

Input Description

Card input formatting. - Input values are of three types: integer

(1) -~ numeric values without a decimal point; floating point (F) -

real numeric values which include a decimal; and alphanumeric (A) -
alphabetic or numeric. A field refers to the columns of a punch card
where a value is to be found. Integer and real values are to be right-

justified; that is, punched in the columns furthest to the right in

their particular field. Alphanumeric data should be left-justified.
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Blank data fields are interpreted as zeros by the program. The number

in parenthesis following the variables description are suggested values.

Card Sequence:

Card #1

Card #2

Card #3

Card #4

Card #5

Columns

1-40

1-5

6-10

11-15

16-20

21-30

31-40

41-50

1-10

Variable

ITITLE (A)

FAC (F)

DATE1l (A)

MEAS (A)

W (A)

MI(I)

MI(I)

LIMNPT (1)

NPRINT (1)

GRID (F)

DCON (F)

DELTAS (F)

BOUND (F)

Description

Title of wave refraction
analysis

Sizc of plot desired rela-
tive to original chart.

Year of hydrographic chart
soundings.

Units in which depth of
chart is expressed.

Water level chart was
sounded at (e.g. MLLW, MLW
LSL, MHW, MHHW) .

Number of grid lines in X-
direction.

Number of grid lines in Y-
direction.

Maximum number of steps to
be calculated for a ray
(4000) .

Printing interval (10).

Number of feet (from hydro-
graphic chart) that equal
the length of a grid square
side.

Conversion factor for depth
values to feet.

Minimum step length, ex-
pressed as a fraction of a
grid square (.002).

Number of inches to be sub-
tracted from deepwater end
of plot.
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Card #6

Card #7

11-20

21-30

Note:

31-40

41-50

51-60

61-70

1-5

Note: Repeat the following cards if more than one set of
rays is to be processed.

1-5

6-10

11-20

21-30

31-40

41-50

41-60

61-70

71-80

SCX (F)

XSG (F)

If window is not desired, remainder of card is left

blank.

YSG (F)

SCNV (F)

DGXL (F)

DGYL (F)

NOSETS (1)

LPLOT (1)

NORAYS (I)

T (F)

HO (F)

SK (F)

SK1 (F)

THI (F)

STAZ (F)

UNIT (F)

Length of a grid square in inches.
X-coordinate of lower left corner

of window, Set equal to MI if win-
dow is not desired.

Y-coordinate of lower left corner
of window.

Magnification of window.

Length of window (x-direction)
expressed in plot inches.

Height of window (y-direction)
expressed in plot inches.

Number of sets of rays to be
processed.

Number of steps between plot
points on a ray (10).

Number of rays in a set (Maxi-
mum 400).

Wave period for a set of rays
(seconds).

Deep water wave height (feet).

Shoaling coefficient for first
time step.

"

Deep water shoaling coefficient
(usually 1).

Clockwise angle between north 3
on map and y-axis of grid.

Deepwater azimuth of a set of
rays.

Timestep
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Card #8 1-5

6-10

11-20

21-30

31-40

41-45

46-50

56-65

ISP (1)

LCK (1)

WPL (F)

CKDEP (F)

DF (F)

IWR (I)

PD (F)

YFA (F)

Sets print option on check
depth.

=-1, information printed
and processing of ray con-
tinued.

=0, no check depth.

=41, information printed
and processing of ray
stopped.

Starting position for set

of rays.

=0, rays start in deep water.
=+1, rays start in shallow
water.

Number of wave periods be-~
tween tick marks on a ray.

Check depth, ray information
will be printed for step
nearest this depth.

Factor to convert depth
values from one water sur-
face datum to another.

The factor will be added
to the depth values. If
not needed, leave blank.

Specifies if starting co-
ordinates for a set of
rays is the same as a pre-
vious set.

=), new wave information
to be read off of cards

or disk.

=+], wave information same
as previous set.

Depth at which printing of
ray information will begin.
If left blank, PD will equal
first depth value on grid.

Factor added to the y-co-
ordinate of the starting
point of a ray in order to
decrease the amount of deep
water region the wave tra-
vels over, thereby decreasing
computation time.

g
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Card #9 If IWR=0 and the information
for card deck #10 resides on
disk, set IRED to 25, other-
wise leave blank. IRED equals
25 implies that the ray infor-
mation was generated by a pre-
vious run on a smaller scale
map through a window and stored
on disk.

The following card must be repeated for each ray in a set. (Note:
for any set other than the first set, if IWR = 1, these cards are
not needed. The information is taken from the previous set.)

Card #10 1-10 X (F) X~-coordinate for starting
position of ray.

11-20 Y (F) Y-coordinate for starting
position of ray.

Note: The following variables are needed if the ray is starting
in shallow water, otherwise leave blank.

21-30 AZIMTH (F) Azimuth of a ray.

31-4¢C RK1 (F) Refraction coefficient of
wave ray at the time step
previous to starting loca-
tion.

Refraction coefficient of

wave ray at starting loca-
tion.

Digitized depth input. - This section describes in a step by step

format how to prepare a hydrographic chart for digitizing and the digi-

tizing process.

Step 1 ~ Outline the area of interest. Enclose the area of in-

terest in a rectangular outline., This outline is the perimeter of the

grid system which will be generated from the digitized contours. The
perimeter should be oriented so that the wave rays travel from deep to
shallower water. 1In other words, the Y-axis is more or less perpeadicu-

lar to the shoreline or contours. Figure 3 shows the perimeter orienta-




Figure 3. Hypothetical hydrographic chart to be digitized.
Contours are in feet.

X~axis = & inches
Y-axis = 5.5 inches
If SCX = .1

MI = 81

MJ = 56

MI x MJ = 4536 (Total no. of grid points).
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tion on a hypothetical hydrographic chart.

Before drawing a perimeter, two questions need to be considered.
Firsg, what are the directions of wave approach? 1If the waves will be
starting from the perimeter sides, extra distance along the X-axis will
be needed to give the rays time to refract into the area of interest.
Second, how many grid points will be generated? The number of grid

lines crossing the X and Y axis (MI and MJ respectively) are given by

MI
and
MJ

Length of respective axis in inches +1

Spacing interval between grid lines
(SCX) also in inches

As interpreted from the above equation, the origin of the grid is (1,1).

The value of SCX is user determined and will depend on the complexity

of the bathymetry. The number of grid points generated is the result of
multiplying MI and MJ together and must be less than the maximum of
20,000. The values of MI, MJ, and SCX will be entered into the program
as card input.

STEP 2 - What to digitize. First the perimeter and the points

where the contours cross the perimeter are digitized. Next, the con-
tours are digitized. A problem arises in digitizing the shoreline.

In Figure 3, for example, if the island is super-tidal, then primary
breakers will be oceanward of the barrier. The application of the li-
near wave theory stops at the line of primary breakers. So for refrac-
tion purposes, the barrier acts as the shoreline. Figure 5 shows the

resulting digitization of the shoreline. Notice the inlet to the right

of the barrier was truncated.

The orientation of the shoreline with respect to a breaking wave ?

is critical in calculations dependent on breaker height and breaker an-
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gle. Two such calculations used in the program are the longshore energy
flux factor and longshore sediment transport rate. To maintain the pro-
per shoreline orientation, a constant slope is assumed from the first
oceanward depth contour onto the beach. This is accomplished by digi-
tizing a mirror image of the first contour onto the landward side of the
shoreline (see Figure 5, the -6 foot contour). A second mirror image of
the shoreline may be digitized landward of the first mirror image if
changes in tidal elevations are to be considered. It is suggested these
lines be drawn in before digitizing.

STEP 3 - Digitization preparation. Instructions on setting up the
digitizer have been previously written by Jim Crabtree (personal com-
munication) and only slightly modified in the following explanation.

The digitizer is turned on by a switch located near the upper cen-
ter of the back panel. Before using the digitizer, the following
switches on the Operator's Display Panel should be checked:

1. The IRG switch should be in the on position.

2. The switch labeled DIST POINT TIME MODE should be in the DIST

mode.

3. The switch labeled AX ~ AX + AY should be in the AX + AY positiom.

4. The magnetic tape unit on-off switch should be turned off.

5. The DISTANCE thumbwheels should be set to .050 - that is, a

coordinate will be recorded every 5 hundredths of an inch.

To mount a magnetic tape reel on the tape unit, the following pro-
cedure should be followed:

1. The magnetic tape unit must be turned off during the loading

of a tape reel. 1f the unit is on during the loading process,
it is possible to blow a fuse.

2. Open the front plastic cover to the tape unit.

11-19
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3. Mount the tape reel on the right-hand hub by depressing the button
in the center of the hub and sliding the tape reel completely onto
the hub before releasing.

4, Then, using one hand to rotate the tape reel, follow the arrows in-
dicated in Figure 4 to thread the tape to the receiving reel. Make
sure that the tape passes between the metal plate and the write
head at point A in Figure 4.

5. Wrap the tape around the receiving reel twice and make sure that

all slack is taken up. The easiest way to wrap the tape around the

receiving reel is to rotate the receiving reel with the left hand un-

til the index finger can be inserted through the finger hole and
press the tape againét the center of the reel. Then rotate both
reels clockwise with the right hand giving slack and the left hand
taking it up.

6. Close the front plastic cover and turn the tape unit on.

7. Press the LOAD button once and release.

8. Press the LOAD button again and hold until the READY light comes on.

9. Press the FILE GAP button and release.

10. Press the FILE GAP button again and release.

11. Press the REWIND button and release.

12, Press the LOAD button and hold until the READY light comes on.
The tape unit is now ready to record data.

Step 4 - Digitizing depth data. Tape the chart to the top of the
digitizer table so that the x-axis increases to the right. Located on
top of the table will be a cursor and keyboard. The crosshairs on the
window of the cursor are used for guiding the cursor as the data is

traced. As the cursor is moved, X and Y coordinates are recorded onto
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magnetic tape every .05 inch. The depth corresponding to the contour
being digitized is entered on the keyboard.

The cursor is initially set at the lower left corner of the perim-

Lo o 40 17K D5
.

eter. Pressing the red button on the cursor resets the digitizer's X ]
and Y coordinates to zero. Hold the cursor steady and press the blue
(DATA) button. This places the digitizer into the data-recording mode.
When the digitizer is in this mode, the red-orange DATA light on the
Operator's Display Panel is on, and data can be recorded from the cur-
i sor or the keyboard. Next, press the yellow (HOLD) button on the cur-
sor. The digitizer is now in the HOLD mode and locks in on the last
digitized coordinate. Only data from the keyboard can be entered
when the HOLD light on the Operator's Display Panel is on. The HOLD
mode prevents the recording of extraneous data if the cursor is ac-
- cidentally moved. The digitizer is now ready to record the first

depth entry.

Depths are entered as a 5~-digit number which the program converts

——

; to a number having one place to the right of the decimal. A depth

entered as D+00525/s will be converted to 52.5 units below water
level. Depths below water level are positive (+) and elevations
above water level are negative (-). The few remaining codes will be é
discussed as they are used in the digitizing scheme presented below.
The bracketed numbers correspond to the numbers in Figures 5, 6 and

7.

(1) This is the starting point on the chart. With the crosshairs
of the cursor centered on the lower left corner, press the red but-
ton, then the blue and yellow buttons on the cursor. This point is

. recorded as the zero reference point. The digitizer is in the HOLD

:
i
i
i
}
!
i
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Figure 5. Digitization of perimeter on hypothetical
hydrographic chart.
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mode which records keyboard data entry only. Corner depths are dif-
ferentiated from depths on the perimeter by the notation 'PD'. All
other depths begin with 'D'. Using Figure 5 as an example, enter
PD+00400/s on the keyboard. In other words, the depth at this point
is 40 feet. Press the yellow button to take the digitizer out of the
HOLD mode. Cursor movement is now able to be recorded. With a steady
motion, move the cursor to (2).

(2) Press the HOLD button to put the digitizer in the HOLD mode.
Enter D+00300/s on the keyboard. Press the HOLD button to take the
digitizer out of the HOLD mode and move the cursor to (3).

(3) Put the digitizer in the HOLD mode and enter PD+00250/s on the
keyboard. Press the HOLD button to take the digitizer out of the HOLD
mode and move the cursor to the first depth that crosses this section
of the perimeter (4).

(4) Press the HOLD button. Enter D+00180/s on the keyboard. Press -
the HOLD button and move the cursor to the next point.

Continue digitizing the perimeter in the same fashion until point
(21).

(21) The last point on the perimeter is the starting point. Press
the HOLD button to enter the HOLD mode and enter 'LS' on the keyboard.
This signifies the end of the perimeter. The contours are digitized
next. Contour depths are denoted by a 'D' except for the shoreline
which is symbolized by an 'H'. Refer to Figure 6 for the following
discussion on digitizing the contours.

(21) Press the HOLD button to take the digitizer out of the HOLD

mode. Steadily move the cursor to the first contour to be digitized,

in this example (22).

- - e T
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Figure 6. Digitization of contours and shoreline on
hypothetical hydrographic chart.

The shoals outlined by a dashed rectangle are enlarged
in Figure 7.
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(22) Press the HOLD button to put the digitizer in the HOLD mode.

Enter D+00300/ on the keyboard. A contour is signified when an 'S'
does not immediately follow '/'. Take the digitizer out of the HOLD
mode and carefully trace the contour. Remember, contour traces will
be plotted on the final output.

(23) Enter the HOLD mode and enter an S on the keyboard. This
completes the trace of the 30 foot contour. Press the HOLD button to
take the digitizer out of the HOLD mode and move the cursor to the next
contour.

(24) Press HOLD. Enter D+00180/ on the keyboard. Trace the 18
foot contour.

(25) Press HOLD and enter the letter S on the keyboard. Press
HOLD and move the cursor to the next contour.

The remaining contours are digitized in the same manner, except
the shoreline. Replace D and an H for the shoreline and enter H+00000/
on the keyboard. As in the contour depths, the end of a segment of
shoreline is denoted by an S. Refer to Figure 7 for the following
bracketed numbers.

(37) After the S is entered on the keyboard signifying the end of
the -6 foot trace, press the HOLD to take the digitizer out of the HOLD
mode. Move the cursor to a point of one of the shoals (38).

(38) Press HOLD and enter the dpeth of the shoal, D+00010/ , on the
keyboard. Press HOLD and with a steady motion, trace the shoal.

(39) Upon returning to the starting point, press HOLD and enter an
S on the keyboard. Press HOLD again and move the cursor to the next

shoal.

(40) Press HOLD. Enter D+00010/ on the keyboard. Press HOLD, tak-

ing the digitizer out of the HOLD mode and trace the contour.




;

Figure 7.
Figure 6.

Enlarged view of shoals digitized in
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(41) Again upon returning to the starting point, press HOLD and
enter an S on the keyboard. This being the last contour to trace, en-
ter an F on the keyboard (after the S) to signify the end of the digi-
tized data.

(To Finish) The trace being complete, press HOLD to take the digi-
tizer out of the HOLD mode and move the cursor in any direction until
a beep is heard on the digitizer. This will create a complete record
block of 4096 characters on the magnetic tape which is necessary for
proper operation of the program. On the Operator Display Panel, press
the FILE GAP button twice. This will indicate the end of this data
file.

Step 5 - Dismounting the magnetic tape. The following steps are
to be followed when unloading the magnetic tape unit:

1. Press the REWIND button and release.

2. After the magnetic tape has finished rewinding, turn the mag-

netic tape unit off.

3. Open the front plastic cover to the tape unit.

4. Use the left hand to rotate the left-hand reel counterclock-
wise to give tape slack. At the same time, use the right hand
to rotate the right-hand reel counterclockwise to take up the
slack tape. Continue this process until the tape has been
wound onto the right-hand reel.

5. Remove the tape reel from the right-hand hub by depressing the
button in the center of the hub and sliding the reel off before
releasing.

6. If no more tapes are to be mounted, make sure the front plastic

cover is closed. This will help to keep dust off of the write-
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head assembly.

Step 6 - Final Step. Only one bathymetric map can be digitized per
magnetic tape. To avoid the problem of running out of tapes, a small
program written by J. Crabtree will copy the digitized data off the
magnetic tape and store it onto disk, thereby freeing the tape for
later use.

The tape first has to be brought to the user's service window in
Computer Services Division (CSD). At the time of this writing CSD
is located at the corner of Wheat and Main Streets. Remember to copy
the number of the tape as this information is needed by the program.
A program listing and information on how to implement this program is

provided in PROGRAMS: TTD (Tape to Disk).
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PROGRAMMING CONSIDERATIONS

Determination of Input Parameters

MI, MJ, SCX and GRID. Refer to the Digitized Depth Input (Step 1)

for the calculation of MI, MJ, and SCX. GRID is the dimension of the
side of a grid square expressed in map feet and is a function of SCX
and the scale of the map. GRID is given by

GRID (feet) = (SCX x map scale) /12
For example if Figure 3 had a 1:80,000 scale, GRID would equal 666.67
feet (.1 x 80000/12), if SCX = .l.

XSG, YSG, SCNV, DGXL and DGYL - Window parameters. A window is an

area inside the present grid being processed. This window enables the

user to study a particular area in the grid in greater detail by using

a larger scale grid. REFRAC will trace the rays through the window and

generate the necessary input parameters to be used in a refraction run

on the larger scale grid. To create the window on the small scale grid, -
the X (XSG) and Y (YSG) cootdinaézs of the lower left corner of the win-

dow position, the ratio of the two scales (SCNV) and the length of the

axes of the window (DGXL and DGYL) expressed in inches of the small

scale grid are input in the preliminary run. XSG and YSG are given by

XSG )
or = distance (inches) from respective X or Y axis of the 1
YSG snall scale grid to the lower left corner of the window +1 ;

SCX
SCNV may be calculated by
SCNV = small map scale/larger map scale

SCNV is considered a magnification factor and will always be greater

than 1. . ’
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The following equation yields DGXL and DGYL:

DGXL or DGYL = respective axes length (inches) / SCNV
(inches) of larger scale map

This initial run on the small scale grid will generate the starting
coordinates (X and Y), the refraction coefficients of that time step
(RK) and of the previous time step (RK1l) and the azimuth (AZIMTH) for a
r-y to be used as input in a subsequent run on the larger scale grid.
These wave characteristics, generated for every ray that crosses the
window boundary, can be either printed onto paper, punched onto cards
or stored on disk. The program is presently set up to store these
values on disk under a user determined data set name, so they can be
easily accessed. See JCL considerations under REFRAC in the section on
PROGRAMS for further information. If RK, RK1l, and AZIMTH are not the
results of a previous rum, they will have to be hand calculated for
each ray and keypunched onto cards for input into the program. (This
only applies to rays starting in shallow water.)

NORAYS. A maximum of 400 rays can be refracted per set. If the
number of rays is not known, such as in the case of window-generated
input, set NORAYS equal to 400.

SK and SK1. SK is the shoaling coefficient at water depth for
the present time step. If a set of rays start in shallow water (SK
is greater than 1), set SK to 1 on input because the program will
calculate the proper value. SK1l is the shoaling coefficient at water
depth for starting location of a ray. Most refraction diagrams are
of swell conditions; therefore, SK1 usually equals 1.

THI _and STAZ. THI is the clockwise angle between north on the
map and the positive y-axis of the grid. See Figure 8. STAZ is the

azimuth or the clockwise angle between north on the map and the deep-
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1 Figure 8. THI is the clockwise angle between :

north on the map and the positive y-axis of the 4
grid.
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water direction of wave approach. See Figure 9.

GRINC, UNIT, WPI, GRID and KPLOT. UNIT is the time step for a set

of rays. WPI is the number of wave periods between tick marks on a ray.
The variable KPLOT is calculated in the program and determines the points
on a ray where tick marks will be plotted. KPLOT is dependent on the
values of UNIT, WPI and GRID. GRINC is the deepwater step length, ex-
pressed as a fraction of a grid square and is given by:
GRINC = UNIT x CO/GRID.

CO, the deepwater wave celerity, equals 5.12 times the period (T). 1iu
the above equation, UNIT is the only variable user determined and
should be chosen so the resulting value of GRINC is approximately .5.

KPLOT is given by:

'KPLOT = (T x WPI/UNIT) + .1
WPL should be chosen so the value of KPLOT is greater than or equal to
1. Optimal results are achieved if KPLOT is approximately 10.

Miscellaneous

Depending on the needs of the user, there is the choice of printing
or not printing the depth grid values or wave information. Refer to
JCL Considerations if either of these options is desired. The amount
of printed output may be decreased by both of the variables NPRINT and
PD. NPRINT is the user determined printing interval for information
along a ray. A suggested value for NPRINT is 10. PD is the depth at
which printing will begin. The advantage of PD is that it enables the
user to limit printing to where the rays are more strongly refracted -
that is, in shallow depths. Over 10,000 lines of printout can easily
be generated when refracting a set of more than 50 rays. Turnaround

time (time it takes to get printed results) and CPU time (execution
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time) are decreased when the number of lines printed is kept to a mini-
mum.
Keypunching and computation time can be saved by the two input vari-

y ) ables IWR and YFA. The card input falls into two categories, the infor-

! mation needed for a set of rays and the information on individual rays
such as starting coordinates. If more than one set of rays is being pro-
cessed and the individual wave characteristics will be the same, set IWR
equal to 1 for the sets after the first set. The program will store the
i first set of ray characteristics and use the same information for the sub-
sequent sets until all the sets of rays are processed or until IWR
L equals zero. If IWR equals zero, the individual wave characteristics
%i have to be read off cards or disk. YFA adds a constant to the y-co-
ordinates of the starting locations for a set of rays. This enables

the same wave characteristics cards to be used for a variety of periods
‘by moving the starting positions of rays relative to the shoreline.

The user has a choice between two plotting devices, the Gould elec-

trostatic plotter or the Calcomp drum plotter. The Gould plotter is
faster - minutes compared to hours - but the Calcomp plotter has better
resolution. The increased resolution may be desired if the refraction
diagrams are to be photographed.

The Gould plotter has a maximum length (x-~axis) of 327 inches and

height (y-axis) of 63 inches. The width of the plotter is only 10.5

inches; therefore, any width greater than 10.5 inches (but less than
63) will cause the plot to be 'stripped'. The input variables FAC or
BOUND can reduce the plot size to avoid stripping. Because of the fast

plotting time, the Gould plotter is excellent for debugging or obtain-

. ing work copies of the refraction diagram.

The maximum length of the x-axis for the Calcomp plotter is limited




!@!ﬂﬂﬁmﬁmwm»wﬂmu,

to the length of paper on the roll. The maximum length of the y-axis
is 29.5 inches. For purposes of photocopying the diagram, liquid ink

can be requested instead of the standard black ballpoint pen.
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REFRAC

JCL Considerations

The JCL (Job Control Language) presented in this section is coded for
j ) an IBM 370/168 System. Job control cards begin with a // (slash-slash).

REFRAC is compiled, loaded and then stored on disk (mass storage) in a

oy

program library called WORK.

The following discussion explains how to implement REFRAC and the

§ various options available by small changes in the JCL. (Refer to JCL

listing.) The first 3 cards are the JOB card. Included on the JOB
card are the account number (N3100138), maximum number of lines to be

printed (50,000) and maximum number of plot records (99990). TIME has

e R Tl W AT

the format (minutes, seconds); therefore, the time requested in the
above JCL listing is 2 minutes and 30 seconds. The time can be de-
creased depending on the number and size of diagrams to be plotted.
USER and PASSWORD information is obtained when an account number and
disk space are requested from Computer Services Division.

The remainder of the JCL between the fourth card, PROC, and the
last card, PEND, is called an in-stream procedure. This procedure ac-

cesses the necessary libraries and data sets whenever it is called.

A call to the procedure is made by an EXEC statement following the PEND
statement. More detail is given in the several examples following the
listing of the in-stream procedure.

The REFRAC procedure is set up to plot the results on the Gould
plotter at the Social and Behavior Sciences Lab located in Gambrell
Hall (University of South Carolina). The Calcomp drum plotter is lo-
cated in Computer Services Division (CSD) and the results can be

. plotted there with the following minor changes to the JCL. Change:

R e AR
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JCL LISTING OF THE IN=STREAM PROCEDURE REFRAC

—ta o

7/N3100138 JOB (N3100138+5009999) ¢ "WAVE REFRACTION? yMSGLEVEL=(101)
! // USER=N310013+PASSWORD=CRDREGION=600K s
4 /7 TIME=(2+30)
//REFRAC PROC DEPGRID='DUMMY 4 ¢ g WAVDATA=MULLF ILE s NEWWAV=NULLFILE
7/STP1 EXEC PGM=REFRAC
//STEPLIB DD DSN=N310013.WORK,DISP=SHR
// 0D DSN=SM1.LINKLIGsDISP=SHR
~ //SYSPRINT DD SYSOUT=A
; //SYSOUT DD SYSOUT=A
‘ //SORTLIB DD DSN=SM].SORTLIH+DISP=SHR
//SORTWKOL DD UNIT=SYSDAsSPACE=(TRK+200s+CONTIG)
//SORTWKO2 DD UNIT=SYSDAsSPACE=(THK+200ssCONTIG)
//SORTWKO3 DD UNIT=SYSDAsSPACE=(TRK+200¢+CONTIG)
//FT06FG01 DD SYSOUT=A
//FTOTF001 DD DSN=ENEWWAV,UNIT=3330V+MSVGP=USCPy
//  DISP=(NEWsCATLGsDELETE) +SPACE=(TRKy (545) yRLSE) o
//  DCB=(LRECL=50,BLKSIZE=2000+RECFM=FB)
//FTOBF001 DD SDEPGRID.SYSOUT=A
//FT11F001 DD DSN=N3100138.004,DISF=(NEWsDELETE+DELETE) o

// UNIT=SYSDAsSPACE=(CYL9s10)
/7 DCB=(BLRSIZE=12000,LRECL=16+BUFNO=1,RECFM=FB)
//7FT12F001 DD  DSN=N3100318.,00)+s0ISP=(NEWIDELETEWDELETE) »

¢ /7 UNIT=SYSDA+SPACE=(CYLy10)»

; /77 OCB={BLKSTZE=120004LRECL=12¢BUFNO=1sRECFM=FR)
//SOKTIN DD DSN=*.FT12F001+DISP=(0LDsDELETEYDELETE) o

; 7/ UNIT=SYSDAsVOL=REF=#*.FT12F001,

3 /7 DCB=(BLKSIZE=12000+LRECL=12¢BUFNO=14RECFM=FB)

3 //SORTOUT DD DSN=N310013R.0D02+DISP=(NEWsDELETE+DELETE) o

1 /7 UNIT=SYSDA+SPACE=(CYL9»10)»

i 7/ NCB= (BLKSIZE=12000,LRECL=12¢BUFNO=]14RECFM=FR)

i //FT13F001 DD OSN=#%,SORTOUT+DISP=(OLDsDELETEWDELETE) o

8 | 7/ UNIT=SYSDA,VOL=REF=%,SORTOUT

¥ /7 DCB=(BLKSIZE=12000sLRECL=12+BUFNO=]4RECFM=FB)

g //FT10F001 DD OSN=N31001384D03+CISP=(NEWsDELETE+DELETE) o

i /7 UNIT=SYSDAsSPACE=(CYLs2)

1 /7 DCR=(BLKSIZE=12000+LRECL=12+sRBUFNO=]1+RECFM=FB)

: //FT1TF00) DD DSN=&DEPRATAIDISP=SHRILAREL=(9s99IN)
i //FT25F001 DD OSN=&WAVDATADISP=SHRyLABEL=(9s9¢IN)
N 7/FTOSFO0) DD DDONAME=SYSIN

: //SYSVECTR DD OSN=88VECTORS+UNIT=SYSDAsDISP=(NEWsPASS) s -
// SPACE=(]1320+(500+4200)),0CB=BLKS1ZE=1320
/7/SYSPOUT 0D SYSOUT=A

//7STP2 EAEC PGM=BTSTNSO

/7/STP2.SYSUDUMP DD SYSOUT=A

//STEPLIB DD DSN=ACAD.SUBLIB.65005+DISP=SHR
//SYSVECTR DD DSN=8MVECTORS+DISP=(OLDIDELETE)

i § L1-44
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7/7SYSUT1 DD DSN=8ASYSUT1yUNIT=SYSDA,SPACE=(182004+200)
/7/SYSPLOT DD SYSOUT=(HsePLOT) yDEST=RMTS

//SYSPOUT DN SYSOUT=A

// PEND

CALLS TO AROVE PROC
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1. card #5 (EXEC card) to
//STP1 EXEC PGM=CALCOMP
2. replace the 10 cards between (excluding)
//FT05001 DD DDNAME=SYSIN
and

/! PEND
with one card

// GO.PLOTTAPE DD DSN=DRUM.PLOT,UNIT=TAPED,
DISP=(NEW,KEEP) ,DCB=DFEN=2

If the Calcomp plotter is used, a DP number is returned on the front
page of the printout. This number is the location of the plot on

tape and needs to be called into CSD in order to obtain the plotted re-
sults.

Three types of data sets are of primary concern to the user. The
first type is the digitized depth data, DEPDATA, which resides on disk
having been previously copied from magnetic tape by the program TID.
(User must have previously requested disk space from CSD.) The second
type, NEWWAV, is created during a run in which window boundaries had
been specified. The output wave data, NEWWAV (X, Y, AZIMTH, RK, RK1l),
is stored on disk to be read in a subsequent run. As input data NEW-
WAV is called WAVDATA, which is the third type of data set.

Data set names (DSN) may consist of up to 44 alphanumeric charac-

ters (including periods used for separation). A period must separate

3
f

each 8 characters»q? less and must be followed by ar. alphabetic charac-
ter. The first 7 characters of the DSN are the first 7 characters of
the & character account number. Data set names must be unique or an
error will occur upon the creating the data set. A data set name such
as N3100L3.PRICE. INLET could be used for the account number N3100138 and
represent a data set (of any ol the three types) for Price Inlet, South

Carolina,

11-46

T TR S T W

DI e
3 2w o0 HOERESNERAR
LI rf) e\ g

o g AR A
b SR

< R - - —— —-.-—-:-——-




"

The general JCL format for the program is:

//Job Card(s)
//REFRAC PROC - - -

.4 . in-stream procedure

H //PEND

/*

//stepname EXEC REFRAC, data set type='data set name',
data set type='data set name'’

//SYSIN DD |

. card input as described in PROGRAM DESCRIPTION
//stepname EXEC REFRAC, data set type='data set name'
//SYSIN DD

. card input

/1

As mentioned earlier, a call to the in-stream procedure (REFRAC)
sets up the program libraries and data sets necessary for the refrac-
tion program. A call to the procedure is made when an EXEC REFRAC card
is encountered in the JCL. A job may consist of more than one call by
simply adding another EXEC REFRAC card and its corresponding data cards
to the last data input card from the previous call. The above example
is termed a multistep job because it calls the in-stream procedure twice.
The program is terminated by a // in columns 1 and 2 of the last card.

The stepname is from 1 to 8 alphanumeric characters, the first of
which must be alphabetic. The purpose of the EXEC REFRAC card is to
specify the data sets that are to be read or created during the execu-
tion of the refraction program. Examples of data set types are explained
below. ‘The various options are also shown.

1. A simple refraction program reads the depth data off disk,
doesn't specify a window and reads all wave parameters off cards. 1In
other words, of the 3 data types, only DEPDATA needs to pe specified.

//STP EXEC REFRAC,DEPDATA='N310013.SOUTH.CAROLINA'

2. The above example results in a refraction diagram of the South
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Carolina coast. In the present example, a window is specified in the
card input; therefore, a data set name will have to be given for NEWWAV
to store the wave information generated. If the window is of Price In-
let, then

//STP EXEC REFRAC,DEPDATA='N310013,SOUTH.CAROLINA',

// NEWWAV="N310013.PRICE.INLET.WAVE'

This data set may now be read in a subsequent refraction analysis on a
larger scale chart of Price Inlet.

3. Using the above-created data set and the digitized depth data
for Price Inlet, a more detailed analysis can be obtained.

//STP EXEC REFRAC,DEPDATA='N310013.PRICE.INLET',

// WAVDATA="N310013.PRICE. INLET.WAVE'

Note: In this example, the card input variables IWR and IRED EQUAL
0 and 25 respectively (see PROGRAM DESCRIPTION (Card Input)).

4. The printing of the depth grid is suppressed unless explicitly
requested. This is accomplished by punching DEPGRID= in the data set
type location.

//STP EXEC REFRAC,DEPDATA='N310013.DEPTH.DATA',

1/ DEPGRID =

If NEWWAV is also specified then

// DEPGRID=,NEWWAV='N310013.WAVE'

5. The printing of the title page and all wave information may be
suppressed if only the plot is desired. Refer to card input listing
for proper positioning of cards described in examples 5 and 6. Add
the following JCL card after the 'EXEC REFRAC' card and before the
'SYSIN Db *' card

//STP1.FT06F001 DD DUMMY

6. The wave parameters generated for a window may be punched on
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cards instead of stored on disk by adding the following JCL card
between the 'EXEC REFRAC' card(s) and 'SYSIN DD *' card
//STP1.FTO7F001 DD SYSOUT=B

Program Listing, Card Input and Example of Output

The following listing is a deck setup including both JCL and card
input. A refraction analysis of South Carolina coast results from the
first call to the in-stream procedure., The wave information generated
at the window boundaries is used in the second call of the procedure,
thereby producing a detailed analysis of the window area. Refer speci-
fically to examples 2, 3, and 5 for further explanations.

A sample of the output includes the title page, information on one
ray and the refraction diagram. The information is from the window area
analyzed above. Following the sample output is a complete listing of
the program REFRAC and the necessary JCL to compile, load and store it

on disk (if it has not already been stored).
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COASTAL RESEARCH CENTER TECHNICAL REPORTS

'J (Geology Department, Univ. of Massachusetts) i{:
§ ;
_1 1. Offset coastal inlets. :
; M. 0. Hayes, V. Goldsmith, and C. H. Hobbs; Tech. Rept. No. 1-CRC, 1972. ﬁ}

i b )

2. Forms of sediment accumulation in the beach zone. 3
M. 0. Hlayes; Tech. Rept. No. 2-CRC, 1972 s

3. Hydraulic equivalent sediment analyzer (HESA).
F.S. Anan; Tech. Rept. No. 3-CRC, 1972

i? 4. Glacial environment and processes in southeastern Alaska.
J.H. Hartshorn and G.M. Ashley; Tech. Rept. No. 4-CRC, 1972.

- 5. Sedimentation and physical limnology in proglacial Malaspina Lake, Alaska.
T.C. Gustavson; Tech. Rept. No. S5-CRC, 1972.

COASTAL RESEARCH DIVISION TECHNICAL REPORTS
(bept. of Geology, Univ. of South Carolina)

i 6. Coarse-grained sedimentation on a braided outwash fan, northeast Gulf of Alaska.
J.C. Boothroyd; Tech. Rept. No. 6-CRD, 1972.

7. Bank margin morphology and sedimentation. Lucaya, Grand Bahama Island.
D.K. Hubbard, L.G. Ward, D. M. FitzGerald, und A. C. Hine; Tech. Rept. No. 7-CRD,

1976.

8. Sclected environmental criteria for the design of artificial structures on the
southeast shorce of Luke Erie.
R.ll. Clemens; Tech. Rept. No. 8-CRD, 1976.

“f 9. Coastal dynamics and sediment transportation, northeast Gulf of Alaska.
D. Nummedal and M.F. Stephen; Technical Rept. No. 9-CRD, 1976.

10. Morphologic and hydrodynamic characteristics of terrestrial fan environments.
D. Nummedal and J.C. Boothroyd; Tech. Rept. No. 10-CRD, 1976.

11. Terrigenous clastic depositional environments.
M. 0. Hayes and T. W. Kana, eds.,; Tech. Rept. No. 11-CRD, 1976.

12. Coastal morphology and sedimentation - Lower Cook Inlet, Alaska.
M. 0. layes, P. J. Brown, and J. Michel; Tech. Rept. No. 12-CRD, 1976.

;1 13. The Carolina Bays: A comparison with modern oriented lakes.
R. T. Kaczorowski; Tech. Rept. No. 13-CRD, 1977.

f 14. Variations in tidal inlet processes and morphology in the Georgia Embayment.
: D.K. liubbard; Tech. Rept. No. 14-CRD, 1977.

15. Coastal morphology, sedimentation and oil spill vulnerability - Northern Gulf of
Alaska.
C. H. Ruby, Tech. Rept. No. 15-CRD, 1977.

16. Two years after the Metula oil spill, Strait of Magellan, Chile:
oil interaction with coastal environuents.
Anne E. Blount, Tech. Rept. No. 16-CRD, 1978.

17. Influence of wave refraction on coastal geomorphology - Bull Island
to Isle of Palms, South Carolina.
C. Fico, Tech. Rept. No. 17-CRD, 1978.
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LISTING OF THE PROGRAM REFRAC AND THF NECESSARY JCL TO
COMPILEs LINK ANMD STORE 1T ON DISK

7/SETUP JOB (N310013H¢G) ¢ SFTUPeMSGLEVEL=(10e]1) sREGION=250Ky
77 TIME=(e15) sUSER=N3100])3+4PASSWORD=CRD

/7 EXEC FYGICPARMFORT=LOAD «NOECK 9 NOSOURCE Y

//SYSIN 00 #

C
C
C WAVE HEFRACTION DIAVGRAMS
C PROGRAM T0O CGMPUTE +PHRINTSAND PLOT WAVE REFRACTION
C DIAGRAMS
C
C NDFFINITION OF INPUT PARAMETERS
C
C AZIMTH = AZIMUTH OF . A4Y,.
C BOUNDL = DIMENSION T DIRECTION OF PORTION OF MAP THAT wILL NOV
C RE SHOWN ON PL "o EXPRESSFED IN INCHES AND ALWAYS IS
C SURTRACTED OFF LCEPWATER END.
C CKDEP = CHFCK DFPTH. PROGHRAM WILL PRINT WRAY INFORMATION FOR THE
C TIME STFP NFEFAREST THIS DEPTH.
C DATEL = UATE NF HYDROGRAPHIC CHART
C DCON -~ CONVERSION FACTOKR FOR DEPTH VALUES TO FEET.
C NELTLS = MINIMUM STeP LENGTHy EXPRESSELU AS FRACTION OF GRID
C SQUARE .
C nEP - WATER DFPTHS AT EACH GHID POINT,

. C DF - FACTOR TO CONVERT DEPTH VALUES FROM ONE WATER SUKRFACE
C DATUM TO ANOTHER, THE FACTOR wILL Bt ADDED TO THE DEPTH
C VALUF s IF NOT NEFDED LEAVE HLANK.
C DOAL - LENGTH OF WINDOW (X DIMENSION) FXPRESSFED IN INCHES,
C NGYL - HEIGHT OF wINDOW (Y DIMENSION) EXPRESSED IN INCHES,
C FAC ~ SCALING FACTOR MY WHICH aALL PUINTS ARE MULTIPLIED
C REFORE REING PLOTTFD.
C GR1ID - DIMENSION OF A SIUE OF A GKID SQUAREs EXPRFSSED IN
c MAP FEET, !
C GRINC = DFFPWATER STEP LENGTHe EXPRESSED AS FRACTION OF GRID ]
c SQUARE , 3
C HO ~ DEEMWATFH WAVE HEIGHT
C Ise - SETS PRINT OPTION ON CHECK DEPTH. IF ==]14PROGRAM wWILL
C PROVINE WAVE RAY INFORMATION aT TIME STEP NEAREST
C CHECK DFPTH AND CONTINUE PROCLSSING OF WRAYS IF = 0.
C FROGRAM DOES NOT LOOK FOR CHECK DEPTHY AND IF = 1,
C PROGRAM PROVIOES DESIRED INFORMATION AND STOPS
C PROCESSING OF RAY.,
C ITITLE = ALPHANUMERIC TITLF TO APPFAR ONM PRINTER QUTPUT AND PLOT
C FOR JOR IDENTIFICATION,
C IWR - IF = O+ MNFW WAVE INFO TO AF READ
C IF = le WAVF INFO 1S PREVIOUSLY READ INPUTY
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§ c JPEN = PEN POSITION WHEN MOVING TO A NEW PLOT POINT ON 3
! c SHOREL INE o
- C LCK -~ TELLS PROGRAM IF SET OF RAYS IS STARTING IN DEFP WATER,
. c IF = 0¢ RAYS ARE STARTING IN DEEP WATER AND INITIAL .
; C ANGLE OF RAYS WILL RE DEEPWATER AZIMUTHS IF = 1. RAYS
l C ARE MOT STARTING IN DEEP WATER AND STARTING
C AZIMUTH FOR EACH RAY MUST bE INPUT,
c LIMNPT = MAXIMUM NUMRER OF TIME STEPS TO bE COMPUTED FOR A RAY.
c LPLOT - NUMHBER OF TIME STEPS BETWEEN FLOT PUINTS ON A RAY.
C MEAS = UNITS WHICH DEPTHS ARE EXPRESSFD IN
C ] - NUMBER OF GRID POINTS IN X=DIKECTION,
C M) - NUMBER OF GRID POINTS IN Y=DIRFECTION,.
C NORAYS - NUMBER OF RAYS IN A SET,
C NOSETS = NUMBER OF SETS OF RAYS TO RE MPROCESSED,
C NPRINT - PRINTING INTERVAL FOR TIME STEP INFORMATIOM.
o PD - MAXIMUM DEFTH AT WHICH THE PRINTOUT wiILL BEGIN,
C THIS IS A MEANS TO DECNEASF THE NUMLER OF LINCS
C PRINTED HY PRINTING ONLY THE INFORMATION FROM
C SHALLOW WATER. (FEET)
C RK ~ REFRACTION COEFFICIENT OF wWAVE RAY AT STARTING
c LOCATION,
o RK1 - REFRACTION COEFFICIENT OF WAVE KAY AT THE TIME STEP
C PREVIOUS TO STARTING LOCATION,
c SCNV = MAGNIFICATION OF WINDOW
C SCX - SCALE FACTOR OR LENGTH OF A SIDE OF A GRID SAUARF
¢ EXPRESSED IN INCHES.
¢ SK ~ SHOALING COFFFICIENT FOR FIRST TIME STEP
C Skl - DEEPWATER ShOALING COEFFICIENT
C STAZ - DEEPWATER aZIMUTH OF A SET OF RAYS,
c T - WAVE PERIOD FUR A SET OF KAYS )
C TH] « CLOCKWISE ANGLE BETWEEN NORTH ON MAP AND Y-=AXIS OF GRIND.
¢ UNIT = TIME.STEP
: C X -~ X=COORDINATE FOR A KAY.
$ C XSG -~ X=COORDINATE OF LOUWER LFFT COKNER OF A WINDOW.
* C SET EQUAL TO M] IF WINDOW IS NOT DESIRFD.
: C XSLINE = X=CUORDINATE FOR DEFINING A PUINT ON SHOKELINE,
c Y -~ Y=COORDINATE FOR A RAY,
c YFA - FACTOR ADDED TO THE Y=COORDINATE OF THF STARTING POINT OF
1 C A RAY IN ORDER TO DECREASE THt AMOUNT OF DEEPWATER REGLIOMN
C THE WAVE TRAVELS OVERy THEREBY DECREASING THE COMPUTATIOAN
C TIME.
C YSG - Y=COORDINATE OF LOWER LEFT CORNER OF A WINDOW,
g C LEAVE RLANK IF WINDOW IS NOT DESIRED.
C YSLINE = Y-COORDINATE FOKR DEFINING A POINT ON SHORELINE. ]
C W - WATER LEVEL AT ZERO CUNTOUR P
C WPl - NUMSFR OF WAVF PENIODS BETWEEN TIC MARKS ON A RAY, g
C H
¢ C ;
1 C i
| c A WINDOW IS AN ARFA INSIDE THE GRID HEING PROCESSED. R
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THIS WINDOW WOULD HE USEN FOR CASES WHERE IT IS
DESIRED TO STUUY A PARTICULAR AREA IN GREATER DFTAIL
HY USING A LARGER SCALE GRID. THE PROGWAM WILL TRACF
THE RAY THROUGH THE WINDOW AND PRINT OUT STARTING
INPUT PARAMFTER FUR THE RAY ON THE LARGER SCALE GRID,

COMMON DEP(20000) «MTIeMUIySCXeSCALE ¢+ GRIDIPD

COMMON F1, B2y FHOUNDe CKDEPs COs CXYe U(12)s DCDHy NDCON,
IDELTASs DRCe UTGRe DXYe F(0)se GRINC

dHe HHe HOs [CNs IGOe JRETe ISPy JGOs KFIRSTe KPLOT,
JLIMNPTy LPLOTy NPRINTe NPTy PHXe PHYs RKGUe RADIUSe RAYNO
4HCLOe RHS e RKy SCHVe SIGs SKy SKle Ty THIe TOM,
SVe Whe wWLOe XPs XSGe XSGLe YPe YSGe YSoL

COMMUN MPFFEVsSKPREVeRKPREVIUROT yUMID¢ET o CORsPOWPLS DS
DIMENSTION IDATE(2) «ITITLE (10) o JNUF(S000) «LEGEND (15)
DIMENSTON LEGI (11)e LEGZ (6)4MFAS (3) !
OIMENSTON XC(400)eYC(400)+AAZ(400) ¢sRRK]1(400) sRRK(400)
OATA HLEG/ZUOLLYZ2/

DATA LEGI/YWAVEVYe? PERGI1IOD=,0 vyt SECPe?S 'o'OEEP'-'HA"ﬂ%

k
E

1 'R AZV' Y [MUT t g V= '/ 4
¢ LEG2/7' DEGUtREESTIHZIDATEY Y PLOY*TTED " v/ g
FORPMAT STATEMENTS IN MAIN PROGRAM
80 FORMAT (v #,1540 RAYS EXCEEDS THE MAX LIMIT OF 175%%)
90 FORMAT (¢ *4¢ THE VALUE 0OF KPLOT 1S TOU SmMaLL*)

100 FORMAT (104A4)

110 FORMAT (4]19¢3F10.4)

120 FORMAT (6F10.5)

130 FORMAT (I5)

1a0 FORMAT (FS.0)

160 FORMAT (215¢0F10.424F10,6)

170 FORMAT (215%03F10e4e15e2F1043)

171 FORMAT (I%)

178 FORMAT (10492X030442X9A04)

180 FORMAT (1h=elA4)

190 FORMAT (% 84///7462X o' WAVE RFFRACTION ANALYSIS 1e10A4)

200 FORMAT (%1%e//////7 939X "WAVE REFRACTION PROGRAM~~COASTALY,
1* RESEARCH NDIVISIONTt)

210 FORMAT (//9% MI=t414013Xe"™MJUzV,314413Xe'LIMNPT=?,
1 J5¢8XetNPRINT=0,1409X 4 *GRINS14F10.495Xe 'OCON=¢F10,6/% DELTASZ?
2 FS.3)

PENPRCRE

T SR R

220 FORMAT {BHOSET NOe913¢10He KAY NOo.o]3¢10He PERIOD=9F743

1 6H SECS.) b
230 FORMAT  (BH GRINC =4F10,6014Hy TIME STEP zeFBe397H SECSavs

1 24H  WAVE FRONT JNCREMENT =oFTelebH SECS.)

240 FORMAT (/' POINT XPeSXo 'Y e2Rhe VAZIMUTH DEPTH LENGTH SPEED RK?ty]
1 SXetSKYy4Xs tHEIGHT UMID UROT?44Xe tTOTALe6X e YGROUP? 4
¢ 4X«'T0TAL LONGSHORE # 4 UIRe/e0 29 TYXe YENERGY P 4Xoe {
3 OOVELQOQCITY 43X tPOWER Y 35X s YPONER Y/ ]
6 TOeFTelazFOalebXeFTaleFbaleldXeFT7.2)




250 FORMAT (9]1tgtM] ® MJ EXCEEDS 200000)
270 FORMAT (//+34H ALL SETS COMPLETFDe NOe OF SETS =s14)
28U FORMAT (/77799 HOUND=Y9F S 1 e 99 'SCX=9F 10e5¢6X9 *XSG=09F6,2¢10X, .
1 YYSOE04F6Cel0Xe*SCNV=V 4 FE.399X9'DGXL=V9FSe2/" DGYL="eF5e2910X,
2 YSCALE='9F10.394Xs"NOSETS=1,413)
282 FORMAT (///77+¢" LPLOT='0el5s9X s 'NORAYS=V 9IS eRX et T=0,3F5,2013Xe"H0=10,- f
1 FOalellXetSK=gF5,2012XK e 'SK]1z04FS,2e7" THIZ4FT,2+9Xe'STAZ=9,F7.2
2 oBXsVUNIT=04FB.,2/% ISP=V413013Xe'LCK=1913913Xs'WPI=VyFT.2¢9X,
3 ICKDEP='9F 6. 298Xe "OF =¥ eF5,2912Xe 'TWR=?9I3e/? PN=1.FAL299Xs
4 SYFAz=1,4,F5,1)
284 FORMAT (v '4/472Xe2A4)
2R6 FORMAT (/7777777777777 7+% TINPUT PARAMETERS )
2BB FORMAT (/77774 MAP DATE: v4A4e10Xe*DEPTH IN '43A4)
9980 FORMAT (4A4)
SINH{DUM) =, S* (EXP (DUM) =( 1, /7EXP (DUM) })
C READ TITLE INFORMATION
READ (5,100) ITITLE
READ (54140} FAC
READ (564178) DATE]l +MEFAS W
CALL DATE (IDATE)
o READ GRID INFORMATION AND OTHER HASIC DATA
READ(54110) MIe MJe LIMNPTe NPRINTs GRIDe NCONs DELTAS

IJMAX = M # MY
IF (1UMAX.GT.20000) GO TO 290 .
GO TO 300 §
290 WRITE(64250) '
STOP -
C READ PLOT INFORMATION
300 READ(Se1c0) BOUNDs SCXe XSGy YSGe SCNVe DGXLe DGYL -
C READ AlLL DEPTH VALLUES 3
SCALE=GRI[H/SCX
C SET ORIGIN FOR PLOTS

CALL PLOTS (JEUF¢500049)
IF (FAC .EQ. 0.) FAC=1.
CALL FACTOR (FAC)
CALL PLOT (3.9200=3)
CALL KOTTOM |
WRITF (64200) i
c SET SOME INITIAL VALUES
RHS=MT
RHS=KHS=2,5
TOP=MJ
TOP=TOP-2.5
XLIMIT=(MI=1) #5CX
R90=1,570796327
c PRINT TITLE AND GRID DATA
WRITE (64190) ITITLE
WHITE (697284) IDATE
WRITE (642R6)
WRITE (69210) MIsMJoLIMNPTJNPREINTGRID9NCONDELTAS '

i
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360

JHo

9990

410

411

394

400

4195

420
430

e o sl S HE S lme”W% C

READ NUMHER OF SETS OF RAYS AND SHORELINE DATA
READ 130,NOSETS
WRITE (6+2B0) HOUNDsSCXeXSGeYSGeSCNV e DUXL 9 DGYL 9 SCALE «NUSETS
CONT INMUE

PROCESS EACH SET
XSLINF = 0.0
YSLINE = (.0
DFF=0, :

00 910 WOSET=)NOSETS

READ (10+9990¢END=415) XS5Ss YSSe JPEN
FORMAT (3A4)

XSL INF =XSS/GRID

YSLINE=YSS/Z6RID

PLOT LOWER LEFT CORNEKR FOR A SET
CALL PLOT (0,09 1.0 3)

CALL PLOT(0ay 1o 2)
CALL PLOT(les U.9 2)
CALL PLOT(0ee Ous 20
CALL PLOT (0440.03)
XSL=XSLINE*SCX
YSL=YSLINE#SCX~-FOUND
CALL PLOT (XSLeYSLe3)
GO T0O 411

PLOT SHORLEINF FOR A SFET ‘
CONT INUE ,
READ (10+9990+FEND=41%) XSSy YSSe JPEN
LPEN=JFEN
YHULD = XSLINF
YHOLD = YSLINE
XSLINF=XSS/GRID
YSLINE=YSS/GRID
IF (UPEN <« 1) 40043904400
LPEN=2
CALL REFDIA (XSLTINE YSLINE, 2)
CALL REFDTIA (XHOLDYHEOLD2)

CALL PFFNTA (XSLINFWYSLINE sLPEN)
GO T0 4l
CONTIMUE
ReEwIN 10

PLOT LOWER LEFT CORNER UF WINDOW
IF (XSG=KHS) 43064404440
CALL PEFDIALASGYSRs3)

CALL REFDIA(XS04YSG+)la02)
CALL PFFDIA(ASGIYSGe2)
CALL REFDIA(XSH+]140YSGe2)

PLOT LOWER RIGHT CORNER OF WINDOW
CoLL REFDIA(XSGIYSGW2)
XSOL=XSG+NGXL/SCX
YSGL=YSG+DGYL/SCX




e
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CALL REFDIA(XSGLsYSGe3)
CALL REFDIA(ASGL+YSG*1le92)
CALL REFODIA(XSGLIYSGe2) ’
CALL PEFDIA(XSGL=1,9YSGe2)
CALL REFDIA(XSGLYSGs?2)
C READ BASIC WAVE DATA FOR A SET
440 READ(S4+160) LPLOT, NORAYSe Te HOs SKe SK1le THI, STAZ,
1 UNIT
IF (NORAYS .GFE. 400) GO TO 800
SKPR=SK
READ (S59170) ISPeLCKsWPIsCKDEP+DFyIWRePDoYFA
IF (IWR FQs 0) READ (S5,171) IRED
IF (IRED NE, 25) IRED=S
IF (P} Qe 0e) PD=DFP(1)*DCONSDF
TF (NOSET oFWe 1) WRITE(6¢282) LPLOTeNORLYSeToeHOsSKeSK1eTHI,
#  STAZsUNIT e ISPoLCKoWPI sCRDEP oDF o IWKoPUyYFA
[F (NOSET oFEWe 1) WRITE(6,288) DATE]+MEAS
IF (NOSET «EWe 1) GO TQO 445
WRITE (64200)
WRITE(64190) ITITLE
WPITE (64284) IDATE
WKITE (64286)
WRITE (64210) MIsMUJLIMNPTYNPRINT GRIDIDCONGDELTAS
WRITE (64280) HOUNDISCXoXSGeYSOGeSCNVDOXLsDGYLsSCALE ¢ NOSETS
WRITE (6e282) LPLOT «NORAYSeToeHO9SKeSK1eTHI
# STAZJUMNIT G ISPeLCKsWPTIsCKDEPSDF 9 INR«PULYFA -
WRITE (59288) DATE>4MEAS
445 CONTINUE
C SET INITIAL VALUES FOKR THE SET ~
IF ((NOSET +GEe Z) «AND, (DF EQ. DFF)) GO TO 340
IF (NOSET «GEe. 2) DF=DF~DFF
IF (DF) 31063404310
310 DO 330 J = lelJumaXx
DEP (J) = DEP (J) ¢ DF
330 CONTINUE
340 OFF=DFF+DF
KSP=1SP
SIG=6,28318531/T7
C0=5.1204064T
WLO=CO®T
DRC=WLO®#0.,5
DTGK=UNIT/GRID
GRINC=DTGR*CO
WFI=Te*up]

KPLOT=WFI/UNIT+0.1]
IF (KPLOT +EG. 0) GO TO A0
C PROCESS EACH RAY IN SET
DO 500 NORAY=]esNORAYS
HPREV =HO
NS=GRINC v
11-60
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KFIRST=0
WRITE (601K0) [DATF
1SP=KSP
" WRITE (64220) NOSETe NORAY, T
IF (LCK) 460¢450+460
c Rt AD RAY OATA
450 IF(IWR oEQe V) READ(IREDS1204END=501) XC(NORAY) s YC (NORAY)
IF (XC(NORAY) «LF. 0.) GO TO 501
X=XC (NORAY)
Y=YC (NORAY) ¢ YFA
A7IMTH=STAZ
RK=1,0
SK=1,
Bl=1l.0
‘%?=l.0
RKPREV=1,
SKPREV=1.
GO TO 470
460 IF(IWK .FQs U) READ(IREDsIC0END=501) XC(NORAY) ¢ YC (NORAY) o
% AAZ (NORAY) 9RRK (NORAY) ¢ HKK 1 (NURAY)
IF (XC(NORAY) .LF. 0.) GO TO 501
; X=XC (NORAY)
3 Y=YC(HORAY) + YFA
AZIMTH=AAZ (NURAY)
RK1=HRK] (NORAY)
] RK=kHK (MOKAY)
¥ S Ri=1./HK1/RK]
H2=) e /RK/RK
SK=SKPR
SKPREV=1,
, RKPREV=] .
| 470 A=THI+270.0-AZ1IMTH
_ C SET INITIAL VALUES FOR RAY
) NPT=1 i
CXY=C0 i
wi=wlLO ?
C PRINT STEP AND TIME INFORMATTON
_ WRITE (64230) GRINCs UNITe WFI ;
§ RAYNU=NOKAY
' XNO=X#SCX :
YNU=Y#SCX=~BOUND '
IF (YNO) 49044404480
C IDENTIFY RAY ON PLOT
¥ 480 KFIRST=1
; CALL NUMBER (XNOWYNO=0,15¢04112¢RAYNOs0g9=1)
' CALL REFDIA (XeYo3)

s o vty

———e e e

C PRINT DEFPWATER WAVE INFORMATION
4690 WRITE(6+240) NPTe Xeo Yo STAZs wLOe COe HO
C CALL RAYCON TO COMPUTE +PRINTAND PLOT THIS RAY i

¢ CALL RAYCON (XyYeA)




c

500
501

511
509

600

CONTINUF
CONT INUE

PRINT TITLE AND WAVE DATA ON PLOT
XLEGSXLIMIT=b.72
CALL SYMBOL (XLEGe=0e590416BeITITLE 0040}
CALL SYMBOL (XLEGoe =1¢eoHLEGILEGI(1) o Oeela)
CALL NUMBER (999,9999,¢04112¢T90,43)
CALL SYMHOL (999,9999,sHLEGILEGLI(S) ¢0ee¢5)
CALL SYMBOL (XLEGe=1e29+HLEGILEGLI(T7) 904020)
CALL NUMBER (999,9999,30,112¢STAZ90Ge0l)
CALL SYMBOL (999.+999,¢HLEGsLEGZ(]) 90e98)
CALL SYMBOL (XLEGs=).S0+HLEGILEG?(3) 20e915)
CALL SYMEOL (999.9999,4.112+IDATE0,98)

CALL SYMROL (XLEG*4,9=149HLEGs*0 CONTOUR AT 40.913)

CALL SYMROL (99949999, ¢HLEGsWs0,94)

CALL SYMBOL (XLEG+4,4~]1.25¢HLEG'RELATIVE WATER LEVFL= 940,42?)

CALL NUMBFR (99944999, ¢HLEGsDFFoe0492)

CALL SYMBOL (XLEG®T49=1,25+HLEGsMEASe0es12)

CALL SYMBOL (XLEG*4,.9~=1.50¢HLEGy *MAP DATE: 990,010)

CALL SYMBOL (99949999, HLEGsDATE 14 0eeé)

CALL SYMRBOLI(XLEGe=1,7SsHLEGs'DEEPWATER WAVE HEIGHT=

CALL NUMBER (999, 999G, yHLEGeHO00,42)

CALL SYMBOL (999,099G,eHLEGs Y FEET?90a05)
DRAW LOWER RIGHT CORNER OF PLOT FOR A SET

CALL PLOT (XLIMIT90,93)

CALL PLOT (XLIMITelee2)

CALL PLOT (XLIMITe0,02)

CALL PLOT (XLIMIT =1490,92)

CALL PLOT (XLIMITe0,e2)

CALL PLOT (XLIMIT90,93)

IST =1

1ST1=0

REwWIND 11

CONTINUE

READ (1]1¢9980+END=TO0) XSeYSeDEPTH, IPN

XX=XS#SCX/GRID

YY=YS®*SCR/GRID

IF (YY LT« 80UND) GO TO 509

YY=YY=H0UND

HNDEFTH=DEPTHKH

IPEN=3

GO Tu 730

READ (1199980+ENND=TT0) XSeYSsDEPTHIPN

IF (DEPTH oLEe 04) GO TO 600

IF (IPH .FQ. IPN) GO TO 650

IPH=¢

HDEPTH=0EPTH

CALL FPLOT (XHeYHeIPFN)

IPEN=3

1ST=1

11-62
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660

665

670

675

680
730

770
790

1ST1=0
CALL PLOT (XHeYHoIPEN)
XX=AS#SCX/GRID
YY=YS#SCX/GRID
IF (YY oLTe ROUND) GO TO 665
YY=YY=RBOUND
IF (1ST1 «EQ. 0) GO TO 670
IF (XX «LTe XXH) GO TO 660
IF (XX +GTe XXH*SIZE) GO TO 660
IF (YY +6GTe YYH*,06) GO TO 660
IF (YY oLTe YYH=,06) GO TO 660
IPEN=3
GO TO 600
CONTINUE
IST =0
GO T0O 6&RQ
1PH=3
GO TO 600
IF (IST .EQ, 0) GO TO AA0D
I1sTi=1)
I1ST=0
ANPTH==DEPTH
NDPTH=AHS (DEFTH)
S12F=13,
IF (LPTH oGF. 1le) SIZE=SIZE+],
IFIDMTH GE. 10e4) STZE=SIZEs].
IF(DPTH GE. 100.) STZE=S1ZE+].
IF(DFTH .GE. 1000,) SIZE=SIZE+]l,.
IF (DEPTH +GTe 04) STZE=SIZE+1l.
SIZE=SIZE#,09
IF (¥x Gte FLOAT(M]I=3)#SCX) GO TO 675
CALL NUMBER (XX44035:YY>,035+¢100ADFPTHeN,01)
XXH=XX
YYH=YY
GO TO 600
CONT INUE
XXX=XX=~STZE
CALL NUMRER (XXX eYY=¢0354¢100ADFPTHe04ss1)
XXH= XXX
YYH=YY
G0 10 600
CONTINUE
Catl PLOT (XAeYYSIPEN)
TPEN=2
X =XX
Ye=YY
GO Tu 600
CALL PLOT (XXeYYe3)
CONT IMUE
SET ORIGIN FOR A NEW PLOT




510

800

A10
820

CALL PLOT (XLIMIT+3,4060=3)
CONT INUE

WRITE(6e270) MOSFTS

GO T0 820

WRITE (6480) NORAYS

GO TO 820

WRITE (6490)

CALL PLOT (0e9044999)

STOP

END

ORI




RAYCON SUSPOUTINE DECK

CONTHOLS COMPUTATIONS «PHINTING,AND PLOTTING OF EACH RAY
SURROUTINE RAYCON(XeYyA)

COMMON DEP (20000) yMI 4MJU+sSCAeSCALF yLRINPD
COMMON Hly HB2e BOUNDS CKDEPs COe¢ CXYs LI(12)e DCDHy DCONG
1NDELTASs DRCs ULTGRs NXYs F(6)s GHINC,
2 He HHy HOs ICNe 1GOe IRETe ISPe JGOs KRFIRSTs KPLOT,
, 3 LIMNPT, LPLUTs NPRINTe NPTe PHXe PHYe KGOe RANTUSe RAYNO,
[ 4KCCOe KHSe RKe SCNVe S{Ge SKe SKly Te THIe TOP.
3 5 Ve wie WLO» XPs XSGs XSGLe YPe YSGy YSAL i
1 COMMON HPREV s SKPREV o RKPHEVsUEOTsUMTDGE T« CGRePOWPL o NS
] COMMUN JDIR
1 DIMENSTON RI(16) .
3 100 FORMAT (9 0910088 qaFhel afTeloFb,leFTeldoFTe2el2FRe2e¢dFidarv3XeAl)
110 FORMAT (0 9910aFTolsdFBhe1eFTaleFhals2FTe30FTe202F6,2+4F104203X081) 1
120 FORMAT (28H CURVATURE AVERAGED AT FQINTe14)
130 FOKMAT (34H KAY INSIDE NDFTAILED GRID AT POINTeI6411H OFTAILFED
1 29H GRID STARTING LOCATION IS X=eFT7e2e4h Yz=eFT.2)

F 140 FORMAT (/442H RAY STOPPEDs NG CONVERGENCE FOR CUWVATURE) 1
! 150 FORMAT (/431n KAY STOPPEls WAVE BREAKS AT X=9F7.204H Y=eF7.2)
]

e 5 R Sl 7 AL = i v 5
)
aNe]

T R b rarb ey

nnt

160 FORMAT (/¢33 RAY STOPPEDs REACHERN ROUNDARY A=eFT7.2¢4H Y=eFT.2)
170 FORMAT (/9321 RAY STOPPeDe LIMNPT EXCEEDFD XSeFTeleb4MH  Y=4FT7.2)
180 FORMAT (/49341 RAY STOPPEDs NDELTAYS TOO SMALL X=eF7,2¢4H =eF7.2)
190 FORMAT (9H RAY NFEARe F6,2¢14H FOOT CONTOUR )

ann

IF THE WAY STARTS IN wATEW LESS THAN HREAKER DFPTH GO TO THE NEXT R

- ANEX=A®,0174532925
! XNEX=COS(A)#GRINCeX
YNFX=SIN(A)®GRINCeY
CALL DEPTHIXANEXeYNEX)
IF (REDXY=HUY) 462,492,494
3 492 WRITE (64289)
L 289 FORMAT ('0'¢'AY STARTS TUU CLOSE TO SnORE )
! RF TUKN
494 CONTINUE
END=0,
IF (ASth=kHS) 20042104210
200 LFIRST=0
SGX=XSG+).5/SCNY
SGY=YSGe1.5/5CNY
SGXX=XSGL=145/SCNY
SGYY=YSGL=1a9/SCNY
GO TO 270
210 LFIRST=]
C SET INITIAL VALUES USKFD TO START A way
r 220 LPRINT=0

3




FLAGL=0,0
ANG=TH]I+270,0-A
AzA%Y,0]174532925
CO0SA=C0S (a)
SIMNA=SIN(A)
h=HO
160=1
SAVE VALVES OF X AND Y
Px=X
rY=Y
ADVANCF X AND Y ONE STEP ANID FIND MeEW DEPTH
X=COSA#GRINC+X
Y=SINA®GRINC+Y
CALL ODEPTH(XeY)
NWRITE=1
CHFCK TO SEt 1F waVE HFIGHT 1S GPFATFR THaN .6 OF WATER DEPTH
IF(®IXY=H) 3H0+43804240
MNOe CHECK TO SEE IF KAY IS INH DFEP WATER
IF(DXY=NRC) 32003204250
YESe ANDVANCE STEP COUNT aND CHECK TO SEE IF LIMNPT IS EXCEEDEN
NPT=NPTe1
CALL FRICTN
IF(LIMNEFT=NPT) 4000¢40049260
NOe CHECK TO SEFE IF RAY [S TOO CLOSE TO ROUNDARY
IF (KHS=X) 27042704240
YESe SET TO PRINT OUT KAY TOO CLOSE TO ROUNDARY
RFT=8
GO TG 350
IF(Xx=1e%) 27002704290
[F(TOP=Y) 27042704300
IF(Y=1,9) 27042704310
HAY WwITHIN sBOURNDARY AND IN DEFP wATERe GO TO
CHECK PRINTING AND PLOTTING OPTIONS
GO TO a#0
RAY w]lTHIN BOUNNARY BUT NOT IN DEEP WATER
xX=PX
Y=PY
COMPUTE CURVATURE OF RAY IN FIRST STFF AFTER DEEP WATER
CALL CURVE(X9oYsAsFK)
ADVANCE STEP COUNTER AND CHECK YO SEE IF LIMNPT IS EXCEENED
NPT=NPTe+]
IF(NPT=LIMNPT) 34004004400
NWkITF=]
COMPUTE X AND Y COORDINATES AND ANGLF OF KAY FOR NEw STEP
FLAGL=1.0
CALL REFHRAOC(X9YoAsFK)
GO TO CONDITICN CONTHOLLED d8Y VALUE OF IRET
GO TO (410¢308093709360e3900420) IRET
StET MwITE FOR STATUS OF RAY
MNWRTTF=g2

T R PPN




37

380

390
400

410

430
440
450

460
470

480
490

500

510

520

S30
540
550
560
570

Sk0

590

GC TO 420 ]
NeRITF=3
GO TO 420
Nwk[TFE =4 .
IF (FLAGY «EQe 0e0C) GO TO 492 :
GO TO 420 J
NWRTTE=S
GC TU 730
NWRITF =6
GO T0O 730
NwRITF=7
GO TU 730
COMPUTE REFKACTION AND SHOALING COEFFICIENTS AND WAVE HEIGHT
CALL HF IGHT (A)
1F{DXY=CKDEP) 430,46304660
IF(ISP) 4S066T70+440
160=3
1sP=1
Nwk]ITH=9
GO TO 470
IF(ISP) 47044704740
IF(NuRITE=1) 480646804490
CHECYr PRINT OPTION ANfY SFT
TF(MOD(MNEFTeNFRINT)) S0064909500
LPRINT =]
HaS NUMBFEK BEEN FLACED ON THIS RAY
TF(KFIRST) S30+¢510+530
IS THIS STEP WITHIN STARTING PLOT BUUNDARY)
YON=Y#SCX=-HOUND
IF(YOMN) 700645204520
YESe PLOT THE KAY NUMFERs SET TO NO AND PEN UPRAND GO TO PRINT
CALL MUMBER(A#SCX e YON=0,1500,112¢PAYNOs(1g9=1)
KFIRST=1]
CaLL REFDIA (X9Ye3)
CHECK TO SEE IF RAY KFACKED DETAILEQ GRID ON ANY PREVIOUS STEP
TF (LFIRST) 560+540+590
MOs IS RAY WITHIN UOFTAILED GRID ON THIS STEP
IF{X=SGX) BYYe550+550
IF(X=SGXX) 560450580
IF (Y=SGY) 590+¢S570,S70
IF(Y=SKYY) Sn0s5804%990)
YESe SET NWRITE FOW THIS CONDITION
NWHITF =#
LFIRST=1
LPRINT=]
COMPUTE DETATILED GRIN STAWTING POSITION
NEX=(X=X5G) *SCNY
GYsS(Y=YSG) #SCNY
STHF WwITHIN QGUNNDARY, IS TIC makxk Tu BE PLOTTED ON RAY
IF (MONIMNPT ok LOT)) E600e6209A00

M 2 o gt e S o SO R
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NOs IS STER TO RE PLOTTED
A00 TF(MON(NPTSLPLOTY) 700+6104700
YESe FLOT STEP AND GO TO PHINT
610 CALL WNEFODIA(XsYoe2)
GC TO 700
TIC MARK TO RF PLOTTED PERPENDICULAR TO RAY,
COMPUTE ANGLE AND AZIMUTH IN DEGHEES
620 AA=A%ST , 2957y '
ARG=THI+270,0-AA
SET TO PLACF ASTERISK ON PHINT OUT oY THIS STEP
LPRINT==]
CaLL REFOQIA(XRyYs2)
FIND QUANDRANT THAT RAY IS IN AND COMPUTE TIC MARK COORDINATES
IF(AB=9U,) A30+630+640
630 YTIC=0.05%SIN(RY0=A)
XTIC=0.05%SInN(A)
60O TO 690
640 IF(AA=1KH0,) 05096504660
650 YTIC==04,05%SIN(A=RIN)
XTIC=0,084S5IN(3.141582654=4A)
GO TO 690
660 TF(AA=270,) 0T70+s670,6H0
670 YTIC=0,05%SIN(8=3,1415G92654)
XT1C=0,09%STMN(4,71238R9H1-A)
GO 10 690
6R0 YTIC==0,05%S[N(A-4,712388Gb1)
XTI1C=0,094#SIN(6.28318530K=4)
PLOT TIC MARKS
660 CAL) REFDIA (X+XTICeY=YTICe2) -
CaLlL REFDIA(A=XTICoY+YTICo2)
CALL PEFDIA(AeYos?)
CHECK PRINT OPTION
700 [F(LPRINT) 71067404720
PRINT STEP INFORMATION wlTH ASTERISK RY STEP NUMRFR TO DFNOTE
THAT A TIC MARK wAS MADE PERPENDICULAK TO RAY ON PLOT
710 CONTINUE
CALL FNERGY (AsEND)
IF (OXY JLEe. PD}
& WRITE(64100) NPT oXoYeANGIDXYoWL oCXYeRKoeSKeHIUMINGUROT4F Ty
& CGR4POWIPLYIDIR
RESET PRINT OPTIUN TO NO FRINT AND GO TO CHECK STATUS OF RAY
LPRINT=0 .
GO 10 740
COMPUTE RAY AZ1MUTH IN DEGREFS AND PRINT STEP INFORMATIOM
720 ANG=TH]I*+270.0=A"57,2957k
CALL FNEKGY (A4END)
IF (DXY LE. PD)
& WRITF(H60110) NET o X e Y9 ANGIDAY s WL o CXY o RN ¢ SR o HoUMIDoURODOT9ET o
A CGRsPOVGPLIDIR
RESET PRINT OFTION TO NU PRINT AND 00 TO CHECK STATUS OF RAY A

PREEESD ™, -




LPRINT=O
/ GO TO 740
1 C LAST STEP OF 8 Ray
i C COMPUTE HAY A71MUTH [N UEGKEES AND PRINT STFP INFURMATIONM
730 ANG=THI 270, u=A%8 7, 2957y
1 . WRLITE (631100 NPT XY oANGIUXY
& C PLOT LAST STEP OF RAY
b} CALL REFDIA{AeY92)
¥ C GO TO CONDITION CONTROLLED BY VALUE OF NWRITF
740 GO TO (H30e75007F04770078097900800e520¢250) o
1 haPITE
C PRINT PROGKAM MESSRGE aND CONTINUE KAY COMPUTATIONS
750 WRITE(He120) HPT
3 GO TO R3Q
@ C PRINT PROGKRAM ERNOR MESSAGE AND STOP RAY COMPUTATIONS
3 760 WRITE(be100)
GO TO K10
770 WRITE(0e150) XY
CALL PEFDIA (KeYe?2)
END=1‘
i CallL FNERGY(AJEND)
f ENU:UQ
§ GO YO R1U
! 780 wRITE (Ae160) XoY
: GO TO #]1y
790 wWhHITE (he170) XoY
1 , GO T0 &10
! 800 wlTE(64160) XeoY

, . 810 1GO=3
i 6O TO 830
. R20 WRITE (Ay130) NPTWNGXUGY
Twk11=7
wHITE (IwRITe13%) nNix +DGY s ANGIRK¢RKFREY
; 135 FOMMAT(3F10.242F1U.4)
C CrECK STATUS OF RAY AMD HRANCH TO PROPER CONMDITION
830 GO TO (230+3309R460) 4160
BGY HE THkMN
850 WRITFt64190) CKDFP
G0 TU »30
EMD

At A o ek 0 23
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100

110

120

130

140

150

160

REFRAC SUBROUTINE DECK
CUOMPUTES CURVATURE OF RAY IN A NEwW STEP
CHECKS TO SEE IF RAY HAS REATCHED ROUNDARY
SUHROUTINE REFRAC(XoeYeAyFK)
COMMON DEP (20000) ¢MI sMUISCX9SCALE«GRIDPD
COMMON Bly B2e HBOUNDe CKDEPs COs CXYe DO(12)s DCDHe DCON,
1DELTAS, DRCy DTGRe DXYe E(b)e GLRINC,
2 He HHe HOo ICNe I1G0Os IRETs ISPe JGOe KFIKSTe KPLOT,
3 LIMNPTe LPLOTe NPRINTe NPTe FHXye PHYy RO0Os H#ADIUSe RAYNO,
4RCCOy KHSy RKe SCNVe SIGe SKy SKlye Te THI» TOP,
S Ve Wle WLOe XPy XSGe XSGLe YPs YSGe YSGL
COMMUN HPREV s SKPREV sRKPREVIUROT UMINIET e CGRePOWIPL 9 DS
DIMENS1ION RF (9)
SET INITIAL VALUE FOR NO AVERAGE OF CURVATURE
NCUk=1 :
GO TO CONDITION CONTROLLED BY VALUE OF IGO
GO TO (100+41104350),416G0
FIRST TIME THROUGH SUBROUTINEs SET FOR THIS CONDITION
FKM=F K
160=¢
COMPUTE STEP LENGHT
DS=CXYH#DTGR
1S STEP LENGTH SMALLER THAN PRESCRIBED MINIMUM VALUE
IF (DS=DELTAS) 12091304130
YESe SFT IREY FOR THIS CONDITION AND RETURN TO RAYCON
IPET=1 :
RETURN
NOe COMPUTE TFEST FOR CONVERGENCE OF CURVATURF
RESMAX=0,00005/DS
DO A MAXIMUN OF 20 ITERATIONS TO COMPUTE NEW STEP
NO 210 I=1+20
COMPUTE DELTA ANGLE FOK NEW STEP TRIAL
DELASFKMEDS
COMPUTE TKRIAL ANGLE AND COORDINATES
AA=A+DELA
AM=DELA®0.5¢A
XX=COS (AM) #DSX
YYSSIN(AM) #DS+Y
COMPUTE CURVATURE OF RAY FOR TRIAL
CALL CURVE (XXoaYYoAA4FKK)
WILL WAVE BREAK IN TRJAL STEP
IF(H20DXY=H) 15041500160
YESy SET [RET FOR THIS CONDITION AND RETURN TO RAYCON
IRET=2?
RETURN
NOs» WAS CURVATURE AVERAGED IN LAST SOLUTION
GO TO (170+240)e¢ NCUR




2 a0,
¥
;

&
§ C MOe COMPUTE AVERAGE CURVATURE 0OF THIS TRIAL STEP
! 170 FKM= (FK+FKK)®*#0,5
. C 1S THIS F1lkST ITERATION
¢ IF(I=)) 21042104180
' C NOs IS CONVERGENCE TEST SATISFIED
180 IF (RESMAX=ABS(FKP=FKM)) 19041904240
C NOs IS THIS THE 18TH ITERATION
190 IF(I=-18) 210+200+210
C YESe SET QUMMY varRIABLE TO USE IN AVERAGING RAY CURVATURF
200 FKCK=fFKM
¥ C CONVERGENCE TEST NOT SATISFIED
3 C SAVE CURVATURF FOR TH1IS TRIAL AND Ir NOT 20TH START NEw TRIAL
3 210 FKP=FKM
C CONVERGENCE TEST NOT SATISFIFD AFTER 20 TTERATIONS
C IS CONVERGENCF TEST SATISFIED RETWEEN 18TH AND 20TH ITERATIONS
IFIRESMAX=AHBS (FKCK=FKM)) 22062204230
C NOe SET IRFT FOR NO COMVFRGENCE AND RFTURN TO KAYCON
220 IRET=3
RETURN
F C YESs SET CURVATURE FQUAL TO AVERAGE OF 1B8TH AND 20TH
C ITERATION AND SET
230 FKM=(FKM+FKCK)*®0,5
NCUKk=2
4 C CURVATURE IS COMPUTENs SET VALUES OF NEW STEP TO RETURN
i GO TO 1490
E 240 X=xX
Y=YY
A=AA
FK=sFKK
| : IF(NCUR=2) 26042504260
; 250 IRET=4
. RE TUKN
260 JF(RHS=X) 270e270,280
270 IRET=%
RFTUKRMN
280 IF(X=1.5) 29042904300
290 IRET=%
RFTUKN
k- 300 IF(TOF=Y) 31043104320
| 310 IRET=S
' RE TUKN
320 IF(Y=1.5) 330+3304340
330 IRET=Y
QFTURN
340 ITKET=6
350 RETURN
END
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100

110
120
130

140

150
160

170

CURVE SURROUTINE DECK
SUBROUTINE CURVE(XeYsAeFK)
COMMON OEP(20000) ¢MI ¢MJIsSCX9SCALESGRIDPN

COMMON B14,682¢HOUNDs CKDEP9 COs CXYe D(12)s DCDHe DCON,
1NELTASs DRCoe OTGRe DXYs E(6)e GRINC
2 Hy HHs HO9 ICNe 1GOe IRETy ISPe JGUs KF1IRSTe KPLOT,
3 LIMNPTs LPLUTe NPRINTs NPTy PHXy PHYs R90e« RADIUSe RAYNO,
4KHCCOy RHSy RKe SCNVe SIGe SKe SKle Te THIe TOPs
S Ve wis WLOy XPe XSGe XSGLs YPe YSGe YSGL

COMMON HPREV  SKPREV4RKPREVIUHOT ¢UMIGeET o COF s POWOPL DS
GO TO (1404100)s IGO

CALL DEPTH (XeY)

IF (DXY®#200,0=wL) 11041404140

IF (DXY) 12041204130

RETURN

Joo=g .

ARG=32.1725% (DXY)

CXY=SORT (ARG)

DCDH=16.06625/CXxY

GO TO 170

CI=CXY

J6o=1

DO 150 1=1.50

ARG=((DXY)®#SIG)/C1

ARG=TANH (ARG)

CXY=CORAKG

IF (ARS{CXY=CI)=0.0001) 16041504150

CI=(CXY*CI)®*0.5

RCCO=CXY/CO

SCMC=(].0=-RCCO®RCCO) #SIG

V=SCMC* (DXY) +RCCO*CXY

DCOH=CXY*SCMC/V

PHX=E(4) %2, 0#XP+F (H) *YPW+E (2)

PHY=E (6) #2,0%YP+F (S) #XP+FE (3)

FK=(STN(A) #PHX=COS (A) *PHY) #*DCDH*DCON/CXY

RETURN

END
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t C DEPTH SUKROUTINE DECK
. SUBROUTINE NEPTH (XeY)
: . COMMON DEP{20000) ¢MI sMJ¢SCXeSCALE +GR1D9PD _
3 COMMON HBle BZ2e HOUNDe CKDEPe C0e CXYe Uflle)y OCDHe DCONe E
j‘ IDELTASy DNCe DTGRy DOXYs E(6) e *GRINC . ;
i 2 Hy HHy HOs» ICNy 160, IRETy ISPe J6GOs KRFIRSTy KPLOT
3 LIMNPTs LPLOTy NPRINTe NPT, PHXe PHYs R90s RADIUSe RAYNO,
4RCCOs PHS. PKy SCNVe SIGe SKo SKle Te THIs TOP, #
3 S Vs viLe WLOs XPy XSGs XSGLe YPe YSGe YSGL
3 COMMON HFREV 4 SKPPEV 4 RKPREVUROT +UMINETeCORsPOWCPL DS
DIMENSION S(124h)
S(le1)=0,308451241
S(2s1)=0.23664207
S(341)=0,21770331
S(4s))=0.23684207
S{bel)==0,08492823
S(6el)==0.05143541
S(7¢1)==0,05143541
S(tel)==0,08492823
S(9e1)=0,0059R086
S(10¢1)=0,13038277
S(11¢1)=0.13038277
S(1291)=0,0056R086
S(1¢2)=20.05322964
S(2e2)=0,19677030
S{3¢2)=0,16413872
;| S(492)=0.105H6122
i S(5¢2)=0.,09031100
S(bsc)==0.0675+374
1 S(7e2)==0,033492A3
i S({Hez)=0.03346282
S(Ge2)==N.1R241K26
S(10s2)=2=0636031099
3 S(11e2)==0,12440190
k. S{12+2)=0,12440150
¥ S(1+3)=0,05322964
S(2+3)=0,10586122
3 S(3e3)=0.144135872
3 S(4¢3)=0,19677030
3 $(5¢3)=0,03349282
S({6e¢3)=-0.,03349282
 : S(7¢3)==0,0675K374
§ S(8¢3)=0.09031099
‘ S(9¢3)=0,12440190
$(10s3)==0s12440191
S(11¢3)==0,34031099
t S(12+¢3)==0s16241625
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S(1e4)==0,12499968
S({2e4)==0,1249999H
S(394)==0.12499998 5
S(4e4)==0.12499998H
S(5e4)=0.125
S{6+4)=04125
S(T7Te¢4)=0.0
S(Bed)=0.0
$(Ge4)=0,12499996
S(1094)=0,1249999
S(1led)==0e0
S(1294)==0.0 -
S(1¢5)=0,05263157
S (2+9)==0,052€63157
S(3+5)=0.,05263158
S(6+¢5)==0,05¢63157
5(545)==0.15789473
S(6+5)=0.15789474
S(7+5)=0.15789474
S(8e9)==0,15769473
S(9eS)==0.15789473
S(10eS)=0.15789473
S(11+5)=0.15789473
$(12¢5)==0.15789473
S(le6)==0,12499968
S(2+6)==0.12499998
S (3+6)==0,12499998
S{Ge6)==0,12469998
S(5+6)=0.0
S{6s6)=0.0
S(7+6)=0.125
S{B8+6)=0.,125
$S(9¢6)==0,0
S(109€)==0,0
S(119€)=0.12499999
S(126)=0,126499999
sz’lc
J=Y’lo
XP=AMOD (X9 le)
YP=AMOD(Yoeloe)
IF(NPT=1) 1209120100
100 IF(IP=1) 12041104120
110 IF(JP=J) 12041504120
120 IP=1]

PO e »\-.wm.‘ PRSI ELO gy VIR

3 JF=J
3 I=uP
. J=1F
1IAX
Dey)
D(2)

(1 = 1) * MI
DEP (I1AX + ) .
DEP (ITAX ¢ g ¢ 1) )




3 B e s e . . . . S I It LR e ey
i
4
} D(3) = NEP (JI1AX & MI ¢ J + 1)
18 N(4) = DEP (ITAX « MI + )
3 D(5) = DEP (IIAX + J + 2)
3 \ D(6) = DEP (ITAX ¢ MI + J + 2)
L1 O(T) = DEP (I1AX ¢ 2 ¢ M1 « J « 1)
;0 - ND(8) = NEP (IIAX ¢ 2 ¢ M] + )
: D(9) = DEP (IIAX ¢ MI ¢ J = ])
D(L0) = DEP (TIAX ¢ J = 1)
3 D(11) = DEP (IIAX = MI + )
] D(12) = NEP (TIAX = MI ¢ g + 1)
3 DO 140 K=146
i‘ SuUm=0,

- DO 130 L=le12
3 SUM=SUM+O (L) *S (LWK)

1 130 CONTIMUE i
F (K) =SUM
140  CONTTNUE
150 DXY=(F (1) +E (2) #XP+E (3) #YP+E (4) XP #XPe+
. 1 F(5)8XPRYPSE(6) #YP&YP) #DCON
i RE TURN
‘ END
4
b -
-
i
|t _
' 4
g
b
}
i
o
}




UM VL G /0

100
110

120

130
140

REFRACTION COEFF SURROUTINE NECK

SUBROUTINE HEIGHT (A)

COMMON DEP (20000) ¢+MI¢sMJU4SCXsSCALEGRIDPD

COMMON Bly RB2e BOUNDs CKOEPs COs CXYs UI(12)s DCDHy DCON,
1DELTASs DRCe DTGRe DXYs E(6)e GRINCo
2 Hy HHe HOs ICNe I0OO0s IKETs ISP, JGOs KFIKSTe KPLOT,
3 LIMNPT, LPLOT, NPRINT, NFTs PHXys PhHYy R90e RADIUSs RAYNO.
4RCCOs RHSy RKy SCNVe SIGe SKe SKle Te THIs TOP,
5 Vy Whe WLOe XPe XSGe XSGLy YP,e YSGy YSGL

COMMON HPREV ¢ SKPRFEFVsRKPREVeURDT4UMINGET o CORePOWePL 4 NS
SKPREV=SK

RKPHREV=RK

wWL=wlLO#*RrRCCO

GN=12.5663706)14%DXY /WL

HS1=EXP (GN)

HS2=1,.,/HS1

CG=(],+GN/ (HS)~HS2) #2,) #CXY

IF (CG) 100+110¢ 110

PETURN

CONT INUE

RK=ABS (1.0/82)

SK=SQRT (CN/CL)

RK=SQRT (RK)

H= (HO#SK#RK) /SK1

GO TO (120+130)¢ JGO

U==2,0¢SIG*RCCO*CXY/ (VeV)
GO Tu 140

U==0,5/DXY

U=U*DCON

DCHH=DCOH*DCON
COSA=COS (A)
SINA=SIN(A)
== (COSA®PHX+SINA#PHY) #DCDH#NTGR#2,.0
Q= ((E(4)#2,06UdPHX*PHX) #SINAYSINA=(F (5)+
1 USPHX#FPHY) #2,0%SINA#COSA+ (E(6)#2,0eU%
2 PHY®PHY) #COSA#COSA) *NCOHECXY*OTGR&#DTGRY
3 2.0
B3z2((F=2.0)*E1+(4.0=-Q)#R2)/(P+2,0)
BRl=B2
B2=63
CALL FRICTN
RETURN
END
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SURROUTINE TO PLOT WaAVE RAYS

o500

| SUBROUTINE REFDIA(XR.YR.IPEN)
‘ COMMON DEPL20000) ¢+Ml eMUIsSCXeSCALEsGRID D
COMMON Rle B2e ROUNDs CKUEPs COs CXYs U(12)e DCDHe DCONy

o INDELTASe DRCe DTIGRy DXYe E(D)y ORINC,
0 2 He HHe HNDy ICNy IGO0y IRFTe ISPy JGOes KFIFSTs kPLOT.
N 3 LIMNPT, LPLOTe NPRINTs NPT, PHX s PMYs RG0e RADTUSe RAYNO,
. 4RPCCOy HHSy RBKy SCNVe SIGy SKe SKle Te THIe TOP,
il S Ve Wle wLOe XPy XSGe XSGLy YPe YSGe YSOGL
i| COMMON HPPEV s SKPREVIRKPREVeUBOT o UIMIDeEToCORIFPOWPL ¢ NS
I RX=XR#SCX
: RY=YR#SCX-~-ROUND .

IF (KYelLTeDe) GO TO 100

CALL PLOT(RXe RYs [PEN)
100 RETUKRN

FEND




i & SVe WlLe WLOs XPs XSGs XSGLs YPe YSGe YSGL

S e

SUBROUTINE FRICTN ;
COMMON DEP(2G000) sMI oMU+ SCX+SCALEIGRIDSPD . ;
COMMON H1l,s RB2e BOUNGs CKDEPe COe CXYe U(12)s DCDHe DCON,

INELTASy DRCe DTGRe DXYe E(6)e GRINC,

2Hs HHe HOe ICNe IGOs IRETs ISPe JUGOs KFIRSTe KPLOT,

ALIMNPTe LPLOTe NPRINTs NPTy PHXy PHYs H90e RADIUSe RAYNOo

4RCCOs RHSe RKy SCNV, SIGe SKy SKie Te THI, TOP,

COMMON HPREVySKPREV+RKPREVIUBOTsUMIDSE TeCGRoPOWPL o DS
DX=0S*GRID

OH=HPREVY (SK/SKPREV) #* (RK/PKPREV)

PI1=3,14159265

G=32.17

ARG=2 #PI#DXY /WL

PHI=e6391% ( (SK/SINH(ARG) ) ##3)

HNEWSOH/Z ( (JO02*OH®PH]I*DX) / (SK#TH%4) e¢],)

HPKE V=HNEW

H=HNEW

THE ABOVE CARD SHOULD Bt USED IF THE FRICTIONAL AFFECT
ON WAVE HEIGHT IS DESIRED N

OOOOO O

UROT=H®*G/ (2, *CXY#COSH (ARG) ) i
UMID=UB0OT #COSH(ARG®,5) ]
RE TURN o

END ¢
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SUBERQUTINE ENFRGY (AEND)

COMMON DEP(20000) o+MI oMUSCXeSCALFsGRIDPD

COMMGN R1le Hze BOUNDe CKOEPy COe CXYy D(12)e DCPHe DCON,
INELTAS, DRCe DTGRe DXYe E(B)y GRINCe

ZHe HHy HOe ICRe 1GOe 1RETe ISPe JGOs KFIRSTe KPLOT,
LIMMPTy LPLOTe NPHINTe NPTy PHXe FHYes KO0e RADIUSs RAYNO,
4RCCOs KHSe RKy SCNVe SIGy SKy Skly Te THIs TOP,
SVe whe WLOs APe XSGe XSUGLse YP, YSGe YSGL

COMMON HPREV9SKPREV RKPREVsUSOT ¢UMIDEToCORPOK 4L o DS
COMMON JDIK

DATA LEFT/Z'L /7« IRIGHT/ R0y

PI1=3.,14156265

If (PHY ,FQ, 0.) GO TO 20

AA=A

IF (ABA GTe He2B31852) AA=A=~G.2ASLIKG?
THETA=ATAM(PHX/PHY) P12,

THETA=PI=-THETA

DTHETA=THFETA~AA

IF (DTHETA JLTe 04) TDIR=IRIGHT

IF (DTHETA 6Te 04) TOIR=LEFT

DX=NS*GRID

FT=8.2H*H*wW]

ATHETA=ARS(DTHETA)

NTHETA=ATHETA

OLKk=4,2pI#DXY/WL

SPLR=SINRIDLR)

IF (SPDLR oLTe 1eF=10) SNLKR=1,E~-10
CER=HUCXY* (1 .+DLR/SDLR)

POW=H # e # C R

PLEPOWSSIN(ATHETA) ®*COStATHFTA)

IF (ENMD oNEos 1o) RETURN

HE=H

ALPHA=DTHETA

PLS IS AN ESTIMATE OF THE LONGSHORE COMPOUONENT OF ENERGY FLUX &N

SURF ZONE. BECAUSE IN THE CALCULATIUN OF PLS THE SIGNIFICANT wt

HETGRT IS USED INSTEAD OF THE RONT=MFAN=SWUARE THE VBALUE OF PLS

APPHOXIMATELY TWICE THE VALUE OF THi EXACT ENERGY FLUX. THEREFC
“FEAL YUMY (20000)

PLS IS MOKRE APPROPRIATELY WREFERKED TO AS THF LONGSHORE ENERGY
FLUX FACTOUR, :

PLS=32.1% (HB##2 5)SSIN(2*ALPHA)
FLO=32.1* (HRu#2,G5)#SIN(2#aPHA)

HrMz=FB/ 3,281
PLOMS (2,6Q%]10%#]0) * (HRMe#2 S)#SIN(2#ALPHA)

T P Y WL b Wy
TTIN ed Py By € e Mg TS B e - P e A S, s




e,

WRITE (6+220) PLS
220 FORMATY (t10?e* LONGSHORE ENERGY FLUX FACTOWR: PLS='4Fl4.7,
¥ vV FT=LHS/ScC/FY OF HEACH FRONTY)

I
AFPPROXIMATION OF LONGSHORE TRANSFOKRT RATE: (1) RASED ON FLS
(£) HASED ON GALVIN(]1972)=ESTIMATE OF THE GROSS LONGSHORF TRaN<
FATE .

OO0

N1=7500%PLS
Q2=200000¢%HE*HH
, OM=,0001282PLSH
e WRITE (6+230) QleIDIR.G2
L 230 FOHMAT (' %49 LONGSHORE TRANSFOPT RATES:®e/e? 411Xy
1 'FUNCTION OF PLSS: Q=9,Fl6.7¢" CURIC YARDS/YR®¢4SXe'FACING OCEAN:
2 TRANSPOKRT TO '¢Ale/s? 9412Xs
3 'FUNCTION OF HA: Q=?4E14e7s* CUBIC YARUS/YR®e5Ks 'GALVIN(1972) ~
4GROSS TRANSPORT RATE )
WRITE (69250) PLSMs OM
] 250 FORMAT (0?9 METRIC CONVERSIUNS:%¢/e¢? %911Xe? PLS='4El4.7s
L ® 0 EFRGS/METERASEC e/ v413Xe" Q='4E14e79? CURIC METERS/YEARY)
: RETURMN

.. v nr e (TR

20 THETA=P]
GO TO0 10
END
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SUBRGUTINF RUTTOM

THIS PROGRAM CREATES A MAP WIThH DEPTHS AT EQUALLY SPACFD
NISTANCES FROM A DIGITIZED RATHYMETRIC MAP USTMHG THF

CONTOURS

Qb cinc 1 sa

THIS PAKT OF THE PROGRAM RFADS THE TAPE AND CONVERTS THE
MENLU TO COWRECT FORM FOK PROCESSING,

OO0 NOO

COMMON DEPTH(20000) ¢ TXAX ¢ IYAXsSCX9SCALE ¢GRIDPD

COMMON k1],
DIMENSION
NIMENSTON
DIMFNSION
DIMENSTION
DIMENS]TON

HZ2e HOUND

Al6096)

IPX(S)e TPY(5)
IPEPTH(100)
PPH(1000)
IX(20000)4TY (20000)

} DATA AOoAlohaoA3-A4.A5¢Aﬁob7oA89A9/'0'0‘l'v'2'0'3'9'4'0'5'.'6',
3 1 179,080,409/ .
5 DATA AHAN/ TRy INt/ :
_; NATA AST/veey
NATA AL /'Ly

DATA ASLSHOAPLUSAMINUS/ /0, 0e0 08y

DATA ANGAE o AF g AP« AS/ NV tp Vg IF 14 1P28 g 0G0/

IPPSw=0

1IPEN=D
¢ It = 0

IXSw
1 ‘ P =
; _ Ix(1)
’ IY(l)
nniv
I1PSW
IShHkK

0

[=T 1]

0.0
D0
10,0

nwon

i 14

TEND
111Sw
ICT =
IsTOP
8000 FORMa
IS =

0
0
0

0
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ISLSH = 0 :
INUMKE = 0 '
ISIGN = 0 .
IEND = 0
111 = O

. .

C READ INPUT TAPF FROM uIGITIZEW

C

200 READ (ITAPE«9000) (A(])eI=104096)
9000 FORMAT (64(64A1))
DO 2000 1 = 1440686
IF (a(1).EQenl) GO TO 500
IF (A(1).FQeal) GO TO 520
IF (A(]1).EQ.a2) GO TO 540
IF (A(I).EN.A3) GU TO 560
IF (A(1).EQaA8) GO TO SR80
IF (A(T).EN.45) GO TO 600
IF (A(1).EQ.A6) GO TO K20
IF (A(1).FU.A7) GO TO 640
[F (A{]).FR.AB) GO TO 660
IF (A(1),EQ.A9) GO TO 680
IF (A(1).FQ.ASLSH) GO TO 940
IF (A(1)EQ.APLUS) 60O TO 950
IF (A(I).EQ.AMINUS) GO TO 1010
I[F (A(I).EQ.aAD) GO TO 1040
IF (A{I).EQ.AF) GO TO 1040
IF (a(1).EQ.AF) GO TD 45060
IF (A(I).EQ.AS) GO TO 1040
IF (A(])ENeAP) GO TO 1140
IF (A(]).EQ.AL) GO TO 1135
IF (A(I).FQ.AN) GO TO 4200
IF (A(I) ,EQ.AST) GO TO 4230
GO TO 2000
500 INUMRB = INUMg # 10
GO TO 690
520 INUMB = INUMR # 10 + 1
GO TO 660
540 INUME = JnNUMg # 10 + 2
GO TO 690
560 INUME = [INUMp # 10 + 3
60 TO 690
SHO INUME = [HUMH # 10 + 4
GO TO 690
600 INUMR = INUMH # 10 + 5
60 TU 690
620 INUMKE = TnUMd # 10 + &
G0 TO 690
640 INUMB = ThUMH # 10 + 7
GO TO 690
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660

650
69v

730

790

830

B850

851

9940

860

940

INUMR = INUMG ® 10 + 8

GO TO 690

IMUMH = [HNOMH # 10 ¢ 9

ICT = ICT + 1

IF (IPPSw +EQe. 1) GO TO 2000
IF (1S.tQ.1) GO TO 2000

IF (ICT.6T.5) GO 10 1230

IF (ICT.LT.5) GO T0 2000

GO TO (730 790)s1IXY

Ixy = 2

XSS = FLOAT (INUMB) # SCALE 7/ 1u00.0
IF (ISTGNeNF.2) GO TO K60

XSS = - XSS
GO TO #AD
IXy =1

YSS = FLOAT (IWNUME) # SCALE 7/ 1000.0
[F (ISIGNNELZ2) GO TO R3O0

YSS = = YSS

IX (11) = XS5 + 0,5

Iy (I1) = ¥YSS ¢ 0,5

IF (ISTOP FUue 1) GO TO R60

11 = 11 + 1]

If (11.67.,20000) GO TO 1310

CONT INUE

1F (11 JLE. ¢) GO Tu 4%)

TTHX = 1auwsS (IX (11 - 1) - Ix (II =2}))
XHIYT=FLOAT(TIHX)

IF (XHIT LTe ARS{GRID+,5)) 60 TO 85}
Ix (I1) = IX (I1-1)

Iy (31) = TY (11I-1)

IX (11=-1) = (IX (IT) ¢ X (11I=2)) 7/ 2
Iy (17=-1) = (1Y (II) + 1y (Il-2)) 7 2
11 = 11 + 1

CONT INUE

IF (IP JLE« S) GO TQ 860
DPTH=INEPTH{ILL)Z10,0

WRITE (11+¢9980) XSSeYSSeNDPTHSIPEN
FORMAT (4A4)

IF UISHR.EQL]1)Y GO TO 4400

IPEN=?
ISIGN
ICT =
TNUMK 0

GO TO 2000

IF (ISLSH.ED.1) GO TO 1330

1IF (ICT LY. S) GO 10 1220

ISLSH = 1}

ILL = JLL + 1

IF (JLL.GT&100) GO TO 1340

IF (ISIGN EQe 2) TNUMB = =]NUMH

0
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Gr0)

1oin

1ua(

10+0

1096

1135

11760

JOEPTH (TLL)Y = [NuMt

I () = 0
I =0
GO TO k&0

IF (ISTIGNGNEL0) GO TO 1350

[S1GN = ]
GO TO 2000

1F (ISTGHGNEL0) GO TO 1390

IS = 2

G0 TO 2000

[F (IhaFQs) GO TO 1370
1919 = 0

15 = 1

[FEN=3

b = 1

187027 = 0

CO TO %60

ISTOP = 1

ISHR = 0

IF (1P.GT.%5) GO TO 4100

[F ([PSwerQe0) 60 Ta 1090

IF (1P1.GF.1) 60 TO 1170
IXy = 1

IT = 11 + 1

JSLSH = 0

IPSw = 0O

GO TO #8460

Ite = L + 1

ICERTH (ILLY = [HDPTH

[X (11) = 0.0

Iy (11) = 0.0

[PSW = ]

IPT = 1PT + 1

IP = P + 1
TRPACIPY = IX(ID)
IPY(IP) = IY(ID)
0 TO %60

[f (IPT.6GT.1) GO TO0 2Who
X =nxl HOTTOM

IMDPTH = [DEPTH (1)
N =)

IaH1S = IX(I1Yy - IX(])
Tynls = Iy(riy - I1Y(1l)

0TS = FLOAT (IXU1S)
(IS = FLOAT (1YDIS)
215 = At X lS)

il C = AaRSH{YLTS)
PR (et e XDIS =

N,000]

e - 2




T

THETAYL = ATAN(YDIS/XDIS)
CIS = SOQRT (ADISe##2 + Y[I[S#e2)

g ISl = OIS
| ‘ ALEFT = 0.0
% C
J C CALCULATE LENGTH OF INCRFMENTS ALONG X = ROTTOM
;! C
5 AXD = DIS / FLOAT (1xaxX = 1)
11 = 11 -1
j 00 3000 LM = 1,411
¥ IXX = TABSUIX(LM) = IX(LMe]))
¥ IYY = TABSCOIY(LM) = 1Y (LMe+]))
XX = IXX
.YY = 1vy
E C
3 c CALCULATE DISTANCE TO MEXT POINT
‘ C

DD = SURT (XX #& 2 + YY ##2)

IDC= IDEPTHILM+1) = ITDERTA(LM)

ADC FLOAT (IDC) 7 DDV

DPH FLOAT (IDEPTH (LLM)) / LDIV
DPH2 = FLOAT (IDFPTH (LM+1)) / DDIV
IF (LLFFT .61« DDY GO TO 2990

IF (ALEFTWJLEL.0.0) GO TO 2900

NMN = MNM o+ ]

, DEPTH (RINM) = DPH + ALEFT # aADC 7/ DD
E | DPH = DEFTH (NNN)

: | o0 = DO - ALeFT

3 2800 AN = DD/aXD

| AIDC = (DPH2 = DPH) / AN

w : NN = AN

{ IF (NNLFD.0) GO TO 2960

i c
C CALCULATE DEPTH INCREMENTS
4 C

! - DO 2950 LN = 14NN
NN = MMN « ]
B DEPTH (NNN) = DPH ¢ FLOAT (LN) # alDC
4 2950 CONTINUE
2960 CONTIMIE
: ALEFT = DD = FLOAT(NN) # AND
: ALEFT = AXD - ALFFT
- GO TO 3000
% 2990 ALEFT = ALEFT - DD
: 3000 CONTINUE
1 =11 +1
IF (IY(D) JLTLIY(ID)) GO TO 3003
IY(l) = 1v(I1n
GO TO 3004
8 3003 1Y(IT)Y = 1Y(})




aNeXe]

OO0

Jonsg

3005

3010

1210

CONT THUE

IB = Ixax - 1

DO 3005 J = 1e1R

PP (J+]1) = LEPTH(J)
CONTINUE

MMM = [H ¢ ]

IX(1) = IX(ID)

Ivil) = Iv«(Il)

11 =1

IDEPTH (1) = TDEPTH (TILL)
tL = 1

GO TO 10950
[F (IPT.,GT.2) GO TO 3410
ALEFT = 0.0

Y-AX1IS = FAR SIDF

NNN = 0

IXDIS = IX(I1) - 1X(})
IYDIS = IY(I]) = TY (1)
XDIS = FLOAT (IXGCIS)
YDIS = FLOAT (IYRIS)
XOIS = AKS(XVIS)

YDIS = ABS(YDIS)

IF (ADTS.EQe0s0) XNIS = 0,0001
THETA? = ATAN (YDIS/XDIS) '

DIS = SOEKRT (ANIS #% 2 « YHIS *#2)
nise = NIS

CALCULATE LENGTH OF INCREMENTS ALONG Y = KIGHT SIULE

AYD = DIS 7/ FLOAT (IYAX - 1)
1T = 11 - 1

DU 3360 LM = 1e11

IXX = TAKS (IX(LM) =~ 1X(LMe¢]1))
1YY = TARS (1Y(LM) = 1Y (LM+1))

XX = JXX

YY = IYY

DD = SURT (Xx #&% 2 4+ YY && 2)

IDC = TDEPTH(LM + 1) = [DEPTHILM)
ADRC = FLOAT (IDC) / OOD1v

DPH = FLOAT (IDEPTH (LM)) / DDIV

NPH2 = FLOAT “IREPTH (LMe1)) 7/ DODIV
IF (LALFFT «Gie DD) GO YO 33%0

IF (ALFFT.LF.0.") GO TO 3270

NNN = NNN + 1]

DEPTH (MNN) = DPH + ALEFTY & ANC 7 DD
NPH = DEPTH (MMb)

nn = D - ALEFT

A, = NN/ AYD




AIDC = (UkHZ2 = DPH) / AN

NN = AN
IF (MHNLEW0) GO TO 3330
t N0 3320 LN = leNN

NNN = NNN ¢ ]
DEFPTH (RNM) = DPH ¢ FLOAT (LN) # ATGC
3320 CONTIMUE :
3330 CONTINUE !
ALEFT = DO = FLOAT(NN) % AYD :
ALEFT = AYD - ALFFT 3
GO TO 3360 §
3350 ALEFT = ALEFT - DD
3360 CONTINUE
If = IT + 1
IF (IX{1)«GTIX(T])) GO TOU 3365
IX(l) = 1X(1})
GO TO 3367
3365 Ix(I1) = IX(1l)
3367 CONTIMUE
MMMM = MMM+ lYAX = 2
N0 33760 U = HAMM¢MMMM 3
JJdJ = J = MM o+ 1} ‘1
PPD (Je+1) = DEPTH (JJJ) i
3370 CONTIMUE
MMM = MMMM e ]

IX(1)y = I1x(I1)
Iv(l) = [y(1])
1] =1
THERTH (1) = TDEPTH (ILL)
ILL =1
GO TO 10%0
3410 IF (IPT.GT3) GO TO 237R0
C
o X=AXIS = 1ACH '
C
NNWN =
IXDIS = TaRS(IX(I1) - Ix(1))
IYDIS = TAKS({IY(TII) = IYv(1l))
ALEFT = 0.0
XDIS = FLOAT (1XxDIS)
YOIS = FLOAT (IYDIS)
IF (XDISFR.Ua0) XDIS = 0.0001
THETA3 = ATAN (YOIS/ZXDUIS)
NIS = SAORT (ADIS ##* 2 + YUIS ##% 2)
NIsS3 = NIS
C
C CALCULATE LENGTH OF TNCHFMENTS aALONG X = TOP
C

AXD = DIS / FLOAT (1XAX = 1)
- It =11 - 1




3650

3700
3710

3724

3730

3735
3737

37490

3780

KO 3730 LM = 1411
IXX = TAaRS (IX(LM) = [X(LMe]))
IYY = [AHS (1Y (LM) = [Y(LM+]))

Xx = IXX

Yy = Ivy

DD = SERT (XX #& 2 + YY @#& 2)
IDC = INFPTH(LM+]) = TDERTH(LM)
ADC = FLOAT (10C) / DOIv

DPH = FLOAT (IDEPTH (Lm)) / LDLV

DPHZ = FLOAT (IDEPTHm (L™M+l)) / DODLIV
IF (ALEFT .GT. DD) GN TO 3720
IF (ALEFT.LEFCo0) GO TO 3650
NNN = HNNN o+ )

DEPTH (NNN) = DFPH ¢ ALEFT & ADC 7/ DO
NPH = NEPTH (NNN)

DD = NOH - ALEFT

AN = DD 7 AXD

AIDC = (DPHZ2 = DPH) / AN

NN = AN

IF (NNFQeO) GO TO 3710

DO 3700 LN = 1eNMN

NNN = NHUN + ]

DEPTH (nNN) = DPH + FLOAT (LN) # AINRC
CONT IMUE

CONT INUE

ALEFT = i = FLOAT (HN) = axn
ALEFT = axD - alLFFT

GO TG 3730

ALFFT = AlLEFT - DD

CORT IMUF

IT = 11 + 1

IF (IY()1).GTLIY(TII)) GO TO 373%
IYy(l) = 1v(11)

GO TG 3737

IV(ITY = 1Y(1)

CONT [NUF

PEMM = MMy ¢ TXAX = 2

NO 3740 J = vMAMMMM

JUd = J = ML e ]

PPD (JU+1) = VEPTHE (JJJ)

CONT IMUE

MMM = MMMM & ]

(1) = IX(1D)

IY(l) = Iv(1D)

17 =1
TUEPTH (1) = TUEPTH (ILL)
e =1

GO T 10s0
IF (IPT.NEGG) GO TO 4070




et . o

T

3910

3960
3970

39%0
3990

Y=AX1S DOwN

NANN = 0

IXDIS = 1ABS(IX(TI
IYDIS = 1aBS(1Y(I1
XNDIS = FLOAT (IXD]
YN1S = FLOGAT (1YDI
IF (XDISEQU0) X
THETASG = ATAN (YD
NIS = SQFT (XDIS ¢

Niss = NS
AYD = UIS 7/ rLOAT
It = 11 -1

N0 3960 LM = 1,11
IXX = TARS (IX(LM)
1YY = JARS (1Y (LM}

XX = IXX

YY = TvyY

nn = SEPT (XX s# 2
INC = THEPTH(LMe1)
ADC = FLOAT (1DC)
DPH = FLOAT (IDEPT

DPHZ = FLOAT (TLFP
IF (ALefFT +GT. D)
IF (ALFFT.LE.0e0N)
NNN = NNN + ]
NFPTH (KNN)Y = DPR
NPH = DFFTH (MNN)
DD = DO = ALEFT

AN = DD / AYD

ATDC = (NPHY - DPH
NN = AN

IF (H.FfGe0) GO TOU
NO 3960 LM = 14NN
NNN = NNN O+ ]
NEPTH (NNN) = DPKH
CONT IMNUE

CONT INUE

ALEFT = DD = FLOAT
ALEFT = AYD =~ ALFF
GO 10 3690 .
ALFFT = ALFFT - DD
CONT INUE

[P=s&

IX() = 0

IX(11) = 0

} = Ix(1))

)y = Iv(1))

S}

S)

DIS = 0.0001
S/XDIS)

* 2+« YIS ## 72)

(IYAX = 1}

= IX(LMm+]))
- [y(Lme+l))

+ YY && D)
- IDEFTII(LM)
/7 00TV
H (LM)) /2 DOLV
TH (Lmel)) / DDIV
GO TO 3950
GN TO 3910

+ ALEFT ® ADC 7/ DD

) / AN

36970

+ FLOAT (LN) # AIDC

(NN) & AYD
T

MMMM = MMM ¢ JYAX -~ 3
DO 4000 J = MMM MMMV




s

i

g

&
Y
&
:

[aNaNe)

laNeNe]

OO

4000

4020
6030

4100

4110

PPDL (J+]
PI = 3.1
CONT IMUE
PPD (1)
IT =0
THETAL
THETAZ
THETA3
THET A4

FIND INC

ANC)Y = DIS] / FLOATY
FIND IMNCREMENTS ON
ANCZ = DIS3 7/ FLOAT

(LIS1 + NIS3)
AnCAV /7 FLOAT

- MMM ¢+ 2)

160.0
10,0
1400
180.0

NNN N

) = DEPTH (JJJ)

41593

= DEPTH(MMMM
THETAL * P]

" THETAZ2 * P
THETA3 * P]
THETAG # P

REMENTS

90
26030)

OM X=AX]S = wOTTOM

(IXax = 1)

(Ixax = 1)

/ 2ol
(IXax =

FOPMAT (*]1 L ENTFRED EARLY?)

ANCAV =

ANCAV =

ILL = 0

GO 70 10
WRITE (6
STuP

1T = 11

IF (1T .
DPTH = 0
IYH = 9

IXH = 0

1ISw = 0
MMM = 0

XVAL = F
IXVAL =

XILEN = F
IXH = XL
IYH = 1Y
NPTH = |
wRITE (]
N0 al0n

JL = J -

IF (CIX(U) oEHeIX(JL) ) «AND(IY (J) dFEQIY(JL))) GO TO 4190

-1

LFe 1) GO TO 1090
[XD = 66495940

o}
LOAT (IX (1)) / ANCAV
[FIX (XVAL + 0.5)
LOAT (IXVAL) # ANCAV
EN

(1)
OFPTH (ILL) 7/ 10.0

NDISKs 130
J = gell
|

00) IXHe 1YMH,

CALCULATE THE RANGE

XVAL = F
IXvalL =
XLEN = F
IF (171Sw

LOAT (IX

(V))

/ ANCav

IFIX (XKVAL ¢+ 0.5)

LOAT (IX

VAL)

* ANCAV

oFQel) GO TO 4150
4120 IxXB)= IFIX (XLEN ¢ 0,5 ® 4NCAV ¢ 0,5)

X=AX]S = TOP

)

OPTH
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IXs2= IFIX (XLEN = 0,5 # ANCAV « 0,5)

TAXAV = XLEN

IF(CLIAGY) o OT e IXF1) eORG (IX{J) LT IXKZ)) GO TO 41RO
IT1XD0 = 14aB8S (IXXAV = 1X(J))

TF (I1xDGELLIXD) GO TO 4190

IXD = 11XV

IXH IXXay

I1YH 1v (J)

11SW = 1
DPTH = TLEPTH (ILL) 7/ 10,0

GO TO 4160

IF (1ISW.EQeU) GO TO 4190

11Sw = 0

WRITE (JOTSK«RO0ON) [XHe1YHeDPTH
IXD = 99999999

GO T0 4120

CONT INUE

ILL = 0

IT = 0

GO TG 1090

SET PEN SWITCH

IPPSw=]

GO TO &m0

IPPSk=0

IPEN=INUME

IF (IMUMB.LT.1) GU TO 64250
IF (INUMHGGTL3) GO TO 42%0
GO TU kA0

WHITE (10UT«v020) IMIMY
FORMAT (*1 FEN VALUF LT 1 OR GT 3 ('4]34%))
STOP

ISHP = ]

GO TO 1040

WHITE (1069990) XSSeYSS,IFEN
FORMAT (3A4)

IPEN=2

GO TO A60

REWIND 7

REWIND 10

REWIND 17

CALL SORTI1

NOw FUT PERTIMETER Qn

IITI = IXAX # JvYaX
Nno 4220 r 1e111
NDEPTH (K) 9Y9969,9
CONT IMUF




5 4250

4390

4580

NO 4250 K = J9IXAX

DEFTH (r)
CONTINUE
IN1 = IXAX ¢ 1

IN = TYAX = ¢

[P = IXaX ¢ |}

IPl = 2 ® [xaX + 2 & ]YAX - 4
DO 4320 K = 1IN

INZ = JH] + IXAaX - |

NEPTH (IN1)Y = PPD (1P1)
DEPTH (INZ) = PPD (1IP)

INY = IM1 + [XAX

IP = 1P + ]

IP1 = P} - 1]

CONT I MUE

Il = (IYAX = 1) # JXAX « ]
IP = 2 & [XAX + 1YAX = 2

NDO 4390 K = leIXAX

DEPTH (IN)) = PPN (IP)

P = 1P -1

IN]1 = IN1 + ]

CONTIHUE

FPD (R)

NOw START FILLING TN THE POINTS

1I01IS = 0
NSEG = 0
Ip = 2

IPT = 2
ISP = IXAX
CONTIMUE

READ (13¢R000) IXHsIYHsDPTH
IF (IXH FQ. 0) GO TO 4590
CONT INUE

ALEFT = 040

O0OPTH = DEPTH (IPT)

AYDIS = (DIS2 ¢« DIS4) /7 2.0
AYNC = BaYDIS /7 FLOAT (Ivax = 1)
ISTY = 0

IXSW = 0

CONT INUE

CALCULATE # OF SEGMENTS

INC = TARS(IYH - 1STY)

nn = FLOAT (INC)

CHGD = DPTH = ODPTH

IF (ALEFTLELOL,0) GO TO 4585
DD = DD = ALEFY

IF (DNJLT0e0) GO TN 4670
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PSRy

4585

4600
6601

4602

4605

4606

4650
4590

NEWPT = [PT « ISP

NEPTH (NEWPT) = ONPTH ¢ ALEFT * CHGD 7/ FLOAT(INC)
ONPTH = PEPTH (NMFWPT)

TPT = IPT + [XAX

CONTINUE

IF (DN.FUL,0.0) GO TO 4675

AN = 0D /7 AYNC

NSEG = AN

AIDC = (DPTH = ODFTH) / AN

IF (NSEG.LE.u) GO T0 4691}

DO 4600 LMN = ]1eNSEG

NFWPT = [PT & [SP

DEPTH (NEWPT) = ODPTH « AJUC # FLOAT(LMN)
IFPT = IPT + [XaAX

CONTIMUE

CONTINUE

ALFFY = 0N = FLOAT(NSEG)# AYNC

ALEFT = AYNC=- ALFFT

CONTINUE

ODPTH = DPTH

READ (13¢H000,ENN=45T70) 1XA«lYALDPTH

IF (1XA +GEe IPX (2) JOR, [XA oGE. IPX (3)) GO TO 4570
IF (IXA.EleIXH) GO TO 4660

ISTY = AYDIS + 0.5
IPPT = IXaX # (IYAX = 1) + [P
CHGD = DEPTH (IPPT) = ODPTH

INC = [ARS (IYH = ISTY)

DO = FLOAT (INC)

IF (ALEFT.LE.0.0) GO TO 4606
nNo = DO - ALLFT

IF (UDl.Te0e0) GO TO 4590
NFWPT = [PT & ISP

NDEPTH (NEWPT) = CDPTH + ALEFT # CHGD / FLOAT (INC)
QOUPTH= DEPTH (NEWPT)

CRGD = DEPTH (TFPT) = ODPTH
IPT = IPT + [XaX

CONTINUE

IF (UDFQ0e0) GO TO 4590

AN = D / AYNC

A1DC = CHGD /7 AN

NSEG = AN = 1.0 + (VY

IF (HSEG.LE.1) GO TU 4590

NO 4650 LMN = 14NSEG

NEWPT = JFET « ISP
CEPTHIMEWPT) = ONPTH ¢ AIDC # FLOAT (LMN)
IPT = IPT + 1XAX

COMTINUE

CONTINUE

IF (1IEND.FQel) GO TO 4690

1P = 1P + 1




s Sbo S s o ars

4570

Rt i iy Ax

4660
4670

| 4675

4690

100

6060
4695

[aXeXel

| : 1220
6001
1230
y 6000
1240

' 1290
3 v 6005

1310
| : 6010

1330
6015

¢ 1350
t 6020

IPT = 1P
IxH = [Xxa
IYH = lva
GO TO a%60
1END = ]
GO TO 4605
IxH = IXA
ISTY = IYH
IYH = lva

GO TG a4%80

ALEFT =AKS (D)

GO TO 4602

ALEFT = 0,0

GO TO 4602

17TaX = 1

I1I1AaXx = [XAX

170T=TvAax®*1XxaX

DO 100 F=1,1T0T7

IF (DFPTAH(K) JF0. 9999,40) NEPTHI(K)=DERPTH(K=]1)
CONT INUE

DO 4695 K = le.1YAX

WRITE (846040) Ke(DEPTH(II)e1I=TIAXeI1IAX)
JIAX = TIAX + 1IXaXx

TIIAX = JIIAX + IXAXx

FORMATY (¢ v41100(12F10.2)97)

CONT INUE

RETURN

NOw wRITE AXIS VALUE TO [(ISK FILE

WRITE (IOUT6001)

FORMAT (1] NUMRER TOU SKHOWT',//)

WERITE (IOUT+6000)

FORMAT (] NUMRER TOO LOMNGe//)
J=1=20

J2 = J + 40

IF (J2.LF.4096) GO TO 1290

J = J2 - 40

WRITE ‘I0UT6005) (A(KK) eRK=JeJ?2)
FORMAT (¢ te41al)

STOP

WRITE (I0UT+6010)

FORMAT (%1 EXCEEDED 20000 POINTS ON UNE CONTOQURY)
STOP

WEITE (10UYTe6015)

FORMAT (*] MO (FPTH HBFTWEEN SLASKHFESY)
STOLP

WEFITE (10UT+06020)

FORMAT (*'1 TwO SIOGNS wITH ONF RNUMHEK?)




! |

3

]

GO TO 1240 |

1370 WRITH (10UT«602%) !

. 6025 FORMAT ('1 MO SLASH METWEEN DEPTHSY) :

10FF = ¢ I

STUP i

) 1380 WNITE (I0UT+6035) |

6035 FORMAT (91 MUKRE THAN 100 QDEPTHS aALONG AM AXIS?Y)

STOP :

2000 CONTINUE d

G0 10 200 £

END i
|
t
{
i
b {
a
F o
 {

|
;




1 /®

s /7 EXFC ASMGCL yPARM LKED='LET«LISTeXREFCALL®
G //ASM.SYSLIN DD UNIT=,SPACF=

! //7ASMJSYSIN DD *

SORT] CSECT
BEGIN SAVE  (14412)
KALR 1140
USING ®#411
A Le 12413
£ LA 134SAVFA
] ST 13+48(12)
ST 1244 (13)
B HERE
SAVEA NS 16F
HERE. LA lePARLIST
LINK EP=SORTeMF=(Es(1))
3 L 13.5AVEL+4
¥ RETURN (14,12)
: CNOP 048
FARLIST NC XVR0O
vC AL3(ADLTST)
be X10000°
: ADLIST  DC X'00c4"
3 nC A (SORTCN)
_ nc A(STCOED)
: ne A (RCOCD)
. ne A(ROCOED)
- nc PO
% nc Froo
; ne X10000°
! nc X16590°"
i DC C*RALNY
| DC X*FFOO?
f OC crace
pi 5 SORTCO  ©C C' SORT FIFLUS=(1s4sAs5945A) sFORMAT=FT®
I STCDEU  OC ce ¢
3 HCOCD 0C C* RECORD LENGTh=12¢TYPE=F?
: : RDCUEC  OC ce v
i _ END
; “ /%
! : //LREDSSYSLMON ND DSN=N3]10013 . WOKK(REFRAC) +DISP=(NEWeCATLG) o
3 s // SPACE=(TRKy (109 92R) «KLSE) o+ NCB=LOADMOD
: 7/ UNTT=3330VeMSVGP=UISCQ
. //LKENSSYSLTH D DSN=SYS1.FORTLIHNISP=SHK
} 5 /7 DD DSN=SM1.LINKLIE+DISP=SHR
{ g /7 DG DSN=ACANSUBLTR.GR0054DISP=SHK UNIT=4VOL=SEKS
3 ‘ /77
.
? J

11-96
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TAPE TO DISK (TTD)

The program TTD is an Assembler routine that copies the digitized

depth data from magnetic tape to disk. A listing of the JCL and source

deck follows this brief description of how to use the program.

The //GO.INTAPE card specifies the tape volume to be stored. The

tape reel. For example, if the number were CRD26, the parameter will
be VOLUME=SER=CRD26.

The //GO.OUTTAPE specifies the output data set name, under which
the depth data is to be stored. See JCL Considerations for rules on

coding the data set names (DSN).




LISTING OF TTD (TAPE TO DISK)

//7TD JOB N3100138sTTDeTIME=(49),
// USER=N310013+PASSWORD=CRD
//STP1 EXEC ASMFCLG

//ASM.SYSIN DD ¢

3 COPY START ©

. k15 EQU 15
4 R14 EQU 16

3 K13 EQU 13
7 R12 EQU 12

i R11 EQU 11
- R3 EQU 3

: R4 EQU 4

BEGIN ST R14sR12,12(R13)

LR R12+K15
USING BEGINsR12

B ARD
SAVEA Ds 18F
ARD LA R114+SAVEA

ST R11,8(K13)

ST R13,4(R11)

LR R13,R11 ,

L R11s=A(TAPEIN=1024)

USING TAPEIN-1024+R11

OPEN  (TAPEINs INFUT+TAFEOUT s QUTPUT)

: LGOP EQU  #

: GET  TAPEINRECORD
s PUT  TAPEOUTsRECORD
1y L R3+2F 140960
L LA R4y RECORD
e LOOP1 EQU *

. CLI  O(R4)4CIF?

¢ BE EOF

W LA R4e1(R4)

& BCT  R3,LO00P1

: 8 LOOP

EOF EQU  #

PUT TAPEOUT s RECORD
CLOSE (TAPEINs» TAPEOUT)

L R1394(R13)

LM Rl44R12+12(R13)
Ri R14

LTORG

RECORD Ds 4096C

TAPEIN DCH DSOKG=PS+MACKRF=GMy DDNAME=INTAPE s LRECL=4096+BLKSIZE=40964X
RECFM=F « EODAD=EOF s BUFNO=1 -

TAPEOUT DCR DSORG=PS yMACRF =PMs DONAME=OUTTAPE sLRECL=4096, S

{




R

BLKSIZE=4096RECFM=F
. END BREGIN
/%
, /760.SYSUDUMP DD SYSOUT=A
//GO0JINTAPE DD DSN=SJUCSUNIT=TAPED+O1SP=0LDsVOLUME=SER=72227)
/77 DCB=(HLKSI1ZE=4096+RECFM=F sEROPT=ACC+HBUFNO=1) o LABEL=(1+8LP)
/7/7G0.0UTTAPE DD DSWN=N310013.EXAMPLE +DISP=(NEWsCATLGsDELETE) »
// UNIT=3330VsMSVGP=USCPeSPACE=(TKK, (5¢2) ¢RLSL) »
4 0CB=(BLKSIZE=4096+RECFM=F)
/%
//

PSRN - 3

11-99




AD=A091 913 SOUTH CAROLINA UNIV COLUMBIA COASTAL RESEARCH DIV F/6 8
INFLUENCE OF WAVE REFRACTION ON COASTAL GEOMORPHOLOGY=BULL ISLA'-ETC(U)
DAAG29-T76=6=0111

CEC 78 ¢ FICO
ARQ=13237.15-65 NL i

UNCLASSIFIED TR-17=CRO
| oure
U

F l
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LISTING DIGITIZED DATA (DIGCOPY)

A listing of the digitized depth information can be printed from
disk by the Assember program DIGCOPY. This is an easy means of veri-
fying the digitized data by comparing the printed X,Y coordinates and
the corresponding depths with the depths on the hydrographic chart.

The data set name referred to in the //GO.TAPE card (third from
the last card) is the same data set name used in the //G0.0UTTAPE\card
in the TTD program previously described. (This program, DIGCOPY, and
TTD were written by Jim Crabtree to aid in transferring data and in

error checking.)
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-LISTING OF DIGCOPY (DIGITIZ2FD TAPE)

/7/DIGCOPY JOB (N310013R+9)+DIGCOPYoTIME=(99) sMSGLEVEL=(101)
// USER=N310013+PASSWORD=CRD
/7/STEP1 EXEC ASMFCLG
//7ASMSYSIN DD #
PRINT NOGEN
DISPLAY START 0

RO EWU 0
R1 EQU 1
R2 EOU 2
R3 EQU 3
R4 EOU 4
RS EQU 5
R6 EQU 6
R7 EQU 7
R8 EWU 8
R9 EQU 9
R10 EQU 10
R11 EQU 11
R12 EQU 12
R13 EQU 13
R14 EQU - 16
R1S5 EQU 15

BEGIN STM R144R12412(R13)
LR R12+R15
USING BEGINsR124R11
L R11+BASE2
-] ARD
ASAVE DS 18F
BASEZ2 DC A(BEGIN+4056)
ARD EQU *
LA R10¢ASAVE
ST R10+8(R13)
ST R13¢ASAVE+4
LR R13,R10

LA R7e1
OPEN (TAPEINs INPUTHPRINTER)OUTPUT)
SR R3¢R3

LA RSeLINE+]10
BaL R10,HEADER
LooP EQU *
»

. GET TAPE RECORD

GET TAPEIN» TAPE
LA R9+TAPE

e o PR ket erent




4 e
3 . START SCAN
T3 *
d 9 LA RB+4095
I 4 LA R84 1 (RE) I
3 ALOOP EQU » ‘
;, CLI  0(R9)4CQ # NUMBER TEST :
§ BL NOTNUM '
] CLT  O(R9)+C9¢
j eH NOTNUM
| » :
i 5. »
L 5 .
;1 - ™ EXsXIFF?
i gt 8 ARD1
i %‘ . TEST FOR ALPHA
B 3 *
! NOTNUM  EQU  # =
S CLI  0(R9Y),4CIZ0 :
L BH  SPECERR
3 % CLI  0(R9Y)4C?S?
LB BL SPEC ;
H 5 B ALPHA
L SPEC EQU »
& CLI  0(R9)4CORY
L 8H SPECERR
. CLI  0(R9)4Cys :
L £ BL SPEC] e
| B B ALPHA
. SPEC1 EQU
¥ & CLI  0(R9),CoAY
& BL SPEC2
f b CLI  0(R9),Co]
L & BH SPECERR
 E B ALPHA
5' g g TEST FOR SPECIAL CHARACTERS
: : *
& SPEC2  EGU ]
& CLI  0(R9)Co/0 ® SLASH ?
; g BE ALPHA
. CLI  0(R9)4Ct=v * MINUS
. ¥ BE MOVEXY
i € CLI  0(R9)oCor e » ASTERICK
 E BE ALPHA
B CLI  0(R9)oCter * PLUS
BE MOVEXY
CLT  0(R9)¢Co,?
BE ARD2 ]




MOVEXY

MOVEXY]

ARD1

ARDZ2

ALPHA

ALPHA)

EQU
Myl

MVC

SPECERR
-

EXeX?00*
ALPoX¢FF
MOVEXY]
RSe=A(LINE+10)
MOvVEXY]
H391(R3)
ROyWRITER
*
ALPX*00?
XYoCox?

Y
R3s1(R3)
XYeCPY?
R4sLINE+]130
R4 RS
RaesFri2?
ARDZ

R3,0
ROWWRITER
R3s1(R3)
ARDZ

&
ALPoXSFF @
ARDZ
R341(RI)
EXoX'FF
°

0(1+RS) +0(RY)
RS9e 1 (RS)
R9y 1 (R9)

TESTY

»

XYeC¥X?

ARDZ

*

EXe X900
ALP X tFF ¢
RSe=A(LINE+10)
ALPHAL
R6IWRITER

0

R3:1(RD
0C(1eR5)+0(RY)
ROsWRITER
O0(RY)4C'F
CLOSE
RGe1(R9)
XYeCOX?

* X VALUE
# NO

# ENOUGH SPACE LEFT

* END TEST

2




TEST

TESTI1

HEADER

EGU A

c RSe=2A(LINE+130)
BL TEST1

BAL RG6+sWRITER

Ewu .

8CY R8s ALOOP

MV1 XYsCOX?

B LOOP

EQU *

Mv 1 PLINESC*)?

MV1 LINEWCY 0

MVC LINE+1(131)sLINE

* LINE EXCEEOED
* NO
* YES

MvC LINE+101(26) +=CL26*CHARACTER DISPLAY OF TAPE

MvC LINE+100(4) o=CL4'PAGE?

MVC LINE*104(4) o=XL4?40202120¢

ED LINE+*104(4) s PAGECT
AP PAGECTozpP ]

PUT PRINTERPLINE
MV} PLINEC* ¢

MVC LINE{132) sPLINE
MVC LINE(11€) oHEAD
PUTY PRINTER«PL INE
ZAP LINECT =P 30

MV1 PLINE«C?0?

MV] LINEGCH ¢

MVC LINE+1(131)sLINE
BR R10

SPECERR EWU .

WRITER

p eyt - P nprerven yoc. s oo LGS
o T ) e .u,w',,;‘,:. e ;

CL1 0(RY) X100

BE TEST]

B8at ROIWRITER

MvC LINE(S) ¢=2CLSVYoRuESe
BAL  R6WRITER

TRT 0(1»sR9),TAB1

B8z ALPHA

MVC BYTES (2) ¢=2XL200000°
MyZ BYTE1+0(R9)

MVN  BYTE2+0(R9)

PACK BYTE1lsBYTEL

TR BYTES(2)»TAB2

MV(C LINE«10(2)+BYTES

® UNSPECIFIED CHARACTER
* BLOCK FILLER

* UNIDENTIFIED CHARACTER

MVC  LINE*14(31)¢=CL32*(UNJDENTIFIED CHARACTER IN HEX)?

BAL ROWWRITER

LA R9e¢1(RY)

8 TEST!

EQuU »

cLC LINE (S) 9y=CLSV'oaas00
BE wl

MVC  LINE(8)+=XL84020202020202120"

CvD RT«00UB

i
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WRITER]

CLOSE

bous
TAPE
Xy
PLINE
LINE
HEAD

PAGECT
LINECT
BYTES
BYTEL
BYTE2
EX

ALP
TAB2
TaB1

LINE(8) +DOUB*4
R7¢R3

*
PRINTERsPLINE
PLINE«C? ¢
LINE(132) +PLINE
LINECTe=Pr]
LINECT»=P60°?
WRITER]
R10+HEADER

™

RS+LINE+10

R3«R3

R6

»
(TAPEIN++PRINTER)
R13sASAVE+4
R14+R12912(R13)
R14

0

4096C

crxe

C

CcL132

CL49'RECORD # X Y
cL4B*X Y X Y
CL19*X Y X Y
PL2¢1?

PL20"

ocL2

Xt00?

X100

XeQ0°*

Xe00¢
CL16'0123456789ABCOEF *
256X 'FF?

TABl+74
XL7+00000000000000°
TAB1+90
XL8v0000000000000000°¢
TABl+107 ‘
XL5*0000000000°

TAB1+122
XL62000000000000°
TAB1+193
XL9¢000000000000000000°
TAB1+209
XL9*000000000000000000°
TABLl+226




ﬁ,
&
T
%
B,

PRINTER

TAPEIN

VA

0C
ORG
nC
ORG
nece

bcA
END

XL8¢0000000000000000°

TABl+240

XL10%00000000000000000000°

TAB1+256
DSORG=PSyDONAME =L INES9LRECL=1339BLKSIZE=133,RECFM=F A,
MACRF =PM

DSORG=PS » DDNAME =TAPE s LRECL=40969BLKS1ZE240969RECFM=F
EODAD=CLOSE ¢y MACRF sGM

BEGIN

/7/GO.LINES 0D SYSOUT=A
/7/G0.SYSUDUMP DD SYSOUT=A
//GOTAPE OD DSN=N310013.EXAMPLE +DISP=SHR

/7%
/7

I4

‘'




