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ESTIIIATIOW OF DESI r>i' 11'A%'E IIKI ~HTS

Ib TIIF <rI'LF OF IIAINE

The purpose o+ this study was to gene ate wave height informa.tion
for the Gulf oi 7'.aine by means of a model which calculates synoptic wind
velocities for Northeast storms and other numerical wave hindcast
moclels. A parametric type wave model was used with a set o+ the 22
stronge t Yiortheast storms from a 32 year record, and the highest wave
height at each gr'd point o the model for each storm was used to
generate the extreme wave statistics. 0 discussion of the results is
presented along with scope tor future worj. in this area. The extensive
appendices indicate the method of application of the different computer
programs in computer wave heights.
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Quantitative wave data in the coastaI. and offshore regions of tire
Gulf of Maine  Figure 1! are almost non-existent. In this part of the
Atlantic Ocean, which is viewed as an economically developing area, a
study of the wave climate is desirable, and as such, information about
the wave climate in the Gulf of Maine is sought,

In engineering studies concerned with the design and certificati.cn
of offshore structures it is essential to have probability estimates of
most extreme wave cor.d'tions expected during the lifetime of the
structure. Similar data are needed for problems of coastal engineering
design and sediment transport, Reliable estimates of extreme wave
statistics rcqui.re a long time base of statistical observat'ons from
which to extrapolate to return periods of 50 or 100 years. The only
method available at the present time for constructing wave statistics
therefore has to be based on a wave hindcast approach using historical
wind fields, and in view of the long periods and high cost involved in
gather'ng wave measurements, a. numerical model offers the only way of
establishing a statistically valid data base.

.he purpose of this study was to ger>crate Long term extreme wave
statistic of the Gulf of Maine usirrg hindcast wave data. Large ocean
waves are generated predominantly bv strong w'nds accompanying a storm;
consequently, wave data were hindcast from severe "northeast" storms
occurring over a 2-year period from 1944 to 1976. The entire region
was covered hy a mesh, and wind velocities at each grid-point were
obtained by feedir g certain characteristics of the storm, described in
detail in the followirrg pages, to a "Ikortheaster" wind field model, '"he
wirrd field so generated was utilized by a deep water, hybrid parametric
wave model  Hydraulics Research Station, 1977; Gunther, et al., 1979!
whence wave-heights at each grid-point were obtained, The wave model
has been verified against wave measurements rrcar the British Isles
 Bwing, et al., 1979! and wave measurements fcr hurricane Camille in the
Gulf of Mexr.co  Puri and Pearce, 1981!. Finally, a distribution of the
Weibu71 family, to which, incidentally, the Rayleigh distribution
belcngs, was used to estimate the long-term wave statistics, vis., the
50-year and 100-year wave heights.

A method to obtain wind velocities from known synoptic pressures is
described in Chapter II The pressure field oi a 2rortheast storm is
simulated, and wind velocities are calculated by application of the
geostrophic equations to the simulated pressure pattern.
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Chapter III deals with spectral and parametric wave mode's. The
choice of the parametric numerical technique, and the incorporation of
swell into it is described. The method suggested by Petruaskas and
Aagard  l0=970! for fitting a Weibull distribution to the calculated
waVe heights at each grid point is discussed in Chapter IV.
Extrapolations to return periods of 50 and 100 years is explained at
some length.

Chapter V highlights the role of the boundary conditions of the
wave model in the choice of the grid system for discretizing the
equation representing the conservation of energy. The 50-year and 100-
year significant wave heights in the Gulf of elaine are presented as
results. The validity of the model in certain regions and the scope of
future work are discussed in Chapter VI



 :II%PTER II

 : !'%IPSE.'TATION  !F THE 'LVI'XD FIELD

Winter extratropical storms o" I!nrtheast storms, or "Iiorthea«te s"
as they are generally known, are responsibl~ for the extreme wave
conditions in the Gulf of Maine. While hurricane activitv is irrtense
south of Cape Cod, Northeast storms reach their gre .test i.ntens'ty as
they pass New Fngland. Characteristic parameters of 5'- severe :.t.<» ms
responsible for high storm tide elevations along the I!ew Fngl;,nd Coast
are shown i.n Figurer .". Cnlv one o, hcsc storr>s i.s a hurricatie, arrd in
light of it. considerable distar:cc from the study area. and relatively
smaller length scale, hurricanes were not chosen for wave hinc!casting.

The northeaster presents, in general, a mnre complicated event t1- .n
a hurricane. Whereas hurricane isobars can be acceptably modelled as
circular, asymmetrical pressure patterns and large storm diar.eters
�00-I500 nautical miles! are typical of Iiortheasters. Nevertheless, it
is possible to define certain synoptic parameters like pressures,
maximum radius, storm track, etc., from which surface wind velocities,
needed as input to the wave model, can be calculated. Thi" is
accomplished with the aid of a I'iortheaster model developed by Stone I
Webster Engineering Corporation  I978a!.

typical synoptic surface pressure chart with a Northeast storm is
shown in Figure 3. The wind model must somehow approximate or otherwise
describe this intricate and rather chaotic pattern of the pressure
field, use the momentum equations, calculate wind speed, and finally
deal with the atmospheric boundary layer in an appropr'ate manner.

Synthetic Pressure Pattern

It is obvious from Figure 3 that a wind field can be derived only
if a mathematical relationship to describe the pressure distribution
within the storm is developed. To this end, a group of 8 "typical"
Northeast storms were chosen by Stone 6 Webster Engineering Corporation
and analyzed. Figure 4 shows a storm schematic where

P
o

max
r R

0

central pressure of the storm
peripheral pressure of the storm
maximum radius to storm periphery
radius to point within the storm
radius to periphery at 0 from P.

max
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The angl  135' between R and the storm direction has been chosen
maxas an ;.verage for these storm' and is constant in the model. 8 fter

examining tnc 8 storms, average values were obtained for certain
paramerers, lear!ing to the following empirical description of. the
syntheti.c pressure field within the N~rthc aster:

R
P-Pp = exp [-a   8 � I t
P � P r

p 0

where:

P is the local pressure at r

r is local rac!ial distance of a point where
pressure is c:alculated

a is an empirically determined coefficient

a= 0.07254+0.03806/-O.l3348 +0.03S625 � 0.0029l98
2 3

ir> which

�!

angl»  clockwise! in radians from one storm track
direction

The pc iphcral z.sohars can be described bv the equat!on
of the form

P, 2
9- = A + BB + CB

R
max

�!

'The coeff' cients A, 8, R C were determined by a least squares
fit in the analysis of the � storms, and the following equation resulted

Rg 2
� = l-0.3l43e + 0.05003o
R

max

where � is measured clockwz.se from R
max

If the central pressure, peripheral pressure and maximum storm
radium R are known as initio, the entire synthetic pressure field of

maxa mature northeast storm can be described in equations 1, 2, and 3. For
instance, an observed isobaric pattern shown in Figure 5 can be modeled
to give a more orderly appearance of isobars  Figure 6!.
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Synthetic Wind Field

Geostrophic wind is a very useful approximation to the actual wind
by means of which the direction and the width of the isobaric channels
are converted into the wind velocity. The approximation implies the
following simplifications-

l. The current i assumed to be nearly straight so
that the centripetal  or turning! acceleration can be
ignored. In other words, curvature of the isobars i.s
neglected, which is a reasonable premise, since a North-
easter is characterized by isobars of very large radii of
curvature.  In contrast, centripetal effects should be
accounted for when dealing with hurricanes!.

2. The motion is assumed to be free of friction.

3. It is assumed that the wind speed changes so slowly
that acceleration along the path may be neglected.

The three assumptions imply that the horizontal pressure force
 8>/Bn!is balanced by the Coriolis force V2GSin!.so that

1 dp
V p 2DSing Bn �!

1 3p
or V

cf an

where

Geostrophic wind speed

Pressure gradient normal to isobars

Air density = 0.00231 slugs/ft 3

2 PS in! = Coriolis Parameter

Angular velocity of the rotation of the earth

Latituc e.

3P/Bn

11

once a set of equations has been fitted to the pressure
distribution of a Northeast storm, wind velocities must be computed.
The factors that determine local surface wind speed include the Coriolis
force, the pressure gradient force, the centripetal force, and surface
friction. Two wind models commonly used are the geostrophic wind model
and the equilibrium wind model. Though the latter incorporates more of
the pertinent physical factors in the computation of wind speeds, the
geostrophic wind model is appropriate for storms of large length scales,
and is discussed below.



The angle of incurvatuze of the wind in a Northeast stozm can range
from 10 to 45 degrees. Foz this geostrophic model, the value of 22.5
degrees reported by Peterson, et al �964! is employed.

The balance between the Coriolis force and the horizontal pressure
force given by equation 4 is nearly realized in the large scale currents
above the layer directly influenced by surface friction  Petterssen,
1958!. Surface friction sharply reduces the wind speed near land and
sea surfaces. Surface winds can be est'mated by reducing the
geostrophic wind by a fixed percent; alternatively, some curve from
Figure 7 could be chosen. The different curves in Figure 7 are from
different sources, and details may be found in Peterson and Goodyear
�964!. Curve V, based on 180 ship and Coast Guard observations of
surface winds and computations of geostzophic winds, has beer. used in
this simulation.

Application of the Wind Model

A set of the strongest Northeast storms to pass through he region
has been prepared by Stone and Webster Engineering Corporation �978b!.
From this, a subset of 22 storms whi.ch had a pressure difference  P � P !

p o
of 35 mb oz greater was chosen for wave hindcasting.

The entire area under consideration is covered by a mesh. The
input consists of storm central pressure, maximum peripheral radius and
coordinates of the storm center at each instant of time. These can be
obtained from synoptic pressure charts. Foz each instant of time, the
program jumps from point to point in the grid and employs the
geostrophic approach to calculate wind speed and direction at each
point.

12
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C'.H Al'TER lf I

THE %1 A VE 'Af<!l!EL

The current approach to the study of sea waves identifies the
energy spectrum as the ordering and governing principle in the apparent
confusion of the ocean. The energy spectrum of a time record made at
fixed point is simply the Fourier cosine transform of the
autocorrelation function of the record  Kinsman, 1965!. Most modr rn
wave prediction schemes are based on the energy balance equation for the
wave spectrum:

Here F   f, 9; x, t!is the two-dimensional wave spectrum energy
density, i.e. energy per unit frequency  f! per unit direction
  !! Bnc  >j i ~p are the components of the wave group velocity for
frequency f and direction �.   ~ V ~ = g/4~f in deep water! . S i, the
energy source function governing all wave generating and dissipating
processes. The resolution of equation 5 requires a knowledge of thE
source function. This has been a topic of intense theoretical and
experimental research, and, following Hasselmann, et al. �973!, it can
be resolved as

�!S = S. + S + S
in ds nl

where

S, = Energy input from the atmosphere
in

S = Energy dissipated due to various causes
ds

S = Energy transfer among the various frequency
nl bands due to conserving non-linear wave-wave

interactions.

Usually, S. is explained on the basis of the theories of Phillips
in�957! and Miles �957!. Phillips' mechanism leads to linear growth of

wave energy in the early stages of wave development. The theoretical
estimates of Miles' exponential growth are much smaller than those
actually observed, and the exponential growth coefficients are taken
from experiments. In a growing wind-sea, energy is dissipated mainly by
wave-breaking in the high frequency parts of the spectrum. Other
possible dissipative processes include attenuation of swell through
interaction with short waves  Phillips, 1963!, scattering by turbulence
 Phillips, 1959! or topological effects  I,ong, 1973!.

Spectral Approach

In the spectral approach to wave prediction, the spectrum is
represented by some finite though large number of frequency-direction
components at each point in a numerical model. The most commonly used

14



source term representation which treats the spectral components that
travel within + 90' of the local wind is of the form

2
S = [A + B.E f,8! ], [I �   '«f 0!

E~ f,Q,U �!

where

A represents the linear growth rate

B represents the exponential growth zate

E is the Pierson-Roskowitz spectrum  Figure 8!, whose
functional form was discovered by Pierson and Moskowitz
�964! as

8.lOx10-3 2 4 e~p I-0. '! 4 !~!

�7I ! 19. 5

2
in m .sec.E  f!

In practice, the adopted magnitudes of A and B aze empirically
calibrated against field measurements of net observed wave growth. As
the terms A and B adopted in any application are fitted constants, they
reflect, in addition to Phillips' and Miles' mechanisms, other present
mechanisms. The non-linear contribution S , in this approach, enters
in the balance equation 7 only indirectly trough A and B, and a direct
account of this component of S is simply ignored.

Physically, each of the above frequency-direction bands pzopagates
with its own group velocity without any interaction from the other
bands. This is an advective process which is quite appropriate to the
propagation of swell where the advective term dominates the transport
equation. In wind-sea, on the other hand, it has been established by
Hasselmann, et al. �973, 1976! that the non-linear transfer rates are
an order of magnitude larger than the transfer rates associated with the
advection. Accordingly, the spectrum responds much more rapidly to the
non-linear interaction than to any other mechanism present and,
therefore, it should not be ignored. The absence of a direct
contribution fzom non-linear wave-wave work, required to solve the
spectrum, leads us to a new generation of wave models, vis., the
parametric models.

15

The equation 5, with 7, is now completely determinate and is
numerically integrated for the energy spectzum over various frequency
and direction bands. Thus, for instance, if the directional spectrum is
divided into 24 direction bands and the frequency spectrum into 24
frequency bands, then 576 unknowns, each satisfying equation 5, will
have to be solved for, leading thereby to an economically prohibitive
and error-prone operation.



10

0.20

Fzgczr  6'. Piezson-.lfzzikzzzz i C: .Sg>s clrzzzzz zzf zz I'u/li';l rc,r  zz .'znz.

 Frzzzzz Jfzzzzzczzzzz'n, 1'Pr8 j

50

6

0. 3.0

l/T  Hz!



Parametric Approach

The parametric models, introduced by Hasselmann, et al. �973,
1976!, assume that the spectrum can be given an analytical shape defined
by five parameters. These models originated in the analysis of
measurements of wave growth with fetch in the Joint North Sea Wave
Project  JONSWAP! experiments. These models highlight the role played
by the non-linear wave-wave interaction in the distribution of energy
across the spectrum. Most of the observed characteristics of the
deveIopment of the spectrum with fetch can be explained by non-linear
energy transfer,

While the discrepancy in Miles' exponential growth of wave energy
between the theoretical estimate and observations can be attributed to
non-linear energy transfer, results from the JoNswAP study  Hasselmann,
et al., 1973! have also shown that these non-linear wave-wave
interactions in conjunction with the energy input from the atmosphere
have a shape stabilizing effect. on the wind-sea part of the spectrum
giving rise to a mean spectral shape  Figure 9!. If the spectrum
becomes too broad, the wave-wave interactions act, as in Figure 10, to
tran.sfer energy to the peak from the central frequencies, causing the
peak to grow. 1f the spectrum becomes too peaked, the wave-wave
interactions move energy from immediately under the peak o the sides
thus reducing and broadening the peak  Figure 11! In general when the
spectrum has the mean shape, a dynamic balance exists where the
wave-wave interactions act to transfer the energy input from the
atmosphere at the peak and higher frequencies cf the spectrum to the
forward face of the spectrum  Figure 12!, causir.g the peak to grow and
migrate to lower frequencies, while maintaining the near spectral shape.

These findings are significant not only from the viewpoint of
proper identification of the source function in equation 5, but also for
the choice of the appropriate numerical procedure Once the non-I.inear
interaction is accepted as one of the effective agents in the process of
spectral evolution, some form of parameterization of the spectrum
becomes necessary, because the exact evaluation of he non-linear
interaction is enormously complicated and extensively time-consuming on
the computer, The following findings of the JQNSWAP study indicate the
process of such a parameterization:

The direction of the wave spectrum will follow the wind direction
 Hasselmann, et al,, 1976! as a consequence of the wave-wave
interactions. Therefore, it is assumed that, for a growing wind-
sea, the two-dimensional spectrum has a universal

17
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 frequency-indeperdent! angular distribution D, centered on the local
wind direction -- i.e.

F f,6,x,t! = D� � $! H f;x,t!

. f equation 5 is integrated over direction, we have

aE + V. �, = S'
Bt i dx.  8!

where E  f;x, t! = F  f, g; x, t! de is the one-dimensional

spectrum, S' = SdH, and V is the directionally averaged
group velocity in the direction of the wind, i.e.,

U,

4~f

fV, Fdo 8
V. = , which can be shown to equali E 37

where u is the wind velocity.

The one-dimensional energy spectrum can ' .-,.;:rox mated by the

expression suggested by Ilasselr ann  JONSv'AI, ""73!, i.. e.,

 f � f
m

~ 2 22! i
m

2 � 4 -5 5 f � 4
E f!=og �,! f  exp � �   � ! + lny.exp -

4 f  9!

where

Phillips' "con.stant"

frequency of the spectral peakf
m

peak enhancement factor  over a Pierso s-
Moskowitz spectrum having the same o, f
see Figure B!

a peak width parameter � c if f>f
a m

o if f<f

The one-dxmcnsionat. spectrum  equation 9! provides 5 parameters,
a, f , y,,; «b The energy balance equation 5 can be transformed to a

a b
para'!etrical forr!

i+D.. j =5,'; k=l, 2 i,j =1,2,3,4,5
at

ijk � i
Px

 lo!

22

2
 It is also assur!ed that D is a cos distribution, in accordance with

the JONSP7AP study! .



where a = f , a � , a = , a = a,b and the propagation1 m' 2 ' 3 ' 45
velocities D,. and the source tefms S,, are now functions of these 5

z. zkparameters. Toe details of the procedure for the projection of the
energy balance equation onto the JONSWAP parameter space are given in
Hasselmann, et al. �976!.

The five equations in 10 are numerically intergrated by using the
Leap-Frog difference scheme. At and near the model boundaries, the
finite difference equations have to be modified because the variables at
some grid-points are not available. For incoming boundaries, where wind
is directed into the model, the NONSWAP fetch limited equations for the
evolution of the wave spectra  Hasselmann, et al., 1973! are used with a
fixed fetch I.ength of one-half of the grid spacing. The outgoing
boundaries are modeled to reflect no energy. Moreover, it is not
generally necessary to solve for all five parameters; ome may be held
fixed, or clizectly related to others. Ewing, et al. �979! reported
negligible increase in accuracy and enormous increase in computation
when using all five parameters instead of fewer; in this project,
consequently, -- and -- were held fixed.

A complete description of the programs is given in a Hydraulic
Research Station Report �977!, and a revised version  Puri and Pearce,
1981! was used. The values of the parameters a, solved at a point are

1
substituted into equation 9 to obtain the spectrum at that point.

The above parametrical model can be applied only to the wind-sea
region of the snectrum, characterized by the wind-sea parameter < =

u. I30.13. For wind speed U f- g, the phase velocity of the wave
exceeds the wind speed and%hen is assumed that no energy is absorbed
from the atmosphere. The atmospheric input needed to support the
spectrum at a level at which the wave-wave interactions become effective
is thus lacking, and the wave fieId propagates freely as swell. The
problem therefore reduces to solving the transport equation 5 without a
source function input  i,e., S = 0!. The transport equation can be
modeled by using a finite difference scheme. This has the disadvantage
of requiring the use of the high-order finite different schemes
 Gunther, et al., 1979! which, moreover, are not amenable to the
inclusion of refraction effects.

The alternative is to represent the swell field on a set of
chazacteristics  rays!. For each swell frequency f required, the model
is covered with a mesh of, rays at appropriate angles and spacing. Swell
is repzesented as discrete energy packets at points spaced along each
ray at intervals of L = g t.v where p t is the model time step and v is
the group velocity at frequency f v=g/4pf in deep water!. The
characteristics  shown in Figure 13 for the finaI grid! are thus divided
into bins, and these bins resemble the way an energy parcel propagates
during each time step. As the swell field is to interact with the
Cartesian grid, it is necessary to transform values from the
characteristics grids to the Cartesian. The method used can be
summarized as follows: Energy density changes defined on the Cartesian
wind-sea grid are transferred to the first ray point of each segment by
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linear interpolation from the surrounding four Cartesian grid points.
The energy density changes at the remaining points are obtained by
linear interpolation along each ray. For the inverse process the energy
density at a Cartesian grid point is simply taken to be the value at the
nearest ray point.

The overall model described here is thus a hybrid model in which
the wind-sea component of the energy spectrum is treated by a
parametrical approach and swell by a characteristic ray method. Energy
needs to be transferred between the two fields as either swell becomes
absorbed by a growing wind-sea in a rising wind, or energy from the
wind-sea is lost to swell when the wind falls. For instance, if an
additional energy peak in the wind-sea frequency domain is caused by
incoming swell from a distant source, it will be attenuated by wave-wave
interactions, and the energy and momentum of the swell will be partly
distributed over a larger frequency-direction space oz dissipated due to
turbulence. Dynamical criteria for such redistribution of energy
between the two domains of the wave spectrum are formulated on intuitive
grounds, First, it is assumed that the total energy  wind-sea and
swell! is conserved in any exchange. Second, the non-linear interaction
between swell and wind-sea is very weak unless the swell and wind-sea
frequency domains overlap, and when they do, the interactions is such
that coupling or decoupling of the two is rapid  i.e., within one model
timestep!. The following criteria have been adopted for wind-sea to
swell transfer:

a. When the peak frequenc~ m falls below the peak frequency off

a fully developed sea pg i.e. when fm < 0.13g = fp>.

o f is set equal to f
Dl N

o is adjusted to a new value ~' such that the spec-

tral energy for frequencies above f is conserved

in the wind-sea, i.e.

24
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E  a,f,y!df E
ws ' m' ws

CPM
f

PN

 a', f, l! df

E denotes the parametrical wind-sea spectrum.
ws

Overall energy conservation is achieved by transferring to
swell the wind-sea spectrum for f+f where the cutoffC
frequency e defined so that the energy in the remaining
wind-sea spectrum is equal to the energy in the original
wind-sea spectrum for f>f

r E  a, f,y!df = E  a', f,y!dfws ' m' ws PM

f 0

n' and f, in the above integrals are computed numerically.

The reverse exchange of swell to wind-sea is called into play
whenever swell energy is found at a frequency greater than .9f
The swell within this frequency range is assumed to be
instantaneously absorbed  i,e. within one model time interval! into
the wind-sea irrespective of the direction. The energy is
conserved by adjusting the frequency of the wind-sea peak for f to
f' keeping a,y fixed, i.e.

b.

+ E  a,f,y!df = E  a,f',y!dfswell ws ' m' ws ' m'
0

where Eswe] l is the total swe11 energy transferred. The details of
the process are given in Gunther, et al. �979!. The transfer
process is illustrated in Figures 14 and 15.

H = 4 m 4

S o

T=  m/m !
z 0 2 �2!

26

Once E  f! has been calculated, this information is used to compute
the significant wave height ><S and the zero crossing period T . Writingz'

~0 Z f! f df, the above quantities are defined as,



Fiynre 14. Transfer of Hrind-Sea !o,'iu! ell. �''rom Puri and Pearce, IO81!
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Figure 1!, 7 ransfer of Swell to lWind-.Sea  From Puri and Pean e, 1o81!
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2 -4

m = g � ! 1/5  ?+1!
0

�3a!

where I 5 � 4 2 2exp[- � �+ye! ]y exp[- ~ + > -y /2j dyIIy e

-j/c

with
f-f

IQ

m

is regarded as a function of a and y only and a two-way table can be
formed for I in terms of 7- and <, and HS then calculated using the
equation �1!.

Similarly, m can be written as
2

2 � 4 -2
In � gg �z !

2 In
�3b!

where

2
-3 5 �  x- 1! f

x exp',� � + XIII exp [
4 2

]> dx . x

0
20 In

is again a function of o and y.

Again a two-way table for J can be set up to calculate m> from the
equation �3b!. An application of the equation �2! then yields 'X

The above approach produces HS and Tz from the wind-sea, Swell
energy is incorporated by first summing over the directions to produce
swell frequency bins and then using the formulae for mo and m2 . These
are then added to the m and m2 produced for the wind-sea and the final

0
HS and Tz For the total energy then follows.

The JONSWAP spectrum is not analytically integrable for Y P 1 and
so the quantities mo,m2 are evaluated numerically. To facilitate this,
first an integration by parts is used to obtain



CHAPTER IV

EXTRAPOLATION OF HINDCAST DATA FOR
ESTIAIATING DESIGN %%AVE HEIGHTS

Hindcast wave height information for the design wave studies
usually covers a period of historical record that is shorter than the
return period selected for acceptable engineering risk. Return periods
commonly used for selection of design waves are 50 years, 100 years or
more, but good meteorological data, on which the calculated wave heights
are based, can rarely be obtained for periods covering more than 50-60
years. As a consequence, extrapolations to longer return periods are
necessary. The method suggested by Petruaskas and Aagard �970! for
making such extrapolation is employed here.

Most methods for making the extrapolation to longer return periods
employ probabilistic models through the use of special probability graph
papers on which a family of. distribution functions plot as straight
lines. The wave heights are plotted against their "plotting position"
return period, and a straight line fitted to the plotted data is
extended beyond the data to estimate extreme wave heights for return
periods of interest  Gumbel, 1958!. The drawbacks of these methods are:
�! the straight line drawn through the data is in most cases visually
fitted to the data, and is thus subject to error; and �! no information
is available on the uncertainty of the resulting extrapolation. In
contrast, the method used here offers �! greater flexibility in the
choice of distribution through computerized procedures, �! guidelines
for picking the "best" distribution from several implemented in the
method, and �! procedures for estimating the uncertainty of
extrapolated wave heights.

In the following, those facets of the Weibull distribution that
were used for actual working are described. Other details may be found
in Petruaskas and Aagard �970!. The primary function of the present
extrapolation method is to find a conditional distribution for wave
heights fitting input hindcast wave height data. The following
restrictions apply to the input data:

�! The data must have a common definition and be
derived by consistent methods, i.e., all "expected
maximum wave heights" ~ +ax! must be obtained
from the same wave height calculation model. In
this project, all wave heights are computed using
the hybrid parametric model based on Hydraulics
Research Station �977!.

�! The p II~x! value for each storm must be the largest
E II ! at the site of interest.
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�! The data set must include all storms occurring in
the hindcast period that exceed the threshold of
the conditional distribution. A common practice
is to specify a hindcast of the N largest storms
that effect the site of interest. The threshold

of the conditional distribution is then the

smallest F H ! value greater than the threshold value.maJ

�! All storms must be from the same population. For
example, hurricane generated waves should not be
mixed with waves generated by frontal systems, etc.
In this project, for instance, waves generated only
by Northeast storms were considered.

Incidentally, it may be noted that the method is not applicable
where the wave height population is truncated by natural phenomena such
as breaking-height limitations in shallow water.

The Weibull distribution functions used here to describe the

conditional probability that the E !Imax! is less than or equal to x
meters, given that such an event occurred, is defined by

 x-B!
k

Cond Pr [E H ! < x] = l � e A
max

�4!

where

Cond Pr   J = conditional probability statement

A, B, & k are parameters to be determined.

Cond Pr [E H ! < x N = 1 � >+

where

N = sampling size

m = rank. The wave heights are ranked in descending
order, so that m=1 refers to the highest E H !.

max

31

It may be noted that if k = 1, an exponential distribution results,
and if k = 2 and B = 0, a Rayleigh distribution results. Equation 14
leads to the plotting-position formula



thheight of the m highest out of N sample values
of E H !.

max

constants that are functions of the distribution
for which the parameters are being determined.

The parameters u and 5 are functions of k and N � 20.

u  k! = 0.30 + 0.18/k

 k! = 0.21 + 0.32/k
�6!

A value of k is chosen and and are calculated with equation 16.
The conditional probability is then calculated for each m  m = 1,
N!. The reduced variate, r , is related to the Cond Fr [E E ! < x!
for the Weibull distribution by

l
r = [- ln � � Cond Pr [E H ! < x]]] /k �7!

v max

and the return period R is given by
P

�8!R 1
 Cond Pr [E  H ! > x] !

max

where
N

time in years

and Cond Fz IE H ! > x] = 1 � Cond Pr [E H ! < x]
max max

The computer program that was developed to accomplish this reads
the largest wave height at each grid point for each of the 22 storms
from a disk file  on which these had been previously written by the
program "HSTZ"!, and for each point, ranked the 22 value of E Hmax! in
descending order. An initial value of 0.5 was chosen for k and the
reduced varieties were calculated using equation 17. It was impractical
to plot the wave heights against the reduced variates for each trail

32

The value of k is changed until the reduced variates can be plotted
against the wave heights as a straight line  Figure 16!. This
presentation of the distribution functio~ as a straight line is
advantageous in that it indicates how good the distribution is as a
probabilistic model of the data and extrapolation to highez wave heights
can be done simply by extending the straight: line beyond the data.



of k, and therefore the correlation coefficient was calculated instead.
k was then gradually increased until the correlation coefficient reached
a maximum. A typical value for the maximum value of the correlation
coefficient is 0.9768.  Theoretically, a coefficient of 1 indicates an
exactly linear correlation between the wave heights and the reduced
variates.!
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 :HAPTER i'

ANAL%!il'5 AND RE%i'LTS

It was mentioned in Chapter II that the Northeaster program solved
the geostrophic wind velocity equations for each tine-step at each point
of the grid system. The wind model and the wave model discretized the
corresponding equations using the same grid. The extent of the grid was
chosen to approximately correspond with the average l.ength scale of a
Northeast. storm, i,e , 500-1000 nautical miles. The finite difference
scheme discussed in Chapter I inputs wind speed and direction at each
point and computes the significant wave height, H , for that point.

S

The boundary conditions play an important role in the choice of the
grid. Wave heights calculated near the model boundary are not
appropriate because of the limitations on the fetch imposed by the
presence of the boundary. When wind is directed into the model at
boundary, the boundary is assigned near-zero energy a priori, and a.
fixed fetch equal in length to one-half of the grid spacing is used to
generate waves in the first grid. Consequently, acceptable estimates of
the wave heights are obtained only some distance away from the
boundaries. A sensit'vity study was therefore done by progressively
expanding the grid until .'t was so large that the area. of interest was
free from the fetch-limiting effects of the model boundaries.

The original grid is shown in Figure 17, and the entire region
encompassed by it is shown in Figure 18. Each square is 32.9 nautical
miles on a side, and the mesh contains 11 columns. The 100-year return
period wave heights computed with this grid are shown for the western
points of this grid in Figure 19. Values at all points of the grid are
not shown because the proximity of the model boundary to the Gulf
reduces the computed wave heights there by limiting the fetch. It was
felt that the points where the values are shown in Figure 19 were far
enough to the west of the boundary to have no such fetch limitations,
and that the computations were correct at these western points. These
were subsequently found tc be in error; even the most western points on
this grid were effected by the effects of the boundary, as will be seen
in the following paragraph. Nevertheless, thi run did serve to
illustrate this aspect of the working nf the wave model  compare Figure
19 and Figure 25! and to eventually free the Gulf of Maine from the
boundary effects.

A second attempt to compute the wave heights was made by expanding
the grid to the east. his grid contained squares 27.4 nautical miles
on a side, and it had 21 rows. The eastern boundary of the mesh is
indicated by A-A in Figure 20. The wave heights calculated were now
different from the values obtai»ed i» the first attempt. The
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computations gave larger wave heights due to the increased fetch, This
second grid wa- then extended further to the east to 26 columns  B-B in
Figure 20!. A comparison of wave heights in meters along a row
 generated by the storm of February 2, 1976 for the seventh and
thirteenth hours of the simulation! computed using grids A-A and B-B is
presented  Figure 21 and 22!. It can be seen that, while the wave
heights in the eastern columns are different, there is little or no
change in about the first 12 columns which cover the Gulf of Maine,
indicating that an extension in the east-west dimension of the grid from
20 to 26 columns does not alter the computed wave heights of the Gulf of
Maine. It can therefore be inferred that the area of interest is free
o the fetch l.imiting effects of the boundaries when the second grid
system was eventually chosen to calculate the extreme wave conditions.
An enlarged view of this grid in the Gulf of Maine is shown in Figure
23, and the computed 50-year and 100-year return period wave heights at
the grid points within the Gulf of Maine are presented in Figures 24 and
25.

A brief analysis of the uncertainty of the extrapolated wave
heights was done. Neglecting possible inaccuracies in the hindcast
data, uncertainty in the wave height, corresponding to a given return
period, exists because the storms used in the extrapolation procedure
represent only a small sample of the total storm population. The small
sample size causes two problems in developing an adequate probabilistic
model for estimating design wave heights: �! we cannot reliably pick a
"true" distribution function defining the storm population, and �! the
parameters calculated are only sample estimates. 1t is therefore
desirable to obtain confidence limits for the extrapolated values.
Point 308 of the model  where the 100-year significant wave height is
10.72 meters in Figure 25! was arbitrarily chosen for this uncertainty
analysis, and the 90% confidence limits were constructed  Figure 26! by
the method illustrated in Viessman, et al. �977! and attributed to
Beard �962!. It was found that the 90'4 reliability band for the
100-year significant wave height at point 308 is between 9 81 meters and
12,21 meters.

37



Figiir~ 18. F>>lire hey>iv>i nj 1ni iat  'riiI.

38



Fig err 1~!. 100-wear� .'itgntfi<gt!  [l'n; i 11''s'g~hrc  t>s !!retard! Carr»/vsrtr J
l '.sr!tp  nit>al  ~bric 



Riptide 20, .!'r uriel  ,3-,dj n~id Th 'rd  B-O!  'rtd Si.itemi



P >pure 21. ll'ac c Hesghl C'on>Parisoni of C'rid;f-:4 and B-B,  Rou~ J6, Flour 7!



8 1i iG 2i 2G

GRID COLlJMNS

I'i gute 22. [5'ave Height  :out j>archon of 6:v1'<jc:I-.l and B-R.  Rou I>, IIour I 7!

42



43



44



Q.

II



O

lO

Q Al

C'~

O Q

o a
a +

K
UJ

N Q 0! tb 0 N O

�3HI3N! L.HO I 3H 3A88

Ld

K tt:
 Z
0

0 Ld
U

D
D

C br.



CHAPTER VI

SI..'4f DIARY A VD I!I%i<:l'%SIC!N

This project was initiated in order to generate some information
about the wave climate in the Gulf of Maine. Such knowledge is needed
because little quantitative wave data exists that can be used for
engineering purposes in the Gulf of Maine. The availability o past
meteorologi.cal information, however, enables the hindcasting of waves
through the application of a suitable wave model. The hindcast wave
information is then used to compute extreme wave statistics like 50-and
100-year return period waves.

Meteorological information used in this project consisted of
synoptic surface pressures for Northeast storms. Twenty-two strongest
Northeasters in the period between 1944 and 1976 were chosen for the
computation of the design wave heights The "Northeaster" model  Stone
and Webster Engineering corporation, 1978a! was used to simulate the
complex pressure pattern of a Northeast storm by fitting a system of
equations to the isobars. Wind velocities were calculated using the
geostrophic approach, and these wind velocities were then used as input
to a hybrid, parametric type wave model. This model was chosen in
preference to a spectral model because it involves fewer computations
and recognizes the redistribution of energy among different frequencies
due to non-linear interactions as an important part of wave dynamics.
It has also been verified with reasonably good results in the Gulf of
Mexico  Purl and Pearce, 1981! and near the British Isles  Ewing, et
al., 1979!.

A sensitivity analysis was done by progressively enlarging the
model grid before an adequate grid could be chosen. Thereafter, the
wind and wave models were run repeatedly for the 22 strongest Northeast
storms in the period between 1944 and 1976. For each run, the largest
wave height at each grid point was obtained. Finally, for each point, a
Weibull distribution was fitted to the set of the largest wave heights
and the 50- and 100-year wave heights were calculated.

The results of this project were presented in Figures 24 and 25.
Zt might have been interesting to compare the 100-year wave height at a
point in this grid system computed by the U.S. Army Engineer Waterways
Experiment Station  corson, et al., 1981! with the results of the
project. Regrettably, such a comparison was rendered impossible by the
fact that point A  Figure 27!, where the computation was made by the
Army Engineers, was outside the Gulf of Maine, and large wave heights in
that area can be generated by storms other than those chosen for this
simulation. Large waves in the Gulf of Maine are primarily caused by
Northeast storms, and a computer-generated plot of the tracks of the
storms ana'lyzed in this project is shown in Figure 27. While the
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50-year and 100-year wave heights at point A are dependent on these
Northeasters, they are also dependent on other storms within whose area
of influence this point lies, and as these have not been considered in
this project, a computation of the design wave heights at A would be
improper. Nevertheless, it is interesting that the Army Engineers'
computation of the 100-year significant wave height at A yielded 14.1
meters, which is slightly higher than the calculated wave heights in the
Gulf of Maine  Figure 24!. This difference can be attributed to the
previous argument, and at this point, it would be reasonable to expect
the results of the two models to be compatible.

The next logical step in the project would therefore be the
inclusion of other types of storms in the construction of wave
statistics. It would involve the use of other storm models, such as
HURR  Puri and Pearce, 1981! for hurricanes, to obtain windfields. The
50- and 100-year wave heights at other points would be calculated,
enabling a comparison of the wave heights at point A  Figure 27! as
computed by this model and by the U.S. Army Engineer Waterways
Experiment Station  Corson, et al., 1981!.

As the area of interest progressively encompasses more easterly
points in the grid, it will be necessary to expand the grid even beyond
B-B  Figure 20! to the east. This would aggravate another problem that
has been neglected so far--the curvature of the earth. In the present
study, a Cartesian grid was drawn on a Mercator projection of the East
Coast of the United States and the Atlantic Ocean. As the size of the
model is increased, the curvature of the earth will cause discrepancies
in the distances and positions of grid points in relation to latitudes.
This problem must somehow be addressed, perhaps by transforming the
coordinate system to a polar or spherical system.

A comparison of the results of this hybrid, parametric approach
with those of the spectral approach would also be interesting, The
spectral model of Resio �981! makes a provision for the role of
non-linear wave-wave interactions and could be used to compute the wave
heights in the Gulf of Maine.

One question that. arises is in regard to the propriety of using a
deep water wave model., such as the one used here, to compute the wave
heights in the shallow Georges Bank region. Georges Bank, well-known as
a productive fishing ground, covers an extensive area to the immediate
south of the Gulf of Maine. There is a sharp decrease in water depth
into this shallow water body, and in some places, the depths are as
small as 3.5 fathoms �.4 meters!. The results at some grid points in
the Georges Bank area were therefore investigated. The computed wave
periods were used to calculate the wave lengths L by linear theory, and
the check revealed that d/L 0.5, where d is the depth of the water.
This implies that the properties of the modeled waves are not those of
deep water waves. The Georges Bank area must be treated differently,
and a shallow water wave model  e.g. Shemdin, 1980! may possibly have to
be used to compute the wave heights there, It is also not known if the
distorted wave height computation in Georges Bank has resulted in a
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slight over-estimation of the waves in the Gulf of Maine. In that case,
the results shown in Figures 24 and 25 represent conservative estimates
of the wave heights in the Gulf of Maine.

In conclusion, the results of Puri and Pearce �98I.! and Ewing, et
al. �979! give an indication of the reliability of this modeling
technique. In both studies, the maximum difference between the model
results and the measured values of the significant wave heights was in
the range of 3 meters. Investigation of the factors mentioned above
will obviously lead to a refinement of the results presented in Figures
24 and 25. Owing to a paucity of data with which to compare the model
results, because of an imperfect understanding of the various
mechanisms, these numbers are perhaps as good as the state of the art
will allow. It is a reasonable premise, however, that any engineering
effort in the Gulf of Maine will have to reckon maximum wave heights in
the range of 90 feet  corresponding to the maximum Hs � � 13,4 meters in
Figure 25! for a 1% change of occurrence.
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APPEXDlX 4

Chapters II, III, and IV have dealt wit h the wind, wave, and
statistical models, respectively. A synthesis of these models is
obtained through an ordered sequence of steps, which are implemented in
the computer a - "ubroutines NOREASTR, TRACK, WAVE, INTEG, HSTZ and
WEIBULL�, resulting in the required program for hindcasting and design
wave height estimation. The programs TRACK, WAVE, INTEG and HSTZ
constitute the wave model, NOREASTR is the wind model and WEIBULL
calculates the extreme wave statistics. The actual sequence, together
with the device numbers of the input/output files containing the various
pieces of information at different stages o the computations, is shown
in Figures A-1. A description of each of the above subroutines is given
in the following pages, along with programming details such as
inputting, setting up disc file azzav , dimensioning of variables, etc.
The final grid chosen in this project �0 columns x 21 rows! is used to
illustrate these details.

A-I.

All programs require the use of direct access file systems. Such a
system has an advantage over the sequential file system in that the
former permits a programmer to read and write records randomly from any
location within a data set and then go directly to any other point
without having to process all the records in between.

The 'Read' and 'Write' statements cause transfer of data into or

out of internal storage. These statements allow the user to specify the
location within a data set from which the data is to be read or into

which the data is to be written. The actual specification is made by
assigning a reference number to each record. This is done, uniquely,
through the 'Define File' statement. Other parameters which must be
given in it. include the number, size, and type of the records.

The complete form of such a. statement is

Define File a m,r,f,v!

where;

a is the unsigned integer constant that is the
data reference number  File Number!;

m is an integer constant that specifies the number
of records in the data set associated with a;
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DIRECT ACCESS DISK FILES

+ Programs within dashed lines must be executed for each case.
Others need be run only once for each grid.

LP - Line Printer.* CP, - Card Reader.

4 WltiDA � Wind Field
5 Blr~WA � Largest Waves
8 I;JTEGI9 INTEGJ - Integral Table

1D SWELLR - Swell Ray Tracks
11 WORKF � Temoorary Disk
12 SHELLEI 3 WAyEp Swel 1 + W i ndsea



r is an integer constant that specifies the ma> imum
size of each record associated with a;

f specifies that the data set is to be read or written
either with or without format control. In the above

program, all input/output., statements stored on the
direct access files are unformatted. This is in-

dicated by specifying f as U.

v is an integer variable, called an associated variable.
At the conclusion of each read or write operation, v is

set equal to a value that points to the record that
immediately follows the last record transmitted.

For example; the statement,

Define file 4 �25,280,U, KOUT!

defines a data set having reference number 4. 1t has 125 records each
with a maximum length of 280 storage locations. The data are
unformatted and KOUT is the associated variable that acts as a pointer
to the next record.

The presence of a Define File statement in the body of a program
has to be signalled through a statement in the job cards. This follows
the form:

FI unit DISK fname DATA diskmode  LRECL lrecl Block block
RECFM F DSORG DA XTENT ¹ records [Permj

where:

is the reference number of the file

is the title of the file;

is A or G;
is the record length = 4x Number of
words = 4xr

4 x r

m; XTENT ¹ records should be specified
only if m 50.

is to be specified for files to be retained
after the job is finished.

unit

f name
'di kmode'

lrecl

block

records

Perm

For example, associated with �! will be the statement, FI 4 DISK
WINDA DATA G  LRECL 1120 BLOCK 1120 RECFM f DSORG DA XTENT 125 PERM
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As described later, eight files are used in the sequential running
of these programs. Details of each file are given in the following
discussion of each program.



A-II. Wind Model-Program Noreastr

Input:

TITLE � Any 80 alphanumeric characters to be printed at the top of the
output to identify the job.

Namelist "CONST"

The following variables are input using a namelist for each in
formatting.

ALAT � The latitude of the study areas in decimal degrees

Storm central pressure in millibars

Storm peripheral pressure in millibars

PO

PP

RMAX � Maximum radius to last closed isobar in nautical
miles

Individual grid size in size in feet � x directionDX

DY Individual grid size in feet � y direction

NMAX � Number of grid points � y direction rows

MMAX � Number of grid points � x direction columns

The number of sets of storm locations and track
directions to be read

MAXSTM

IPRNT � A print control switch

 IPRNT.NE.l! only the arrays of wind speed, incurvature
angle, surface rise, wind direction, and pressure are
printed. These are printed for any value of IPRNT at
intervals specified by PTIME. If IPRNT.EQ.I arrays of TSX,
TSY, DPDX, and DPDY are also printed.

This subroutine develops the wind model, i.e. computes the wind
speed and direction, at each of the model points on the basis of the
available physical and geographical data. It can formulate the wind
field using either the geostrophic approximation described in Chapter II
or the equilibrium wind equations.  As this program �978a! was
developed by Stone and Webster Engineering Corporation for the
calculation of storm surges, it generates, besides a wind field, other
information not germane to this project.! This program must be run once
for each storm. Figure A-2 shows the coordinate system to be used.



3
density of air  slugs/ft !RHO

If  IPLOT.EQ.I!, this will produce a data set for input
to a Calcomp plotting program. Additional JCL, which
is installation dependent, must be provided for this
option. Otherwise, set  IPLOT.NE.1!.

I PLOT

Controls which wind model is employed and controls
several debugging options

CHOICE

Choice = 1, debug output for the equilibrium wind model
is produced. Be wary of using this as a lot of output
is generated.

CHOICE is greater than zero, the equilibrium wind model
is employed.

CHOICE is less than zero, the geostrophic wind, model
is used.

CHOICE � 7, xxxxx is set equal to zero. This is the
concentric isobar assumption used in ref. 12.

The storm translational speed in knots; necessary for
equilibrium wind model only.

VS

Frictional coefficients for the equilibrium wind
model only.

KN, KT

If IPQ is greater than zero, P is read in at each0
storm position.

IPO

If IPO is less than zero, P is assumed constant.0

PTIME � Arrays of storm characteristics will be printed
every PTIME hours.  If MOD TIME,PTZME!=0! then
print!

A typical data set is Shown in Figure A-3. The coordinateS of the
storm centers in this data set do not correspond to the final grid
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After namelist CONST is read in, the program looks for MAXTSM sets of
storm positions and track angles. Each set of storm positions occupies
one record  or card image!. The variables on each record are, in order,
TIME, which is the hour that the storm is at that location, Xl and Yl,
which are the distances of the storm center from the grid origin in grid
units, track angle relative to the grid Y axis, and central pressure.
The record format is 6F10.0.



D Coordina te Sys tems or the Programs

Figiire 3-2. Coordinate rsnd Ray lllisstni ~on@
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chosen for modeling, and, therefore, are not Xl and Yl. The coordinates
shown correspond to another grid whence this data set was obtained, and
appropriate correction in the program is made when the coordinates are
read in, and are marked by asterisks in the program listing. These
lines must be omitted if the data set contains coordinates pertaining to
the grid actually being used.

Output

a. Wind speeds at each grid point

b Wind velocities at each grid point.

c. Atmospheric pressure at each grid point.

d. The disc file  ¹4! holds the horizontal and vertical components
V and V of the computed wind velocity in the forms of a complex
number UV.

Dimensioning

The following statements must be attended to,

COMPLEX UV  M*N!

DIMENSION WSP  M, N!, UWSP  M, N VWSP  M,N!, PRS  M,N! p
ABETA  M, N!, THETAD  Mg N!

COMMON/WIND1/TSX  M~N! ~ TSY  M~N! ~ DPDX  M~ N! ~ DPDY  M~N! p
HO  M, N!

DIMENSION Z N,M!

where

N � NMAX and M=MMAX

Disc File

The 'Define File' statement should read

DEF INE FILE 4  NT~ KMAX2 f U I KOUT!

where

NT = Number of time steps

KMAX2 = 2xNumber of grid points



'1 ? r t r ?': I: 'r- 'ri11�

5, f' C I:.~ I,
p 1- 7? e Tip I: g

LCC';l' T ALIT

Ii i = 1 pIJ6

3l!�
G-9 X:1 66uv ' ~ 1

I 1-'Rtl T
l Ir l ir7 l I ~

,'1 r'7,' .=!G1

t � 'I A � ! nil r
1 ?

l ' V
7r. i. L-1'HecG  i

I T=G. ".' c r.nJ r J I v
l C~ vv

7 l

GI

n L'

-IG5 L !~ J 'JC 1GG1
J C� ' '79.J6!7 C! J

7 p!' J ~ ~
C IA

� 44.2e

gr p9? IJ ~ 'J v
9.J

90? ?

99':. 21

G
Q C~ Jv
9. '.
P L  

Lrr crlr ~ J J e...
14.14

Q
7 ~rl! ~ v 'J nr,~ IJ 7
9P1
~ l rv,'I C' g? I'J Jnn

2.'. 'i

L'

L
V 

16

9e9

9:;.11
pnc gcv .J

9

9 9 9 9
1 '?
3, c'7

43 A !

LJvI P
C ?~ ' v

9P 1C 7'Jl J
r,I

?

c 1

eo

.53
4p
7 'r

.1-'

99158.46
C 7 !

J9 JJ

9CJ P

j 7''l np 1IC J

97!927

60

1.0

3.G
G

9.G

10.G
11.'!

12

14  in

G i

16.G

12. G

1B.G
1 P

~ lli fi7 ~
'7P PP

PLOT=G

2, i'T I  i

'?

C

-G..
3 P

I'?gure:I-3.!nfrut D rtn f rr 'CORI':i>. 'JI'R'



A-III. Ray Paths � Program Track

TRACK works in terms of 'cells' so that for the grid with 20
columns and 21 rows, M-19 and N=20. The coordinate system  Figure A-2!
is such that the origin is at the top left corner of the grid and the
bottom right corner is  M,N!.

Grid spacing in metresGRID

Timestep in secondsDT

Number of cells in x and y directions, respectively.M,N

is an MxN array containing, for each element, a '0'
if that cell is inactive  i.e. land! or a '1' if it

is active.

FLAG

NQUAD � Number of ray directions per quadrant.

NFREQ � Number of frequency bins

FINIT � Start of first  lowest! frequency bin in Hertz

FBIN � Frequency bin size in Hertz.

This is followed by a record  card image! for the number of rays
and a record giving the starting coordinates of the rays, for each
direction, starting with rays going in the positive x-direction. For
example, in Figure 13, there are seven rays going in the positive
x-direction with starting coordinates

�, 5!, �, e!, �, 7!, �,8!, �, 9!, �, lO!, �, ll!

which are written in format I2 as shown in Figure A-4. Then there are
six rays making -45' with the positive x-axis, and so on. The whole set
for all directions is repeated as many times as there are direction bins
 NFREQ!. The format. of the starting coordinates may be changed if

desired by duly amending the 'Format' Statement 1040 and the appropriate
'Read' statement in the program.

This program inputs the model cells in the form of flags � if land
and I if water! and the starting coordinates of the rays, and tracks
each ray in the modeled region until an inactive cell is reached.
Information required for the transfer of the energy from a ray to the
Cartesian grid. is calculated and stored. This program is run only once,
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Output

a. The line printer output includes model size and flags, and
the direction and frequencies used for tracking rays.

b. For each frequency, details concerning the ray-points
generated., the density distribution of the cells crossed
by the rays and the nearest. ray points are printed.

Dimensioning

INTEGER FLAG  MN!, IDUN�0!, COUNT  MN!

DIMENSION THETA  NTHETA!, FREQ  NFREQ!, KINFT  NFREQ* NTHETA!

DIMENSION XSTART  NRAY !, YSTART  NRAY !, XY �!, RDUM �!
max max

DIMENSION XX  KMAX!, YY  KMAX!, KK  KMAX!, LL  KMAX!

DIMENSION LNEAR  MNE!, DNEAR  MNE!

where:

MN = M*N and MNE =  M+1!* N+1!

KMAX � ¹ of active points

NTHETA = total ¹ directions represented

NFREQ = total ¹ frequencies represented

NRAY = maximum ¹ of rays in any direction for any frequency.
max

max

Disc File

DEFINE FILE IQ NFT3P2, MEG, V, KOUT!

where NFT3P2 =  NFREQ*NTHETA*3! + 2

MEG = MAX MNE+2, ISEG*2!

in which ISEG is the maximum of the total number of cell crossings in
any direction. It is generally best to assign MEG a value a little
larger than MNE.
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A-IV. Wave-Swell Model � Program Wave

This program uses a hybrid approach between a one-dimensional
parametrical wind-sea and a characteristic representation for swell to
calculate the wave spectra of an area, given the wind conditions.

The program produces, for each timestep, the c'alculated parameters
for the wind-sea and the contents of the swell frequency-direction bins.
 The numbers given in the parenthesis correspond to those used in the
example.!

Input

a. Number of free parameters  f, rr, y, rr rr> ! to be used in
run  N=3! .

b. Number of iterations  variable, ISCM=19 in Figure A-5!

c. Timestep of windfield to be used as first. timestep in
model  IISC=1!.

d. Frequency of printing results on line printer  IPRINT=3!.

Fetch length  in metres! at boundary, for use in determining
the conditions at an incoming boundary  Xa=l/2 x grid size!.

f. Initial frequency  in hertz! of wind-sea spectral peak  FM=0.20!.

g. 1nitial Phillips' constant cr �.01!.  y, a» orb
assumed to be 3. 3, 0. 07, O. 09, respectively! .

h. Factor of subdivision of timestep to ensure stability of finite
difference schemes  NW=2!.

Factor for subdivision of first timestep to ensure smooth start
 NS=4!.

j. Maximum frequency  in hertz! of spectral peak after dumping swell
occurs  FMMAX=1! .

k. Frequency of storage of swell information  ISSTOR=l!

A description of all the input variables is given at the beginning
of the program. The namelist CONTR contains KMAX, the total number of
grid points and KARRAY, a list of active grid-point numbers. The bottom
left point is the first point and the top right point with coordinates
 M,N! is the MxN!th point  See Figure A-2!. Those points which are on
land are assigned a KARRAY value of zero.
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Input/Output

Number 11: Disc file WORKF'. This is used as a workfile to hold
the swell energy at each ray point for all frequencies and directions.
Information for each frequency-direction is then read in as required and
written back displaced one element to model advection when energy
exchanges have taken place between wind-sea and swell. The information
in this file is generally not kept at the end of the run.

Output

Line printer, General listing of data used by program, followed
by, at the specified frequency:

a. the calculated wave parameters

b. the frequency bin number correspondi.ng to the cutoff frequency
of points involved in wind-sea to swell transfer  frequency bin 1 is
the lowest!.

c. The direction bin number corresponding to wind direction for each
point  bin number 1 equals 90' or Eastwards, then increasing as
direction changes anticlockwise!.

All are printed in geographical format. At the end of every
sub-timestep, a count of the number of points involved, in wind-sea to
swell transfer, for that sub-timestep is printed.

d. Number 13: Disc File WAVEP. This holds grid information followed
by the wave parameters for each active point for each timestep, in
order  f , > , y , c , a> , fm , a>,...etc.! where fml etc.ml' 1' 1' al' l' 2'
correspond to active cell l.

Number 12: Disc file s! SWELLE. Swell energy  as transformed to
the Cartesian grid! is stored on this file according to the
frequency specified. The storage layout is as follows:

1. iteration number of fo11owing information  initially
first iteration number that wind-sea to swell energy

occurs � excluded first iteration as the swell
routines are not used until iteration number 2 because
of the non-physical starting conditions!.

2. frequency bin number  initially highest!

3. direction bin number  initially 1!.

4. energy for specified frequency-direction bin at
each active cell.
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Parts a-d would then be repeated for all direction bins within each
frequency for each iteration.

Dimensioning

In the following:

Number of parameters used.N

KMAX = Number of grid points,

KMAX2 = 2 x KMAX

KMAX 5 = 5 x KMAX

LRAY1M = Maximum of total number of ray points in any
direction, usually a large number.

NAMED COMMONS

/CMSP/ A  KMAX5!, C  KMAX5!, WI  KMAX2!

/GRID/ KARRAY  KMAX!, IFLAG  KMAX!

/INTER/ IFLAGT  KMAX!

/PREV/ WP  KMAX!

/BOUND/ IBDY KMAX!

/PREBDY/IPBDY  KMAX!

/SWLFLG/ I SWELL  KMAX!,.... ISFC  KMAX!

/WSTSWL/ DEFI DEFD ~ IDBIN ~ FW~ BETA J FC  KMAX!

/ANGD I S/F RACT   1 0!, AVECOS   10 !

/SWLFLD/ EC  LRAY1M!, KINFT  NFREQ*NTHETA!, MXY, LNEAR  KMAX!

/SWLTWS/ DE  KMAX!

/ORDER/ JVAL�!, E KMAX!

/CWIND/ UP �!....
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A great amount of swell information is thus generated and the
program therefore keeps a count of how much information has been written
to the file; when this exceeds 2400,000 words, the program halts with
the code '66'. A fresh file must now be assigned to the disc before the

program can continue.



/COPPAR/ACQP KMAX2~N !
2

/PM/AFPM KMAX!

MAIN PROGRAM

DIMENSION IVAL�!, WN  KMAX2!

DIMENSION RDUM�!

SUB FLAGST

DIMENSION WZ  KMAX2 ! g WP  KMAX2 !

SUB PRINT

DIMENSION A  M!, AP �0!, MESS �0!

where M is specified in the calling argument as KMAX5

SUBPRINTI

DIMENSION IA  M!, IAP �0!, MESS �!

where M is specified in the calling argument as KMAX5

SUB STEUER

DIMENSION H�!

SUB LPRFOG

DIMENSION PARE95!, PARW �!, PARN �!, PARS �!, PAR�!

DIMENSION ADVECT�!i HS�!

SUB PRDICT

DIMENSION PARE �!, PARW �!, PARN �!, PARS �!, PAR�!

DIMENSION ADVECT �!, HS �!

DIMENSION UN �!, US �!, UE �!, UW�!

SUB BDY

DIMENSION �!
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SUB SWELL

DIMENS10N D KMAX!, LL KMAX!, KK KMAX!, XX KMAX, YY KMAX!

DIMENSION LRAY�!

FUNCTIONS D110, Dll, D12, D13, D21, D22, D23, D31, D32, D33, D41,
D42, D43, D44, D51, D42, D53, D55, S2 and subroutines MHOL and PRESE:

DIMENSION PAR�!

The 'BLOCK DATA' should be appropriately modified according to the
above dimensions.

Disc Files

File 4 � As in ' NOREASTR'

File 10 � As in 'TRACK'

DEFINE FILE 11  NFT, LRAY1M, U, KSWIN!

where

NFT = NFREQ*NTHETA

DEFINE FILE 12  NFT*NT, KMAX+3, U, KSOUT!

where

NT = Number of time steps

DEFINE FILE 13  NT+1, KMAX5, U, KWOUT!

A-V. Tables for I and J � Program INTEG

This program sets up the two-way tables I and J for use in
equations 13a and 13b. The numerical integration is based on a simple
trapezoidal summation rule.

Input

A typical data set is shown in Figure A-6. The variables used are:

a. number of values of sigma for which the integrals are to be
calculated  II=3!.

b. number of values of gamma for which the integrals are to be
calculated �J=31!.



c. upper limit to be used in integration for I  UL1=10!.

d. upper limit for J {UL2=25!.

e. integration step for I  DY=0.5!

f. integration step for J  DX=0.10!

g. starting and finishing values of gamma  generally GAMS=I
and GAMF=4!.

h. starting and finishing values of sigma  SlGS=O 07 and
SIGF=O 09!.

Output

The line printer lists the input data and tables for I and J. The
Disc file ¹8 holds the gammas and sigmas used plus the two-way tables
for the Integral I. The Disc file ¹9 holds the two-way table for the
Integral J.

Dimensioning

DIHENSION SIG  II!, GAY JJ!, CINTl  II,JJ!, CINT2  II,JJ!

RZAL NATLOG  JJ!

where:

II = Number of Sigma values

JJ = Number of Gamma Values, as in the input

Disc Files

DEFINE FILE 8  II+2, JJ, U, KEOUT!

DEFINE FILE 9  I I+2 ~ JJJ Ug KNOUT!

A-VI. Significant Wave Height and the Zero
Crossing Period � Program HSTZ

This calculates the significant wave height HS and the period T~ at
each grid point. It also finds the maximum Ms that occurred during the
course of the storm at each grid point.
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I tenure rI-6. InPut L!att! for 'I Y TI.Ci '

Ftgure;t-i. Input Data for 'HST7.'
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Input

Figure A-7 shows a typical data set.

a. number of iterations  NGOES!

b. number iterations to be skipped before printing  generally
zero, but useful if only a few iterations in the middle
of a zun are to be analyzed!.

c. flag  IDO! signifying if swell energy is to be included
 positive if not!.

d. number of frequency bins used for storing the swell
energy  NFREQ!, immaterial if flag positive.

e. number of directional bins  NDIR!, immaterial if flag
positive.

f. number of the storm  ISTN0=22, indicating NORIN23 was the
twenty-second stortn!

g. Disc file ¹8, INTEGI

h. Disc file ¹9, 1NTEGJ

i. Disc file ¹13, WAVEP

j. Disc file ¹13, SWELLE

Output

The output contains in geographical format, H> and Tz for each
timestep. The maximum significant wave height at each grid point and
the corresponding period for a particular storm are written on disc file
¹5.

As described in the wave program, the swell information may weil
fill up more than one file. This program therefore halts with the code
'66' when a swell file has been exhausted, ready foz the next swell file
to be assigned.

Dirnensioning

NAMED COMMON

/GRID/ KARRAY  HN!, NK, NN
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MAIN PROGRAM

DIMENSION GAM  II!, SIG  II!, C1NT1  IZ, JJ!, CINT2!
 II, JJ!

DIMENSION ARRAY  KMAX5!

DIMENSION EINT  KNAX2!

DIMENSION EC  KMAX!, IVAL �!, ES KMAX!, EINTS
 KMAX2!, SIGMA KMAX!, SUMDIR KMAX!

SUB PRINT

DIMENSION A  M!, AP �0!

where M is defined in the calling argument as KMAX2
DIMENSION MESS  8!

Also values of Mx and MY in subroutine PRINT must indicate the

correct size of the grid.

Disc Files

File 8 � As in 'INTEG'

File 9 � As in 'INTEG'

File 12 � As in 'WAVE'

File 13 � As in 'WAVE'

DEF ZNE FILE 5  MSTM, KMAX2, U, KAT!

where MSTM = Total number of Storms Simu.lated.

KMAX2 = 2"Total number of grid points.

A-VII, Extrapolation to 50 � 100 Years-Program Weibull

The program WEIBVLL calculates the 50- and 100-year significant
wave heights, working through each point of the grid. This program is
run only once after the wind and wave models are run for all the storms.

Input

The 12th and 13th lines of the program

TIME = 32

NPTS = 22
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indicate that 22 storms spanning a period of 32 years were chosen for
the statistical analysis. The 15th line

KMAX = 420

inputs the number of points in the grid. The 50- and 100-year wave
heights are calculated. for each of these points. Appropriate data
should be inputted in these statements.

Dimensioning

NAMED COMMONS

/B/ YR  NPTS!
/C/ EHMAX  NPTS!, X NPTS!

MAIN PROGRAM

DIMENSION M NPTS!, A NPTS!

D I MENS ION BWH   NPTS I KMAX ! g CTP   NPTS J KMAX !

DIMENSION DIFF �0!,  RR920!, RRR�0!   II �0!

REAL K �0!, Kl, LAMBDA, KA �0!

SUB RANK

DIMENSION A  NPTS!, Y  NPTS!

SUB CORR

DIMENSION X  NPTS!, Y NPTS!, XCAP  NPTS!, YCAP  NPTS!

Disc File

File 5 � As in 'HSTZ'.



Appendix B

A description of all the programs is given in Appendix A. This
section contains the appropriate Job Control Language  JCL! for the
programs and the program listings. Typical outputs may be found in Puri
and Pearce �981!.

75



j ; j for  hp Pro@ran�

' NOREASTR ' JCL

/JQR RCE37204 RCE372 BOXTI
/SET PRINT  'OOODO
CP 5 P 'CL CON TO RC 137204
CP 5PCCL PIJN TO RCE37?O4
CP 5 POOL PR T TD RCE37204
CI' LINK ACE 372 192 1ZZ VR VRCE372
ACCESS 122 H
FORTR4«
Fl 4 DtSK VINOa DATa HILRECL 4800 BIOrX 4800 RECFN F DSDRG Da XTFNT 40 PERH

' TRACK ' JCL

/![4 Rr[ 7?04 R E372 BDx 1
CP SPOOL CD« TO RCE37204
CP SII'CL PPI TO RCE37204
CP SPOOL PUN TO RCE37204
CP LINK RCE372 192 122 VR VRCE372
ACCESS 122 GF I I 0 0 I SK SHELL Rl 04Ta GI I 8 ECL 2400 BLOCK 240C RECFH F OS TITG DA XTE NT 125 PERH
FORTRAN

'WAVE' JCL

/JCI  RCE372hh RcE372 BCx3l
/SET PRINT 15000
CP SPOOL CQN TD RC'E37ZQ4
CP SPCCL PRT TO RCE37204
CP SP .Q'L PUN TD RCE37204
CP L It,r, RCE372 192 122 SR VRCE372
ACCESS 177f I 4 0 I SX Vf NO4 DATA H  I RECL 4800 BtOCK 4800 RECFH F DSORG 04 XTFNT 40 PERH
F t 10 0  58 SVFLLR I OATh H LRECL 24 00 BLOCK 2400 RFCfH F CSORG 04 XTENT 125 PERI 
F  It DISK VORKF DATA AttLR ECL 32000 BLDCK 320QD RECFH F OSORG D4 PER«
FI 12 DISK '5PELL'E DATA I-'1 LRFCL Z640 BICCK 2640 RECF> F CSORG Dh XTENT 1609 PERH
F t t3 n  SK v AvEp 04Th III ILREcL 14000 BLrcr 14000 RECFH F DSCRG Oa XT ENT 40 p E«
F '  '92 PR I ATER
FDRTR4«

INTEG ' JCL

/JOR RCE 7? .4 RCE372 BC431
/SET PR INT 5POO
CP SPOCL CO« TQ RCE37204
CP SPOOL PR I TO Rr E 372<4
CP SPCOL PVN TO RCE37204
CP  INK RCE372 192 122 VR VRCE372
ACCESS 177 G
F I 3 PRt«TER
FI 8 O SK INTEGI DhTA Gt LRECL 140 BLOCK 140 RECFH 'F DSORG 04 I ERR
Ft 9 DISK INTEGJ D4TA Gl  LPECL 140 BLOCK 140 RECF«F OSDRG Da PERH
FORTRAN

' HSTZ ' JCL

/JCB RCE37294 RCE372 BCX31
/SET PRINT IPOQQ
CP SPCCL CON TD RCE37204
CP SPC 'L PRT TD RCE37204
CP 5POOL PVN TD RCE37204
CP LINK RCE372 192 �2 i R VRCE372
4CCE SS I ZZ GF I 8 DISK t«TFGt DATA 01 LRFCL t40 PI CCK �0 Pfcr« F DSORG OA PERH
FI 9 DISK INTFGJ DATA GI'ILRFCI 140 BLOCK �0 RFCFH F OSORG Dh PERP
F I t? DI SK S HELL E Qh Th G I  LRECL 2640 BLACK 2640 R ECFH f QSOP I' 04 X TENT 1600 Pf RH
F I 13 Ot SK VAVEP 04th r I II RECL I COCO BI.OCY 14000 RECP H F DSQRG QA XTENT 40 PERH
F I 5 DISK RIGVA 0474 GI  LRECL 52CO BLOCK 52QO PECFH F 05DRG OA XTENI 25 PER«
FORTRAN PP NT

'WEIBULL' JCL

/JOR PCE37204 RCE372 BCx31
/5 Fr PP INT 100000
CP SPr CL CON TD RCE 37?04
CP sPCQL Pv« To RCFT �«4
CI SPOOL PR I TD RCE37204
CP LINK RCE372 192 122 VR VPCE372
ACCESS �2 GF t 5 DISK 4 IGHA DATA G 1 LRECL 52 CO FLOCK SZOO R'ECT « F CSQRG OA XTENT 25 PERH
f ORT'RAN
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'NOREAAI TR' LISTIINC'

11 ~ 1

01
ER

4 ~ 1 ~

~ 1 ~ 1

C C

/11 ~ ~ ~ 1 ~ ~ ~ ~ V ~ ~ ~ ~ ~ ~ ~ ~ 11 ~ ~ 1014 ~ ~ 1 ~ ~ ~ ~ 14 ~ 4 ~ 1 ~ 1 ~ ~ ~ 111 ~ ~ ~ 92 ~ ~ ~ 1 ~ ~ 1 ~ 0' ~ ~ 1 ~ ~ ~

SYNTH ET IC NCP THE ASTER ill ho 4HD PR E55VR E F I EL 0 P POOR 4kC VERSI k 0 tLEvEt. 0
C duGUST 3oq '978
CC THI 5 PROGRAH Ts USED ro GENERATE rHF Ntkn SHEAR STRESS 4ND
C AI HOSP HER IC PRESSURE F  F LOS OF 4 POSTtll 4 F,! NOR THEA ST R
C CnaSTaL Srnxv FOR !NPUT 7 , 4 COAST aL S ORV SURGE PP IGRAHIZ-
C  RFF I DEVF  OP" EIYT akD VERIFICdT ION CF 4 SYNTH'ET !C NORTHEAST
C HODEL,SHECO 19781
CI 1 1 ~ ~ ~ 1 1 ~ ~ ~ 1 ~ 1 1 ~ 1 ~ 1 I 1 ~ 11 1 ~ 1 1 1 ~ 1 1 1 1 ~ 1 ~ 1 ~ 1 ~ ~ ~ ~ 1 ~ 1 ~ 1 dad a V ae ~ ede ~ 1 14 ~ 1 ~ 1
C TH!s PROGRAH Has �FvELI}PFD BY STOKE akn HIBSTER FHG'!HFFRrkr,
C CCRPna ar  i}k IN rHE I HP ACT akaL Y515 SECT Ink OF THE Ekv1 xnk .FVTa

ENGI "lEER IHG D VI SICH ~ IT Has DEVELOPED EXPRE55LV FOR F� IHVD!
CC IF Tilt  HAV'E ANY QIJEST IONS ABOUT THE USF OR OPER IITI DN OF TH15
C COHPUTFR PROGRAH PLE45E FEFL FREE TO CALL. OR. Y ~ J, TSaf dT
C I 6	! 973-2771, OR F ~ K ~ CHOO AT th�1 973-2703,  !R DOUG
C CROCK ER AT { 61 71 973-0639. HE Ill L L BE DE L IG'HIED 7'n 4551 ST YOU
r aLSD, lr vou skovto o!scovE« "BUG NE kouLD dppREclaTE BEING

I NF IR HE D DHC 8/30/78C41 ~ 1 ~ ~ ~ ~ ~ ~ 1 ~ 11v ~ ~ 1 ~ ~ 1 ~ ~ ~ 11 ~ ~ ~ ' ~ 11111 ~ ~ ~ ~ ~ v ~ 11 ~ ~ I v14L1' ~ 92411 ~ 1 11 ~ 1 ~ 11$
Corri! k/C/4'L AT, PO P P Rk Ax, l3x DY ~ N va x, HI' ax v 4 K 5TH, IPRNT, RHO

5,KN.KT ~ VS THETA II,RI ~ I I,KAPPA ~ CHOICE  PC Pr fHE
Cokrnk/CURVES/CCC   9e 2 ~ 3!
Co 1 rn h/R /KDU T
DEF INE F ILE 4  ant 
00 ~ U ~ KOUT!
COHPL EX Uv�50>
DIIENSION rlrLE120!
REAL KkrKTNdrrl IST/Cnk5T/4LAT,PD,PP,RHAX~DX,DV,HHAX,HHAX,I AXSTH, IPPNT,

3RHc IPLDT>cko EE ~ vseKN ~ KTt IPDT~T  HE
REAP Idio!T TLE

I } FOPVdT zpda!
VP 17 E  3i 20 }T ITLE

20 FORHA T ///// T36,2044,/// I
REAOI I ~ CONST/AL 41= AL 4 713. I 415/180.

~ ~ ~ 1 ~ 11 ~ ~ 1Pkax SIIOULD BE IN N4UT tCAL NIL ES; PO 4ND PP fk HB
HRITE{ 3 33!PO PP,Rrax

30 Foavar  I /r/, TIl3 ~ !C ENTRAL PRESSURE I HB>=i F6 I ~ ~ PER I PHERAL ~
4 ' PPE55UREIHB!

F 4 I ~ // T30 ' THE Ha}II NU!I STORH RAOIU5 {RPAX ! i ~ F6 II
AI kdur  ra  wILES ~ ///!
C4L . ERRSET I 207 ~ 216 ~ - le Zi lr 209!

HASK 15 AN I BH SUBROUTINE THAT Has rs UNDERFLOVS ~ fr REPL aCTS THE
C UHDERX  OH VAI UE >{I TH ZCRO AND CONTI NUF'I EXFCUTION THIS ts
C NFCCFssdRY IN REGfok5 NEdR THE STORH CFNTFR VHFRE PRESSURE
C GRAD IFHT5 CAN BE OUI TE SH4LL ~ S IHCE THERE IS I ITTLE OR NO
C Iltko lk rkl 5 AR.EA THE SUBSTITUTION 15 VALID.

C ALL STORH
51CP
FND
SUBROUTINE STORH
CO "knk/C/4L 4Tr P� ~ Pl ~ RH4x D x ~ nv ~ NHA x «4 K "4'KST H ~ I PRVT ~ RHO

3, K 4, K T, VS, THE T d. R . 4 T. 1 .r aPP a,CHO I C . I PO. PT IHE
Corvnk/cvevE 5/CCC  19, 2, 3!r Crpnk/8/RKOUI

C CilRVF I 15 4 45 4 FUNCTION OF AIIGLE f Rov RHAX
CIIRVF 7 15 THE CVRVE OF THE SLIRF ACE 'H RD 45 d
Flikrr!ov DF THE GCnsrROPHIC efko as cd .COLA TED
FPOH IIIE PRESSURE GRADIENT { REF: ST 4koaRO PROJ ECT
HOR HEaSTER RFPORT!
CURVE 3 IS DRTDT AS 4 FUNCT ON OF ANGL'E FROI RH4X

CCrroh/HINDI/ Tsx{32 32> ITSY�2,32!,DPOXt3Z,32!
dsOPDY�Ze321 HO�2e3fl

C Ik T I AL  ZF ALL IRPAYS TO ZERO
nn 10 I=I.NHAX
DL' !g J= I iHH dx
Tsx  I,J I=0 8
'I S 'I   I e J ! = D ~ 0
DPOX� J>=0 0
Hn  to J 1=0 ~ 0

ID DPDYI I J! 0 ~ 0
xou

Dl Zl! L~ I ~ kd X'STH
C Rl AO 5 TOP H PA RAHFTERS AT EACH STORH PO5!TIOH

IF   'I PC ~ L 7 01 RE 4D  I, 30!r !HF ~ x I I Y I I, I' S I
Ir   Ipo r 7 0!REaot 1,30!TINE,XI l,vlL,PSI,PC

51 FDRH ATt//' ' BF ID. 7!
~ ~ ~ ~ ~ ~ ' ~ ~ ~ 11THF NFXT 5 ST ATONE HT5 TR ANSFORH THE IHPLIT 5 TOR V

C ~ ee ~ 1 ~ ~ ~ save  OORDINATE5 TO H4T H Rf TH XI I, Yl RHICH CORRE5 POND
Ca ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ rn THE HODE'L GR D ~ !k THIS PROJECT tNPUT xl E Yl
C ~ 1 ~ ~ ~ 11 ~ 1 ~ ~ 1  ORRF sPONOE 0 TO 4 0 IFF EREN T GR I O I'EHCE 4 IR 4NSF O'R HAT I OH
  I ~ ~ ~ ~ ~ ~ ~i* ~ ka 5 HE CE SSARv. THE HEx r 5 5 rar FrE HI 5 5HOU  0 BE
C ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ OV ITIEi! IF Xl E VI ARF READ Ik.

ANGL=57 ~ 3.1al59/180
XC xl I/6 85
YE~XII/6-85
xl =xcdCDS  aknl !-vC15 k AHGLI15.3
Y =YC 1 5 N  Akl L ! 1 V v OS   Akl L! 113
RR  IF 13, 31 ! r IHF, x I 1 ~ Y I I,Ps  ~ PD!x I, Yf
vd!IF �,'30 I �"IE,x I I.v  !,PS I,IF<

ZI3 Ca L Ill ID  xl YI,PS I q TIME HH43  kvax !
30  nRHa I � r IO. j !

RFTURA
END
SUBROIJTINF VINO  Xl Yl PSI r HF ~ NHAX ~ rraXI

C THIS POUT Ik'E 0  Tl Rklkf 5 ' HE I'RESSuR E akD 'Ill ko IN E4CH GRID I'0 NT
Cnr vent k /CuPV FS/CCC  19,2 ~ 3 !
Cnv~}k /8/Knur
COHPt Fx uv h'SDI
Crrku I' /C / AL dr, Pn, PP.R H4X, DX, CV, VDVv, HOVH, kaX5TH, IPRN 1, RHO

5 Kk, K I, v'5 IHE I 4 ~ R R T, I I ~ K4PP4 CHD ICE, IPG, PT IHE
Rf di KAPPI
0 I v F v 'I I I '  >I S P { 3 7 > 3 2 > ~ uk 5   3 2 ~ I 2 ! ~ Y >I 5 P I 3 2 + 3 2 ! 1 PR 5 I 3 2 1 3 2 > 1
aBEra�2,32!, THCrdo{32.32 1



CP." N/VINOI / I Sr  32,32! ~ I Sv  
,32!, CPDX �Z, 32!,
VDI' CV  3 2, 321 H }f 3 Z 3Z ILCOP THROVGH EACH t'OINT IN THE STORM SURGE GR 10
KOLN T 0
Cf! sff I= lr NM4 X
f92C lff J= I ~ MM AX
DELI xeFLOAT  J! � xl-I
PEL tv=FLOAT  I!-v I- I

C 60th FE ET PER kavT I 4 AL V IL F
C C4LCLL ATE RADI VS FRC ST }RM Cf'NTFR TO I R 10 POINT

DELTR SQRT f ~ EI.TXtOX!e ~ Za DELIV ~ CV! ~ aZI/6076 ~
Raf;ELTR
IF I&EL TX.EQ 0 0. Aho DE LTY EC,O 0 !GO TO 10

CALC VL ATF r HE 4NGLE OF TIIF GRID POINT RF 1 AT I VF TO THE GR ID 4X IS
PHI=AT Af z DELTxtDx OEL TvtDY ! ~  IIO /3 141 5t360
PHI=AI'no PHI 360 !
Karrat720 -! 35 rPHI PST
KAPPA AMEIOIX.APP4 ~ 360 �3 1415/140

13 IIFTA=O 0C VGEO ~ tttetae ~ taeete ~ ~ ~ ta ~ t ~ tt ~ ~ ata ~ ttt ~ tt ~ t ~ tact ~ tt ~ tt ~ ~ te ~ t
T H � 'R PUT I NF ACCFPT 5 THE 1 OCAT  Ok OF TH'E GRID Pnl NT

C, I N P�1 h 4 CQORff IN ATF 5 RE . AT I VE 10 THE 5 T iR! CENTER
4ND PE I URN'5 THE GEO STRf}PH IC VINO SPEED AS C4LCU'L AT EO
FROM THE L OC41 PRESSURE GRADIENTe ~ ~ ~ ~ a ~ ttt ~ ~ ta ~ t ~ tet ~ ~ t ~ t ~ ~ ~ ~ ~ 4 ~ tttttt ~ ~ ttt ~ ~ tttett92 ~ I ~ t ~ ~ ee

IF  CHfl CE LT 0 0! BETA 22 ~ 5
IF ' CHO ICE I,T 0 0! CALL '@GEO KAPPA r OEL TR PR VGS!IF cHO cF GT 0 0!EALL I/ INOFD Kappa DELIR I R,HGs ~ BET4!

C V[NIIE Cta ~ et catt ete ~ ~ 92tetee ~ 4 t ~ et teat eeet etta tteet
THIS RPVT INE CALCVL4'IE 5 THE 'E QVI L I RR I UM 14 NO AS DESCRIBED 'I N

C THE DCCVVFNTAT ION aNC fN THF STANDARD PROJECT NORTHE4STER REPORT
~ ta ~ t ~ ta ~ tee92a tea ~ tt tttteeeet ~ ~ ~ eee ~ ~ etaeetjte ~ ~ e

THETA= IBD.-PH�360 tRE T4
TI F Tan  I . JI=AMnot 7 I}ET 4, 360. !

CALCut 4 TF I'Hf HIND DIRECT fON Af EACH GRID I'DINT
7 MET ha avno  T ~ ETA, >eo. ! ~ 3. 1415/lf}D.
'VG51 = >GS ~ 607 6 /3600.
IF fvf'5-LT I C!TH'F!AC T,Jleo

CAI CV , AT 1 T ~ I V INO SHEAR STRESS
TS aVST  VGS r 1-931
PR5    r J! aPR

CA LCUL ATE TH f HIND SHFAR COMPONENT 5 ALONG THE GR I 0 AX T 5
TSxf t,J!=TS ~ CGS THETA!
T5v f ~ JI=TSASIN T!rETA!
IISPII  J!=VGS
ABET 4 t I, J le BET A

C Kn .'N 1=KOUNT+ 1
3D3 F ORM4T   LOX ~ 2F 15 3!

VVSP  lr Jl tIIGSACOS THETA! I/2
VVSPI I r J I =   VGSA5 I h THET 41 !/2

C IF I T I ME. EQ.  , OO! VR I TE I 3 901! UIISP'I 1, J! VIISP  t J! ~
C Cl SP  I JI 1HETAD  lr 3!

901 FI.RMA!  tOX ~ 4F
.3!
C Dtvt Sfnk RY 2 CONVERTS KNOTS TO VET/SEC REQD. QN DISC
C UV IKOVN  1=CHPLXIUIISP  I J! ~ V'V5P� J! !

14 C!hV  h!$
LS vSV  I,J!eo 0

PI.S  I r JlaPD
CALCU  ATE THE INVERTEQ 24ROMETER FFFECT

20 Hn  I, J!= PP-PR5  I J! I ~ I 105e29 53/1000 ~
30 Cf1NI INUE
40 CohTII UF

VRITR  hrKOVT! IVV KIrK=I KCVNT!C IF   I 1 t" E.ED I 00!-AND   f EQ. 1! ! vRt IE I 04!
C CWSI'I  ,J! NGS364 FOR "4 1   err' 'VSP  I, J!e' rF� 3, VG5= ~ Flo 3!

16 Cnkf  NVE
N=I4vhx � I
MaVVAX-I

CALCULATE TIIF X ANO Y PRES5URE GR4fl!EN'TS
OC 5 ! I= 24 N
On srf J= I MMAx

SO nrnv  I,J!=f PR 5  I r lr J!-PRS I I � I r J! ! /� eDY/6076 !
CC 60
On *rf Ie ,NM4X6; OPDX I,J!- PRS t,J+1!-PRSII,J-1	/f2.eOX/6076.!
Cf} Tf! J= I ~ MMAXOPDv f4MhX, J!=  PRS  NMAX ~ J! � PRS  NVAX lr J! !/ OY/6076 ~ !

TO DPOrf I, J! = PRS Z,J!-PRS !,J! ! / Ov/6076 I
CO RO I 1rNMAX
Orox�,1!  P� t 2!-PRS t I!!/IOX/6076.!Bff OPDX  I MVAXI e  PR 31 I,NMAX f I-PRS  la VIIAX ! !/ IDX/6076 !
Dr 9n t !r NMAX
Dn 90 Je!,VMAX
D ox  I ~ J !=DPDx  I r J!t t 14- 5038/10co- ~ 144-/6076-1

90 f1oov  t,J I-Opnv  I, J! A la.sotff/I pf!c. t �4./6076.1
C TH
 ! S TIIE FIRST Of 7'VO PRINT CONT R'LL IF ST4TEM'ENTS
C IF  TIME Eo. 1,!GO TO 100C 'IF  IAIAOD TIMf.,PTIHF! ! NE 0,0!GO TO ZOO

Inn VR I ff �,110! T I MF1!n FnRVa T I !H ,4 X. ~ Tt VEt ~,FC. I,//BX, ~ VINO 5PEEO 'I N KNOTS' !
K f}VNI *0
00 41 Ie la kkax
OO 4t J I,MMAX
KOUNT K IV!4Tt1
VV I4OI}NI }eCVPLXIVVSPfla J! rr1/SP  I ~ J	I F   T I MF, E Q ~ I 0 ! fr R I TE I 3 ~ 9 ! '  I UV 5 P I I ~ J ! r VV 5 P 'I I r J ! r

CVSP I ~ J!r THFT40t ltJ!
4 1 C  ' h I I hIJ F

VX I TE   sr KOVTI Iffvfv! Kel KOVNT I
CALL OI}f PUT  NMA x, MM kx ~ vkP !
4 AL  CUT Riff  NHA Xr Mv&X ~ UVSP !
CALL PUTP'IT  NVaX ~ MV4r ~ VVSP I
}4R ITF I 3 1ZOIlzo FORMAT   lH  BX ~ V IND DIR IN CEG V R.T X-4XtS'!
chLL CU  PU! NPAX ~ vvax, THE IAD!
VR I ft   3 130!13f} FOR hT I I !II, R X ~ ATMOSPHER!C PR ESSVR E At EALH GRID POINT�'

V ~ ' IN VI  LIBARhr !
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& I 1 CIJ T PLI T I N v & 'x ~ I' v 4 x, P R 5 !
n Tn »

213 NRITE �,1401lao FPPH&r   IHI, Rx. ~ &NCL E OF !  kn INCURy&TVRE 45 E4CH GRID POINT'I
C CALL OUTPIJT Nvax,4v&x,&S'ra!
C THIS 15 T HF SECOND PRINT CONIRI!L Sr&TEHENT
C IF I I I'PNT. NF. I I GO TC 20 I

LIR Irf   3r 150!
150 f nPV4! I'I I'I RX ' IktTIA'I K&TER SVRF4CE RISE DVE Tp IHYERTED ~

Ar r 6&POP E IEtI" Ff f FET  Fr I ~ I
C c&LL oUTI'vTt Nvhx ~ vv4x ~ Ho!

R R 'I 1 E. I '3 ~ I 60 I
160 Frv ar !HI RX,rrSX I,J! ~ I

C&LL OUTPUT  NV4X ~ VVAX ~ TSX!
L rr 1TE�r 170!

170 FCPVnr  HI SXr'TSY tr J!r!
C C4LL OIJTPUf NHILX vvax TSY!

!IR IT f   3, 1801
180 FP!rvar  IHI,Rx, 'DPCx I ~ J !' !

C CALL PIJTPLIT NH4x,vv&x ~ OPnxl
! R I r E   3 19CII

190 FCP hr I!HI ~ sX ~ ~ OPCY f ~ J! I
C CaLL OUTPUT kv&x,vvax.ofoY!
C 200 RRITEt3!TI"IEr
C 6 r rsx It, J !, 1= I,NH ax!, 3= I, HHa x !,
C C   TSY  I r J! ~ I=l rNH&XI J I Irvax!C c I tovox |,J!,t=i,kvhxl,Jr!,vvaxf,
C 4 I  DPDY  I,J I, t=l NH4X I J= I HvhX! ~
C C t HO  t, JI. I=I,HHax!,J=I, vkax! !
C 201 FOR I.hr I 6E I 3- 7!
C4  C OVP PL CT TE R DPI ION &L nuT PLIT ST AT EH EN 3; SUPPLY YOVR PKN t NSrkLL &T ION
C SPEC IF IC JCLC I F   I P L O T E 0 t ! < R I I E t 4 4 !       ! S P   I r J ! r u Ll 5 P   I r J ! r y!� P I I ~ J I ! r I ~ I r H N 4 X !
C I,J-I,H IaXI

113 Coat I HUE
RE 1URN
ENC
5v f POUT I NE ! GEO�  K &PPa, RR PR ~ LIED !
Cnv nk /CUPYF S/CCC �9,2 ~ 3 !
covvok/c/4LAT po pp,RHax
RE at KAP Pa
R=RP
4=CLIP y6  KAPP4r I!
DELTP=PP-PP
Rr =P H ax ~ I 1.�.3 1 4 3 ~ K hPP 4r5. 003 &.0!PKAPPAPP2!

Tn FORv& T !X,F10 Z,lx FIO 8 IX ~ 5 IX,F10 Z}!
P 4 =   0 EL T P + F X P I � & +R T /R r 4 I r P 0 I
DROP=-DELI> EKI  -a ~ Rr/Rra! ~  -AART/R ~ ~ 2!
1!GS rOPOR&60! 0/SIN aL&T!
IF  ! GSI GT 160,01 !rFQ=60 ~
IF I I'GSI .LE ~ 180. ! LIED=COPY 81!IGS fr 2!
IF R.GT Rr�!foro 0
IF IR, GT ~ R T !PR PP
RE TIJR h
END

u!C Tt rk LI f!!nvvnk/C /aL 4 r PO,PP RH&X OX~O Y,NH! X, VHAX v4XST'I ~ IPRHT RRHD
5 Kh,K  ~ y5 TH<  a, R ~ Rtr 1!,K &Pbhr CHD ICE, tPP,PTIHE
RHL =R RHO ~ 6 J76
&&=CUPYIL KAPPA I!
v U = I I I . / R H 0 I + o t' OR I 4 4 ! 4 5 I N   r! ! r   I / I R Ho P R I ! 4 0 P D T I 4 4 I 4

!Costs!!/Kr
IF  CHOICE.EQ I O!CALL DERGI 2 UU ~ 6 44!
IF  UV.LF 0 ~ ! ULI=-0-
V= UU* &. 5
RFTURN
E ho
FUII rrnk OPOR a!
CO" rr3N/C/hr &T PP ~ PP,RH4X ~ DX OY,Nrrhx ~ RHAX HAXSTN ~ fPRNT,RHP,5KN,Kr,ys, THF Ta R,RT, I I,KAPP& ~ cHO!cf!IPo,l TIHE
IF FHntc .FQ I ICALL DEsG�
ppDR=   pp-po! *E xp I -h& R 1/R+ & Iv &RR I /RAA2
OPrv= nPDR ~ 2 OSA&213Z,98+6076 ~ ~ 2
RE 1URK
END
Fvkl 7 tok r!PDTt A I
COVHON/r /&Ln!,PO,PP ~ RH4X,OX.nx,kkaXrNN4X H&XSTN IPRNT,RHO,

5 v N, v I, y 5, r H E T a, 8, R T, I I, K 4 P P a, C IIO I C E, I P C, !' T I v E
RE &L KAPPA
ovrlr =   PP � Pr! I ~ FxI' f � A&ST/8+4 ! hf � DILDT I KAPPA+2. 3� ~   R 7/8- I, !

I-  a/P ! &CUR YS I KAPPA 3! ~ Rvax!
OI Drrnvor*r. 084 ~ 2 1 i/. 98ve016. 4&2
I F I Eric ter-EQ ~ I-O I GP Or=0 0
PE IUPN
END
FIJNCT ION DADT K&PPA !

Kappa
ANG=4 vnn   KhPPA 6 ~ 283 !
oanr= 3 soe~. 0 -o. 2668  akp!h

At L.sh/ ~ .0!+  akG! ~ >2-! 1676 ~ 01 ~   aNG! ~ ~ 3
PE 1UR 4
ENO
FUIX .T ION FCT I 6!COPE! N/C/aL ILT, Pn, PP, RH &K, Ox, DY,NN& X,vvkx H4 45TH, IPRNT,RRHD,

5KN.KT, ys, THE Ta,R,R I ~ I I, xappa,c~o!EE,  pc, 	 INE
PEIIL KN,KT KAPP4
PHI =PPH !rhlrh 4 ~ 3
F=o. '5235 ~ Stk   ALhT!
44 rf u& y'3 I K4P Par I!
C CCS  8}
AI~  I./PHP! ~ OPDR  &hl ~ C
a 2-  1. /t PHD~ R! � SIN e! ~ DPDT  Ak!
LJLI U  BI
&!rfr UV
4 4 = IJV& ~ 2 &C /R
45 KN ~ ~lll +r2
46 ULI ~ YS&SIN K&PP&r2 35!/R
FC T=h I � 42-43-44-& rr Ae
IF  CH'0 ICE.EQ t 0 !c4L L OFRG '5 Uv, I , FCT I
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C C C
C

Rf I'URN
ESU «ROUT I kf 4'f ND+0 KAPPA DE  TR ~ PR '4GS PE Tdl
Crt«HJN/C/ALA T,PO,PP,RVAX,f!X.OY ~ k AX,««AX.«aXSTV, I PRNT,RHO,

5KN KT YS, THE! 4,R RT I I IDVPRY CHOICE ~ IPf1,1 T 1«E
E X <5 ANAL FCT
Rf dl Kd>PA«KTrKN
K ST «I 8 . 4«3. La 15/180 ~
EPS=R n?
RT=P«hx'�.-0.3143 ~ Kappa S.O03t. Oltxappat ~ 21
IF  R.GT.R T�0 TD 20
Ch L Rt SECT SETA ~ FCTr X5T ~ EPS«IER!
I F I c« n ICE FQ- .01c ALL Of R :  4, K4PPA,RETA,F CTI
IF I JEo Nf n! PRINT tno. IER,Kappa, OELTR

I'1 F JRrrh I   t 1 ' lEtt=',17,1K '4T K4PPa=',FB.?.1X, ~ ANO OE'LTR=', F10.2/!
'ld G S= IJ   4 F T 4 !
Rf Ta-RF ht 80./3.��
4  '. I J 4 v R   r  4 P P 4 ~ I !
DEL TP*I P-PO
PR=DELT PtEXP  � 4«RT/R «4! «PO
RE IURV

Zn pa=pp
NCSrn.O
FIFT 4 0 ~ 0
Rf TURN
END
SVPROUTINE DE8G N.X.Y,2!

C TH! 5 I 5 AH AUX I L ARY PROGRAH VS'F 0 TO TRAC'E THE FLON OF THE
C PROGRAV I N THE EV'f NT OF 4 PROBLEH GETT ING IT TD Ru'k IT
C GENER 4T ES 4 L�T OF OUTPUT AND SHOULD BE VSED 0  SCRETFLY
C I 1 I 5 c ALL ED RY SFTT ING CHOICE = I THf 5 MEANS THAI IT OkLY
C !fnRK5 FOR THE E QU  L I RR I Uk «d ND HOOF L. THE GEOST ROPHIC HODEL
C 15 TDO 5 IHPLE TO P EOLIIRF. THIS Ff ATURE

Cokvf!k/C/hL AT 1'O PP Rkhx Dx, DY,Nvdx Jrkax ~ «axSTH ~  PANT,RHO ~
5KN,K1' VS, THETa R,RT, I I,KAPPA CH13 CE I pc PJ JHE
Of«EH r ON HO92 �!Od Ta kol ~ DPDR', ~ U «, «FCT ~, «« EQ ~, «r AOT ~ . «DPD3 r. ~ SPAR ~

Lr r 5P4R ' r ~ SPAR ' r ~ 5P4R ~ /
RE dL KN«KT K4PPA
VR  I E I 3, tofk J N!, RHO, KN

10 FDR hT /l 20x Aa 5x ~ 2Ftn.8/!
PR '1 NT ~ ~ Xr Yr 1 ~ KAPPhr R RT
PR   Nf t ~ Nk AX ~ kk 4 Xr Hd X L Ikr IPRNT ~ R HD
PR NT t Kk KT vS THETa,R RT 11
PR I r«T t KAPPA ~ C!JOICE
««R  IF f 3« 201

20 FOP "AT  X!
RETURN
EHG

F JNCT I OH C JRVB  X H!
cffk«nk /CURvES/ccc t9,2,3!

to F DR k4 T  F 30. 2, 35H I 5 LE 55 THA d L ONE ST V4 .VE OH CURVE ~ I 5 28H CUR
IF. FUNCI ION ExTRAPO  4TES 

Zo FOR«al  F9.2,39H � GRFATER TH4H HIGHEST VALUE ON CURVE,15,28H
!CURVE FVHCTI ON E x TRAPOLATESJ

C
30 FOR«aTI toX, ~ SORE THING 15 RRONG RITH ABSCI'554 OF CURVE' 12!r ' r

K= 19
tF  k EQ t! K«9

SO  F  CCC  Kr lr Hl t SC«/«or 80
 «0 IF  CCC  Kr?r Nl I 80 ~ 70, 8'3
70 K=K-I

GC TO 50
80 Dn lno 1=2«K

IF 'ICCCI Ir irk! CCC f I«irk	 90«90«100
90 RR  YE �,30! N

Sfrp
lnn CONT  NuE

C HAKfHG LINEAR tNTERPOLATICH
If IX-CCC l t,k! I 120,110, 130

I I< CUPYR = CCC 1 l«2 ~ N!
RE TURN

120 CVPVB «CC< 't«2rkl  CCC trl«N! Xl ~  CCC�« 2 ~ Hl CCC l ~ 2 ~ kl!l
I  CCC�«1 ~ Hl � CCC� ~ I ~ N! I
NR JTE f 3« 10! Xr N
5TCP

130 I F   X-CCC K r I ~ Nl ! l «O« I«ro, t 50
tr«n CIJRVR = CCC  K 2 ~ N!

RETURN
150 Coh  I N JE

CVRYR = CCC f K 2,N! «  X-CCC  K I H! � ICCC K 2 H!-CCCIK � 1,2, Hl ll
1  CCC K«lr N! CCC K-lr lr N! !
1«R I TE   3 ~ 20! Xrk
SICP

t ro DC !TO I t K
I F  x-CCC  fr I ~ Nl I 19'J 180 ~ 17'I

I To CONTI H JE
1�0 CVRVS = CCC  I,Z«H!

RE  URN
19n

CUPVR = CCC  11-lr 2«H! + I XWCC  I I � I I Hl la ICCC�1 ~ 2 ~ H!-CCC t f 1-1«2
1 ~ Nl I/ CCC I I I«Irk! CCC I  I 1 ~ 1« Nl !
RE TURN
EHC
SUPROUT   NF OUTPVT  NV 4X Hv 4X, 11
TH 'f S I '5 THE f!U TPVT SVBROU I I NE  OEV I   VSLY I T HAT 1  ILL PRINT AHY
4RRAY PASSFO  k THE C4LLING ARGUHE «TS
0 PFNS If!N l f 3« ~ !Z!
J�UT  kvax-t ! /! 0+ I
Oo 2n Hv= lr J OUT
Jah«!0 ~ Ikk-t!tt
Jlr ID ~ kk
JF HV,FD,J! L T! Jll «VAX
IF  «R.GT I ! ««RI   E �,601
RRITF �, !Ol  J«J J44 Jill
4R JTF   3. an!
Cd!  D Hkr I ~ Nka X
N k«AX«l � Nk
44 ITF  I ~ 50! kr ltN ~ J! ~ J J44 ~ Jill

10 cnkf!NUE
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C C C

C C

C C C C C C
C C

C C

C ! U ~ ~ ~CAPRI !NUERR ~II I I !SCX, ~ COLO>N'/ ~ RON' SX, 10 I �. IOX I !C'I FOR>a!I' ---' ~ 5X ~ 10 i- � ~ ~ !I!k!!
50 F "IF+47   ZX ~ 13p ~ I X ~ I of G I I ~ 4 ~ I XI !
Ao FOP +4 I  / !OX ~ ' CONT I NUEO FRCR PREY IOUS P 4GE' !

RE!UPON
LN C
FU KCT I oe ! ST  v, RHO I

Rnu! INF CaLCI.'LLTES THE HIND 5HEXR STRESS GIVEN THF HIKO SPEE
'IN FEET/SECOONO. vaLUES aRE RasEO ON REFERENCE r28 IK THE REPORT
DESCP  RING T HIS KOOEL,
IF IV.LT.I*,9!TS=RHCaf I-ZSr 000991 ~ V ~ rz!
IF   V.GE le 9 aNO, V LT 50. 6! 7S=RH�4 Il 25+ OOOOOL+1,75~.000001!r

SIN  IV � I*-9! +3.1415/67.61' ~ vrr2
IF IV.r E,50.6 4NO V.LT.121.5! TS=RI 0 ~ 3.~.nor�'!frVr ~ Z
IF   V.CE. 121. 5! I 5= 8FIOI   I 214. 0 C co at +2 75r 0000001 ~   'I 1- -23 47/V I> 42!

~ v ~ 4 2!
'NST=T 5
RE TURK
ENC
III. I 0 K P 4 7 4
cor "ns/cURvES/CCC f19 2 3!
Oa ra CCC /0 785 I 57 ~ 2 356' 3 I CZ ~ 3 9?7 ~ 4 712

~ 5.498,6 ~ 283!ro,k,o.ia-ro-io,o ~,0,0 Io ~ e.CP ~ ~ 44m ~ 52' 53x ~ 64x4.7,. 73,.61,. 42,o.. o.,o..0..0., n., 0., o., I!., 0.,0.. 10., 2 I "
r, 3c.. 40..50,60,70., 80.,90,.1I!a .110,120. ~ 130. 140. ~ 150.,
« i 6 0 .. I 70 .. 18 0 .. 0 . 11., !9., 2 7 .. 33 .. I e .. 42. ~ 4 3. 5, 4 5., 4 7 .. 50., 52. 5,
42-09 ~ 2-4 t ~ 2 79 ~ 'I L lv3 l9t3 84 ~ 4.19 I 54r4 BR 5 23 5 SR 5 'I'I 6 283 0 0 �.19!e-. I I,� 07>0 oi 004~
4-.0. 3,�, oi,�.o!,�.0�.0 11..03..098, 0.089,.104.. L53, .164,. �8.

0- 0/
04T4 CCC/0 . 785,1 57,2 356,3 �2.3.927,4. T12

45 ~ 498 t h. 2832 ~ 0 ~ i'! ~ ~ D ~ io. ~ 0. i 0 ~ r 0 ~ I o. ~ 0 ~ r 0 ~ ~ ~ 4 I ~ -44' ~ 46 m ~ 54 ~ .65 ~
72 69 ~ ~ 59 ~ ~ 49vo vo v J t J r+ ro to ta eo ~ 0 ~ 0 t 10 ~ ZO

~ i 30. r CO. i 50- ~ 60 ~ 70 ~ v BO. v 90. t 100 ~ ~ I La. i 120- i 130 ~ r 140 ~ v 150 ~ |
4160., 170.,180.,0.,11.,19.,27.,33., 38.,42.,43.5,45,,47.. 50,52.5,
r43.5, 54.,55.,56 , 7.,59.,59.,c.o.c. 349,0 698,1. 04.1.4.1.75.

09 2 .44 ~ 2.79 3- �+ 3-49r 3-84r 4 ~ 19r 4-54 ~
4.88 5,23,5 58,5.93,6 283,--314 --279, 24C,� 2995,

r-.�5,�.1397,�.io47.�.0698.�.034$,-0., 035,.0699,.1048,
r. 1 397 ' 1 747 2096, ~ 2445 ' Z794 ~ 3 1 4 4/
ENO
5'UBROUTIFIE BIS'ECTIB3tFCTixST F.PRE 151 T!7 Ht 5 ROIJT I NE E NFL OY 5 THE 8 I 5ECil 0 l HE THOO TO SOLV'E TMF Eol! I L I BR I UH

Ill NO K aria I Ior S FOR THE I4 IKD V ELOC ITT 4NO 4N CL E OF IHCIIRV4 TUR E ~
I 5'XI=0
HC=O

I
LC CU'IT=0

10 HC OIJN T=0
ISTGII 0
RI=XST 4.3 ~ 2
FBI= CTI f	!
IF  FB I.EQ 0 ! Go TO I LO

rO ez=XST-.3 2
IFI r CUNT.KE.O! GO TO 60
8 3=42
GCI Tn 70

30 LCCUNI = I CO'UNT t I
 F lr CIJNT-EQ Io! STCP233

4I! I F  IIC GE ~ 2! GO TO L30
So 2= IX I

PC= HE.+ I
GO IO 10

60 P3= R!ie2!/2.
70 RCCUII 1=~COUNT~1

IF  <CCIUNT. GT. 20! GTI TO 39
 83=PI:TIBWI
  F  F RIPE 83 I 80 ~ 120,90

Brl 8 Zc8!
I S IGN= I
GO TO 100

90 81-83
100 IF  al! 5 I 82-81! LE 'ERR I Go To 140

cc Ic eo
110 9 T=RI
120 P TURK
130 I 5HT

RF IIJRK
140 IF   I92IGK.EO 0! GO TO 40

R E IURH
EKD
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k45TER TR4C K

I N r I- G E R F L 4 f   *5 0 I ~ I D U " I I 0 I ~ C 'D V N T I 6 5 0 I
DIPFNs IrlN THF� l!f FAFD rh!,K!f FI�0!
DI NFHS oN xSI ART�01 rvS�RT js! ~ xv�! ~ ROUN�!
DINENSION IXSTAR�PI IYSFAP�0!
Dr PFNsrnN XX �50!, vv1658 I,KK eso I, LLI 650 
0 I >FNS ION LNFAP �50!, DNF4 fr �'50 !, I I TLE I 2'l l
Nkf FL sr /Garno/ GRrO ~ Dr,k N,fl.4G
HANDLIST /DIFR/ NCUAO.HFoF6, FIN T, FBIH
okra or/3. Ik �9zesfe/.G/9.81/
DEFI" E F I LE 10 I 125reDDru ~ KOVT!

DEGP4D = Pl/180 0

READ  LI 2000 'I TITLE
RE af1 I I GR IDD I
VRITF fh ~ 40DDI 1 ITL'EvkvN
DO 10 J=rr N

KST = I J-I!+V+1
KF IN = KSrik � 1

V fl   T 'E   3 y I 2 I 0 !   f' L AG I K I t K � K 5 T r K F I H !
Nfl ~ F' ~ ll10

VR 11E �e 4020!GR I OiDT

READ'I I eorf Rl
iNTHFT4 = e~NDUAD
DB IN ~ 90 ~ 0/NCV 40

SE T UP DIRECT I ON 5
OIR = 90,0 OETN
00 20 1= 1 ~ HTHETA
D IR = D'IR � 0 ~ IN
THFTA I T! = ANODIOIRi 360 ~ I
NRITF �+4030! NOUAD ~ NTHE14
VRITE� 4040!  THET4 r! I I NTHETA!

SET UP FPECVEt C IES
FR Eof I ! F fNITRFB IN+0 54   NFRE0-11 ' ~ FBI H
OO 30 1=2 ~ NFPEO
FRFOI I! FRED l � ll � FBIN
VR ITF   3 ~ 40'50 ! NFREO F IN  T FBI H
VR TE�,40601  FPEC! I I,  =1,KFPEQI

30

C C
C

PVT HE4DEP OH FD FILE

Kof!T = I
!OUN ll = HTHETA
!DU«2  = HFR Eg
 OUR� I = Nkl
fuUN�I = Nel

ROUW  ll = FIN  T
RDVN�! = F8 N
ROUH�1 = GPID
Rovkfkl Dr
VR Ir F �0'KOUT!   Iouk KI! KI I 4!  Rou< K Jl ~ KJ=! 4!

NNE =  N+ l ! ~  Ni I!
SET POTHTCP FOR ED OUTPUT

KOVT ~ 3
OO 500 IF ~ I ~ NFREO

05 ~ G+OT/I 4 ~ 0 ~ Pl ~ FRED  If ! I
f
 = DS/GRID

DO +00 TT ~ I, NTHE T4

5ET CCuNT TC tEPO

DO 100 K= I
100 COUNT  K'l - O

C
C
C

120 K !tkNC
0

DNFAR KI ~ 2,0
L 0
ISED ~ 0

DO
170

Dx DS+ SIN I YHF 14 I I Tl+ DEGR ao1
OY f
 ~ CPS THETA ITI ~ DEGRaOI
IF I ~ I IF 11 ~ Nf krra+ IT

82

READ I
PEkf!fl
DO 18
XSTART
V5144 T

78 CONT'IN
VRITE 

PPOGPbk To CALCU .ATE Ckkk aCTEP ISTIC Rav5 FOR SVEI,L

REao IN GRID INFO AND FLkG5 4HD VRIIF TO LP

valTE Our GRID SPACING 4HD TINE STEI

REao r>!RECT OH AND FREOUEHCY tHFO-

C4LC GROUP VELOC TTV 4 0 IN UHI T 5 OF GP f D

TRACK RAYS' ONF OIR'ECT'ION AT 4 T TNE

READ IH START!HG CDORD HATES

y 1000! NRAY
,rokff! IXST4R IR!, IYSTAP IRI,IR I ~ HRav!
I R 5= I t NR 4 Y
f fR5 I=FLOa T  IXST AR I I RSI I
  IRS I=FLO4T   IYSTAR  I RS ! !
UE
3 4080! FRIGO  IF ! I TlfET4 IT! NRAY

IHITIALISE LI E4R AHD OHEAR

CALC Pav STEP 4ND SET ED POINTER



DP I'Ih fP"-'I Naa'T
XST4 WT IR!-ox ~ 0 99999

Y = YST IRT [IR ! NGY ~ 0.95999
c Xtf

J vt [
KST = 0
15 - I SEG + I

[50 L L+ I
x - xinx
Y v � QY

r X+ I
J r VN[
I >   J-I ! ~ INN! ! N I

lr K5  K!l'90 ~ ISSv[40

C C C
L55

CHECK FOR NE4R NF IGNROUR
IC x-1+1. 0
YC = v-JN t.o
Ac = xc ~ xc+Yc ~ YC
KC = K

IF  DC -ONE 4R I KC! I IB 1 ~ 16  ~ 160
04Eaa [KC! = DC
LNE»  KC! = L

CoNTINUE
xC - I.O- IC

XC ~ xc+YC ~ YC
KC = K ~ 1

I F  Gc-m Faa xc ! I [7!, 171, 170
ONFRRIKC! = DC
L'[F aa   KC! = t

CONTI NLIE
YC = I 0- YC
OC = XC ~ XC+YC ~ YC
XC = K+Hi 2

IF  CC-04 Eaa KC I I [e[, [e[, teo
ONFIR X.C! = DC
LNEaa KC! = L

CONT[kuE
XC = 1.0- XC
OC > XCRXCPYC ~ Y 
KC = K+kw I

IF[ DC-DNEIR KC ! ! [5[i 151, 1'50
ONERRIXC! DC
[NEaa KC! = L

GO fn LSO
[,0 NT 'f NIJ E

I SEG = �'EG+I

I  h

17[
170

le I
lao

151

19o

C C C

CEI.L 15 4CT IVE
C

201 ! = COLNT KFI+I
L
K
X - 4'fNT X!
Y - 4 I NT I Y!

VNT I KF
  ISEG!
f I SFG!
[ [SEG!
  [SEG!

K
�,[B'I
4T  '
155
NVE

CO
LL
KK
XX
rv
KS

'ital TE
FOP<

Co  r.
CPBI[

[5EG L.LI [SEGI!KK ISEG!,IX 'fSEG! Vv ISEG!
~ Ijy[5 ~ [5mr[F!jr4I ~ CREPE!!0

LB
Zh h

C C C
C

R 4Y H45 CRO'55E0  NODE L BOUND 4RY
t!VT PUT ENO OF RIY kaRKER

LL I ISEG1 = L
INK[[SEG! = 0

IF   IR. Eo, NRRY! KKI [SEG! ~ I
I = I-Ox
Y = Y+OY
XX  t5FG! I - 4[NT IX!
YY [SEG! ~ Y � 4 NI  rl

C
C C PR INTOVT DET4[L5 OF R4r ON Lo

NCC=I SEG-1 5+ I
vR ITF� 4100! IR,XSTRRT IRI YSTRRT IR! ~ X,v 'NCr
vRI TF f3,4110!   KK [ ISS!, ISS ~ �1 ISEG!
RP ITF I 3 ~ 41101  LL [55! r 155 ~ [5 ~ I'5'EG!
CONT [ NLIE300

C
C C PRINTOUT DENSITY DISTRIBUTION OF CELLS CROSSED

RR ITF'� ~ 4700 ! FREC [F!t THETR  IT! sNR4Y ~ 15EGeL
DQ 350 J=L,N

KST =  J � t�0+ 1
KFIN KSTNN-I

va I TF �,4210!  Couhf  K! ~ KARST, KF IN!350
C C C PR I NTDVT N'ERR'EST RRYP DIN 1 5

� ~ 4720!
=>/24N I
0 IP Ii NPIGE.

I 3 r4240! IP
I O-1! a 2 4+ I
1ST ~ 23
o.ro NPRGE! tF!N~P~L
Ni I

0 J= likkk
J-I �  kit ! N T5T
[ J-[1 ~ I ~+I ! + IF IN
I 3 ~ 4230 I   LNEIR  K ! vK KST tKF [ Nl

VP[TE
NP aFF
DO
VP I IP
151=[
IF[4=
IF [ I
NNN
00 36
I 5 1= [
KP f'4
vR [TE360

83

RAY H45 CROSSED 4 CELL BOUNCIRRY-TEST FLRG
tF  J.r T.k.oa. J.t T.L! Go Tc zhO
[F [ [.GT k. OP.- I -LT I! GQ TO 200

KF = IJ � I !PINNI
lF[FLRG KF!
00 ' 200,201



STARE RAY LENGTH

OUTPUT THE SEGPENT COAROS ETC TO EO FILE

KINFT 
NR I T'E   10
NR I  E

I IO
NRITF�
NR IT F I 3 ~
lf R I T F 'I '! r

FARlraTI '
FORPdf '
CONTINUE
FARVA T  '
CONT INDE

IFT! = KCOT'KflUTI I,  SFG  LNEARI'KI ! K =1 HNFI
ex IOT ! ILL IK J 1 ~ K J= I ISED! IKKt KL ! KL= I I SFG!
r Kf!Uf !   4 X XVI ~ KV=  IS'EG! ~  YY  KNI r KN= I ~ ISEG I
I! LrlsEG ~ 'ILNEAR  KI! ~ K =leHNE!
21 l L  KJ !, KJ= I ISE ' l, KK Kl ! ~ KL= I,ISEG!
I I I  XX  KF!r K = lr I Sf G I ~  YY IKN!r KN=I ~ ISCGI
' ~ I 3, I 'Ie 2 0  I ae 2 X! !
re20I 14 ~ 2X!!

C C C
I
2 400
11

500
C
C C

~ e ZG F 6. 2! !

OU!'PUT RAY POSIT IONS TO 0 I SC 'F IL E

K CUT ~ 2
NF'I = NFREG' ~ Nf HFTA

NR I Tc I 10 r KOUT!   K I NF T KI ! ~ K 1=1, NFT!
STEP

1000 Ft.Rwaf�13!
1010 FAR"aTf801 I!
1020 FORKAT I ZI IO-I!
I 030 FORrra I   I OF*. 11
�4~ FARNATI 30�!
1050 FQRVAT   f3r 2FB 3!
2000 FOR44T  ZGa4!4 4rr0 FCIRVAT   '1 ~ ////30 X, e NOR SK4 H PROGR AN TR4C K' ///?6X 20 44///30X ~

Fl.aG GR ID HAS OIH'ENSIONS' 14e BY' r�// FLAG = I 15' ~
2 AC  I VE � F LAG = 0 � OOI 5 IDE NOOEL '// !

FORvaf   IHG ?Gx,IGCI Il40?0 FORVAT   IHO//30Xr 14HGRIA SPACI NG = ~ F20 ! ~ 3H HSrlOXe IGHTIVE STEP =r
F20 ~ I leH 5 ECS// !

r030 FORHAT   IHG 35K, 39HNO49 ER OF R AY DIRE CT 'IONS PER DLtd CR 4NT = �//
I IH Sax 9HDYERALL 16/ IH ~ 40x 12HIN DEGREE 5 � //!

4040 FCPHAT I  H0,30x.20f6. !ar!SG F ORNA T   I HG//30K~? 7 HNUVRER CF FREQUFNCY 8 TNS = ~ 16/ IH, 30X1 , 13HSTAR! ING FRAN F7.4/IH ZDX 20HS! N SIZE Ff 4/IH 40xq
2 22HCENTREO CN   IN SEC- I!'//l

4C60 FOR rATIIH0.30X.ZOF6.3!
4080 ff!RVATIlHI ~ ZGX, !IHFRFGUFNCY =,FZO. 3. IOXrk2HOIRECTION - .F�. //IHO

~ r30X Ier 12H RdYS INPUT// I
4!AD POPPET f H 3HRAY 14 ~ SX THSTART   ~ F6 3 IH,F6 3, BH! ENO f F6 3 ~ 1He

ar Fe 3 10H! CROSS/NGr I SeSHCELLS!
41� FORRdf  IH e 2016!4200 FORM4T   I H! c 0 X, ZOHSUlakaRY CF FREQUENCY F20 3 5'C 9H0 I RECT ION ~ FI 0 I/

~ /30X 16, I IH RAYS INPUT//30X T6 ~ 14H CELLS CROSSEA//30X, 16,? IH RAY P
AO I NT   GE NER41 E 0//30X 31HO ISTR IBUT ION QF CELL CRO551NG � ///!

4210 FORvaT IH .4013!
4 Z?0 FORHAT I IHG// 20X ~ 29HINOICE 5 OF Nf 4REST RAY POINTS///I

4 �~ F CR44 I t IHG 231 reHI 4GE, I 3!
ENO

84



C

C C C
C C C C
C C C C C C
C C C
C C C
C
C C
C r C

C C
C
C C C
C C C
C C

C C
C C C
C C C

C C C C C C
C C

C
C C C
C C C
C C C
C C C
C C C C C
C C C C
C C
0
C C C
C C C
C C C

~ 4 ~ ~ ~ 4 ~ r ~ ~ are ~ ~ ~ ~ 4 ~ 4rhr ~ ~ ~ 4 ra 4+ ~ ah 4 ~ ~ ++ hah ~ 4 ~ rrrr rrhr ~ rr ~ ~ 4 ~ hr

LI STING OF VARIABLES USED JN CovknN 4RFAS AND k45TER 5EGMENT

TYPE
REAL
INT
INT
R'E at,
REAL
INT

vilRIABLE
X 4
NX
Hv
DELX
DELT
H

USE
FETCH L ENGTH 4T INCOr[VG POUNDA IY
NO OF CELLS IN E-W DIRN CF I RID

r N-5
GRID 5 I 2E tn MFTRES  aLTERED JN Lw SCHEME!
T tkcs[EP Ior w lao DATh I IN sFCS
NO, nF PARAMETERS US[0 tk MnoEL

 GENEahtl.v 3: Fv ALI Ha Garka1
TOTAL 1[PE IN SECS
Hrn
Nfl. OF ACTIVF Gain POINTS
I Tc'R AT I DN CC!UNT ER
'WIND � SEA P4RAHS AT MAIN I RIO PolkrS

ar Ivrf RvFnlaTF Calo Pn IHT5
r AT kh1n GRI 0 PO INT5 I AT T 4 DEI T!

INTFRPOI hTFD 'Wl nfl DATA  U,vKU,V,U...,, ~ !
Hf!t 05 PI
1Tfr!4 Of DhTa IN CONOENSED ARRAYS
S I GN IF I Es P'4 ESENCE OR 4BS ENCE QF WIND
3 th[59, ~ ~, ~
GRAVITY
GAG/ 894P I++a l. CONSTANT  N JONSwal' Sl ECtauv
EXP  0. 5!
F 4LPHA 1.8  USED [N COUPLIHG COEFFIC ILNTS!
Far ~ I-4 I
REc 1PRoc at. DF RcOT 2
0.0001
0 I   toxl raX14U'v CHANGE IN PaRAMETERS

OUF To 50UR ' E FUNC T I Ok "T F ACH SUB-T I ME STEP
SII;NIFtFS WHFTHcR tnrfakco[ATF POINT EX15TS
w [Ho 04th FRov PRFY [OU5 T[vF51 EP
5 IGNI f I f 5 wkf r HER GP t D POJHT 15 4N

I NCOVI I 0 B[IUNOAR Y
SIGNIFIES RHETHER GRID POINT 'w4S AN

INCOR[NO BOUNDARY Lh'ST r lvESffl'
Hot.DS HE4OEP INFORMATION FROM WIND FILE

 kx kv ETC.! USED Tn PRODucE HE4DER
ON EWELL Fll.E

K 'Los HE 40ER I NFQ FRov RA r F I LE
WINO oara FoR NEW TIMESTEP

� VE 1 F 5W -! 'W5 ENERGY EXCH4NGE
Ho ~ OF Po'fkTS WS -> SW OCCUR 5
Ho OF SW ELL FR EOUFNCY 8 f NS
SWE!! Bfk ! 12E  HERT2!
Ho Qf SWELL RhY DJRNS PER OLIADRANT
SWFLL O!RN INTERVAL fk Rholh,IS
F R E 0 LIE tl C Y 0 F I. 0 W c 5 T 5 W E L L 8 I N
5'WFL L FR F0 8 IN ko FFIR WS � ! SW TRANSFER
Et'ERGY TO BE DUMPED !NTO FRFO Bfn

tkrn FRED-DJRN elk
O[RN eln rO BE USFO Fna wS -! Sw
0/ I 2rrl AU I FR Fo PH4$f SPEED OF W4VES = WI ND
SWELL GRQRTH PARAMETER
cUT-OFF FRED F0R wS -! 5w
PROPCRT ION OF ENERGY To IIE DISTRIBUTED

INTO DIRN B N5
AVERAGE COS QF ANGLE BETWEEN DIRK BIN

aND Wino
5'wFt.L ENERGY ALDKG cH4Rac TER I ST IC RAY

Po[NTERS To SNFLL RAY 'ItlFORNATIDN
kx 4 MY l TO[ AL NO, OF PO Inr 5 I N HflDE L
NEAREST Rhv POINT To THF GRID Pn JNT
ENFRGV [N 5VFLL BIN Tn 8'E 4BSoatIFD
USED To nurfur lnfnakaT[nn To S~ELL F tLE
SRKLL ENERGY AT Ga to Pn Jkr
t Evrrk nc SVFLL Ckhaacrra ISTIC Rav
INPUT F Il E POINTFR
SVELL Our PUT FILE P051T IQN POINTER
KNAX r 5
KkhX r KHAX
KH4x 3
No. of t rEaartnNS Fna Rllk
FREOUENCY nF PRINTING Tn tP 4T UP TQ

5 DIFFERENT IHTERVAI.S
ENDING PO[NTS FOR FACH IPRINT IHTERYAL
[NIT JAL T INESTEP tnF WI Not
[Nf T14l vhLUE QF Fk

r ALPHA
T fvF STFP l!IV IS[ON FOR 5 TAB[ L I TY
T JMESTFI' I'Iv[5 IDN FAR F IR 5T I TER4rlcl'I FOR

ENSUR INC SHOO IH START
FREOUFNCY nr SrnaaGE OF swrLL INFORMATION

 GFNEa aLLY EV Fav TIME STEP I
HO CF SWFL L 0 t RFCT lnN 8 I NS
NO. Of SVELt FPE0-D[ an BINS
0 U T P LI T F I t. E P C I N I E R
HO. OF ITFRAT lt!NS sfHCE LAST OUTPUT To LP
No. OF f TFR 4 T IIINS SINCE LAST 5 TOR4GE OF SRELL
TIMEsTFP  Ukat Jfaro!

 DEI.T 15 4LTF RED Tn Fouht. Sue-T[WESTFP!
ACTIJAL T IMESTEP SUBDIVI SION

 INITIAL[ Y N5, Tt!FN N'w!
OETEavttlFS PROPORrlnv OF wff,WP IH FORRING wt
po[vrca Tn swrtt EkcRGv DN Dt sC
FL4G rn 1NIT I aTE SHELL FOUI INES

 ROUT'I NE 5 ARE NOT STARTFO LINT   t WS ! SW I
FREO-Blk PofHTER REYERSED

T
NN
Kwax
I SC
4
8
C'W [
KAR R4Y
IFLAG
P 
G
'EC CHST
EH
F4
Fac
RROOT2
EP5
SLIM

REAL
I kr
INT
  !aEaL
I I R EaL
 !REAL
 ! Ikr
 'I INT
RE hL
REAL
REAL
REAL
R Eh!
REAL
REAL
REAL
REAL
 !INT
[!REAL
 ! IHI

IFL4GT'W P
IBDY
I PBDY  I JNT

  ltnrIV4L

  !R'EAL

j !aeaL
! INT

INT
JNT
R!hl.
fNT
RE4L
REAL
I I INT
! RF4L
I RE 4L

  IINT
  ! 'a E 4 L

I !RE4L
!RFAL

 !RE4L

R Duk
WH
ISWFt.L
KSWELL
tIF SWL

F'3>'X
N DUAD
Ot! I N
c fn[T
JSFC
OEF
DEFD
IDB IH
FW
BET4
FC
FR ACT

  !REALAVECOS
 ! RE4L

  I IHT

RE4I
  IINT
INT
!NT
fNT
It T
I NT
INT
 ! INT

I ! I NT
REAL
REAL
INT
INT

EC
K INFT

PXY
LNE AR
DE
JVAL
E
LRAY
KJN
K5OUT
KkaxS
KMAX2
Kwaxp3
I SC V
[PRINT
KPSC
I ISO
Fk
ALPkA
NW
NS

[NT'1 55 T OR
Nn5 wt
Nt nein
K.nu r
JPR 1tlT
JSSTOR
DEL T5

'I HT
INT
INT
JNT
INT
RE 4L

NT I'N T

R
KSWIN
NOS Wt I,

REAL
JNT
I ti T

IFR JNT

k4STER wavE [VER5!ON I FEY J5 on 21
R f v I'5 'lok 2 Paov'I'DE 5 Fl,a QUTPLIT TD 8, PR INTED 'So TH4T GP fo 15
vl sUALLY CQRREc1, TH4T ls 'w lriH THE na JOIN Ik THE Lowra LEFT



fsr
ID
J
K

14T
14T
14T
[NT
INTKK

SURR
SU BR.
F UhC
F UHC

5'4E'L L
SIIT OVS
COPZ
DL1C
011
012

053
05'I
IS IG

FVHC C4LCULATE COUPLING COEFFS

FUNC ~
NHPL 'SUBR ~
I BESE SUBR
444 ~ ~ ~ 4 4 ~ 4444 4 ~ PP ~ ~ ~

ACOP
AFPM
UP
I 'U X
I VY
V
U5F F IL'E
FREEFILE
RL'E 4 SE
Gc'rv4R
Pur VaR
FL4GST
FL GIST
PRINT
PR [ 4'll
SIEUER
I.IF RCG
PRO [ CT
BOY-
52
V'5 TOSH
FREB [4
DLRBIN

  I RE 4L
INT
IHT
REAL
SV BR ~
SU BR
EUBR
5up R
SUBR
5UBR ~
SVPR
SV BR
SUBR.
SURR
SVBR ~
 UBR
FUNc
 UBR
SU BR

j v c L L f 3 E f 4 ! I I II COO Nt E R
D[RN KIN POINTER
DO LOOP VAR I 48[.E

IU5UALl.v RUNS OVER MIYDEL GRID!
pcstT[04 IN CONOFNSED aRRav 0F cELL

I I.E KK~KARRAY[KI !
HOL OS COUPL [NG PAR 4Mf TER'5
P [ERSON-MOSKOV IT 1 FREQUENCY
W I 40 U V C OMPONE 4 T'5
51 GN Ok U COMPONENT DF [II HD

V lr
VINO sPEEO
arraCH DtSC FILE
RELE ASE C ISC F [LE
RELEASE 845[C PERIPHERAl
REAI! FROM aaCKING STARE
NRITE TO SACK IHC STORE
SET 44� Pn! NT FLAGS 4CCORO ING I 0 !I ND
SET [Nr ER GR� FLI Gs ACCOREI[ NG rO SURROUHDt NGs
NR ITE RE AL ARRAY [4 GEOGRAPH[C4L FORMAT

I NTCGFR C
CONTROLS UPD4TIHG OF MIND-SE4
UPO4TES NEN w[405E4 ON Na[N POINTS
CAI.CULATES 4[40 � 5E4 OIV INTFRMEO[ATE POINT5
CALCULATE 5 V4L IJF 5 4 T 14COMING BOUNDARY
C I I.CUL ATE.S SOVRCIE TERN 5
DETERMINES IF 45 -> sv TRANSFER
CALCULarf s [[HER'E 440 HOW MUCH ENERCY TO TRaNSFER
PROPORT IONS ENERGY BET'HF'EN 0[RNS

440 c AL cIIL ar ES 54 5 1 I. CROM[ TH
4OVFC 1 5 SNPL L r 4 PPL I E'5 II5 < > 5'4 TRANS'F E R
48SORBS SVELL tNTO v[40-SEa
C4L LS APPROPR I AT E FUNC TO C AL C COUPL 'IVG COEFF 5
CORRECTION TERM FOR COEFF 011

SIGN OF PARAMETER
GETs 04ra FRDM STDRaGE aRRavs
PUTS 04TA IN!O 5TCR4CE ARR4YS4 pp ~ pap p ~ Pr 444 ~ 92 ~ pa A 4 a 1 ~ 4 444 p ~ 44 ~ 4 ~ II PA ~ ~ 4 ~

I r! 5

222

1001

kt ND-sE4 CDRPON ARE45
COMMON/C[NT/ XA,MX,Mv,DELx,nELT, 4 T,NN,KMax 15C
CCrrNrI 4/C 45P! 4�Sr!Cl B�500! C I
IIZJ I V [   I!rrr!f
CO" ON/GR [0/ K4RRAYt650!  FLAG�50!
P]NMIIN/5�5$ / P]LIG! EII~FaygarrrRROOT2 ~ EP5rsL MrECONST
COM 'IN/PREY/ NP t!OI	
COMM! 4 /BOUND/ !BOY�50!
CCIrPOK /PREBOY/ IPBDY�50!
D [ ME 4 5 ION I v AL Z I v [IN  1300 !

s!IELL COMMON ARE45
COMMON/SVLFLG/[SKELL�50! ~ KSHELL ~ HFSNL FBIN FMM4X NQUAD ROBIN

C F INIT I SFC�501
COMMON/NSTSVL/DEF t6'50!, |3EFD[650! IDBIN�501 ~ F'll  650! 8 ET4   650!

8 FC�50!
COMMON/ANGDIS/FR A r�0! AVECOSI 101
CONNnN/SNLFLD/EC[5000!,KINET  sal ~ Mxv.LHCaR�501
COMMON/5HLTV5/DE�501
COMMUN/ORDER/ JVAL[ 3! ~ Et 650!
DIMENSION ROUN al Tt TLEIZO!
CO['NOH/KKRI'/ KP5C t 5! ~  PRINT I 5!

SET UP DISC FILES
OFF INE F ILE 4 �0 1200r V ~ KHIHI
OEF[4E FILE tO �35,6r� U,K N!
DEFINE F [LE I I I I CO 8006rurKSV[41
0EF INE FILE LZ   [606r660r VrK SCUT!
D EF INE F tLE 13 �0, 3500, u KNnur INAMEL [ST / DNTR/ 4,!SCM 1!SC!KPSC, PRINT,X4 ~ FM 4LPHA,NN,NS
Nar El I ST /CONTS/ FNNAX, tssrOIt
HANEL [sr /coNrK/ KMax,xaRRav

caLL svsTEM sURR. To 4vol0 ExpoNENT UHOERFLD[ 
CALL ERR5ET'I 208r 256 ~ Over Lr ZOB I

RE40 DR GET CONTROL ANO GR10  NFORNATION-

RF AO  I 105! TITLE
F ORNAr tZOAAI
RR [I F [ 3. zz2 I TITLE
FCR>ar �0441
'Rl AO [ I rCEINT R[
READ   lr CONT 5!
Rf 40 I 1, CDHTK I
K[>
KVCVT
KM[K ~ I
RE 40 I [0 'KIN! I JYAL KI!,KI 1,2!,   IVAL IKNI,KN I, 21,

I ROUN [K J I ~ KJ ~ I ~ Cl
DELX = ROUHI !!
OELT ~ ROUN[rr[444

SET UP GRID I HFI.RP4TI ON



HY- IVAL t 2I
IIXY HAP HY

DDT PUT GR t D 'INFDR H4TI ON TO NAVE PAR AH F ILE
RP TE �3 Kl OIJT ! KH4X, HXy HY, HXV« K ARRAY  K I ~ K« 1 ~ HXY !
K 5 C L' 1

AND TD SHELL F IL E
HRITE [Z'KSDUTI  IVAL[ I! e  1«2! ~ HXYeKHAXHRISE [12 ~ KSOUTj  KARRAY K!,K-[,HXY!

! RTTE INFO TO LP
SC, F HH4 X ~ K HA X ~3 106! T!TL E, ISCH ~ N,HY, IPR  NT  I ! ~ FH ~ H X I I

D E l. T, 4  . P 4 4 ~ X 4 d N k ~ 0 E [. X
  d I ~ / /4!X ~ NARSI AH ! AVE HOOEL t V'ERS ION
///f26X.ZOAC,/////////ICX, ND. DF ITERAT
IDX ''[D ~ CF PARAH ~ ' 16 lpx NO OF RA// JX ~ IN[ % PR INTOUT FRE3. -'I I [8 ~ Inr ~ ~
F6,C jOX 'NI5 OF CALUHN5 I,  ip,// [
' T[ Hh 5TEF ' l8 lpx ~ ' «AX [ HUH FH
'NO ~ DF ACT ~ E[.EH. « ' el[Op/flCXy'TIH S

I FB I, IOX ~ ' IN[T IAL ALPHA « 'iF6. 4+ �
'5'! « ' eF p.l «//I CXI ' TTHESTF P SUBDIV
~ GRID 512E  HETERS! 'eFIQ 1!

NRITE f
6

106 ED[[HAT
C
6
f
6
f
6
6
C
 .

I
I
Xq

SET Up CDNST4NTS
T 0.

5l. IH G YES H4X THLIH R FL4T IVE CHANGE IN P4RAH'ETER S
OUE TD SOURCE FUNCTI ON

SLI"=0.1
RR 'AT2=[./S0RT�.!
fFONST=~« t/~B!.pdP 14PI ~ PI«PI !
EH=EXP a. 5!
hN=N AN
KHAX««KHA'X ~ 5
KHdxz«KHdx+KHdx
KHAXP3 KHAX+ 3

ALTER GRID 5 �C FDR LN SCHEHE
DE[. X «0 EL X/R ROOT 2

SET UP [NI T14L COND!TIONS CN GRID
K [ ~ KHAX5«5

FH
FH
FH

ALPHA
A[ PHA
ALPHA

! 3 3
! « 3.3
! = 3 ~ 30.'02
! «0 07
!=00T
! = 009
! 0 09
! 0 09
hUE

GET CONTROI. PAR4HETERS FOR SKELL
NO SKI
hF SHL
NCU40
FI I I T
FB [N

CB

JVdl  t I
0 VIIL   2!
NO SIR L f C
RDUH   1!
OUH  2!

P I«0 5/NQUAD
R

[N
NRI TE TO LP

,30e! NFs![L,F NtT FB[N.NQUdn. 15STDR
///C3X Nf! 03 SNE[ L ! REQLIENCY KINS I lxt " < ~ �«//C! X, 'H I NtHUH 5[fF LL FRFQIJCNC Y [ HERTZ! ~, I X ' ~ 1F6. 3

//43x ~ sl ELL FREQUENCY BIN s[ZE  HERTZ['«ex ~ = «Fe 3 ~
//43x, ~ NO. OF SHELL OtRECTIANS PER QUADRANT = f. e,
//CBX, 'IT<RATION FR'EQ DF SHELL DATA STORAGE ' [6 //1

NDS!IL ~ NF S! L

13
I I

READ POINTERS TO R4 YTRACK5
READ   [O'KIN!  K INFT K 3! K J I, HFDB kl

[ N '  T I 4 L 'I 5 E R 4 Y E NE R G Y
KSS[N
~ A 120 IFT  ,NFOR   N
KIN K [NET[ IF �!
RF dD [lpdK[N! LRI
KOT LR I/ZCQI+L
KF[N 0
[F [KCT.FC.!! Gf! TO 135
00 [30 K  F 2 ~ KDTKF tN«1'
XF '[h KST «2399

[ YQ RR [TE I I I 'KSN N! I EC KE! ~ KE KSTrKFIH!
[35 KST KF  N+ [

KF IN «LR1
[zo vR[rl tl I ~ KsNIN!  Ec rE!,KE-KsT,KFIN!

87

DO 20d   K 'I
8[ K!

C X+[
4   Kd 2
8[K«2
C  K«z
4 f K+ Y
8 K+3
C  Xd3
4[ K+4
8[K«C
C r+c

20 CONTI

C
C
C

NR[TF
306 FORHA

C
6
C
C
Nf DB[

1 REVI 5 DN 2!
lANS « ' gl Bv
NS~, BX ~ ~, I IQ
IN[�4[ FH
Cxv ~ 5TART[NG

Fe 4 10K
TEb  $EFDND!!
xi ~ FETCH f HETER
!SION = 'r IBdc2



SET VP ANGU[.AR DISTRIBUTION
HCPPI HQU40+I
PP q70 I » I N COP'I
avfco 5�!= jSJNt t I-0 '5!»D9[vl � SJNI   'I-l. 5! ~ PRIH! ! /ot IN

300 FR ACT I  ! =  Pt![N»SIN ORIN ! ~ COS  2 ~ I I I ! 4031k!!/P[
F 4 4 C T   N Q IJ 4 D+ I ! 0 ~ 5 ~ F R 4 C '[   H 0 U 4 0+ I !

SET POINTER TO START OF VJHO DATA
KN[H I I SC
KPR
JPAINT 0
JS>[na»l
' FLAGT[KNAX+ ll 0
tlE L! 5 GELT
I SC = -I

C C C
C C

900

STaRT OF H4[H ITER41 ION LOOP,

ISC = ISC AI
JPRIN1»JPR[NT � I

TIRE TO PRINT OUT RESULTSZ
JF I JPRINTI '9l I 9[   ~ 9[0
JPR [41= IPR 1k l  KPR!
Cd[l. VPRIHT INN!
CALL PRINT  4 > K»4X 5 t 5 ~ Hr NV !
JF  ISC .GE. ISCI!! GCTO 999

911

910
C
C C GET VINO D4T 4

REAl! 14'Kit[ k! 'INN  K'N! t KV»I>KH4XZI
NRITF�,103! KNIN
FC l "a I I ' ',' KNIN ~ 15[
'NR ITF� ~ [04!  Vk K! tK»l ~ KN4XZ!
FOR "AT I ' 't I3 FT-3> 3x! !
IF IJSC, GE ~ KPSC KPR!! KPR»KPR>I

I 03
'[04

SET [FLAG ACCORDING TO PRESFNCE OF VINO
C 4[ L FLaGSTt vN.NP!

SET UNKNOVH V[HD TO ZERO
OO 920 K-I,KHax2 2
IF I Nk[K !-NE � I 5-OR l N  K+ I! NE. - I 01 GO TO 920
vytxt = O,P
vk K> I ! 0. 0

920 Cpr>T  HUE
N I= O' V
I F I I SC ! '93  ~ '93 I ~ 930
HT»NS93[

C C
C

5VBCJVIDE TIHE5TEP
DELT»DE'LTS/H5
RHJ NT930

C C C ITERATE OvER SUBDIVIDED TIHESTEPS - I HIIDLE TIKEsTEP IN TOTAL
oC 950 I-I,HT
R»1

LIHCARLY [HTERPOLATE NIHD TH TJHE
On 940 K-
VRITF �
FORNA T   

C>K»> I 3
Vt  Kt  /R
ItR I  E �
FPR»4 T I
CONT INUE

KRAKZ
lf! IHT RNT NV,K,R Vk K! VP K!X, ~ NT-I [4,'Ax',>Ryt» ~ ,Fe'.3,ex,>yu ~ Ie, Ax,
R» ~ >F6 3 4X, ~ NN[KI ~ rf tt.3 >Cxr ~ VPI Kt»' >FR 31
NT-R I'KVPtK !+RANN K! ! /RNT
�3 IVI   X!
pxr Vl K!» tFIQ ~ 5!

C
11[

5'ET IFL AGT FOR Iy  ERHE 0 I AT E POINT 5 4CCOR DING TO
COND IT tONS

CALL FLGTST
KS'NFLL » 0
K 5 V lk I
HO 5NLL 0

START OF SVELL SEC T ION

IGNORE SHELL ROUTINES OH F  RST T NESTEP
IF  I SC! 250 ~ 250 ~ Z51

251 Ca[[ NSTI3SV
IFIKSVELL.GT.O! NCSVLL» I

C
C [F NpsvLI HOT 5ET Ns -5 sit DUNPING Has HDT ocCURRED AND

50 SKIP SVELL ROUf I HE 5
I F  NOSVL L! 250 ~ 250,252

2 52 IF I I [Q,NT I J ASTOR JSSTDR-I
OC 200 I FR I, NESVL

C
Rfv>RsE FRED-BIN PC[NTER 50 45 To 5C4H f RON N[GIIEST TO
LONE Sl BIN

88

C
113
940

C
C C C

SET [SNEt.L FLAG. AoJUST FH To Lo55 oF v-5



IF HF SVL-IFRat

SET V-5 ENFRGY IH IF FRf 0 BIH I 5ET 15WEI.L FOR
SW EL!, I 0 W 5 TP ANSF ER

CALI. FRcR IH  IF!
DC ZOD 10 lr NDSWL

5'ET W-5 EVEPGV 'IN IF fO FRED � 0!R BIN
AND SWELL GROWTH

C4LL 0 I RBJN JF»10!

PROP4G ATE SWELL AND tNTE RCIIAHGE W � 5 SWELL EH cR GY
IF 7= f lcR I I ANOSWL+ ID
C ALI. SVFI L I IF T,OE I KSVIN!
IFIJSSI.'9! 201'»20!,300
CQsf I KUE201

C C C SET SWELL FIELD UP Qk C4RTES14H GRI ~
0  400 K I aIXV
KK <APRAYIKI
IEIKK I 400,400,401
Li acaRIK!
E cxl 0,0
IF II. GT, 0! E  KK I EC   L !
CCKT I KUE

40!

40'I
C
C C SET LIP PIE4Df R INFORNAI  CN OF FREO 4HD OIRk aafaaBERS

IST=f SCcl
J Vha I I I = I ST
JY 'L   2!= IF
JV AL I 3 !=10
k 9 I 7 c   'I 2» K 5 0 U 7 !   J V 4 I I K L !» K L ~ I ~ 3 'I r   E '  K N I » K  ac I » K N 4 X ICOIJINUF
IF  JSSJQR.EC.O! JSSTOR= 155TOR

»00

aDJUST Ffa TO aBSORB S~ELL
ALL 5VTCWS
I P = I SC»»kaDELT/50

VP ITS�,4!KSVELL IJEI
F CP "AT   I I' I OX»4 VVU<eER OF PQ fk

IR ~ lpx»'III»E c»»F8.2»» Nt
CQa» Tt HUc

55
I»

I
250

C
C
C
C
C
C

UPDaTE P ARANETp.rcaL w ho-sE4

C4 L STEUER

COPY PARARETER5 C TO 4 44� 8
00 190 K I KNAX5
af K! = C XJ
af Kl C K I190

C C C UPD4TE BQIJHD4RY POINTERS
DO 945 Xrt» KNAX
I »60 Y  K I ~ I 8DY K!
CONTINUE

945
950

C C C PR I HTOUT I SFC FLAG 4ND IOBTN F f'ELDS
IF   JPR IVT-I I 955» 956» 955
Wr» I IE � 957 !
Call. PRI If    I SEC Kvaxakk ~ I !
WR I 7F   I ~ 7!
FI P»»af IJHP ///»5PX»7Hatpf!IV ~ !
C 4 I L P II I H T I I I 06 I N K ra 4 X ~ N V 2 I

uf DATE PREY IOu5 VINO OaTa
DO 9 »9 Kc I KN4X2
»IP  K I ckk K

WRITE k4VE P4R AVETERS I'0 OUTPUT FILE
vR ITE�3 ~ KVQUT!  A I! I I Kaaaxs!

5ET TIHE STEP
OELT OEL IS/HW

GO TO OO NEXT ITERATION
GO TC 900
F JP" a 7  ' I ' ~ ///» 52 4, a I SFC' I

END QF RUN

TEST 70 SEE IF F IkaL IT ERaT Ink ffa5 BEEN »R IH TED
IF  JPP �»
C4LL PRIV!
IS/ f SC � I
WE I I c   1,9
CALI PPJ1»f
W" ITE 'I, 71
CaLL PRINT

-CO IPR IHT IKPR I ! 5 TOP
  a»K+445 ~ 5 ~ h»NV I

17 !
I  ISFC ~ c»ax,vv, I !
lf ID»IV»KN4X»VW» 2!

89

C C C qss
9 »0

C
C C

95 7
C C

C C C

I 5 4T VII left ws To swELL occuR s=»
kUTES ' !



51CP
DERU  UNIT�! SVBCHK TR4CE
a 1  ho!
TRACE ON
EKO1 ta ~ 1 ~ te 4 41 ~ aea a eeet ~ ea eat 1 ~ 4441 ~ at 1 ~ 11 ~ eeeeaae eeee 41 ~ 1

4 ~ ~ ~ 4 1 ~ ~ ~ ~ 4 4 ~ 1 ~ 1 ~ 1 1 ~ ~ ~ 4 ~ ~ ~ 1 ~ ~ 4 ~ ~ ~ 1 4 ~ e ~ 4 ~ ~ ~ ~ 1 4 ~ ~ 4 et 1 1 ~ 1 1

BLCCK D4T4
Cn» rlk/CINT/ XA,Rx,kv.DELX,QELY!N~T,NN K»ax ISCcct«o K/c»sl / a�900 ! ~ B '35001, r � 0- I  N t l �001
Co«"'3N/ RID/ KARRAY t 6501, I FLhG �5 ! I
Cn»«n»/CONST/ P I,G,F  ,Fa,FAA,PRQOT2,EP5 ~ 51.1»,ECONST
CCt»flh /INTER/ IFLAGT�50!
Cn»»nk/PP Ev/ v P �300!
cr «< I N / Brf UN I'. f I B O Y   6 '5 0 !
Cl.a«rlh /PREBDY/ IPPDY �50!CCN»nhl/ SRLFLG/I SHE I. L I 6501 ~KSRFI. L ikFSRL, FB IN FHNAX NQLIAD, DB IN

4 F IN!V I'I IFC F so!
Co  NON/!ISTS! L/DEF t6501, DEFQ�5o!. IDB IN�50!,Fl �501, BETA I 65'!I

4 FC�501
Cfl «0 N/AN Cn I 5/FP AFT  101,4VFCOS  101
c rl > 4 4/ 5 l  t.! L 0/ F     4 0 0 0 ! K I N F 1   5 0 I N x Y L NE 4 R t * 5 0!
C C '"'I h /Sf L 1 f�/OE I 6 5 0 I
C n» nk/oanER / JvaL�!,F t 6'501
CC««nh/Cl INO/ VP�1  tvtc I'JY V
Cr»«~N /Cr'PP ha/ ACCP I �00!
Cn»»nk f P  / AFP  �50!
CQI »VN/KKPR/ KPSC   5!   ' PRINT '5!

Xh, DE  X, OE LT, 1, EH,F ha, Ra OCT?, 511», E P 5/9 1 0.'3,0-000 I/
ECONST,FRIN,F»»ax, ~ »IN F IVI 1 u.uo/Rto.o/
FRACT AVFCOS PI G FA/25 ~ 0.0, 3.1415<,9 906 1.8/»X, NV,N NV,K»AY, I IC KSWFL I. ' r ~RL NollhO/'le�/
I!It IUY»KV,JVAI./6 ~ 0/,KINET.LNEAaf I" 010/
Khaahv,|FLAG, IFLa  T. tar'V, IoPov, IS»FIL/3900eo/
I Sr C, I D R'I N/ I ' 0 Ct 0/,, E F, 0 E Fn, F ', 4 F 1  /? 60 0 ~ 0 . 0/
FC Ot E, AF P»/2640 ~ 0. 0/ ~ R I »4 /260040 ~ 0/
h. 5 c/iosooeo.o/, aroP,Ec/ I I Yocleo c,40'loao ~ of
KPSL ~ IPRINT/1040/

C C
C C

~ 4 4 ~ ~ ~ 492 t ~ 1 ~ 414 14 1 ~ ~ 1 141 ~ ~ ~ ~ ~ 1 ~ ~ 1 41 1 1 11 ~ 1 ~ 1 ~ ~ ~ 4 ~ 14 1 1t ~ 1 4
~ ~ ~ ~ ~ 1 ~ ~ ~ 1 ~ 141444 ~ 92 ~ 44 ~ 444 ~ 414 ~ 14 ~ ~ 1114 ~ 41 ~ 92114 ~ 1 ~ ~ 44444

5 U I', a O U 1 I NE F L 4 G 5 T I 'N I, 'W P !
SET IFL4G 4CCORDING TO PRE'SFNCE OF 'HIND

DIP! Ns I r' I NI �30
r.n «ON/C IVY/ xa
Cr'»«nk/GR!D/ Kak
DC I" J I t <Y
K sl-   'l-l ! 1P x
DO �0 J l f XK ~ J

4 'li R 4 Y I K !
IF  KK! 100 ~ 100 ~ t
 FLAG PK! I
Kf IKO«KK+KK-t
IF f� Ku NDI EQ,

VP KR ko!.EQ.
CClllsuE
RE Iua N
F 'I C

0 !   VP  �00 !
  X Hv,n'ELX,OFI. T N,T NN,K  at, tSC
RAY'1 650! y I FLAG  $50!

Ol
101

-1.0. a NO.I  I  KNINOt I ! . EO,-I .O.ANO.
0 Q.ANO-RP KRINOtL! ~ EC ~ 0.0! tFL4GIKK!=0

100

~ 41 ~ 1 ~ 1 ~ 4 1 4 4 ~ 1 ~ ~ ~ ~ ~ 1 1 1 ~ 11 4441 ~ 92
ta 4 1 4 ~ 1 4 ~ 1 4 1 ~ 92 1 ~ 4 1 ~ ~ 1 41 1 ~ 1 4 4 1 1 1~ ~ t ~ ~ ~ ~ ~ ~ 1111 ~ ~ ~ 1 ~ 4114 ~ ~

a ~ ~ ~ 4 ~ ta 1 14 ~ ~ tet 1 ~ ~ ~ at ~ ~

SVPQQUT INE FLGTST
SUBarUTINF SETS IFL AGT 4CCORD!NC To SURROUNDING
COND	 QNS.

 FLAGT 2ERO
+VE 3
-V E

T . N, t  NN K»AK  15C
�50

I NF SRL ~ FBI N F K»4K i NQuhnv Da IN

n««na/i IN / Xh  Kte»Y 04LX ~ OEL! 'If!»«4 f//Rl 0/ KAPf AV�40! tFLAGCr t»OK /Ri Vrr R / I FL hr 1  hsb I
Cr««nw /ROUND/ ter v �50!
CQN»O4/SVLFLG/ SREIL�5 !I KsutG v F I'I I T  I  FC�

5  4 N T H R 0 V i  HG R I 0

? lo I I, »Y
KS =  I-l1 '»K
CO ?00 J= I ~ »X
K KSI 1J

SE T CC»P455

KK KARRAY KI
KVi KK
Il  tK! ?00,?00 ~ 203
IF LKGY KK '} 0
I F I I, FG. I.QP.J. EQ. KK! GQTC 200
K'  KAPPAVIK-«v!

S=Kaaaav Ktll
KE Kahaav K «X+I!

20'I

TEST tF 4LI. Suaa 'UND!NG Pr, INYS EXIST

I F   K N . 'E 0 . 0. 0 R, K 5 E " . 0 C a . K E . I C . 0 I 0 C I io

90

C

C C C C C C C
C C C

D4TA
DATA
Dhla
Dava
0414
Data
Da la
DAT 4
Dhl <
D4 lh
EN L'

Pa «ORF Sllaanuknl'ir PDINTS Do
Nnr Et!SI CR   AVF NC !VINO
ALL OK4 suaanuNC INQ an INT 15 E I THER AN
I K rn"  KG arff  DARY Po!kr nR a
PIERSON-»05KO»!TZ PQI'll



TE ST IF 'HIND DATA E X I STS
IF I [F LAG f [TH! ~ 'EO 0 OR. I FLAG KS I EO,D.OR [FLAG KH ! E0.0 OR.

C IFL4G KE! E0 0! GOTO 200

SET FL4C IVE, UNLESS......
I FL ACT KK !

akv SURROUNDING POINT5 aRE INCOMING BOUNDARIES
!F IRLY KN'I,LT O.CR.IRT!Y K5!.LT 0 OR IBnv[xu!.LT ~ O.OR ~

  I BOY XE! ~ L1 0[ [FL4GI KK! -!
OR ARE P IER50hl-IIO5XOH  T  PCINT 5

I F  I SFC KN! . GT.D cR. ! 5FC K 5! GT.D.CR.   SEC  K!r ! . GT .0 ~ DR ~
C ISFC xE!.GT.O! IFLacT rx!--I

C HR[7 F   3r 350'! KK ~ KH ~ KS ~ KHrKE
200 COSTI VVE

C HRITE�,102! !FLAG KK!,[FLAGT[KK!,KK=I KHAX!
C HR [TE  'J, 300 !   IBCY K I,   SFC K !,K L,xrra x!

300 F 'P AT I/ ~ ' ' ~ �115! !
3srr FDR447 I/r r1[ 1!

R ETURhl
E hC

~ ~ ~ at t ~ t I tt tttt tat tt ~ t6t ~ ~ ~ tttt I ~ I It ~ I ~ I I It t I ttt I It ~ ~ ~ ~
~ t r' '+ I ~ t t I I I r I at t t 4 I I ~ I ~ I t I 4 t I t I I I I I I I I I I I 1 t I I t I I I I ~ I I I I

5 IJ 8 R O !J T I HE H P R I H T I H!  !

PR INTS OUT HINDFIELD BV X AHD V CCOROTHATES
01 "[ 45[ON AP �01
CC"w IV /CINT/ Xa
Crt4nh/Ga[O/ x AR
CCr>lh/PREY/ 'HP[
04!a HES!/re

a!a HEKA/'DIRE'
[tt NHIISC ~ OE

HE SKHE 52

,HESI�!rHESI�!
,vx,HY,DELx ~ DFLT,H,T.NH,KHax, SC
R av�50! r IF . 4G  6 50 !
1 3001
r 'JHDT'/r H'ESZ/' x ' /r HF53/' Y '/

'CTJO'r 'N I ~ '/
It. T /60.

C
C
C

5'E'I HO. OF VAlUE5 TO BE PRINTED 4CROSS PAGE
kV = 15

Ca LCIJL 4TE HO CF PAGE I  IOT M5 REOU  RED
VP AGE = IH "-11/VUI I
HR[TE f3r �0!
KH I

10 HRITE � 400! rTES! ~ ME5THE54
DO 60 [* lr hPAT'E
HR 1 TE �r200! L ~ TIKE ~ ISC

C4LCU .ATE kO OF VALVE 5 TO BE PRINTED 4CROSS I'AGE
LL=HLI
IF  VVIL.GT Hx! LL~HK- L-1!'IHV
l. F=LL +  L � I ! ~ HU
L 5 LF-LL tl
TvR  TF [ 3r 250!
HR  TF �,210!  Ll LI LS LF!
  R!TE '13r 280!
00 '3 [J I ~ HY
!=Hv-IJ+ I
KST-  I-I ! ~ Hxt L-I !tHU
DO 7'I J [,LI.
K KSTIJ
IP  J!=0 0
KK=KARRAY[KI

IF CE'Ll NOT ACTIVE, PR IHT ZEROC C
  KK-1 ! I 2 rKH !

~[rLL!
K-NF 0! AP I J I HP  
H IJE

� ~ 300! I ~ [4Pf J! ~ J
hLIE
hVE
H ED. Zl CO TC 20
2
ES3

�
  3,500!

T  ' I' //I
  ~ ~ //5 x, AMp4GE

3M[ TERL 7'ION vO, 14!
T   r 59xr X DIRFC
I   ~ ~ r' y r ~ Srr

f ' ~ ~ ~ ~ 5X
7  ' ',?Xr�r '. 'r l
T  '0' ///rraxreac//

 ///j
I
I I t t ~ t t t t ~ I ~ I t ~ ~ ~ ~ I ~ ~ r ~ ~ t ~ I I I ~ t I ~ I ~ I ~ ~ t I I I ~ t ~ 'I ~
ta ~ 41 ~ t ~ ~ tt0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ tr tt ~ ttt ~ tat ~ tt 'rt ~ I I

SIJRROVI I HE PR I NT   4 H, !IP, N5, HH!
SUBROUTINE PRI VTS RE A  4RPhv a IH GFC RaP4[CaL PORN
APR hy HAS NP vhLUES PER CL 'L I [.E. Ft I  PMA ETC!
REOI,'TREO TO PRINT F [RST H5  VSV4LLY 3: FHr 4LPMA ~ GAHM4!

OT tr VS  ON
CI'"w!V / ' f VT
CIT«OV/GRI 0/
0474 "FSS /'

C ~ tC!f r
T IHF*NHt SCI

!r hP� I!rHISS'�01
rh Hy,ty OELX,CELTrH.T

Kladhv ASh!,  FL'af�SC!
I ~ F ~ ~ rh t ~ r r ~ L 4 ~ ~ r rra I
~ a 4' ~ 5 G',«4 8'/
I'E T. 7/6 3

, Hh, xta'r, ISC
rr rtGhrrr rrra I ~

91

I'F  K
70 Cnr Tr

vrR [r t
50 C 'h  ' 

eo COr I!
IF  K
KH
HFSFH
GO TO

?IT HR IT F
IOD FORHa
2<0 FOPMh

C I
ZSO FORta
270 F ~II d
240 FOPrrh

FOF~h
Cr! 0 F r'4th
500 FOA th

RE DR
F hO~ ~ ~ r ~ I ~ t

t ~ t ~ ~ ~ ~ ~

� r3rrx rTHT!TIE ~ ~ FB. Zr 8 4 HI NUT E5 ~ 33x ~
/!
T TON' !
I 5 �?,er ! !
I 5  ' � -r, ex! !
!F8.2 !
I



SET 60. OF VaLUES TQ BE PRINTED 4CROSS PaGE
NLle 15

CaLCLL ATE NQ. CF P aGE HIOT NS REQUIRED

NPAGF tHX I!/NUi1
xrR I Jr � 600'I
OQ 100 [f-[,NS

C
0
C

JAR ITE APPROPR I 4TE TITLE

I J = 24[11-11+ I
44 [IF I 3 Spp ] RESS�J! ~ HC SSI I 3+ I ]
OO 60 I v! frp AGE

ITE t3 ~ @00! L ~ TIHEr[SC
CAL CUI. ATE NO ~ OF V ALOE 5 TO BE PRI NTE D ACROSS PAGE

L L =NO
I F I '"0
LI =Lf
L5=LF
44 Jrc
NR ITF
4K[le
QQ 10vy-
KSI= 
QQ 70
K KST
4P  Jl
KK=KA

.I .GT.v X! LL=HX-IL- 1! ~ NU
i   I. � [ I e h U
-LL+1

�,250]
70!  LI ~ L'I LS ~ LF!

  1,! e:I I
JI I HY

J i]
I � I 'IaHXi  L-1]eHU
Jv I iLL

i J
= ~ 0
RR4Y K!

IF C'ELL NQT ACT VE r PRINT 2ERO

] ap J]eat KX-t]ehp+[1!

01 1, AP[J],Jel LL I
[F I K K
CfINT N
44!TF
CPK [ h
CPKT'IN
I,R Irr
PI'.' T]h
FQ ~ 4'I I

.NE. 0
Uc
] 3, 30
UE
I 1, 40
Uc

H[TER
  I r
  r r
  ~ ' ~

r ~
  //!'I

  I 0 ~

70
50

60 100
2 r1

0 I
Hpar E 13,34X,TNT [HE . F ~ .2, BH HJN'UTES, 33Xi
., ]4/I I
0 IRECT JQNr I
',SXr]5  [7 ~ 6X] I
'rSXrlct r- rr6X!>

r ~ I SF8-cr !

,//]DXra
AT TON >O
r 59Xr ' X

r 2X ~ 13r

rf vl!T
I I "vd
FPivdr
F P f' v h I
FCivhT
FC Pva T
FI 4447
R E T I.'9 rr
0'BUG

Err C

250
2 7 fl
210
31 9
irrl 3

5 r] 1
600

C

, ///50x, 24 al
~ //!

UNIT  3I i 5UBCHK
~ eiee ~ e ~ ~ ~ ~ ~ e ~ eea ~ ~ a ~ 4 ace ~ ~ ~ ~ ~ ~ ee ~ eeeeeeeeee ' ~
~ a eeai ~ aeaee aeeeaa ~ ~ a ~ cede ~ a ~ ~ eh ~ ~ ~ ~ ~ eeeea ~ 4 ~ e

e ~ ~ ii ~ ~ ~ e
~ eee ~ ~ eae

C C
014FN 5 IQN IA IH ! r I AP  30]

]NT/X4,.4X 4Y,DFLX,DEt T,ff, 7 NN,KHAX,ISC
OvvnN/,'",r ID/ KA'RRLY�50[, tFLA='�50!

NII 30
hpdGF  HX-I!/rfUi[
IST=ISCil

T[vc = N4i[5'leDELT/60
CD 79 L=trhpaGF
4 4 .' 7 E I 3 r 7 30 I L i T I 4 'E r I S T

LI. = N!3
] F INII ~ L, GT. IX! 'LL HX-[L-1! aNU
LF � LLi[L-1]e hU
L'92 IF-Ii i]
49]]c I I, 250!
4P!7 c � ~ 7[if !  L [rl IiLSrLF I
'44 Irc �,240!
DC rP JJ=I,HY
t ="Y- J [i I

KST =   I- I! ~ HXi L-I ! eNU
DC 70 J [rLL

K = I'. 51iJ
IAP J I = 0
KK = KhcR Ay K !

JFlvr.NF.D! IAPIJ! [4 KKI
PKTr

WP'7'E�,1 ~ 0] lr IAP J!rJ I,LL]
h[]K'

CI 'TIKI!E
IQKvdT f ' '. //'IPx ~ AHPACE [1 34x 7HI]HE = Fe,2, BH "INUTF5,33x

I 1 II ] 1 F R 4 T I f! 'I ff r],, ] S! / !
f "P4III  ' ',SrIX,' X QIPFCTION'!
7  fcv T  r rr r Y r ~ 1x 1C[ [2 ~ FX]

Pvh[  r ~ r ' r ~ -]Xr3JI'--' ~ 2X!!
 ' ' 2X ~ [3 '.' ~ 30[fr !

4 F ] I!4 4
F r,",
~ ii ~ i iiiiii ~ i ~ aaai ~ e ~ iii ~ ~ ~ i ~ ~ ~ ii ~ ~ ia ~ ~ ~ ~ ~ ~ ~ ei ~ ~ ~ ~ ~ 4
~ 4 ~ 4 i ~ ~ ~ a ad a 4 ~ ~ ~ ~ ee a 4 a e e ~ e ~ ~ ~ ~ i 4 e ~ e e e ~ ~ e e e ~ v ~ ~ ~ ~ ~ e ~ ~

'] 1

20 ff
C

271
24"
I

C C C ~ ~
i ~ ~

5 U IIROU T   fr F 5 T EU E R

C C C C

C C

EPhrTRPI 5 IIPDAT ING OF 37]40-SF4
r5 IF pl,tNT I 5 BQUIDAPY POINT QR
Pf3 I 4 T
ALE'JLAI ES CQUPL ]NG COEFF IC [EN JS
PPJNTS

[T [I]rFFI!cNC  SCIIEHF Ii F9  L4x � KE IJ]RQFFI
I I Hr] IrCrJr PPIN] 5 ARr Ifeff!TFl IrY
, C TING INJCRvEO[dTE PQ] frTS 44il I "E4

5 UI] R I' lJ T I 4 c
f1E ]0

ADVFCJ ICfr
AISC C

41L AC T I 'rc
4 5 I

Tafl � Lry
FJRST PRcD

S!JBROUTtNE PRINT[[ Ja,H,N! , tHI
PR thT 3 INT E GER ARR AY 14 IN O'EOGR APFI] CAL FQRHA T



LE

R hv�50!
F'LAG? e5
Hx ~ Hv«OE
� « IVX,
aCC  l!I
  «E!I FhhcvE e �!

, IFLar e5O!
0!
L x DELT ~ N ~ T«NN«KPAX«I SC
IUY,U
00 I
«F 4 4 ~ R ROD T2«E P 5r 5LI H ~ FCONS T

nn Iho K [,KHax
IF   IV � I I I 1 I I «10
li.    «LAG Kit 15 ~ 15 135
IF f IF LAG � K! I �5«! 5«135
JJ = JJ «44
GCIC  eo

130
ll

le
15

C C C L35 GET PARAHS FQR CELL K
CALL NHOL  K H ~ IVI
OQ 15'!   G = 1, N
CO 150 L=l,k
JJ JJ «I

C C C
15
le

C

Ch'LCULATE COEFFICIENTS
0 ACCP  J 3'I COP2 IH, [G L I

CQ.'« I I N  IE

5CAN THROUGH GR ID
QQ 300 I 1 «HY
KS I = I I-  ! 4HX
QC 350 J- t ~ Hx
K KST«J
KK«KARA4Y KI

CELL 4CTIVE?
IF  KK I 300 ~ 300 ~ 301

IF I  V-I I 21«« l«20
[F   t FLAG? FK ! I 302,300,302
ra!p FR [CT IK!
cQNT I NLIE

IF   If LAG KK I ! 300 ~ 300 303
tt!OY KK! 1303

C C
C

GET ! IND
CALL HHOL IKK UP,A!
lux«15 fr, UP[ It!
[U?rt 5!G  I«P �! I

10= 92 5- ['J X' ~ I tf Y« I V X! I VX! /2
[F f tux.rO.O.ANO. uv.ro.o! rnTO 300
V 5CAT Up l! ~ IJP I!«VP� !PUP ZI!

ALTER HIND 5PFED TO HINIHUH IF LE5$ RUT NQT lEAD
[F U-hH[kl 3!,3[,30
VP   I I = UP I I I *VHIN/U
UP�1rur«t 2[YI!H�/U
Ll i«<f h
Cn 4 [ I NUE

31

TURN Nfkn TI~RrUGH 45 nEGREE5
10 CQRRE5PQNO N TH Lhx-NENOROFF GRI0

V  'JP 'I 2! � UP  1 I !AP ROOT 2
LIP ll= UP�1+UP�114RRCOT2
LIP   21= Y

5ET CQHPh55
Kkro
IF I J. hE 11 KN KARRAY K I!
 F [KN. [ O,o! Kkr K!'4x 41
K i. rK K
K 5« 0
I C     NE, VV! KS«K ARR IIY K«HX!
IF f 45. Fo. 01 KS Krax«l
XII 0
IF   ..4E.HY 4Nf!.J.NF.I I KN«KARRAY Khkx-[I
 f  Kv, EU 01 Kkrxvaa«1

CHECK FOR Ntkn RLQH NG PARALLEL 1Q « lkn GRID
fF  IVXI 40? ~ 400«40Z

93

C
C
C
C

3"1
21

302
20

C
C
C
C
C

C 0!«rn
C I.!'~<1
CO ««NH
CC> 'I
Crx.n
CONN «
Cf Xrn
OI V<4
RH1.4
IV
  VII
JJ 0

4/GR[n/ K IIR
/I NTER/

N/Ctkr/ Y4,
4/CN I 4'!/ UP

/CDPP bR/
/CONST/pf

h /ROUND/
5 nh H  5!
0 5
I
2

4 P F A  '  ' I 4 G T H R fl L!0 H
PD[41S ! AF RQI!40aRY PO�?3 IF LaNO 1.!E5

N VPI« NQ 0U4DA4N 

SET COUI'L ING COEFFICIENTS AT E4CH 4CTIVE POI NT

F I RAT STAGE'? IF SO PRE O I CT ACT IVE I!«T CRHED I AT E
PO NTS

SECOND 5TAGE - I E CALL LPF'ROG OR RQY
OOFS N RD DATA EX15T'I

FIND QUAQRaNT N[kn TS BLONING FROH
NE l«SE 2 ~ SN = 3 ~ NN



402

501
t
2 4

C
C C

116
117
118
119

C C
C

200
C

250

C C C
C

 BOY KX!~ 1
GQTC 300

444
4�

423

t IHO IN X-DIRECTION CNLY
? e300 ~ 534
XE ! . NF 0! GOTO 116
KS ! NE ~ 0 ! GOTO 117

Snn
512

IF   tvx! 51
rF  !FLAGTT
I F   I F L AGT  
GO Q 200
IF   IFLAGTt
 F   !FL ACT  
GOTT; 200
CQHT I HUE

534 KNI NE OI GOTO 119
Kv ! ~ NE,O ! GOTO 118

300
C

CHANGE TQ SECOND 5T4GE OR FIN  SH
tF   1 V EQ 2! GOTO 140
IV ~ 2
I V'H i 1
Gorn 130

140 CQHT INUE
UPDATE T'fNE STEP

Cf'"NTIH/GRtn/ K
Cn~~N /r TNT/
COP Nr!N /r. V Nn/
CQ"Nnk /cnppaR
CCtWH /Ir TER/
rr ~nN/CONST /

/PA EBOY
r C"NON/SVLFLG/

L
0 ! "FN 5 !QH PAR E

C C
C C
C
C C C
C C

r C C C C
C C C
C C

C C

IF   UY! 501 ~ SQO 501
CHECK IF LAND OR NO HIND IN UP f  ND QU4OR 4 IT

Gn7 I f I ? 3 4! t �
I r I  FLA r tx  ! 1 I �r 200, 116
 F  IFLACT XS} ! It rr?00tI�
ff   FL4C'r KNI! I t8 200 118
IF   ELAGT KN	 119 ~ 200t I 19

IF 04T4 EXISTS, LPFROG
CALL. L PFRCG  IC ~ KNv K 5 EKE o KN ~ KI
GQ P, 300
C 4 I. L L P F R QG   IC t K N ~ K 5 K E K'N K t N X !
GOTO 300
CALL LPFRQG  K ~ KN ~ XS ~ KE, Kf , KtNX-I I
GQTQ 300
C 41 L l. PF RQG   K t K H t K 5 ~ KE ~ Kr  ~ K � 1 !
GQ!Q 300

IHCQNtHG BOUN04RY - CALCUL4TE USING JONSNAP FORHU! aE
C4LL RDV KK> VH!

vatr E I 3r 250! KK KN ~ KsixvtKE ~ It JtK
FCRNAT  / ' ' ~ 8171

SET NARKER, TD fHDICATE NQT TO USE THI5 POINT 45
DONAR [HD SIDE QF 4 DERIV471VC

!f! NO IN Y-DIRFCT!QN 0  LY  CN 4 f NO  .4 lo!
EITHER QUADR 4NT N!LL SUFFICE 45 UPNI HD

IF IUY! 4� ' '�0 423
 F   Tr I ACT [KE! .!I -0! GOTO 116
IF I  FL AGT  KN I HE 0! GOTO 119
CQTC 200
tF ifraGTTKS! NE,O! GOTO 117
tF T  EL aGT  KN !.NE.OI GQTD 118
GOIC 200

T = TtOELT
RETURN
END~ ~ ~ t ~ ~ ~ 4 ~ at 4 tata ~ 44 t ~ 'al ~ ~ ~ tv 4 9 4 ~ ~ tt t t ~ tt ~ 0* t4 ~ ~ 4444 44 ~ 4

~ ~ ~ ~ ~ ~ ~ ~ 4 ~ vt ~ ~ 4 ~ tttttaattatt ~ ttt ~ ~ It ~ 4 ~ t ~ ~ tt ~ ~ ~ 444444 ~ ~ ~

'SUBROUTINE LPFROG  K ~ KN ~ KS ~ KC tx!  ~ KU!
5U BROUT INE TQ LPFR QG THROUGH I r TE RHE 01 4 7 E POf NTS
DEFINED AT T NESYEP 7 t 0.5 OFLT

0 NL Y OUTGOING BI3UH OAR IF S HEED BF CONSI Df RED 4 5
SUBRQITT INE STEufR NOULD H4vE caLLED BDV tF
INC Crf NG ~BOUNDARIES 4 R F Nnrlf L L'Fn TQ RFF L'ECT NQ LNFRGY BY
USING 4PPROPR�TE DNF-SITIFQ DFRI VATI VF5. THESE
ARE cEHTRED QRi AH INTERNED  ATE POINT UPR ND IF
PQ55t BLE I  .E. THE Na H GR rn Pnlkr5 ARF USED!.

IF TH'IS vn ILO ENTA L US NG FITHER Ak INCON!HG
BQUHDA'Rv Po I hr OA 4 P I ERsoN-PQ5KDH IT 2 PD INT  ONE
TH4 1 15 FUL Lv l!Ev'FLQPE 0! as I'NE nF 7 HF DQHNrr IHD
POINTS 5  NP  E URN Ikn nFR  var I vc 5 aRE USFQ I F Dara
ExlsTS nH THEN.  PRQPLENS DtvtLQP IF a DDNNNIND
Pf!  Nr � HE  0 ARTIFICIALLY HIGH IN THE FREE
aDVECTInH QF EHFRGY!

VHEN UPDartrrr. THF PAR4PFTFRS, IF THE SCIURCE TERN
IS FOUND TO PRDDUCF 4 C'HANGE LARGER !HAN aLLQVED
5 .t N! T'HF T NEST EP IS SUB-n V!nfn akr!, ASSUNING
r<E al!/FCTION TERNS 10 BE UHALTERCn THE SOURCE

TER H I 5 C4LCULA TED AHD APPL I'En PRCIGR E SS vFL Y
THE TINESTEPe IF IT 15 TO BE D VIDEDr IS 4LTERCO

BY 4T RUST H4LF ~
IQ 5'TOP 4 LARGE ADVFC7 ION YFRN C4US'I'NG AN

OVER SHT!QT ~ 4 5ENI IHPLtC IT FORH I 5 TAKE!I !F
NECESSAR'r

ARRAY�50 t < TFL 4 i  6 50 !
X 4 NX, HY DELI, OELT, H T,Nr , IXNAX ~ 15C
Ult I? I r I LTX i I UY r U

/ 4CDPI 11700!
 FLAG! I650!

PI,G, EH, FA F44 RROQT2 EP S, 51! N ECQNST
/ tPBDY�50!ISV 1  L�50! i KSV ELL I HFSVLe FB IN ~ FHNAXr NQUAD ~ DB IN

r F I HI T, I 5FC �5'!
t 5! PARN�!, PARN�! ~ PAR5  5!,PARIS!



01 PENS ~%!N AOVECr  »!, HS  5!UX=UP I
Uv»UP I 2!

KaRR4Y K I
5TDRE CCNP455

KKV»KN
KXF»K E
KKN 'KN
KKS XS
C d LL PHOL  KK ~ PAR ~ I I

C C IC
C C C

I VX Z
IF tIFLacr KEI I 61,95,60
 F  Ilx ! 60,60 95
IF 1 'fFLAGI  KNI I 71,95, 70
IF IJX I 95»70t�
CONTINUE

61
60

71
7'!

C
C
C

5 ET CORP 45 5 FIIR Y-DER Iv
Ivv»z
tf-  IF aGr KN I! 81,95, eO
IF L'Y! 80vl� 95
IF  FL4GT KSI! 91 ' 95d90
IF UYI 95 90 '90

Rl
8'3
91

C
C
C

TR'Y CENTRED DER IV UPNIND

C C C CHECK IF 4LL PO NTS DK
IF  FLACT KKU I! 92 ' 92 ' 90

C C C
C C

92 IF 1 I IPSDvtKN! LT,O OR ~ ISFC KN!,GT.D! ~ ANO ~ Ux.LT O.o.aND KK ~ NE.KN!
IF t I  P !ov KE!,LI,c 0R tsFc KE ! ~ Cr 0! dk I Ux GT. 0 ~ 0 4ND ~ KK NE ~ KE!

C I,CTC 120
IF f   I P f!O v   KN ! L T. 0. OR ~ I SF C   KN ! - G T ~ 0! - AND- Uv ~ GT ~ 0 ~ 0- 4ND ~ KK- NE ~ K NI

f. r,r.r r I 30
IF I I I PI� Y  KS I LT 0. OR 15FC I KS I ~ GT 0! AND IJY LT ~ 0 ~ ! ~ 4NO.XK,NE ~ K SI

6 GOTO 140
C
C
C

Po NT 5 OK � SKIP
cnrD 9o

C
r.
C C C

I 19 I Vx=1
IF   fFLAGTfKKE! I I »I ~ 150r 151
KN=KK
KE»va RRav K-Nrt I !
GOTO 9D
IVX=I
IFfIF LAFT' KKN! ! 152 ~ 150 15Z
K V=V 4P Ra Y K+HX- ll
K E =KK
GOTC 90
IVY=I
IF IFLAGTIKKS!! 171,170 171
KN=KK
KS=KA RR4Y xt Nrt1!
Gnr J 90
IVY=I
IF I fF LAGT KKN! I 17Z ~ �0e172
KN=KARRAY K HX-1!
KS KK
GOTO 90

151

120
152

130
171

140
172

C C C
C C I 5'!I F  !S

t vr=n
G IJ I 0
IF IS
  Vv»0
CONTI
U I YUIX
UZ Ur

170
kf!E
/U
/U

90
I OO

GET REOUIR'EO P ~ RAVE !ER'5

 rvxl 250,250,253
Cal 4 >NOL IKE,P4RE,!vrl253

95

TVX=
IVY
KV=K
IF  
KXU
KN=K
IF  
KE = v
IF f
K5=»
IF

5ET CDNPass TO POINTS TO RF UsEO FDR x-DER V
TVX=2 INTERNE 01 ATE 7 t ME  .E VEL
IVX-I =» CLO T' NE LEVEL
IV x=0 » ~ ND OER v Cak RE raKEN

I
I
aPR4 Y  KU!
KN.FC,O! KN Kvaxtt

XN
dRRav KU-NX!
KN,FQ.OI XN»X "AX+I
4 P R 4 V   K IJ II X t I I
v<, E .", 0! KE=Kiaxt!
ARR av KU» 1!
KS EO ~ OI KS=KI" dr+I

SORE Pf'INTS ARE SOY CR PN Vdt.UES
N«F SlJRF klr ODNNN tNO II«OR v OFRI V
UNL E55 DONNNINO POINT IS UPDdTE PO  NT

a DCNKVINO POINT � a f!ov DR «PO NT
TRY rf! TAKF DFR tv fN NOR IIAL UPN kf! OIRN

FIP ST CHECK ING  F PO NT E XI ST 5

IF CANNOT CFr ONF DFR Iv N'OPNALL Y CHFCK
IF PCSS 1 fft F TC GET !I Pr ALLDN INC ODNNV!NO
PN vaLLIE [F UP'Nl NQ PP  Nf tS PN 4LSO

FCtKE!.GT.O aND ISFC KNI ~ CT ~ 0! GOTO 90
90
Fr   KN! GT ~ 0 ~ ANO, ISFC  KS I GT,O! Gem 90



vN!L  KV PARK II/X! vVI Ttn
vknl {KL,P!IIW,IVVT
vIIIIL  K v SPAR s < I VV!

f KV � ls  VT � I! ~ Kkxv'Is'ik
{ KS-1 ~   f VV-1 I ~ Kvax! s'ik
{KE � !sf I VX �  ! ~ Kvax! ~ "I I
{ Kv- I s  IVX-I I ~ KHAX I ~ HV
DELI

2rh
ta CAI l

C All
K II P =
K 5 P=
KF P:
Kv P=
RE V=

3 DP

f!C AO  =Ink
HCX!=0 ~
HOT Zso,
IF  I vx! 30,30,32
DO Zn L=l,k'
Kc P = KE P ~ I
KVP=KSPs l
H! xli Hox I+{ ACOP 'KEP!+SCOP KRP ! !s  PARE  L! � PAR!I L ! I
IF   Ivv! ACe Anna!
OC
KHP=KHPS I
KSa= K 5 Ps 
HOXZ=HOrzs�COP{KKPT SCOP KSPI � IPARN L I P4RS L ! !
a{I YEC T I I !=0. 4?Ss  HDX!s Ulskoxzsuz! /nE Lx

5 v'Ax =0.

32

20
30 a!

35
ah
305

C C C C
DO '! I C I C= l ik
5 = 52 P aa, TC!
HS  IC! = 5
RSf ZE=AIIS{ 5 ~ PPV/PAR IG! !

FIR ZPSNAX}3IC ~ 310r3! I
SPAT=F5 I ZE
CCKTI HUE
Dli RE V
REvt =RENso ~ 5

31 
'3 lo

IF  SHAX-5L IH I 320 ~ 320s 3ZI

C C 321
320

{! T= 4 v I k I I PENH,5 L I I /544 x ~ RE I !
R EH=K E v-D T
DO 10 IG=!sk
aDvvADvECT IG!sOT
S=HS  IG!sDT
IF  A Cvl aeas 5
VAR I G!=PAR{  Gl � ACV+5
CC TC SI3

PAR{ G!= paa{IGI+Sl/  I DVAOV/Pa if IGI!
IF    C � 31 200 s 204 r 200

Gakva H45 NI NINON OF O.'{E
IF PAR '!!,lT I Cl P4R�1=i 0
fx  PAR  IC! ! 9.9,�
oaa{1{,!=0 0
Cor{ I FUE

IF  FE"-FPS ! 304 ~ 30{ii 30'5
306 Ca L ~  !E 5E f KK ~ PARS l!

RETURN
END

~ ~ SS ~ SASS ~ S ~ SSSSSSS ~ S ~ ~ SASS ~ ~ S ~ S' ~ SSS ~ S ~ SS ~ ~ S ~ ~ ~ ~ S ~ ~ ~ S S ~
SSSSS ~ ~ * ~ S ~ S ~ SS92' ~ ~ ~ SSSS ~ SS ~ SSSSSS ~ SSSSS*S ~ ~ S ~ S ~ S ~ SPS ~ ~ ~

SU !ROUTINE PROT CT IK I

5E T COIAPAS5
Kv=xaaaav{r!
KK=KAP ~ sv r-vx!
VS=KVS!
KE KSsl

C4ll RHPL I KE, PARE ~ l I

96

C
Cr
C

5
50

C
C
C

Zoa2'!n

10
C
C
C

0 I VPHS
OIVFNS
CI sEHS
COP vr�
Cr!v.nk
COv~!N
C I'V" IH
Cn Vvn 4
IIv IH 0

C4LCUI. ATE 4DVEC T ION a SSU I I VG CONST 4HT OVF a .'!EL T

CAI.C SPURCE TEPV AIVD FIND T ~ F LARGEST REI AT IVE
INCREASE Or

T'E 5T IF La "GEST CHANGE 15 GRE4TER THAN L IN TT

CH4HGF OT ACC{3RD IHGLY � RUT VAK'E CHANCE
AT VPST HALF

USF SE Ixf- I RPL IC I T FOR IA FOR Aov TO Ek'SURE NO
OVER5HOCT

TE5T IF ANY TIHE5TCP LEFT IF SUBDIVISION HAS REER USED

SUT!RPUTINE TO PRPICT THE VaLUC OF THE INTERMEDIATE
POfHTS 4! TIVESTEP T + 0.5 nfl T,

HC Pa 09LFKS 4 a I'5 F 4 T Rnu vf!AR IFS REC 4 USE THE
I NTEP vE{! � I E PO'{ NT 5 ARE NO1 f!FR NEO UNLESS COHPLET El Y
SURROUNDEO RY NAIH GRID P{3 NT5

THE TR'EATHEHT OF THF soUPCE I ERH IS THE Sas!E As TH4T
OUTL INF D FOR 5URROU 1 I NF L PFROG

TPN PARN�!sp
Iok anvECT !!
ION uv ZI,US 
/OPTO/ KAPRAV

/CTHT/ Xa.vx
/CV!HI!/ UP Z
/CI PP AR/ ACC
/CONST/Plscs
5

aRs� I, PARE�!,PARN� I,PAR�!
ITS { 5I

UE  2!.uvt 2!
f{i�!, IFL{G{450!
~ NV ~ DE . X ~ OELT ~ Ht 3 ~ NN ~ KV4X y ISC
I IUX I UV ~ U
PI I I I� I
EH, FA,FAA RROOT2 EP5, SLIN, ECONST

GET NECESSARY PAR4IFTEaS akD i{�0 DATA



CALI,
CALL
C41 L
C Al I
C4LL
Ca«
CALL

rr H 0 L
« II fd L
M yn 

HOI
«IIII L
v IrrIL
V H r' L

 Kk,p AII II, I !
[KSqpAR 5, ll
IK!IrPARVr!!
 XF ~ Ufra !
 XkrUkrd!
IIrlrUSrd!
 KVr Var 4 !

C C C
1=1
I = I
f= I
= �!
T U
I 1
VVI
� iJ P
=UP

k O'E

102
R

3
C C C

Y=  UP   21-UP   'I 'I 1 4 P ROC T2
Up  I ! = LIP  1 } «UP  2! ! ~ RROCT2
UP�! =Y
L!I =IJP f I! /IJ
Ui=IIP�! /U
KFP='I .F � 1	44
KIIP=I KV-I ! ~ NN
KNV= I Kk- 1 ! 4 k N
KSP=IK5 � 1�NN
REIr=OEL�0 5

C C C
DC ?S
HDK1=0
HD'xjr 0
0 !i 2.'I
Kf P=KFPE
K R P = K !I P 1
Kkpr X rr Pr
K 5P=K 5P ~
Hnx!=I, ~ x
HDX?r HOX
COAT'I NUF
AOVFC I   
Sv ax= 0

Irk

~ N

20
25
305

C
C C C

Do 310 1041 rk
5= ! f I P44 r �!
451/r MARS SMPEM/PAR   IG! I
IF MSI/F-SMAX! 31C ~ 3lhr312
5" ax � R5 12 E
COAT I KUE
0[=AM v
REHH=REv40

3

'3 10

C
C

If �'tax � SL I H! 32dr 3?dr 322
C r
IC C 'l 27

32h
I k I   RErrH, SL I V /5H 4 K ~ R E!t I
E Ir - 0 T

I"= I 4
DVFCT Il G I ~ OT
!G! ~ 'DT
DVI 3r3,5
0! PAR   Gl-ACY15r.d

OT -d«
RFIr=R
DO 10
AOV= d
5 = H 5 II
IF  a
PAP�
GOTO

PAR   I Gl=   PAR   IG ! 5 I/I I . 0+AOV/PARI I G! !
IF  IG-3! 200r205 ~ 200

GANHA HAS HININUH CF ONE
IF  I aR�1 LT. I 01 PaR�1=1.0
IF  PARI IG! ! I ~ I ~ 10
PAR  I E!rp 0
Cnr Ir KUE

IF t RF 4-E PS I Ippr 100r 305

C r C
100

STORE UPDATED PARA"'ETFR5

V ~ PAR ~ 2!CaLL I RE SE K
PF TIJRH
FND~ ~ ~ ~ 92 441 411 ~
~ ~ ~ 11141 ~ ~ ~ ~

~ ~ ~
~ ~ ~

SUEROVT  NE BDY IKK, IVH!

C C C C

97

C
C
C
C

5
50

C
C
C

205
Zhh

I
10

C
C
C

OC 7
PAR I I
DC! Ii
UP ! I
1!= SCQ
IF I I!
! F IU-
UP  I!
'IJP �!
IJ«MVI
C O!r I I

CALC AVERAGE PAR AND RIND 41 CENTRE

,5
PARE   I !rPARR I	P4R'NI I !rP4RS I I ! ! ~ 0 25
r 2
E�14U!I I !rUN� lrIJS  I l	0 25
P l�UP�! ~ IJPIZ! ~ UP Z!!
'�, 1 ppr 10?

Mr5r T
I 1 ! ~ VM I 4/ L'
  2 ! 4! v lk/U

TVRN V!NO THROUGH 45 DEGR'EE 5

CALC ADVECTI ON ASSUMING CONSTANT OYER HALF CELT

1
I+ ACCPIKVP! 44COP KEP ! I ~  PARE tL!-PAR	 LI I
2 ~  ACDPI KNP I AACDPIKSP! ! 4 PARN L!-PAR 5 l, 1 I

I=d. 4254 tHDx14UI+Hpx24U2! I'DELK

Cat.C 50LIRC'E TERN ANO FINO THE LARGEST REL AT IVE
INCRE45E OF PAR

TEST IF LaRGEST CHdNGE 15 GREaTER THak L !HIT

CHANGE OT ACCCPDINGLY - BVT HAKE C~aNGE
AT vOST Ha .F

USF Srk1- IHI LICt T FORH FOR AOV TO ENSVRE NO
OVERSHCCT

TEST ff 4NY TIHF5TFP LEFT IF 5!JBDIVI5 ION HA'5 BEEN VSEO

~ 4 ~ ~ ~ 4 ~ ~ ~ ~ 1 ~ ~ ~ 1 ~ ~ 1 ~ 14 14 ~ ~ ~ ~ 414 ~ ~ 14 ~ ~ ~ 4 ~ ~
4 ~ 444 ~ 4 ~ ~ M ~ ~ ~ ~ 1411 ~ 4 ~ 441 ~ 1 ~ ~ ~ ' ~ 4 ~ ~ 4 ~ 1 1114

5UMRr!iJT INK SET 5 PAR 4 VE Tf RS AT INC Ov��0 MOUNDAR I FS
aCCORDIkr, TO JO45RA P- TYPE EQU4T!O'IS DER VE0 f RON
ALFH4 � NU PELAI fON



nvvnk/rO"IST/ P ,r, EH.FA,F44.RROOT2,EPS.SLI V.ECONST
n«PN/Cu INO/ UP I 2, tux, I 0 Y,u

COP~N/C I NT/ xa kx, »Y D~LX OFL 7 ~ N. T,NN Kkax 15C
CP»vnk/GR!n/ Ka RAY��5'!I, I LAG�5C!
0 vEN5 ION PAR� >

4 F F TC»= x4 ~ I'/ I udul
P ha I I I =2, 898 ~ F r IC»d v -0.3918! v G/u
PAR�!=n 0644 ~ FE IC»aa -0 1982!
PAR13 1=3. 3
PAR a>=O.CT
Pad�!=0 09

5 ET UPPER L Iv T QN FN AND LOvER I tk IT nN aLPHA

IF  I AR   I >.GT.0.5> Paat 1!=0.'5
IC PAR�1 LT.P 003> PAR�!=0 ~ 003
rdIL NBESE  KK ~ PARs!VH!
8ETIJR N
fan~ ~ 1 v i 0 4 4 a ad ~ vve ~ ada 4 ddd 4 ~ 4 4 P ~ 4 ~ 4 4 dd ad dad ~ 92 ~ ~ ~ ~ dead ~ ~ ~ ~ ~

C ~ ~ ~ v ~ ~ ~ ~ ~ d' ~ ~ ada a ~ ~ aa ~ v ~ vfvdvv ddvv92vvdddv ~ dvtda ~ add928 dad
C

FUACT ION SZ I PARt I !
FUNCTION Cdl CIJ I 4 TE 5 T»F Va LUF OF THE SOURCE T ERN
foR THE I TH P4RANE TER I Eke ALPHA' CTC ~

CnkvnN/CINT/ Id~cd HY,DElX, I!f LT,N,T,NN,KPAX, ISC
Cnr vnv/Cv NI!/ ub  2 i ~ IUx, 1u Y.u
Cnk ON /Cn'ISI/PI,G EH F4 FAa ~ RRDOT2 ~ EP5,5LIV ECON5' 
DICKENS ON PaR l!
GOTO I Ir 2 ~ 3e  r 5! ~ I

I H = 0
Fk 5OURCE TERN ZERO IF G4kkd

H -0 58613 ~ 't PAR   I ! AFAR �! �' ~ Zv PAR  3!IF I P4RI 3! GT I !
4 � I.'I/2 3

'52 = H
GOT C 100

2 H = PhRI I!du/0
HF = I.
IF  H LE 0 lal HF 0 'la

4LpHA - Nu RELATION koDEILED HERE
SEE REPORT FCIR DETaILS
d»F da  ,3�!-5 dPAR�>a ~ Z!dPAR  I!52= I 0.005�

EAPAR�!
GQT C 100

3 H = 3.2787
HF = PAR   I> aLI/G

Gakxa -3' I BETVEEN 0 16 aNO 0. 14

I�.94
  3!-H!

~ HF14,951
�! ~ 42 ~  PAR

PZ
  2! da 24 I 25 ~ I Pax t 4! +PAR f '5>-0. 16373
01987 I ' ~ »! I

~ H!

42
�1 ~ azv �5. 4   PaR� I+P4R�1-n. 16373
~ 019870 v»>1

RH!

~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ 4 ~ ~ ~ 4 ~ I ~ 4 ~ 4 avvv ~ advv ~ ~ v ~ ~ ~ ~ 4 ~ ~ ~ 4
~ 4 ~ ~ ~ V ~ 1 ~ 4 ~ ~ ~ 41ddva1 ~ ~ v ~ ~ ~ ~ ~ 4 ~ dd ~ dd ~ ~ dada ~ ~ I ~ ~ 4 ~

SUBROUTINE v5705v
SET5 FLAG I SFC FRED BI N NUNB'ER FOR TR4NSFER

5 TO SVELL
ADJUSTS FH P4RANFTER TO CONSERVE 'ENERGY
DETEVNINE5 THE DIRECTION BIN IDBIN! QF V.S 0 R

PPNON/CNSP/4�500>,B�500! C�500! vl�300>Qv»ON/SVL FL 0/ I SHELL    50  K VF I L NF ~VL y F BIN ~ F VNAXt NOUdn ~ DB IN
6 e F I N I T ~ I 1 FC I 4 50 t
COP»ON/CINT/Xdi> xivY~OELXiDELT NtT ~ NNqXNAI ~  SC
cnvvnN/rR ID/ KaRP4Yf 650!  FLAGtds0f
cc>NON/CONST/ Pt '0 EH,Fa',Fad Ronnf 2, EI 5 Sl. tk. Ern»sf
c Q H vn N / v 5 T 5 v L / 0 E P I 5 5 '! I 0 E F 0 I 5 5 4 I q I 0 8 I N   5 5 '3 I i F v I 6 5 0 ! ~ 8 E T 4 I 6 5 0 I

4 , Fr�<0!
cnxpoa/FREY/ vpf I >00 >
C D»IXI » /PN/ AF P v � 50!

CPH - CD 0,�96
G40.5/i' I

ESa FKPI � I 25>
DB INZv-DBIN ~ 0 5

C C
I.'

101

I>n 100 K=I,Kkax
IF   IF L4G  K I > ICC, I CC, 101

I 5FC I K>=0
!svELL K I = 0
0 = NI  KvK-I >
V v Vt  I+K>

SORT uvu+v ~ Vl
Fvfx> 0
 F  v. LE. 0. I�001 I a 0.00nt>t

F PV C PV/V
AFPNI K !=FPN

F 8 I N0 =CV/ 8

98

IF  
IF  H
52
Gn IO

=�
52

C+ ZC. 4
GOTO

5 H =�
52

C-?6.4
t00 EDIT 

P F IIJR
FND

4 ~ a ~ 1 ~ dd
4 ~ ~ ~ ed ~ ~

F.L T. 0. 16! H
f ~ L f,n. Ia I » = I

dPaR   I I' ~ P4R
100
./I PAR f 3 1+0.7! I ~

5vPARI t ! APAR
  Pax I 4! � PAP, �! 40
100
/ PAR�>+0 7!>d
� 0. SvP AR   I ! ~ PAR

 PAR�! PAR�!+0
RUE
N

ACT IVE PO INT CALCULATE Pk F REO AND Fv



F v K! =F 4  NO
 K-! ! ~ Si !

I" = R KK I
dLPNA RIIIKFI

~ ~ CRITERION FCR V. 5 Tf! S!IFLL 1 ~
I F   c ft e . G T. F tx e 4 r ! F P xxe F I ~ xf 4 r
 F  FFI GE F PI ! GO TO 25

CALC CUT OFF FREC
X 1= Ftx/FPM
X  =X  ~ Xl ~ X!e'xl
X3e � I. 25/%LOG� 0-xl I
X3exhe ~ 0. 25
FC  K I eF P1X 3

TRAN SFCIRK TO B IN NV<BE R
I FCe I FC I x ! � F t N ! 1 ! / r e ke I
IF  !FC-Lf-0! [FCel

ADJUST FN
A KK!eFPR
C KKI=FPN

C
C C ST CR E BIN HUIxREP

I 5 FC K I = IFC
UPDATE COUNT OF TR4NSFERS

KSI EL L = KSI 'EI.L+ I
C

C C C 2'5
U=!IP KFK-I!
VeVP  K+K I
IF  LI N c O,O,OR V,NE 0 0! GOTO 50

C
C C PREVICUS k! ND 7ERC - ARR ITRARY

0" 1.0
50 TtfFTA = ATAN? IVxU!

IF  TH j T4 L T. DBIN2! TNET4 = TNETA PI PI
[OB Ttl  K 4 = I TNETAel 5 ~ OBIN! /OR[ N

100 COKTT NUE
Rc TURN
EN C

1 ~ ~ 1 ~ e ~ 111 ~ 1 ~ ~ 1 1 ~ ~ 1 ~ ~ ~ 1 ~ ee 111 ~ ~ ~ ~ ~ ~ 111 ~ 11 ~ ~ ~ 1 ~ 111111111
~ e e ~ ~ 1 ee 1 1 1 ~ 1 dec 11 ~ 1 11 ~ 111 ~ 1 1 ~ 1 ~ ~ ~ 1 ~ ~ 1 1 ~ ~ 11 ~ 1 ee ~ 11 1 ~ 1 ~ ~

SUBROUTINE FREB[N [BIN!
CALCULATES THF k-5 E'lcQGY T N fREQ ~ Rlk I BIN DEF!

lf ENERGY 15 TC BE CUxxPED ELSE
TESTS FOR SiFLL 30 !I-S TR4NSFERC C C C

C 0""ct N/C <5P/ A�500! R�500!, C �5nn l 0 I   I !OO !
COP~IN/5VLFLG/I SHEl. L~ �50!, KSNE1L NF  !IL, f R[kx F HNAX ~ NQV40, DP IN

C x F  NTT ISFC�50!
  OV49N/CONST/ P I,G, Fu, Fa, F 44 RROOT 2, EPS, SL ltl, ECONST
COP'+11k/IISTS?IL/DEF�50!,DEFO�50!,  DR IN�50! ~ FN�'50! BETA�50!

C ~ FC� 50!
Cn" '1N/f I IT/Xd txx PY ~ DEI X DELI, N ~ T NN Kxxdr TSC
Cnkknk/GRID/ KARR4Y[650! IFLAG�SC!

C I;
C F2 = TRIN*FR[kef t NIT

Fl = F2-F BIN
IF    B I N.f Q. I ! F!=0 ~
OO  f� K=! KVAX
IF  IFLAI  Kf l  OO, �0x 101

O'EF KI = 0.0
KK = I K- I I ~ 5+ I
Ftf e B KK I

101

TEST IF RS -e SR OCCVR' NG 4T 4LL

'I F I I 5 F C   K I I 50 r '5 0 e 5 I
TE ST IF OCCURRING AT TIII 5 FREQ YET

SET PARKER
GT ISFCI K ! I GOTO 100

  5 la F L L I K
X = I

TF  F2 GY
tf  RIN

F2
IF  FI.LF

x r
Et

l I ref tx/FC KT
Sx L !xeFP/FC K !
I 25 ~ x ~ r'1X ~ Kl
CO TO 10

251x ~ xex ~ x!
C
C
C

GO 10 20
10 E! 0.0
20 a PWA * R KK ~ I!

DEF  KI - ALPud ~ ECONSTe E2 El !/ Ftx ~ Fv ~ Ftx ~ FW!

E2-E 1 G VFS ENE RGY IN R!N F I- F2

99

C
C
C
C
C
C

Sl IF  I BIN
C
C
r
IC

5 ! I
u/F2
.'tC  K
f Q.NF
F xP �
-0-0!
P/Fl
EXP �

ACCCRDING TO PREVIOUS W[t'0
DETERKINE TIIE DIRECTION Btk

5 ET PO INI ER5 TO TOP 4NO Bf!T TOM OF FR EQ R I N

ENFRrY IS TO  IE TRANSFFRREO fxn< R-5 TO SIJE L
C4LCUL4tf TNE Ekf RGY IN FREc !FNc'Y INTERvlL  BIN



ADDLIST FOR Nnh UNIT CANNA
GAV+4 = B KK
DFF K! = DEF K! ~  ,774+,2261GARNA!
rn Tn Ipp
COAT 'I KOE
I SKELL kf=p

50

f k=4 [ Kk!IF   [BIN. EO.NFSWL I F2= I FRNAX+F2	0.5
SE1 HARKER }SWELL IF CCCORS

IF   F2-0.5 ~ FAIN! ~ GT ~ �.9' ~ Fk! ! ISW'ELL[XI = � I
CON!I%DE
Rc!OR 6
F. LO~ ~ ~ ~ e ~ ionia ~ 411111 ~ 44111a111 ~ iilieit111aaai ~ iaa ~ ~ 111
' ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ * ~ 0 ~ ~ 1 ~ 11 ~ 111 ~ 11111 ~ ~ 192iii ~ ~ iii ~ ii ~ 1 ~ iiiii

100

~ ~ ~
~ 5 ~

SOB ROD I I NE 0 I R 0 I vi I I F. 101

Cn HnN/rR[n/ KaRRAY�50! tFLartesp!
cov ns/ANGDIs/Fpacv�0! ~ LYEcosf IQI
C 0"'v'! h/ WST 5 WL/ DEF 1650 !, DEED�5 ! !, I OB IN I 650!, FW  650 !, BE 1 4 �501

6 Fc [650!CDRRON/SWLFL G/ [SWELL � 50!, KSW FL[. ~HFSWL,FAIN,FHNax NDVaD,DAIN
F!N[[ !SFC [6501

CON~ON/C!NT/Xa,ex',kv,DEf x, DELT,N, T,NN,KHax, tSC
Oaf 4 'C/0.0003nef

Nvcna ~ = NpuapiaouaD
NEDUAD N20UAD+N20UAD

C C
C

Ca[ C FREQ 4T CENTRE DF BIN

f IF ~ FB t N-0 ~ '51FBI 6+F IIHI T
CO IPQ v,= } KRAK
IF'I IFLEG K!! }00y�0 ~ 101
BE[4 K!='3
DEFI!IK!=Q 0

I pl
C
C C 15 le!N WITHIN ANGOISY

10}FF = 14BS  TDBIN K I � ID!
IF 'IDJFF GT N20040! IDIFF = hrCUAO-IDIFF
IFI!DIFF,GT.NOOaO! GOTO 100
IF  ISWELL K!! }00m�3r 50

C

C C C 'I 03
NO WS <-! SW EXCHANGE ISC
CHECK FOR GRO'W[NG SWE LL

FW[NP=FWfK!
'f F I [-W IN'!! [00 ~ ! 00 ~ 10 2
BETA[K!=C ~ F ~ [FiaVECOS  ID!Ff+ t! /FWI IO-I.Q!
!F IREIA[K! I.T ~ 0 0! RET4 KI=Q 0
GOTO 100

102

CC SET OEFD FOR WS TO SHEL[.
r.50 DEFD K!=FR4CT [DIFF+ I!' ~ DEFtK!

100 COATtFOC
RE I ORN
FND1 1 ~ 0 ~ ~ ~ ~ ~ ti t ~ ~ ~ 0 ~ ~ 1 1 1 ~ ~ 1 ~ ~ ~ 1 I ~ ~ ~ 1 ~ S ~ 1 ~ 1 J 1 1 1 ~ 1 1 1 ~ 1*1 0 ~ ~ 1

1 ~ ~ 1 ~ ~ ~ 1 1 1 ~ 11 ~ ~ ~ ~ s ~ 1 ~ il ~ ~ ~ ~ 11 11 ~ ~ ii 1 ~ ~ 1 ~ ~ 1 ~ ~ 1111111 ~ ~ ~ 1

SIIBROUTINE 5'I ELL IFT ~ DTrKSWINI
C C
r.
C ['.
C

R4v scHEHE FDR pRopaGaTtoN QF swELL
ni'<ON/CHSP/4�500 'I Rt 3'5001 C I 3500! ~ Wl   I IQD!G»nH/swLFL0/Fc EP�!. K[NFf �0!,Hxv,LNEAR�50!C 0 VNnN/WS I SWED DEF [65n } ~DEFOI 65n! . I De!H    5'I! ~ FW �59 !. BET 4 �50!

C eFC�$0!CC PAR! 4/SWLFLGf ISWEI L '�50 I t KSWELL 1 NFSW[. ~ F BIN, FNHA X ~ HQ'OAD OR IN
~ F Ih} I ~ I IFC [650

CDRW4N/ GR In/ KERR 4'Y  6'0! A IF L4C�  6501
r[ vk9h/swLTHS/DE[6501

k + 0 II f C 1 N 1 / X 4, H 4 e K V p D E L X ~ 0 E L T ~ N, 1 i N N i K + 4 X ~ I S C
r nPHnN/CONST/ P I ~ 0 F[  F4 ~ FEE ~ RROO[2t E PS ~ SL IH ~ ECON5T
COPRON / PHI AFPNt6!p!0 I PENSION D  650! f LL I 650! VKK�50! ~ X K�50!, YY�50!
pl+ENSIGN LREY�f

GET POINTER TC }NFORRAT ION ERCOT RaY

REED IN Rav ENERGY � PROPAGATED ONE SPEC'E

lQQ

K R IN
A[40 I
I RAY [
NS EG
KR  N
Rrap  
KR IN
R[40  

k !NET[ Ir
10'rVPI N!

LRAY  I!
LpaV�!
KRINE[

tpsya[H!
V,R[NA

10'KR[N!

IS ENERGY TO BC TRANSFERREO FROW SWELL TO WSY

40JL'ST FR EQ BIN PO INTER TF TOP e!N

CALCUL 4TF5 THE W-5 FNERGY 'f N O!R B! H IB IN
ANO SF IS SWELL SOORCE FUNCT [ON BET4

PROP404TE5 SWELL FIELD ONF T!WESTER
TRANSFERS !IS ENERGY DEFQ TO SHELL
AASDRes SWELL EHF RGY INTD DE ~

Tl[LRavtk[!.K1-1,2!.  LNEAR[KJ!,KJ I,NXY!

 LL KL!YKL I ~ NS'EG!, KK KR!ikey! ~ NSECI
[XX KN! KN I ~ NSECI  Yv[KI! KI I NSEG!



KOIIIF r K SR IV
KDI = LPAYI/240 rt
KFI'I = 0
IF  ROT ~ FQ, I ! GO TO 13'5
OC 130 K F=Z ~ KGT
KS! = KF INII
KF  rt = K51r73OS
RFAD �1 ~ KSII!NI  EC KE!,KE=KST,KF IN!
KS'I = KF Ikrl
KF IN = LRA Yl
PF ID I I I 'KSHIH! IEC KE! r KE=KSTrKF  N!
DEZ = 0 0
EC  II = 0 ~ 0
IC  LRAY  1 T 2! GO TO S50

I JO
135

EXCHaNGE RIND � SEA atD SWELL

DO JOO K= I ~ HXY
KZ = KARRAY K!
IF  KZ I 300 ~ 300, 301

C C 30!0 K 21=0.0
I F   IF I ac  Kz! ! 3 !o 300 392

I NEaR K!
IF  I ! 300r 500 '.�3
IF �5kELL I KZ I I 251,260 250

3>2

KP= K2 11+5vl
Fr ra  KP!
AL P I-I 4 = 4   K P r I I
Gar~a=a KP+7 I
Fr crFkrCrr ~ f H ~ FR
FPP=AFP t Kzl
FPI'4= F PkrF PH ~ CPH+FPV
EV IX= 4 LPIlhaE CONS I ~  I 0/FPH4-I 0/F Hrr! +I .7744 ~ 226 ~ GAH441
IF I FH4X.LT ~ 0 ~ 0! E Fax=0 0
EarFCIL!
IF ca.GT.EHax! EA=Erax

OE Kz! ~ DE K2!+Ea
C C
C

D KZI = -Ea
GO IO 300

C C
ZSO

C I C
2603r Il

C C
C

INJECT l -5

D K2! = DFFO K 2!
GD TO 300

AP'PLY S'KELL GRDXTH

D KZ! = BETA KZ!ACT ~ EC LI
C CNI I NU'E

INJ ECT EFIFRGY AND IN TERPOLA TE

75
ISFG!
I SFG I
 !r 350r 7 7
ISFGrl!
I SEGr I !
ISFG+I !
ISLG rl!
~ BlrBQ
I

77

Bl

CC INTERPOLATE DE AT EROS OF 5EGHEr T
C IF  L2-LI ! ll C ~ 110rl I I

111 DE I = DE 2OE2 =  I 0-X 2! > I I I 0-Y21 ~ DIK ARK AY  KZ�! ! I YPPOI SAP RAv K2r HX! ! I
t ir 2~   L.O-Y2! PO KARR av  Kzr I ! !rvz 40 KARRAY  K? IVXI I I I !

INTERPOLATE 4LONG SFGHERT
OEL  DEZ � OF! ! / l2-Ll !
DCLIZ = DF I
L! Pl
DO 100 L IZ = LIPI rL2
DC .12 = DELIZ~OEL
FC LI 71 = FC L�!KGFL12
Ir  FC �12!.l T.O.O! ECIL121 - 0.0
I SEG ~ I SEGI 1
GD TO 7S
CORI I NUE

100
I I 'I

350
C C C STAR'I OF RAY SE T E VO ?ERC

I SEG = I SFFra I
L I = LLI I SEC I
DEZ * 0.0
EC LII = 0 0
Cn ro 75

400 COht I hUF
C
C
C

101

303

C C C

C C C C 251

I SFG I
CONT INUF
Ll = LL 
K I = KK 
!F  K I ! 40
XZ = XX 
Y2 YYI
LZ i LL 
KZ = KK 
ICIKZI QI
LZ = LZ-
K2 = Kl
CO rTINUE

FIND   FARE ST Rav POINT - SKIP IF T   ERE IS NFIT

aeSDRB SPECI

CALC Hax E TFIAT CaN BE ABSORBED RITHOUT RS BFCOVING
OYEROEYELDPED

a85ORB Bv INJECT ING NEGAI I YF 4HOUNT

END CF Ra Y � PROP 4G4 I 'E AND CUT PUT 1 0 ED



C C
C C

SVERrVTtNE TO ARSARE S[IFLL ENERGY OE TNTO HS
AOJI:STS FH TC COHPENSATE

COKH3N /GRt O/ X aRR av�SO I. tFL AC�501
cov "AN/GHSP/hl3pncl B[35DDI C[3500!,NI I'13001
COHHAN/5[[LTHS/OEt 6 S3!
CVVHAN/C[NT/Xh NX HY ~ OELX ~ DELE ~ "It TtNN+KHaxi f SC
Ctir AN/CONST/ ft ,t;, CH, FA,F44 RROOT2 Eps ~ SL[H, ECONST
OA Inn K=1 KHAX
!F I lf LAGIK 1 ! 100 ~ IOov 101

CHECK IF ANY ENERGY TO ABSCRB
C C 1 of

102
C C
C

IF   DE  K! ! 100 ~ 100 ~ 102
FK =  K-I ! +541

ADJVST FOR NON-VNfT GANHA

GANH4 = 4 IKK+ 2I
DE[K!~DE K!/I 274 4 226 ~ G4HH41

FN 4fKK!
4LPHa = h KK+11
X4FH ~ FHVFH ~ FH
4 [ XX I=FNv   1.0+DE IK !RX/ECON ST/aLI Ha I+4  � O.ZSI
C IKK! =4[KXJ

OE K! = 0 0
100 CCI T [ NUE

RE TURN
END
FUN[.T ION COP?  PAR ~ lrK!

CALLS RELEYANT FUNCTION TO C4LC COUPLING COEFFS

O t HFNSJON Paa t »
GC'II. I I 2 3th 51 I
VOTA tl[,lZ',1$,66.66!

2 GAIA  Zl ~ 2?i?3ieoe60!
3 GOTO   31 t32 ~ 13I 60460!
4 GAIA Itt t42i43,4< ~ 60[
S CATA I 51 52. 53,60r 55!

11 CAPP= G[11PAR !
I O[C [OO

12 CPP2= 0� PAR!
C[IIO 100

13 CAP7= A13fPAR!
Gnfr fnn

21 CAP2= 071 [PAR!
CCJC 100

22 CPP?= n
[PhR!
CATA 100

23 CIVP?= c73  PAR!
Golr [on
Cnf'c= 031 PAR!
GC [ I. 100

32 rPPZ= D32I PAR!
GATP loo

33 CAPP=C33 PAR!
G P [ I'. 1 OO

4 I criPP= oa It PAR!
C[I[l. IOO

42 CAP?= 042 1 PAR 
GAIA ton

4 3 CAP?= AC 3 I PhR !
GOTO 100
CAPP= Dhh PAR!
CUTA tOO
CAP7=nsl PAR!
ro!c too

52 CORP= 052 PARl
Cnfc [On

53 CPP7= 053 PAR!
rnln 100

ss rnp7= os tl p4R!
Gr[C IOO

en mr?
IOO CAN[tNUE

RFTLIRN
FNO&Vr ~ ~ t ~ ~ 14 ~ t 0 ~ I ~ t 4 ~ ~ 4 ~ ~ ~ 4

~ ~ ~ ~ ~ 44 ~ la ~ ~ ~ 4 ~ ~ ~ ~ v ~ ~ ~ av ~

iK
,K
iK
~ K

~ ~ 41 4 ~ ~ ~ I ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ + 0'0'141 ~ ~ 1 ~ V
~ ~ 4 ~ 444 ~ ~ 44vav ~ 4 ~ ~ 4 ~ ~ 4404 ~ ~ vh ~

F UNC T I flN 0 I I c I PAR !
FVNCT IAN CORI LIT ES 1HF CORRECT JON TERN OF Pl I

D I HENS ON P4RI 11

HRAY = LR4Y -I
On Knn JLR � [,PRAYLRAV[-JLRrl'
E<.I.IR 'I = EC  JR- I !

500 C I.I I I NUF
SStt KF JN

 F IXOT.EO   I I.n TO 650
DC 600 K IF=2 ~ KOT
K'Sl = KF IN+I
KF JN K ST l2 369
[IR IT  I 1  'KOLIT E!   EC K F!,KF=KST KF  Nl

C RR I TF I x+9[ I  FC  XF 1 yKF= KSI r KF JN!
9  FORNAT  ' ' 'EC=',9F8.3!

600 KGVTE = Knub'Ea1
650 KS'I = KFTN+[

lt.f[N = L RAYt
lIR I[F � liKOUTE!  EC KF!xKF=XST+KFIN!
RF 1VR6

C DEBUG UN!T[ 3! ~ SVBCHK
ENCC ~ ~ ~ ~ e ~ ~ ~ ehhh ~ ~ 64 ~ ~ ~ hha ~ hv ~ ~ ~ ~ 4 ~ ~ ~ hhvvvl ~ ~ ~ 4 ~ ~ hhhvhvhv+t

~ hv ~ ~ ~ ~ i a920 ~ ~ 0 4 4k ha ~ 4 ~ I ~ vv ~ ~ at ~ 1 ~ vv v 4 ah 4 4 hh ~ hah ~ ~ 4 th ~ 4 4
SVBROuf I NE Sf TO!IS

102



-» %02! �O, 1 i'IG2«L  UP44 I 31 ! !
RE TURK
FVQ4 ~ ~ ~ ~ ~ oe ~ 11 ~ ~ 1 ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 o ~ ~ ~ l I 1 ~ I ~ f114 1 ~ ~ ~ 1 tf ~ 4 ~

~ 4 ~ ~ I 1» e 1 1» ~ e ~ ~ ~ t ~ ~ 1 ~ I ~ l ' ~ 1 ~ 4 ~ ~ ~ ~ 1 t ~ 1 I ~ 1 ~ ~ ~ ~ 1 t 1 4 ~ » 1 I 4 ~ t 1

FVNCI ION Dll  P4R !
C C
C C

FUNCTION CO1PIJT'ES Tt E COIJP L INI. CQEFF JC IENT Dl I
OF THE JONSRAP !IEVE HODEL

G, EN,Fa, skh, RRQOTZ, EP 5, SL tv, ECO.'IST

R�>! I  I, 0 � S. Qtpl lc P4R! I
I» /CONST/Pl,
5!Q4 PAR l!
G/ »» oP  ePA

4 1 1 ~ 1 ~ 4 I 1 ~ 1 I' ~ I I ~ ~ ~ 1 I 1 1» 1 ~ ' 1 4 1 ~ 1 o ~ ~ 1 1 ~ 4 4 4 4 ~ 1 1 ~ ~ 4 4
~ 1 4 ~ 4 ~ II 4 ~ 14 ~ 1 ~ I 1 ~ ~ I ~ ~ 1 ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ 1 1 ~ 11 ~ 11 ~ 4

FVI»CTION D12 PAR!
FVNCT ION COHPVTES THE CCuPL ING CDEF'FIC I ENT 012
OF THE JOVSOAP !»AVE HQQEL

RROIJTZ,EPS,SLIH ECONSTCO45T /PI» G» EH» FA ~ Fdh»
»I PhR I I!
�» ~ PI ~ PhR I2! ! OQ! IC IP

CO> enh /
DT OFVSITJ

G/
RETURN
FNC111 ~ Il ~ 1 ~ 1 ~

~ ~ tet ~ ~ I ~ 1 ~
~ I 1 111 1111 ~ **I ~ 41 tt ~ 1'ett ~ tee 141 1 ~ ~ 1 ~ ~ te 1 tt 11
~ eo ~ ~ 1 ~ Ot ~ 4 ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ le ~ 14 ~ 1 ~ ttte ~ ~ ~ oee41

FUNCTION D� PA'Rl

C C C
C

FuNCTION CQHPUTES TFIF CcuPLING COEFFIGIENT D13
OF THE JQI»SNAP H4VE HLIQEL

R ROOT 2» E P 5» 5 L I V ~ E C ONS T/CONST /P I ~ G ~ EH ~ Fa ~ F 44 ~
!OI» PdR l !
G/� IPI ~ POR�!IODIIC P

COHelN
PJ HFNS
TJ!»
RF TURN
ENCtill ~ Ol ~ '4

I ~ ~ ~ ~ lt ~ ~

kR!

11 ~ ~ 144444 ~ 1441 ~ 44 ~ ~ Itlt4f ~ ~ 144 ~ olt ~ ~ ~ let ~ It ~ I
I 444141 1 ~ 1 ~ ~ 4» 1 11 ~ I 4 I ~ ~ 11 ~ 1 ~ I ~ I ~ ~ 114141 ~ 1 111 ~ IC C C

FVICTION D21 P4R!
FUNCT QN covPVTEs TH'F COUPLING CQEFFIcIENT Q21
OF THE JONS! AP NAVE HOOEL

COHVON /CONST/PI »G ~ EH»FA,FAA»
Dl I'ENS IQN P4R I I I

ICE 1
21 = � S,OPAR�11FAA ~  G/� ~ PI
E I URN

F II GI ~ I ~ ~ 1 ~ I I 1 1 1 1 1 ~ 1 ~ 11 ~ 1 II ~ 4 ~ ~ ~ I t 1 1
~ 1 ~ ~ ~ 1 ~ ~ ~ 1 ~ ~ ~ I ~ 4 ~ 1 ~ te ~ Ill ~ ~ o litt

1 ~ I 1 1 ~ ~ 11 ~ 14 ~ Of et» ~ I 4 ~ 1
~ ~ el ~ ~ 4 ~ I ~ ~ ~ ~ 1 ~ 44tol ~ of

FUNGI ION OZZ PAR!
C
C C C FUNCTION COHPIJTFS THF COIJPL ING CCIEFFJC IENT O22

OF IHE JONS I hP HAVE HQDE L
2» EPS» SL I "» ECQNSTCCHehN /CONST

DlvF4'5!ON PAR
DZZ * G/�-4P

C»pt2 P4
RETURN
E.NC

1 ~ ~ ~ ~ ltt1 ~ 11 ~ ~ ~ ~
I ~ ~ ~ ~ ~ ~ ~ elf ~ 1 11 1

/ PI » C ~ EH» F4» Fat ~ R ROOT
  I !
I ~ Fd ~ PhR  l	
R ! ~ 5. I!eP4R� I ~ F 44/PAR

~ 11 ~ ~ ~ 4 tf 141 1 ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ tt414 ~ t1
1 ~ e ~ ~ ~ e ~ ~ 1 11 1 1 ~ ~ ~ ~ 1 ~ 1 ~ 1 1 1 1 1 1 ~ 1 1 ~ 1 1 t 1 1 ~ ~C

C C
FVNC T ION D23   P dR I

C C
C C

FLINC T ION C OHPVTES THE COUPL I NG CDEFF JC I ENT D23
OF IHE JONSaaP HAVF HQQEL

PI »G ~ E!I ~ F 4 ~ F 4» ~ 4 ROOT 2» EP5 ~ SL JV ~ ECOOI ST
11
tS oP4R Z! ~ FAA/PAR  II

COO@ON /CONST/
DI HEN SION PAR 
OZ3 = Ol 3I PAR I
RF IOTIa
ENOI ~ ~ 4 1 I le ~ le t 4 ~ » ~ ~

41 ~ 4 ~ ~ 4 ~ ~ ~ 11141 ~ 1
1 1 I 4 ~ 1 ~ 4 4 ~ ~ ~ ~ ~ ~ ~ 1 ~ 4 ~ 11 I I 4 ~ ~ 1 4 1 1 ~ I 1 4 ~ ~ I

~ 1 ~ ~ ~ ~ et ~ 1114 ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ 1 ~ ~ ~ 111

FUNCIIOV D31 P4R!
FUNCT ION CONFUSES T HE C T!IJPL INC C DE F F I CI E NT Q31
OF IHE JON5RAF RAVE HCDEL

4 /CONST/PI.G, EH.F4,FAA,RRT!OT?,EPS,SLtH,ECQNST
SIO!I PhR I I !
OOI IC PhR!

5. O'PAR I 3 I /Pk R   I ! ' ~ ~ 2 ~ G/  4. ~ P I I ~   F a 4/F a-   1.-!I! IF ah-H!

~ ~ 1 e ~ ee ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ I ~ ~ I ~ ~ ' ~ 1 1 1 ~ ~ ~ ~ ~ I ~ 4 1 4 ~ 1 4 ~ 1 14 41
tt ~ 1 ~ I ~ ~ ~ 1 ~ ~ ~ 1 t ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ 1 ~ I ~ 4 ~ 1 1 44 eee ~ 4 ~ ~ ~ ~

FUNC 1 ION D32 PAR!
FVNCT ION CQVPIJTFS THE ChUPL  NG COEFF CIENT D32
r!F IHE JONS>AP RAVE HOQEL

Ch vm 4 /CO!!ST/P I, G, EH, F 4, F 44,RRDOI 2, E P 5, 5L [OI,EC DN5 1
OI OF45 IJN Phf  I I
I! ! 7 = Pht �! /PAR   21'oG/  I OPI' ~ PAR  I !�  I ~ OS ' ~ DI JC  PARI

Ge  I � Fd»»! � I /Fd!
RF ILR I»

C C I'.
C

CC.~
D! «E 'I
CI'I I
RF ILR
END111 ~ ~ Ol ~

~ 4 tt ~ ~ ~ ~

COP n
DI HF'I
H 5
O! I
Rc TIJR
FNQ

~ ~ ~ ~ 1 ~ ~ ~
1 1 e4 I tl ~

RPODT2, EPS» SL I 4 ~ ECQNST
~ Pa 4 �! ~ F a!-Q! I   P4R ! ! /PaR I I !



FKD~ ~ t ~ ~ ~ ~ ~ at ~ ~ etatetttltl ~ tt ~ 1 ~ ti ttaa ~ ~ tla ~ ~ 11 ~ 0 ~ ~ 0 ~ ' ~ 1 ~ 44
~ ~ ~ I I ~ ~ ~ eat I ~ ea ~ tle ~ 0 ~ ~ ~ ~ ~ litle ~ ~ 'la ~ ~ ~ ~ I ~ ~ 1 ~ 0 ~ I e ~ tati ~ ~

F VNC I I Ok D 3'I I P4R I
C C
r.
C / C ON 5 T / P t G, EH F 4, F A 4, R 0 O� T 2, E P 5 ~ 5 L 'I V, E C 0 4 5 I

SION PAR I11
G/ r 4 IPlt PaR I I! �  l. I5.00[ IC IPaRlt  I.-Faa ! !

N

CDVan
nl vrN
033
R FTUR
E404 I ~ ~ ~ ~ tl

~ ~ 1 ~ ~ I ~ I
tttla ~ ~ le tet ~ '0 ~ tttlt ~ lit tall 000 ~ ~ 00001 ~ 4 ~ te ~ ~ ~ 4
~ ~ I ~ ~ ~ ' ~ ~ 1 ~ 0 ~ ~ ' ~ ~ 1 ~ I ~ ~ 0 I ~ 1 ~ 1 ~ ~ ~ ~ ~ 4 ~ 0 ~ ~ I 4 1 ~ ' ~ 1 I 10 1 ~

FUKCI ION Dal f PAR!
IC
C C
C

! GOTO ID31 LT-1.5
PIP� �!
R  Cl 4IEH/4
/PAR   I! 1 0
C - I P I ~ HA 1
.tkhlt -C

L P4R I / 

FLINCTIUN Daztp4R!
C C
C C

c0000N /cowsT/PI,G, EH,F4,FAA,RRDDI2,EPS,sLIN,ECrlksf
0[VENSION P4R ll
DCZ
IF fPAR I 3! .LT,L ~ 5 I GOTO LO
Ha = L. PAR c!
DC2 = Ha/PAR   I! ~ D12f PAR'I I PAR I clafk/ALOC  PAR[3! !*

 I / C. ~ P I eka 1PAR  I! iPAR   21 'll e. ~ Va ~ ~ I � Cl /PaR  1! 1012[PAR!
C -D/2 PAR !/P4R�1-D32 PAR� !/ Ei ~ PAR 13! ! I
CONT I NUE
R ETVP k
FND1 ~ ~ tltll 41I 1104 ~ ~ ~ 1I 00000000 ~ 0 ~ 000 ~ ~ I ~ 01 ~ 0 ~ I ~ 04 ~ 14 ~ 0 ~ 10

0 ~ t ~ ~ I ~ 0 ~ ~ 40 ~ tttttltl ~ ~ ~ ~ 1 ~ le ~ ~ tl ~ ~ ~ 0 ~ ~ ~ ltlttte*tlt411 ~

FUKCT [ON 043 PARI

CCVI03N /CONST/PI G Eff FA FAR,RROOTZ,EPS SL IvrECONST
D[aENS ION PAR�!
DC 3 = 0.
IF  P4R�I.LT I 5 I GOTO LO
Ha = I.� PAR r cl
043 = Ha/PhR   I �0 } 3f PAR I rP AR I 4 ! ~ 'FH/al�Ct PARI 3! I 0

Ir/ C. ~ Pt ~ Ha SPAR Il�PAR�' s! 15,tka«  -C!/PARflftD� PAR!
4-r
'1 PAR!/PARIZI � 033 P4R!/ EH0PAR�!!!

ID CO rT INUE
RF TIJRN
E NIJ0 ~ I ~ ~ I ~ ~ ~ ~ ~ t ~ 00100 ~ 11 ~ ~ t tlat et ~ ~ t92 ~ 1 ~ ~ 10 ~ 010 ~ 1I 001I 14 0 ~

t ~ ee ~ ~ tl ~ ~ I t ~ 04444 ~ ltttl ~ ~ 00 ~ ~ ~ ~ 01 ~ ~ ~ ~ 001040440 ~ elttl ~ 0

FUNcT [DN Dcc PAR 1
C
r.
C C

CCV0ON /CONST/PI,G,EH, F4,FAC, RRDOT2, EPS SL IN ECONST
D   "E NSI�N PhR 1 I !
DCC = G/ C. ~ P[ll I.-PARI Cl �PAR   ! !
RF IUR FI
Fffr!~ ~ ' ~ ~ 0 ~ ~ 0 ~ 4 ~ 0 ~ ~ ~ ~ ~ ~ 1 0 ~ ~ ~ ~ ~ ~ 4 1 I ~ ~ ~ I 1 ~ 1 1 I ~ ~ 4 t ~ 00 1 ~ ~ ~ ~ I et 14

t I 4 I 0 ie4 ~ 14 ~ 0 ~ 04 ~ 0 ~ ~ 0 ~ ~ tl ~ 1 ~ I 1 ~ 1 0 ~ ~ I ~ ~ 0 ~ ~ I 0 0 ~ 0 ~ ~ ~ ~ 0 ~ ~ ~ ~

FIJNCT[DN D51 PAR!
C C
C C

COvioN /CONST/PI,GiEH,F4.FAA,PROOT2,EPS,SI.IN,ECON'ST
DIVENS[ON PAR�!
051
 r tPAP�!.LT.I 5 I GOTO ID
Httf Ipat SI
IhvaPAR  5! ~ Ik/4t DCIPaRt 'll!
0>lt-HR/PAR  I ltol l PAR! tFAKt   ;1�.0H411  � CI-Hrl/FAKI/IC. Pt ~ HR' ~ P4R

4   I Ie 0 2 I iS. ~ HBe I I -4 I/Pa R [ I I ~ 0 I I I P AR I-D21   4'AR I /PAR   2 1-0 31  P4 R I
E /  EFI ~ PAR   311 !

LO C�4T INVE
PITURA
f 40 ~ ltt ~ ~ ~ ~ ~ ~ 04 ~ 041t ~ 0 ~ 1 ~ 0I 110I ~ 14 ~ 0 ~ ~

~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ tt 0 ~ ~ I I lee ~ ~ ~ ~ I ~ ~ 1 lt ~ 0~ ~ ~ ~ ~ 1 ~ ~ 0 ~ llteaae ~ et
C ~ ~ I ~ 1 ~ ~ I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
C

F UrIC T I DN 052  PAR!

104

COH404 /
01 IENS IO
0 a I = 0.
IF [PARf
Ha I.�
FAK = PA
DCL = H4

C /I
C 15
C -0

10 CONTINUE
RF  URN
END1 ~ I a a ~ 4 1 ~ et

~ ~ ~ 11110 ~ 10

FUNlf lok C«PHIFS TH' CrJUPL INC COEFF[c[FNT 033
OF IHE JONSNAP NAVE I C00L

FUNCTION CO"PUTES THF Cr!UPLING COEFFICIENT Dal
OF Tkf JONSNAP NAVE HOCEL

CONST /P I r G ~ EH ~ F 4 IF da I R POO T 2 I EP5 I SL I N ~ F CONST
N PaR  1!

lOG PAR�1!I I I PAR! tSAK' ~   -l,'0   5 ~ Ha' ~ ~ f 4 	HA/F AK!
Paa t!'*2!
!/PAP I I! ~ �11 f PAR I-D21 IPAR I/PAR �!
EH4P4R'[ 3! I !

lte 0 ~ ~ I ~ 0 t I ~ 0 ~ 4 1 t I 4 ~ 1 0 ~ 00 ~ te 92 ~ ~ 1 ~ ~ ~ ~ 0 ~ 4 4 tt 0 0
000 ~ ~ ~ 40 ~ 111 ~ I44 ~ ~ ~ I' ~ 0 ~ 1 ~ 0 ~ I ~ 1III ltlIre ~ ~ 4 ~ 1

FUNCr [oN ro IPUTES THF Cor!PLING COEF'F ICIENT D42
OF IHE JUN SNAP NavE vCDEL

FUNCTI rk C DNPU!ES THF CCUPL ING COEFF [C [ENT D43
0F THE JO ISNAP N4vf voo[L

FVNC T I ON CO  ~ PVTES T H'E CCUPL I NG COEFF IC I EN T DCC
OF THE JONSN4P NA VE NCD EL

FUNCTIDN COHPIJTES THF cDUPL INC COEFF[c[ENT D51
OF THE JONSNaP NavE vODEL



FUNCT ION D53 PAR!
C

C C
COP>0}N /CoksT/Pf ~ GIEH>FA> Fka ~ RRoorz> EPst sL tk> EGDNsT
D !re N 5 I ON P44 f 1!
053 = 0
IF �4R�1 ~ LT l 5 I GOTO LD
HR = l.+PAR  5!
D53 � H4/PAR I I ! ID! 3 PAR! IPAR  5! IFH/4LCG  PAR I 3! ! 4

G  G/ >,. ~ 4 IOHEIPAR l!OPAR�!IFH! +S.tkett  � wl/Par I l�013 PaR!
4-D?xt PAR!/PAR z! D33 PAR!/ EH ~ PAR�! ll

10 CDVT INUE
RE OR!>
ENDI ~ I ~ ~ 110 1110 ~ 00 ettttt ~ '1400110 ~ I 11001 I ~ 0110'II ~ 11040 ~ '4 ~ I ~

~ I ~ I ~ ~ ~ t I 0 ~ ~ I ~ 0 ~ 4 ~ 4 I I I 4 0 ~ ~ 4 >4 0 ~ 0 ~ 0 0 ~ 0 0 ~ I 0 ~ ~ 4 0 ~ 0 0 01 4 0 0 92 ~ ~

F UAC 'flDN 0'55 PAR!
C C
C C

CorrnN /CONSr/PI, G, EH, Fa, Faa,RROOT2. EPS, SL IN,ECDNST
Dt eENS ION PAR  I l
D 55 = G/� OP� 1 l.+PAR�! I OPAR 'I ! !
R ET JR N
END 4 ~ I ~

~ I ~ ~
C ' ~ 0011 ~ I ~ t00004*11111010>000 ~ etttttteettt ~ 10110110ttl
C, ~ ~ ~ ~ I II ~ II ~ It41 ~ ~ ~ ~ ~ ~ I' ~ ~ I ~ ~ I I ~ ~ 4 10t ~ 4 I ~ I It t ~ ~ 4 ~ I ~ I I
C

FU!cT!o  ! SIG  x!
C

FUNCTION RETURNS SIGN OF PAR ARE TCR
ISIG 0 0
IF I x. I T. � ".  Ir«" Dnrt ! ~t I 0
RF !LIRA
END~ ~ ~ I' ~ ~ ~ I ~ 0 ~ I 404 0ttt ~ tl tt ~ I ~ 0 ~ I ~ t ~ 10 ~ I ~ I ~ IIII ~ 140 ~ It 01 14

t ~ ~ I I I I I ~ I I 1 92 I 4 I ~ ~ t I I I ~ ~ I ~ ~ ~ ' ~ ~ I I I I ~ I ~ ~ I t I I I ~ ~ '4 ~ ~ I t t I I I I

SUeRCIUTINE NHOt.  K,P4R, V!
C

C C
Ct}rrnt/CINT/ xk,rx NY,DFLx,DELr,N,T,NN,KHAK, ISC
C 0»»n N / C M 5 P / 4 I 3 S 9 0 t, 0 I '! 5 0 0 !, C I 3 5 0 t! !, !I I   I 3 9 0 !
Cnl' ON /CON5T! PI ~ G, EH,FA,F 44,RR CC T2, FPS, SL I H,E CONST
DIPENsfoN PAR  I !
I=St  r � I I
GDTI}   I ~ 2 ~ �0 ~ >! ~ I v

I DO � J = I ~ 5
10 PAR J! = a IIJ!

0 } I 0 I DD
? DO 70 J = I 5

20 PAR J! = e f+J!
Gn ID �0
PAP�   I !=NI KIK- 1 !
Pa 4 I 7 ! 4 Rl   K+K !

I>}n cnal f NUt
R E TIJRN
EAD~ ~ I ~ ~ e ll ~ 0 001 11 ~ ~ tll ~ I ~ ~ et 1 ~ 1 I I ~ ~ I 92 1 I III I ~ I I II ~ I ~ I ~ 14 ~ ~

4 ~ ~ ~ ~ I ~ Ittt ~ 00000111 ~ 1 ~ 101 ~ I ~ 0 ~ I ~ I ~ ~ 9210 ~ Itltl ~ ~ 92I ~ II> I ~C C C
SURRDUTINE > RESE KIPAR ~  V!

C C C
C

C nrenN/CN5P/4   3500!, 4   3 500! ~ C 135001 ~ V I   �00!
Cne"DN/C INT/ 74 Nx.kr.DELX,DELI, N, I,NN,KKAX,!SC
Dl > ~ INStnN PAR lt
I 'I  K-! I
C>}f0  I > 2 I > I V

I t}C I I J = I N
1! C  I> Jl PAR J!

GOTO tOD
2 DD � J e l>N


 4  I ~ J! = PAR J!
�0 CI}NT I NUE

4F II}RA
END~ ~ I ~ ~ e>I ~ ~ Ilt ~ I ~ et ~ I lit ~ 4 ~ 144114441 ~ 14104 ~ 40 ~ 110 ~ tttt ~ ~

~ ~ I ~ ~ ~ ~ ~ ~ I ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Ittl ~ I ~ ~ ~ 0440 ~ ~ I ~ I ~ ~ 0 ~ ~ ~ ~ I ~ I ~ I ~
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CneenN /Cp
DIPEVS ION
D52 = 0.
IF  PAR�!
HP= I. IPAP I
DS?=-HR/PA

G G/II IPI ~
C 022 PAR I/

10 CCIII I AIJE
RE TURN
ENC~ ~ I ~ ~ 11 ~ I ~ I ~ 4

0 ~ I ~ I ~ ~ 000 ~ ~ 0

F IJNC T I ON C }I>PI! T E5 THE C t!UPL INC COFF F I C !TNT D52
OF IHE JDN SR4P 'I44VE HDDEL

NST/PI G EH Fa ~ FAA ~ RRDOTZ,EPS SLIR,ECDNST
PARI !!
.LT I 5 I GOTO !D
5!
Rf 'I ! tnt 2 PAR I IPAR �! ~ tk/ kt OG PAR f 3!! ~
HRIPAR l !+P4Rt21 II > IHFI ~   � '> I/PAR  I! D!Z PAR!
PAR  Z!-D32 PAR! / EHIPAR  31! !

0 ~ 1 I 1 1 4 ~ I I I I ~ ~ I I I I I I ~ 4> I I ~ 0 ~ ~ ~ I I ~ I I I I 4 0 I I ~ 4
0 I I ~ ~ 0 I ~ 0 ~ 0 ~ 0 I 0 ~ I I ~ I 0 0 I I ~ ~ 0 1 ~ ~ I ~ ' ~ ~ 'I I I ~ I I ~ ~

FUI CT ION CD! PUTES THE CCUPL ING CDEFFICTCNT 053
OF THE JONSRAP !IA VE r GD EL

FUNCTION CDNPUTES rHE COUPLING CDEFFICIENT 055
OF THE JONSVAP RAVE PODEL

SVPRDUT INE' GETS DAT 4 F RON Sr }R AGE ARRAYS 4ND
PUT< INTO PARAMETER ARRav Pae

5URRCUTINE PUT 5 DATA TNTO STORAGE ARRkv5 TRON
PARARtrER ARRAY PAR



'INTEG LISTING

RASTER INTEGR4TE IvcRStnk I REv[5[ok 2!
REvlSlnk 2 Prov[DES ak INPROYTD HE401KC.

PROCRA< Ca[CD[ATES 2-WAV T4> LES nF INTECRAI5 I ako J
FOI> USF [9 C 4[CO  4TI NG HS AND TZ FO>> SELEC [ED YAL VES
of Gav~a ako s[cva
 HS LSE 5 INTEGRAL I ako TZ USES ROT H [kT ECR AL I AND J I
INTEGRAL I 15 ovrpuT rrk cH e. INTEGpa[ J ON cH 9

DIVFNS[ok SIC[10!~Oak[35!,CINT[�0,35!,C INTZ tn, 35!
Dt VFNS[ON Tt TLE�h
R E AL kaTLDC  35 !
NAVE'LIST /'[[NT/ I fr JJ ~ VLl+ULZ ~ DveDI
NavFLr ST /GS/ GARS'GA~F,S«K 5[GF
DEFINE FILE 8 �2 !S,u KEnur1
DE> fkE FILE 9  IZ ~ 35iu ~ KNCVT !
RE AO   I ~ 3000! I I TLE
fOR <AT �044!
READ  I ~ Ilkt!
RE 40   !ZC 5!Gak rk 3 =   GAVE-cav 5! /  J J-'t l
SIG[NT �[CF � 5fCSI/ I I � I I

3 DID 0

C C C
C C C
C

11 No. OF Row'5  Sf CN4S!, 3 J= NO. OF COLS [ GavvaS !
UL I UPP FR L I < [ I Fnx NUNER I C4'L IN T EGRA TI DN OF I
ULZ ~ UPPER L 1" I 1 FO" J
DY = lkTERV4L FDR CALCU'L4TTNG INTEGRAL I
DX FOR J

Sukt ~ oo
SV "2 0.0
SIC t! = SECS
Gav  11 = GANS
NATLDC  I ! - ALDG  Gak  I! !

C
C C SET UP INTERNED I ATE Gavva, 5 IGN45

CO I J=zeJJ
Gav J!=Car J-I!
NAT[DC[J! = ALDG
Gn tl [=2y lf
5 [G� !=5 IG I-I !+

Cavr NT
[CAN[ J!!
51 0 [NTll

C C IC WRI TE OVT GANRAS ~ SIGI 45 IJSED TO FILE%

KECUT
KNFUT
NR I TE
NR ITE
VR I TF
wR ITF

I
l

[ >! ' KEOVTI
 9' Kknu r !
 RiKEDUT[
 9'KNOVTI

DO 2 J=t, 11
Yv = [ � I 0/5 IC'IJ
YP = Yv

C'-"[;Ol""  !C|J
a E IP  � I.Z 5+[ .

E IP   NATLOG[ K
Su Vl = 5>>V[ 4 f 4 ~ Y
vv = vviov
CO TO
C[NT[ I J ~ K! = Suk

vp
SUN I ~ 0- 0
Cnk T INVE

! !vo.o[

TO 5
9/ CVC ~ Cvc 1-tvv+vvan.5! !
I ~ EXP  0 5 ~ YY+YY!!
roc!

t ~ k ATLOG'IK I VOY

r RITE CONPLLTEO PCw TD STORE

[Fl'K'EOVT! [CINTII J ~ K! ~ K=!TJJ !
NUE

C 4LCUL ATE INT ECR AL J FOR E 4CH G4kka@ SIGN4

WRTTF
CITNI [

J I V I I
0
xp
K= [,JJ
.CT.UL2! CD To 10ka[LOC  I �FXP   - XX-[.01 ~ t Xx-1-0! !/[2.045 IG J I ~ 5[Ct J! ! !
I/  rx~xxaxx!
x3/x I
X3 ~ EXPf � I 25 ~ XC+CZ!

Sukz+ 02
Ix+0K
9

[J>K[ ~ SUVZ ~ DX
Ip

0.0
KUE

10

[!

C [k12
rr
SI/k2
CO!IT [

5TORE Rolr
 9'KkouT! IC["[T2 I Jar!rr~ tr J J!
kVE

wP fTIE
COKT I

WR ITE VAL UE5 US'ED TO LP

� 20'!9! Tl 1[,C
13. �0> !
� ?OCD I  Gak  k !, k* I, JJ !
I 3, Z»9>f !
r3.'z�0! I SIC[kl,k-l ~ t I I
[3i 2005 ! [ [a J J ~ VL [,UL 2+Or, Dx

wRITE
W >r 1[F'
'w I> I TF
WR [TV
wRITE
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C
C IC
C C C
C C C

Dn 7
XP
I I
Dn s
IF [XX
CZ
I3
xa
er =
SUV.2
Xr a
CD TO

fly JJvVLI ~ Dv
[ IwJJeUL2 ~ Dx
 ~tG l!it=[elf!
[Gak[ J!, J=[,J J!
CUL al' E INT CCR aL I Fo'I EaCH Gakka 5IGN4



@RITE�4ZBOZI
OO 6 l=l, I I
RR ITF�, 203n!  C hI ltL,vl.h-t,JJ!

6 CONT INUE
WRITE INTECP4L J
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HR IT .
OO te
'HR I TF
CONT  

 ' I 01 1 F  ' R» 4
Znnn FOP»1
Zhh Z FOR»4
2 �5 FOpva

I
2

Znh F F  ',R» a
ZO'i 7 Fn R» h
Zhl! 5 FGP»h
20nq Fr R»a

5T OP
ENO

WP I TE IHT'FCRXL I TO LP RCH 5< RQR

�e 2006 !
L=l,ft

  3,2'!hO! ICIHT2 L
NUE
7 �F6,3 I
T IHC ZIF5 3!
'   IHI ~ 10HINTECRXL I !
7   I  �, I a, IZH 5  GvaS US FO, 15. 7H C avv a5/IH

2   Hl!PPFR L t  'I T FOR INI FCR 4L I = F6 3/ IH 16X
1ZHINTEGRhL J =I'F6.3/IHGi
I*HINT FRY a . F lR I = F6.3, 5X, 7HFLlR J =,F6 3!

7 I HI� .I CHIN TEGRaL J!
   IHOe5FC4»va !
T   IHO> 5H5 !CH4!

///52 X ~ ' NOR 5 �V PRQCR 4 H I hT ECR 4T E '/ //2 6 X ~ 2 hah�/// !



'HSTX' LISTING

HAST ER HSTZ  YERS ION I 'REVISION 3!
PROGR av C4LCUL dr Es HS aNO I I   wf ND-5 Ea ONLY! ~ akO If
REQU  RF TI Hs 4ND TZ I INGLUD I NG SHELL !

Rf vt St ok 2 PRov DES FOR Ovr'PUT TO O'E PR INTED 5D THAT GR fo I 5
V SuaLLY CORRECT THdr IS, wtTH THE ORIGIN IN rHF l,owER LEFT.
R EV I 5 I olv 3 0 AU SF! IN IT'  AL 1lar I ok OF INTEGRAL TARLE S 44D
ENERGY 4RRaYS rn 0.0 IN 4 BLOCK Dard, DIHENSIOH
STarEHENTS wERE CkaNGED To CDNHOHS To oo THI S.

INPUT REQV I RE 0  ON VH IT I !:

 DH Jk /'fTAR/ GAV�5!,SIG�0! CINTI�0 ~ 35! ~ CINTZ�0 35!
Cox<oi  / aRR/ aRR 4Y �2'50 !, E INTi 1300!
OtHEksrok Tr TLE�0!.rvAL�1
DIH ks lok wH�0 65 I! ~ TPI 50 650! RRH�50! eCTPI 6501
C  RHON /E aRS/ fh eso!, ES �$0!,E!NT S t300i.5 rcvat �0!,

C SVHD I R   650!
COHvnk/T IVF/KTtVE
CORvi!k/GRI l/K dPR AY ISD!,HV NN
NAHFL IST /HTPAR/ I GOES, HSKi P IDI3.NDfR, NFREQ, r5TNO
OFF HE FILE 5 �5,1300,U,Kari
DEFINE FILE I!  IZ 35 U,KEIN!
DEFINE f ILE 9 Itzi!sxufrk H!
DEF I'IE F ILE 12 I 1600 66D.V,KSINI
DFFINE FILE 13  aoi 3�0iueKwfk!
RE do   I 891 TITLE

89 FORdar 12044!
RE AD   I HT PAR!
kuc=kofh/6
'wo frf � 99! TITLE INGOTS 45KIP,NDD,NFR EQ

99 FORR ar lan / /azx, ~ NORSwdv oROGR AN H5TZ IVERST ON t ~ .
C RCVI 5 IOH 31,////Zex, 2044///SIX, Ia. ~ Ir ERA TIONS ~ .
C ~ SKIPPING ~,14//Slx, I 4, ~ 0 RECr ONS PER DUAOP4NT'//Slx,
C Ia, ' FREQUENC IE5 PER DIRECTION'/I

I F   I DC 133 ~ 33 i 30
C C C

33
93

30

C C C

Too -YE ~ HS AND Tt  a swLI To RE CALCU  4TFO 4LSO
RRI TF � 93!
FPRHAT i ' '/Sax, ~ 5'HELL ANALY515 REQUIRED'/!
C CAT I huf

RE4D INTEGR4L T48LE INFDRNATION SET VP BY PROGRAV IHTEGRATEI

J J w '0'L I T 0 Y
JJ ~ UL2 ~ Dx
G t I i t~t, fr !
H JI ~ J=liJJ!

PS!/ JJ-I!
GS! /�1 � I!
SING'I F,S CS ~ SIGF
5T ART INC 04HHa ' ~ F6.3,10X, 'F INTSHING GAHHA
~ i START NG SICH4 ' F6 3 ~ Ihx 'FINISHING SIGHa ~,

2002 FDR Ha 'f   ' ' / !9x i i
C F 6-3 //39 X
6 F6 'I//!

READ TNTEGR4L T48iLES
DO 3 K=I II
Rraf! �'Kf f4}  Cfhrt KgL!gl If JJ!
REAI!   O' KNI Nl IC I Nrz   KALI ~ L~I ~ JJ!
CO NT I NUE

READ GRID fNFDRHATION
Kw lk
RE AD  13irw! 4! KHdx ~ 4> NH ~ HH ~  KARR AY  K ! ~ K Iikkl

440 RRITE SANE TO RE5VLTS FIL'ESC C C C
C

I F   I C'0 I 4 4 4 4, 4 '3
4 VR ITE   T,I40iKH4x HH,NN 94  KARRAY  KI,K=I, HN!
CO k I' I k IJ E
KFars = KHAN 5
Ki axz = Kl ~ axiKHAX
I' f NSKIP!tri !rile

SKfP SI!HE fTER4T DNS If Rfou!RED
r w 14 ~ K 'w I k ik 'SK 't P
IF IIDCI32,32i31
KS iI ~ 3
Rf dn  IZ ~ KSIN!   IVAL KL!
KSST=IVAL !!

la
I I

,KL=ti3!

Gt VRS I TERarlok NUVRFR CORRES RON ! NG Tc FIRST SWEII,
I NFORH dr ION

KS Ik
CPNI tkUF
r'.n '23 rr= I,NCOFS
K I fvf kSKI P+KK

108

KEIH = I
KN IN
RFAD  8'KEINI rli
RFAD  9'KN IV I t li
Rra I le'KE!NI  St
RE du f9 ~ <NIN!  GA
GARS GAHI I!
GARF Gdk JJ!
SIG
5 IGF 5 IG  11!
GAH kr =  GaHF-G4
5IGIkr = �' GF-5 
VR  rf I 3iz0021 C44

FIRsT RECORD TITLE REcORD  <er CHARACTERs!
Na>EL 1 ST IHT PAR
NGOE 5 NIJN'8 f R OF I TER 4T tONS
NSK I P Nuv llf  Nl TIAL I TERS. 5K IppED
  00 swFLL 444LYsls INDICATOR

 - I DO => 5wL INCLUDED I
NOIR TOTAL kuv- OF SHL DIRECTIONS
NFREO Nuv. nr- FRED. oER DtREC Trok



R E a 0   1 3 ~ K v [ N !   4 R rr a Y I N I, N - t, x. H 4 x 5 !
L = -'5
OO 1'! I = I r KHAX2r 2
L = Lr5
5'Ica = 4RRAY ttI%!
5 IGR APR4vtLr51
510K = � tcats tcel/2.0
[FIS[CX.CT.5tCC! SIGX=SIGF
F'I = ARRAY L t  I
ALPHa = APRav L+2!
GAHX ~ 4RRILY  .t3!

IF GAHx.GT.GAHF! Gavx-G4HF
IG  Gav'. -GARS!/G4HINT
TF I IC.GT.  JJ-I ! I IG=JS-I
F AHA CAHSt lc ~ Ca PINT
Ga Hl i Gako+GavlNT

1 5 =   S1cx-5 IGS !/SIGlNT
IF[ t S.GT. �1-1! ! 15=1 -1
SIC" = 5IGSr 1 Sis[ Gl NT
Slcl r 5 IGOts[C[kr

51HILARLY FoR SIGH4
GN = t GAHX-Cav ~ !/GaHINT
5' = I 5 [GX-5100!/5'IGI NT
J = t sr[
K ~ I Gtl

CALL[[LATE HS
ENT = �.0+C IN712!/5 ~ 0
F = FHtFH ~ FV' ~ Flr

ALPHA ~ [ I IT/c! PD.O! 23394 a   I, !tCT NT121
EINT  1! = 4 OPSORI E!

C4LCVLATE TZ
E fNT  rtl! SORT  ENT/Ctt TZ2! /FH

10 COAT [KUE
C
C TEST TO 5EE IF SMELL ENERGY TO BE INCLVDED
C

IFIIDC�4r6at76

IF KT [HE KSST�7 ~ Terreda
C
C
C

TB F = O.t/5
DFLF= 0- 0 I
CO ao K= I ~ Kvax
ES K!=0 0
Slcva IK! =0. 0

DD 75 JilrkCREQ
DR Sl K= 1rKHAX
SUHOtRIK!ro 0
no ro J?=!,NOIRRF AO �7 ~ K5f N!   [VILL KL!, KL I ~ 3!, [EC KH'I ~ K I*'I KHAX !
OO 4? K I KHAX
$UHHIP K 1=$UHOIRIK!tEC K!
C Ilail [ RUE
DO 83 K= I Kva x
s leva K ! =  I cva K1 ~ F tc psuvo lv  x!
ES KI=ES[K!+SUHDIRtKI

Bl

B?
70

ES - TDTaL FNFRGY% le~4 SECONT! HOHF N T.

F>F-rIELF
75 GT!hr[KUF

7 7 CT!hr [NUF
C
C
C

DD *

k$ [
T!rx

IK

~ KHAX

!
+1!
H$
�

109

BO
C C
C C C

B3
C C C
C C C

READ L IND-SEA INFORHAT[[3N  FH, ALPHA,CAHVA. SIGA,SIGH!

F TND RoM, CDL CORR E SI DND [NG To Ikpv7 GAHHA s Gva

GAHD, G4HL ARE TABIJL 4TE D G4HHAS EI THE R 5 [DE OF INPUT GAP H4

1 NPU f GaHHa, SIGNA L E tk CELL   J,K! IN INTEGRaL TABI E

LINEARLY [NTERPOL.ATE USTNG 5 CVRNERS OF CELL TO GET
VALVE5 OF IkTEGRA'L5 FOR I NPIJT G4HHA, 5 GI 4

C  NT[ Jr K! tGN ~  CINT I [S ~ <+ [i-CINTI  JTK!!
CINT   J+1,K! tckt [CINT!   Jtl,x I !-C INTL[ Jtl,K! !
C  NT[otsk t C INT[ I-C 1 Nr 10!
C I NT 2  Jr K ! tGNP c[NT?  Jr K t 1 I-C INT2[ J K 1 !
CINT2 I J 1, K! tCNt [CINTZ   J+I Kt1 ! -C tktZ  J tl K! !
C [NY?Otskt[C INT21-C [NT?0!

C N[rn
C IIIr I 1
c[NT

C 1 NT?0
CfNTZI
CINT22

4NY SL ELL ENERGY FOR THIS 1TERarION7

TOP SHELL e N F TRsr ar 0.[45 HZ, H[N StZE =D.ol HZ

C4LCVL4TE TOTAL SN'ELL ENERGY AND 5ECTlND HOHFNT

4L 1ER FREOuENCY TO Tkar Cc NEXT w[k

GILL CUL ATE HS 4ND TZ fNCI Us[VF OF $RELL FN'FI GY
  Ki I
K
[hr 
[Nfl 1
K,K I=
K ~ K t=



EY=H5 ~ HS/16 0
E I N I 5   I I 4. 0 t 5 OR T   E > + F 5 I K I I
E INTS I I+I >*SORT    I > tFS K>! /  EN/ TZATZ ! tSIGN4  K! ! I
CALL PP'INT E>NTsr xrax2 2, z ~ Ie!
CONT> NVE

84
T6

C C
C HRITE TO LP 4ND FtLES

Call. PR INTIE INT>KN4X2 ~ Z>0> ta!
20 CON> I l UE

Dr> 8'51 K 1 K>fax
IR  »aRRAYIK! NE,P! GO TO 22
84NIK>=g.o
CTPI»>=9.O
K T IVF O.O
CD TO �2

22 44>>IX>=4HI»K!
CYPI»> TPI >,Kl
Kr let=>
of> 861 KK 2 NGoES
IF  >f>f K» ~ K! LF.BXH KI! GO TO 861
P> HI Y >=RNIKK ~ K I
C TPI»>=TP KK>K!
Krt» =KK

86  CONTINUE
132 44 I TE �,9 J9 > K, B> N KI,CTPf K I, KT 1> E
909 FOR»4r I 6x ' K ',15 4X ~ 8'NH[K! ' Fe 3,4Y,'CTPIK!

CFR.>,AX, >rjNE > �!
85 I l-ONT I NIJE

K41=15TNO
> RITE �'K4T!  B> H K! K=1 KN4X!  CTP K>,K I,K  AXISTCI
E »O

t ~ ~ t t ~ tt t t ~ t tt 4t ttl 4 ~ tt 4 ~ tt t t ~ t t t t t tt tt t t tttt I ~ 4 4 4 tt 1C C~ ~ ~ ~ ~ t t ~ ~ t ~ ~ ~ t t ~ ~ ~ t ~ ~ ~ t t t ~ ~ t ~ ~ t ~ 4 t 92 92 ~ t ~ t ~ 4 4 ~ 4 t t4 t ~ t t t

0414 > E55 /> Hl»/3 > ~ T» >2
T. ' I 2 t> ~ > 545 ~ !

Nu = 10
NX 20
BY=PI
»PAGF =  Px-!>/Nu+ 1
DC 190 1>tl ~ 2
NR ITE� 600! »TINE
Jl I = 2 I I I+JI!-I
Or ep L=l>NPaGE
4R ITS�t200! L>f c 55 J tl tNESSt Jl ltl>
L L = Nu
IF I ~ >vtl .GT.Nx I LL=NX-IL-1!tNV
LFtlLt L-1!tNU
L 5 =1 F-I. L+ 'I
4RI TF f3 /SO!
NR I Tl-   3> 270> t Ll tLI=1 5 ~ LF!
l R !r E   3,280 I
OC 50 t J= I ~ I»Y
 =RY- >Jest
KST=I I- l > ~ NX t L I I ~ MIJ
DC rrf J=1 >LL
K = K5TtJ
AP J> = 0.0
Kr = KARRAY K!
tF x».NF 01 aP J! t 41 KK � I! ~ NPFI I!

7 ! CONTINIJE
>ft III. �i 300> I ~  AP I J> ~ J=l >LL >

50 co>ITINUF
60 CONTINUE

IT  �, 400!
100 Cpf>T I huE

C 44 ITF  let TOO  4
ZOO FOR»a 1 //>HO,SX,RHPAGE, 13,3RX, 244>
2SP FrRNAT I ~ ~,59X, ~ X DIRECT� ON' I
270 F0R»ar  ' >t' Y ' ~ ex,lp�2 9x! I280 FORNA 1 I ~ ~ ', > - ~,'ex,'10 '-->
300 FOR@a TI > ~ 2X ~ � ~ ~ ~ 10'Gl I
a~n FOR ar ///f
600 FOR>>AT  IHO ~ IDH 1 ll E STEP ~ 14>

RF TURN
END

H5 4 ~ ~ 5 f L

110

Pl EK DATA
Cr N / TAB/ CAR�5!~SIC to>fCINTI �,35!,CI T2�!,35!CE54 r>N /ARR/ ARRAY�210> F tNTf 1300!
CC»"DN /EARS/ EC�50> ESf650!>EINTS  �00»5 GNA�501>

C Su<OtR eso!
04 T4 GA>t> 5>G/ast 0 0/, C INT1 C INTZ /Tpptp. 0/
DATA ARRAY/325040 0/> PINT> f INTS/2600to 0/
Da 14 EC, ES,S IG>�, Suf'01R/26noto.o/
EVO

~ t 4 t ~ ~ ~ t ~ t ~ t t t ~ t t t t ~ t t t ~ t t t t t ~ 4 ~ ~ t t ~ t t t t t t t t t t t t t t t >h t t t
~ tt ~ '> 4 ~ 4 ~ t ~ ~ tt ~ 4 ~ t ~ 4tttttttlf>tttt ~ 92 ~ tt ~ tt jt ~ ~ tt ~ 4 ~ tttttt

Suetrfut!NE PRINT A,P NP J ,ICI
Ol". NS ION af N> API 20f
D>NFNStON NFSsf»>
Cni~ix/TINE/KTINE
Er.tto 4 /GR> 0/ KARR avte SOI.Nx.N'T



I!!FINE FILE ! �5 /3!peUeKAT!
ctl Ehs ION BVH/ZE.t.p!,CTP�5,tSCI
Cpr ~!!r /E 0/aCAP,BCA P
CQh>ph/C /E HHA X  50! ~ X15 01
Cp~~pee/8/YR�0l
DIPENS!plv DIFF�0!,RR�0!,RRR�0!,
Cph<GN/4 P /NP 7 5
CQNNIN/C/RY
REAL K�0!,Kl,l.dk CArK4 ip!
CaLL EPR5ET �C9r256rpep ~ le209!
1 tl':* 32
NPISi22
L 4r/04 hPT5/ T !HIE
K'ld 4= 4 2 0
KaT= I
KS K AT
READ � ~ KAT!   tewH KS ~ Nl, N=i KHAX ! ~  
lk I 1E I 3r 58! KS
FOPNAI I BX ~ STPRH NO ~ 14!
VR I TE ��9! tBVH KS Nl N I KH4x !
FOR<A!   ' 11 f 7-3r3X! I
IF  Kdf EQ fNPTSr1 i! Gp TO 971
GC TO 99
DO 4 St NA I, KHA X
WRITE �e934!
FQRHAT  AX ~
leR   TE   3 e Seer~
TGReedT �08 rPD NT NO ~ .Ii!
VRITE �r9341
DC IQ KS 1 ~ NPTS
4 KSI BHHIKSeNA!
Cphll!UE
 F  la E 0 I! HR ITE � ' 3 1!  H Ks! ~ K
CALL Ra!!8  H,YR}
VRltE � 311  YR H!ek IrNPTS!
F cP4'41  LK ~ 5FB 31
R~ C-
L 0
L > I +!
K I L I- C.25+LAC. 25
51 ' K L !
CALL F NDR STrR!
RR !.I R
DIFFIL! 1 -RRIL!
VRITE� ~ IB!L K L!,R,O FFIL!
FCRH41   5X � 34,3 F9 3,2X! !
IF  t. EQ t I GO TO 26
If I  RR LI RR L-1!!-LE 0 001! GO T
GC TP 26
VRITE �,43!
FPRHAT �4, 4 F liNER SEARCH STARTS' !
k ~ C
IF  L EQ ~ 2! SP 0 ~ 25
IF IL GT 2! SP K L � 2!
r =rat
Ka I ee! SP+0 05
SP KA Ik!
C4LI, F  NDR  SP ~ Rl
RRR HI~K
Dt kl I 0-R
'VRITE �e18! HrKA kleR ~ DI H!
IF  K.EQ-L! GC TC 47
IF  tRRRIH!-RRRIH- I!! GT 0-QCI! GC
VRITE � ~ itee!
FCRH4 I �K ~ ST ILL F IVER SEARCH' !
IF tk EQ.23 X.l 84 r-I!
IF  H GT Z! K I=KA H-2!
VR ITE 13,3ZI ! Kl
R=C
K I ~ Ktr0 Dl
AP R
VRt IE �r321! Kl
FCRV41 16Xe 'K r-' FT 3!
C4LL F thOR  K eke
WR  TE �,145! Kl eR
fPRH4  [5Xr ~ Kl ~ ~ F'I 4 ~ AXr R ' eFT ~
IF t R-40! GeT-0-QCI ! CO Tp 34
VRITE � 12! KleR
FCRNAI  !QX eKI~ ~ ~ F7 ~ Ze3X ~ R='eF7
VR I IE I 3 Zp!! ~
FORNAT I ~xe 'R4iNK'e3X ~ RED VAR ~ > 3X

C  I ip I

99

58

971
~ !934

96 ee

10
S~ ,NPTS!

31

26
35

18

G 33
33
43

47

Tp 47

a i

321

145

2!12
«HE IGHTe,eeX,e EHPAX ~ 6Xe202

8 ~ Rf e I

! ~ RP
22Z
AQ
93

.3!98
56

456
il

~ ~ ~ ~ ~ ~ 4 ~ ~ 4 ~ ~ 644 ~ ~~ ~ r

00 40 H= I ~ hPT5
RP-1. C/ L AH 8OAA I I 0-EHHA x  r I ! !
VR I 1 E   3 e 222 I He 4  H I ~ YR t V ! e EHHAX I H
FCRrat �X4�,3X ~ AIF9.3 ~ ZX! I
CONTINUE
VR11E 13e93! N ~
FQPHAT �X ~ ~ PGINT hp ee ~ 131
PP 56 KL~ I
TrKL ~ 50
EH50 t./   TAL AVE Q 4!
8 V 50- t -4 LOG  E HSQI �4  l. /Kl!
V50 4CAPr BCAP ~ RY50!
VXI TE �,98! 7 K50
FORNA t  ix ~ F9 3 ~ 2x ~ YEAR VAVEr ~ F7
CONT lhUE
CChT KUC
5 ' OP
ENC~ ~ ~ ~ 444 ~ ~ 4 ~ 444 ~ ~ ~ ~ 4444 ~ ~ ~ ~ 4 ~ 4 ~ ~ ~ ~ ~ ~
5!e, HOLT hC FINDR  r R!
CDNNON/C/ EHHA X  50!, 4  50!
C C l rp 4/O/ RY
C Crrp 4/8/VRt50!
CC r HO h /4 P /NP 1 5
CC 30 le LehPI5
4LPHA 0 3eQ, LB/5
BETA C 21+C 
/5

CTP KSeN!eN=1 ~ KH4X!



fV-t-lt HIGG gk ,P"41 ]NP  f ! JRJ
3 IG

~ 4

21

21

32 rFT 2 I
22

444 ~

115

Y84R }
I e

112

118

Xf P! PV
C O N I I II I. E
Cl  L CORR  X ~ YR ~ R }
RE TLRTI
ENG

~ ~ ~ 4 ~ ~ ~ ~ ~ VIVAT ~ 4 ~ 44 4 ~ ~ ~ 444
SUEAOUTfNE RXNX l},Y!
COVMH/41 /NPI 5
D I II N5  UN 4  50! ~ YI 50 I
GO 22 V I ~ TIP   5
BV44~4  I!
R~ 1.
GG 21   2 ~ h'Pl 5
JF �  l LT e} lx! GO TO
BPI4 X 4   !
K~  
CCTIT I'VE
r P}-Brlx
VR TE f 3 32} N Yf V!

FCRRXT text'}If 'e � ~ ' I~i
4  X I-C.
CONT NUC
RETURN
EI G~ ~ ' ~ ~ V4 ~ ~ 0444 ~ 04440 ~  rl44e
sUERGUT NE cDRR x,Y R}
a  ~ ENSIGN X SO} r Sh},XC
COPEN/F 0/4C lP,LC4 P
CGPI3V} H/8/ YA   5 0 }
CC>4 !t/4P/NPJS
X SI.N*C-
VSLN 0 ~
GO 1 I 5 J~!vkPTS
XSLII XSUI'4 4  I I
Y5LN=V5UHVV�!

CCT I }AU E
XBXR=XSUN/IIPTS
YB 4A 'Y SUN/NP T 5
e -o.
82~0.
GC 3� I 1 NPTS
e!=8  ~  X lf-XBRR}4 V  I!-
82 82' X  I 3-X84R! ~ +2
CCNT I RUE
eclP-e /e2
4CXP YBXR-BC4P ~ XBXR
DG 112 ! IeNPTS
YC<PI I !=lCRP+BClP ~ X I I
CO IT I IIU E
R I ~0 ~
R 2=0.
CO 118 I~ I N PI'5
R1 A1~ relk-YC4PI JI}4 ~ 2
R 2 "A 24  YBRR- Y  I ! ! +8 2
CONT I NUC
R~RT/A2
RE TLRN
ENC

'4 ~ ~ J 4 %1 ~ ~ ~ 4 ~ ~ ~ ~ ~ 0 ~ 4 ~ 41 ~ ~ ~

~ 1~ ~ Oi44444 ~ 4 ~ ~ il ~ ~ 41VOSPV G

4P �0}r YCRP �0!

112




