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ABSTRACT

A three-dimensional numerical model is used to.calculate
ground-level air concentration and deposition (due to precipita-
tion scavenging) after a hypothetical tornado strike at a pluton-
ium fabrication facility in Pennsylvania. Plutonium particles
less than 10 pym in diameter are assumed to be lifted into the
tornadic storm cell by the vortex. The rotational characteristics
of the tornadic storm are embedded within the larger mesoscale
flow of the storm system. The design-basis translational wind
values are based on probabilities associated with existing records
of tornado strikes in the vicinity of the plant site. Turbulence
exchange coefficients are based on empirical values deduced from
experimental data in severe storms and from theoretical assump-
tions obtained from the literature. The quasi-Lagrangian method
of moments is used to model the transport of concentration within
a grid cell volume.

In all case studies, the effects of updrafts and downdrafts,
coupled with scavenging of the particulates by precipitation,
account for most of the material being deposited within 20-45 km
downwind of the plant site. Ground-level isopleths in the x-y
plane show that most of the material is deposited behind and
slightly to the left of the centerline trajectory of the storm.
Approximately 5% of the material is dispersed into the strato-
sphere and anvil section of the storm.
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PREFACE

The risks and consequences of a tornado striking a nuclear
facility and dispersing radioactive pollutants to the atmosphere
are extremely difficult to determine. The mechanisms of formation
and air motions associated with tornadoes and severe thunderstorms
are not precisely known. The problem is compounded by the fact
that the physics of dispersion in a severe storm is even less
known. The scales of motion and degree of turbulence intensity
vary dramatically from the tornado to the thunderstorm cell. The
inability of a tornado-thunderstorm cell model to accurately ac-
count for this variability prevents exact predictions of radioac-
tive dispersion. However, based on available knowledge, estimates
and crude assumptions have been made to describe the general dis-
per31on of a pollutant following a tornado strike. The hypotheses
remain untested and the dispersion patterns unverified.




I. INTRODUCTION

A series of studies, sponsored by the U.S. Nuclear Regulatory
Commission and managed by Argonne Natiomal Laboratory, have been
conducted regarding the radiological consequences of a hypotheti-
cal tornado striking a plutonium fabrication facility located
within the contiguous U.S. A numerical model was developed to aid
in the analysis of the meteorological dispersion of radioactive
particulates following breachment of the facility. This report
deals principally with the theoretical development of the tornado
dispersion model.

Wind storm risk assessments and site characterizations for
six plutonium fabrication facilities have been made by Fujital
based on existing extreme wind and tornado records surrounding
each individual plant site. The individual storm characteristics
were computed as a function of yearly probabilities in an effort
to determine a design-basis storm representative to each specific
site.

The design-basis storm used in this study is based on the
wind field model and site characteristics for one of the nuclear
fabrication facilities near Leechburg, PA., The facility is as-
sumed to be breached and a unit source of plutonium particles
(~10 um in diameter) released into the tornado.

II. SITE CHARACTERISTICS AND DESIGN BASIS TORNADO

Site topography and characteristics along with wind speed
values and probability of occurrence for each of the plutonium
fuel fabrication sites are discussed in detail by Fujita.l Report
number WASH-1300 uses a probability of 10~7 per year in deter-
mining the frequency of design-basis tornadoes for nuclear power
plants throughout the contiguous U.5.2 However, the wind speeds
associated with the 10~7 probability in WASH-1300 are congidered
to be too high (Mehta, et al.3 and Fujita¥®).

This study uses a series of wind speeds associated with
gpecific probabilities per year of a tornadic storm striking the
nuclear facility, These values are based on the study conducted
by Mehta, et al.3, who analyzed the structural responses of the

* T. T. Fujita, Personal Communication, 1977.



buildings at each of the six sites in terms of threshold values of
wind speed and consequences of damage (see Table 1). The radius
of the tornado is assumed to be 150 m with the vortex extending to
1000 m. Fujital reported that numerous tornadoes with wind

speeds corresponding to the probabilities used in this report have
actually occurred in the vicinity of the plant site. It is as-
sumed that the design-basis tornado causes enough damage to the
facility {(Mishima, et al.*) to allow unencapsulated plutonium
particles to be lifted into the vortex.

Fujita1 shows that most small- and medium-sized tornadoes
have moved in an east-northeast direction near the site, while
large-sized tornadoes (F4-F5) have moved in an east-southeast
direction. Large-scale tornado strikes in the vicinity of each
site are only based on a few years of data. 1In this study, a
normalized direction for the hypothetical tornado is used to
define the trajectory of the design-basis storm and pollutant
cloud center. As more precise information on wind speeds and the
directions of tornado-bearing storms becomes available, a more
realistic estimate of the downwind dispersion patterns can be
made. Normalization of the mean direction of transport enables
the model to be used for other locations within the U.S.

A design-basis tornado model has been developed by Fujitas’6
based on empirical evidence and analytical solutions to the govern-
ing equations of motion describing actual tornadoes. The model
predicts flow fields and pressure drops surrounding the vortex and
can account for how vertical velocity varies with height in the
core of the tornade. The translational motion of the vortex can
also be taken into account. Required input into the model has been
kept to a minimum with maximum tangential wind speed and radius of
the vortex key input parameters. The model also includes the
presence of satellite (suction) vortices within the tornado. This
tornado model should permit a more thorough analysis to be made
with regards to residence time and uptake of debris within the
vortex. In this study, the pollutant source is assumed to be
totally lifted into the thunderstorm cell. The problem of dis-
persal about the vortex has been comnsidered assuming only rather
idealized concepts (Pepper7).

TABLE 1

Windspeed Values (m/sec) and Probabilities of Occurrence

Probability per year 10-7 1076 7.2 x 1076

Maximum total 125 96.5 67.0
Translational 25 19.2 13.4
Tangential 100 77.3 53.6




III. MATHEMATICAL MODEL

The model developed for this study is based on the solution
of the three—-dimensional time—dependent equation for pollutant

transport

Xy Fevy = Ve (RVY) + S
3t X ABVX (1)

where X is the concentration (g/m3), U is the vector velocity
field (m/sec), K is the directionally dependent eddy diffusivity
(exchange coefficient of diffusion, m2/sec), and § represents
the sink terms associated with rainout, washout, and particle
deposition (g/m3-sec). The complexity of the flow fields as-
sociated with tornadic storms and the numerous scales of turbu-
lence involved (which characterize the diffusion processes) do

not permit simple solutions to Equation 1.

Analytical methods, used in the past to solve Equation 1
under ideal steady-state conditions, are not flexible enough to
include variations in updrafts and downdrafts or vertical shear
within the thunderstorm cell. A study by Pepper7 assumed that a
pollutant cloud (puff) reached a specific height in the thunder-
storm cell, and then diffused in a Gaussian manner as if origina-
ting from that height. The effects of wind shear were neglected.
Eddy diffusivities were based on energy dissipation rates measured
in thunderstorms. The downwind diffusion following decay of the
tornadic storm was calculated from extrapolations of the simi-
larity theory.

It is unlikely that such extrapolations are entirely accurate
for severe thunderstorms. If a model has to accommodate the
temporal and spatial variations of numerous meteorological para-
meters, including the effects of wind shear and wet deposition, a
more realistic approach must be made. The effects of wind shear
on the pollutant cloud and in-cloud scavenging can contribute
dramatically to the early deposition of radiocactive particles
downwind of the plant site (Davis8, Hane9).

A set of boundary conditions must be specified so the solu-
tion will be constrained to the domain of interest. In order to
facilitate the solution of Equation 1, the following set of boun-
dary conditions is used

aXx
zZz 3z - 0 z =04
32X
—a;{-;_' =0 X = O,Xma_x (2)
%X _
ay2 0 vy =07 ..



where H = height of the thunderstorm cell and acts as a partial
1lid to the concentration. The lack of well-posed boundary condi-
tions does not cause serious problems since the advection terms
tend to dominate the diffusion terms in Equation 1.

The initial dispersion conditions are crucial to the downwind
dispersal patterns following breachment of the facility. 1In order
to simplify the source term requirements of the model, a unit
source of radioactive pollutant per m? (uniformly distributed)
is used. This unit source of radicactive pollutant is assumed to
be picked up by the tornado and lifted into the thunderstorm cell.
The puff consists of particles which have diameters less than 10u.
Once the pollutant reaches the thunderstorm cell (at a point where
the vertical velocity of the tornado is less than the updraft
velocity of the thunderstorm cell), the puff is assumed to be dis-
persed by dynamics of the thunderstorm cell (Jessupl®). The puff
becomes dispersed throughout the thunderstorm cell within about 20
minutes according to the mass balance assumptions suggested by
Fujita*, Figure 1 shows the initial source distribution after 20
minutes within the thunderstorm.

The concentration pattern is limited to the size of the thun-
derstorm cloud with a maximum peak at each level near the position
of the tornado axis. Since the values of advection velocities and
atmospheric turbulence are high, it seems reasonable to assume the
pollutant will become well mixed throughout the thunderstorm cell
(Pasquill**), The initial concentration within the thunderstorm
cell is obtained by using a skewed log-normal distribution with
maximum values centered on the axis of the tornado. Once the
initial distributions are established, advection, turbulent diffu-
sion, and rainout scavenging act on the pollutant cloud.

The three-dimensicnal wind vector, U, is required at each
time-step of integration. Unfortunately, the mesoscale wind field
associated with the tornadic storm is a difficult problem to accu-
rately model. Correct calculation of the trajectory of the storm
and pollutant dispersion pattern is directly dependent upon the
wind field structure (Davies-Jonesll), Subsequently, knowledge of
the thunderstorm cell dynamics is also essential to the transport
of the polluant. Considerable effort has been spent in recent
years to analyze the surrounding wind field structure (Fankhauser,l2
and Burgess, et al.13), The use of Doppler radar has enabled re-
searchers to actually measure the three-dimensional wind components
in severe and tornadic storms, including the surrounding mesoscale
flow field (Eagleman and Linli, Kropfli and Millerl5, Brandes16,
Heymsfield17, Barnes18, Rayl9, MillerlS, Hoxit, et al. 20,

* T, T. Fujita, Personal Communication, 1977.

*%* F. Pasquill, Personnal Communication, 1976.
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Figure 1. Initial Dispersion Pattern Within the Tornadic Storm
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Ray, et al.2l). Similarly, work on modeling the three dimen-
sional structure of severe storms has also been undertaken with
some success (Klemp and Wihelmsonzz, Thorpe and Miller23, Lin and
C‘nang24 Schlesinger23). 1In this study, a three-dimensional solu-
tion of the equations of motion governing the thunderstorm cell
dynamics was not undertaken. In further studies regarding disper-
sion within severe storms, emphasis should be placed on establish-

ing more accurate storm cell and mesoscale wind fields surrounding
the vortex.

The three—dimensional wind structure of the tornado (vortex)
has been analyzed extensively by numerous investigators (see Golden
and Purce1126, Fujita5, Davies-Jones and Kessler27, and Rotunno28
for a more complete review of the laboratory, field measurements,
and numerical simulation experiments). Unfortunately the scales
of motion involved in the vortex are much less than those within
the thunderstorm cell. It is the large scale flow field of the
thunderstorm which ultimately determines the dispersion pattern of
the pollutant, not the uptake and radial inflow of the shorter
lived tornado.

The variation of the vertical velocity within the core of the
tornado (Fujitas) is shown in Figure 2. This velocity variation
was used as a guide to determine the amount of time required for
the vortex to lift the pollutant source into the thunderstorm cell.

In order to create a plausible mesoscale three-dimensional
wind field of the design-basis tornadic storm striking the nuclear
facility, a set of empirical relations are used based on the work
of Fujita6, Orville29, Newton3?, and Eagleman and Linl3, A sub-
jective analysis and interpolation scheme was used to generate a
mass-congistent three-dimensional wind field (Pepper and Baker31l).
The horizontal winds outside the storm cell are assumed to be a
function of height (z) and distance (x) such that

u(z,t) = 2.2z %m/sec); z < 1000(m)
25.0(m/sec)
uz,t) = 19.2(m/sec) 1000 < 2 < H
13.4 (m/sec) (3)
25.0(m/sec)
uz,t) = 1.25¢ 19.2(m/sec) z 2 H

13.4(m/sec)

Accurate knowledge of the lateral wind field values would more
correctly introduce the meandering and lateral shifting of the
storm’s actual direction. However, information regarding this
velocity component is limited (with regards to describing the
general nature of tornadic storms). In this study, the transla-
tional velocities of the three tornadic storm cells are assumed to
be constant.”

_12_
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The distribution of vertical winds in the tornadic storm cell
is shown in Figure 3. The updraft and downdraft velocities are
both allowed to increase logarithmically to specific heights
within the thunderstorm cell and then decrease to zero at the top
of the anvil, H. The magnitudes of the vertical wind speeds were
chosen to be appropriate for the intensity of the tormadic storms
and are comparable to observations and measurements of vertical
velocities within severe storms (Browning and Donaldson, 32
Fujita®). The horizontal distribution of the vertical velocity
field is shown in Figure 4 for the 1000 m level (corresponding to
the base of the thunderstorm cell). The vertical distribution of
the updraft and downdraft velocities is multiplied by the appro-
priate horizontal contour values to obtain the vertical component
of the wind throughout the cell.

Advection and diffusion of the horizontal distribution of the
vertical velocity field (at the 1000 m level of the cloud) enable
the updraft and downdraft regions of the storm to be propagated
with the trajectory of the storm. The rotational characteristics
of the horizontal wind field within the storm cell are similarly
progagated with the trajectory of the storm (analogous to the
vertical velocity field calculation). The role of the vertical
wind distribution tends to keep the pollutant well mixed initially
throughout the storm cell. The rotational characteristics of the
storm cell, on the other hand, continually shift the pollutant
into the rearward and downdraft regions of the storm. This coup-
ling of the two wind fields tends to create a somewhat unrealistic
decoupling of the pollutant distribution, i.e., the downdraft
velocities act more to bring the pollutant to the ground than keep
it’ well mixed within the storm. Subsequent work on a more accu-
rate velocity distribution within the storm cell may alleviate
this characteristic of the present model. As a result of this
decoupling effect, pollutant amount and time in reaching the
surface is considered to be conservative.

To calculate the eddy diffusivities of air pollutants
under the simplest of conditions is a classical problem. Little
is known about their behavior except near the earth's surface
(Shir and Shieh33). A number of empirical relations have been
obtained for varying atmospheric stabilities. However, essentially
no information is available for eddy diffusivities associated with
the highly unstable nature of tornadoes and thunderstorm cells.
While some experiments have been conducted on the distribution of
chaff in thunderstorms, the data is sparse and the chaff are much
larger in size than the plutonium particles considered in this
study. Hence the dispersion patterns in chaff could be markedly
different than that of plutonium particulates, Since precise
formulation of the diffusion coefficients 1s intractable, a set of
empirical parameters is used. Based on the work of Ragland and
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Dennis34, Pasquilllo, Crawford¥*, Pepper7, Agee35, Frisch36, and
Hildebrand37, the following general equation is used to describe
the turbulent diffusion coefficients within a thunderstorm cells

~ _ 1 ,dg* _ _do
K=3Cq? = %4
(4)
or
~ z 2_n/
gz =go
nt

where 02 = Gt and G has dimension of m?/sec. In order to account
for vertical variation in turbulence intensity, Equation 4 is pre-

miltiplied by AzX such that

2-n/
= Az Co (5)

= >

Equation 5 is assumed to be valid for t < 20 minutes. Individual
values for A, K, C, o, and n are given in Table 2 to be easily
changed. When t > 20 minutes, a different set of relations is
used to account for the decrease of turbulent intensity following

decay of the thunderstorm to very unstable atmospheric conditions.

The expressions are:

K_ = D(at)%/(2t)

X
K, = E(ut)?/ (2¢) (6)
K, = Futzo(z/z0)"

where u is the translational velocity of the storm, t is time,

0.004 (1-.075 logjnz), E = 0.0075 (1-.075 logypz), 9= 7/4,

D =
F = 0.41, B= .45, zo is the surface roughness, u* is the frie-
tion velocity defined by u* = 1.2C,Ug (LogigRo — 1.8), with

% T. V. Crawford, Persoonal Communication, 1977.
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C, being the geostrophic drag coefficient, U, the eostrophic wind,

and R, = Ug/zof where f is the coriolis parameter. The empirical
constants appearing in Equation 6 were obtained from Ragland and
Dennis and Lettau for unstable atmospheric conditions. The

effect of topography is not included in the advective wind field
analysis,* but is introduced through the diffusion coefficients by the
surface roughness parameter, z,.

Flux boundary conditions are important at z =0 and z = H,
Neglecting resuspension, the surface is assumed to act as an
absorber of plutonium particles (whether in the form of rain or
dry particulates). When the flux of vertical concentration is set
to zero at the surface, the surface acts as a perfect reflector.
In order to account for deposition velocities at the surface, the
flux at the ground is expressed in terms of a deposition velocity,
p (Calder39), such that

lim [-F(2)] = p lim [C{(z)]

z+0 z+0 (7)
and
. aC '
lim (K —= + (v - = (8)
20 z Jz ( g p)C(z)] 0
TABLE 2

Diffusion Coefficient Parameters

K A K c ¢ n
K 0.10 0.20 0.16 t 1
R, 0.10 0.20 3 t 1
K 0.60 0.20 39%913 11

*Topographic effects on pollutant dispersion are discussed in
Pepper and Baker3 and Reynolds, et al.40
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where v, is the actual settling velocity. By expressing the
flux at the surface in form

F=-(1-0) K, oo (9

where 0 < r <1 is the reflection coefficient, Equations 7 through
9 can be combined to give

oY ac Y aC.
pC v ng + (KZ _3_2.) v (1-1) Kz (Bz) (ro)
z=0

Thus, varying the value of r from 0 to 1 will simulate the effect
of losses at the surface by deposition (Rao*1).

The flux at the top of the cloud is set to transport 5 per-
cent of the concentration within that layer to the stratosphere
according to the mass balance of a rotating thunderstorm as sug-
gested by Fujital. Figure S5 shows the mass balance of a torna-
dic storm with 5 percent of the concentration eventually reaching
the stratosphere., The remaining 95 percent of the concentration
is assumed to be well mixed within the thunderstorm cell. The top
of the anvil is assumed to act as a vertical lid. The 5 percent
injected into the stratosphere could be advected and diffused glo-
bally as fallout with continual entrainment between the tropopause
and the stratosphere (Crawford*). Because these dispersion
conditions usually have long-term eifects spread over very large
regions, the 5 percent mass lost out the top of the anvil 1is
considered to have negligible immediate effect on the population.

Scavenging of the plutonium particles may occur by rainout,
Based on the work of S1inn#2, the gink term in Equation 1 is
written as

§=-yC (11)

where the removal rate, y, is obtained from the relation {(for
in-cloud and below-cloud scavenging)

= % 2
¥ = /" dRN(r)TR*E(a,R)V, (R) (12)

% T. V. Crawford, Personal Communication, 1977.
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with N(r) being the number distribution function for liquid hydro-
meters in a cloud, E(a,R) is the collision efficiency, Vi (R} is the
drop's terminal velocity, a is the particle radius and R is the

droplet radius. In order to simplify the expression for the removal

rate, Equation 12 is approximated by the empirical expression

P = C1 ;—0 E(a,Rm) (13)
m

Where C) is an empirical constant which varies from 0.5 to 1.0, J,
is the rainfall rate, Ry is the mean droplet size, E is the
collision efficiency (1), and a is the radius of the particulate.
The relation for ¥ is obtained in part from work by Davis?, Slinn%s
Dingled®, and Hane?. 1In order to maintain mass conservation$,

in the model, the amount of material scavenged in Equation 1l is
added to the surface concentration on the ground (g/mz).

IV, THE NUMERICAL MODEL

The model developed in this study is based on the solution of
the three-dimensional time-dependent equation for pollutant trans-
port as given by Equation L. Since little is known about the
physics of motion in tornadic storms, a great deal of empiricism
must be used. In order to accommodate the numerous velocity and
diffusion values which exist during the lifetime of a tornado, a
numerical model has been developed.

Release of radicactive material into a tornadic storm begins
as a small scale dispersion problem which quickly develops into a
mesoscale problem. Mesoscale problems normally require solution of
three-dimensional equations. In order to keep computer running
times and storage to a minimum, mesh spacing intervals are usually
increased. However, if the mesh spacing is larger than the dimen-
sions of the pollutant cloud, the mesh spacing is too coarse to
accurately resolve steep gradients, Hence, the mesh spacing must
either be redefined or subgrid scale monitoring of the concentra=
tion be maintained. Although Lagrangian marker particles are very
useful in visualizing concentration transport and diffusion, their
use is time consuming since the particle sum must be calculated
for each cell. A particle-in-cell approach was attempted based on
the methods used by Sklarew”3 and Langeaﬁ, but was found to be
uneconomical and required excessive core storage.

In order to overcome the problems of numerical dispersion
errors and mesh refinement inherent in most numerical schemes, a
quasi-Lagrangian technique is coupled with a method which main—
tains subgrid scale resolution. To further reduce the core re-
quirements needed to solve the three~-dimensional equation of

- 2] =-



concentration transport (and winds), Equation 1 is split into a
series of one-dimensional advection~diffusion equations such that

aC* acC 9 3C, _
5 T U ax T Sx w7 S« (14)
CH* 3¢k D ack, _
et Vay "oy & 5y ) =3y (15)
+1
ac™ 5Ck% D ACk*®
at +ow oz N 52'(Kz oz ) = Sz (16)

This method involves splitting each individual one-dimensional
equation into a Lagrangian advection part plus an Eulerian diffu-
sion part. The method of second moments is used to maintain
subgrid scale resolution of the concentration.

The method of second moments is a unique quasi-Lagrangian
scheme initially developed by Egan and Mzhoney 7 to accurately
model the transport of urban pollutants. The method calculates
the zeroth, first, and second moments of the concentration within
a mesh and then advects and diffuses the concentration by conserv-
ing the moments. The moments correspond to the mean concentra-
tion, center of mass, and scaled distribution variance (moment of
inertia), respectively, and are given by

= (17)
c {0_5 C(§ )d§
05
Fm = £0.5 C(§m)§md§/cm (18)

.5

\]
2 _ _ 2
R = 12 [0_5 C(§m)(§m Fm) d§/cm (19)
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where subscript m denotes cell location in one-dimensional space,
and §, denotes the relative displacement of material within the
mth cell from the center of the cell. B8, varies from -0.5 to 0.5
corresponding to the left and right hand extreme boundaries of a
cell. The length of the cell is non-dimensionalized by the grid
element length (width or height, depending on the direction of the
calculation). TFor simple rectangular concentration distributions
(rectangular mesh geometry), the integrals are evaluated by sum-
ming the concentration distributions remaining and newly trans-
ported into each grid element for each time step. The advection
of a single cell of concentratiomn in two dimensions with the Courant
numbers (uAT/As) equal to 0.5 is shown in Figure 6. Simple advec-
tion tests in one dimension showed that a single cell of concen-
tration could be advected accurately with time without numerical
dispersion or computational damping errors. Further test cases
with two- and three-dimensional advection of both single and
multiple cells of concentration showed no numerical dispersion
errors or minimal damping (Pepper and Long48). Similar tests with
both finite difference and finite element techniques by Long and
Pepper49 showed either 1) severe spreading of the concentration
due to computational damping, or 2) generation of wave packets of
plus and minus concentration due to numerical dispersion. Since
the dispersion of concentration within a tornadic storm is essen—
tially one of advection, the second-moment technique appears to be
applicable to the three—dimensional equation of concentration
transport. The diffusion of concentration is of secondary impor-
tance during the early stages of dispersion within the storm cell;
hence a simple, explicit centered difference scheme is used to
approximate the second-order gradient transfer terms.

The downwind transfer of concentration by advection depends
upon the value of the portioning parameter, Py, where Pp is defined
(Egan and Mahoney®7)

R

m
P = (Fm + A+ - - 0.5)/Rm (20)

and A is the Courant number. 1f Py < 0, the concentration is

not advected into the m + 1 cell. If Py > 0, all of the con-
centration is advected into the downwind cell. For 0 < Pp < 1,

a fraction of the concentration PnCp is advected while (1 - Pp)Cy
remains behind. Figure 7 shows the scaling parameters involved in
the advection of a rectangular concentration distribution in one
dimension during one time step. The center of mass of the distri-
bution is given at -0.5 + PpRp,/2 relative to the center of the

m + 1 cell and has a horizontal spread equal to PpRy in the

new cell. The amount left in cell m has a center of mass at

(1 ~ Ry + PpRp)/2 with a horizontal spread of (1 = Pp)Rp.
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Extension of the method of moments to two and three dimensions
is straightforward as based on the rules for the one-dimensional
example just discussed (Pepper and Baker3l). Since the zeroth
through second moments are generally evaluated from concentration
distributions advected from several adjacent cells in multi-
dimensional flow, the computational procedure determines which
neighboring cells contribute to the moment calculations and then
computes the new values for each cell, Thus the moment distribu-
tions are calculated using

n+l

C = =1Ic (21)

IC_F
Fn+1 - m;T (22)

T

C
z c“(§i)R“2 £ Cn(§i)Fn2 £ ¢ (Ei)F ’
@ty . "1 419 i _ - i (23)
1. n+1 n+1 n+
¢} C, c,

where n + 1 denotes values at the new time step and m denotes cell
location in the computational mesh. Equation 23 is obtained from
the modified second-moment algorithms derived by Prahm and
Pedersen?l.

The diffusion terms in Equation 1 are solved with a forward-
in-time, centered-in-space difference technique modified to
account for variable grid spacing. In this study, the horizontal
mesh distance was equally spaced while the vertical mesh spacing
was varied to account for regions where variables change rapidly
with height. The concentration within a cell acted upon by verti-
cal diffusion is calculated by the equation

nt+l _
Ck = {1 o

n n

+a * (24)

T
1) Gt %y G k-1 k-1

k+1

where k denotes concentration at the vertical level, k. The
horizontal subscripts for x and y directions have been deleted.
The values % ,; and 9y _.) are defined as
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(K + K )At
2y Pp-1 (25)

o =
k+1 Azk(Azk+-Azk+l)

(Kz + K )At
k k-1

QL =
k-1 Az, (dz, + Bky ) (26)

where the diffusion coefficients are evaluated at the center of
the grid mesh and Azy denotes the depth of the kth grid. At
the top and bottom boundary cells, the a's are defined as

%l a- rtop) -1

{27)

a = (1

k-1 = Tpottom’ kil

where r varies between 0 and 1 to account for absorption or loss
of material from the grid network (Kao%l). 1In order to main-
tain conservation of the zeroth, first, and second moment distri-
bution following solution of the diffusion terms, the first and
second moments are recalculated using the following general
relations (for one-dimensional vertical diffusion):

n+l _ [ .n -n _ n n
i [Ck B @ =000 = %1 * % G T e

n n n+l (28)
* % G Fk—l]///ék

n+l n n n n+1
(R{"() ={Ck [(Rz)k + 12(F, - ¥y )z] (L -a g = % y)

n 2.0 1 n+l, 2
+ a1 Sk [(R Yegr T 124y *+ Fap) ]

. - (29)
oy G [(R Y1

n_ gotl 2] n+l
+ 12(Fk_l Fk-l) }/Ck
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Similar expressions are used for the horizontal and lateral moments
as well.

In order to enhance resolution of the peak concentration and
prevent inaccurate horizontal spread (due to computational damping),
a slightly modified version of the second moment solution is used.
Based on the technique developed by Pedersen and Prahm51, a width
correction procedure is used to check the lateral spread of con-
centration within each cell. If R M*l is greater than Fyt*! + 0.5,
then Ry?*l = min |F %! + 0.5|. This procedure reduces the small
amounts of lateral dispersion errors produced when the concentra-
tion field is nonuniform and the flow field irregular, An example
of the effect of width correction on the second-moment method
under variable conditions is given by Pepper and Long“g.

The computational domain consists of 2640 cells, 30 cells in
the longitudinal direction (x), 11 cells in the lateral direction
(y), and 8 levels in the vertical direction (K). Equal mesh
spacing is used inn the horizontal plane with Ax =Ay = 2000 m.
The vertical mesh is given as

zy = 0

z3 = 2m

zz3 = 350 m

zs = 1000 m

2K = ék—l + (H - zi)/4

where the height of the anvil, H, used in this study is 15,000 m.
The height of the c¢loud base above the ground is set to 1000 m,
corresponding to z4. The time step increment, At, is equal to
30 sec. This insures the stability criteria, ) < 3Athﬁs, where U
and As correspond to the particular direction of the velocity
vector and grid interval. The tramslational velocity of the cloud
center 1is prescribed according to the translational speeds of the
tornado, given in Table 1.

The magnitudes of the values chosen for the initial distribu-
tion of concentration (Figure 3) are based on crude assumptions.
A more realistic distribution may be achieved by incorporating the
tornado model proposed by Fujita® into the existing model and
calculating the uptake and injection of the concentration into the
thunderstorm cell. Lack of a definitive severe storm model
restricts calculation of the concentration once in the thunder-
storm., However, additional work could conceivably provide insight
into the initial dispersal patterns within the storm.
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A modified second-moment technique is again used to advect
the updraft and downdraft velocity distribution at the 1000 m
level (Figure & and Figure 5). The horizontal distribution of
vertical velocity is advected and diffused according to parameters
established within the three-dimensional concentration code.
Incorporation of particulate fall velocities with v, = 0.3 m/sec
is added to the vertical velocity field to account %or the
terminal fall velocity of 10-u plutonium particles. Within the
thunderstorm cell, the terminal velocity of particles ranging from
l to 10-V in radius is negligible compared to the updraft and
downdraft velocities. If the rainout removal rate is large,
particle deposition becomes negligible. Once the storm has passed
and scavenging by rainout and washout is over, particulate
deposition becomes more significant.

Rain is assumed to fall throughout the lifetime of the thun-
derstorm cell at a constant rate of 20 mm/hr. This assumption is
obtained from the measured rainfall rates of tornadic storms ana-
lyzed by Fujita, et al.52, Heavier rainfall rates have the
effect of increasing the depletion rate, resulting in deposition
closer to the site. The 20 mm/hr rate is felt to be the average
value over the entire storm area.

The concentration is readjusted for rainout scavenging after
calculation of the advection and diffusion terms in Equation 1 by
the relation

Ao @1 - cade P E (a,R))

K K - (30)

where the horizontal indices for the x and y locations of concen-
tration have been deleted. The value of Cj is equal to 0.5, Ry
is the mean droplet diameter of the hydrometers within the cloud
and is arbitrarily set, and J, is_equal to 20 mm/hr. The values
for €y and E are derived by s1inn>3 based on data obtained by
Burtsev, et al.,54 for removal rates in convective storms.

Updrafts markedly reduce the effects of rainout in the for-
ward portions of the storm cell. vy is set equal to zero in those
regions of the storm where vertical velocities are positive
upwards. This allows the rainfall to occur in the trailing edges
of the storm, corresponding to the rain core and downdraft regions
observed in actual storms. In order for the model to maintain
conservation of mass within the computational domain, the decrease
in concentration in the upper levels of the thunderstorm cell due
to rainout is counterbalanced by an equal increase in the surface
concentration below the cloud.



Computer storage is moderate due to the peripheral subroutine
used to generate the three-dimensional wind fields and contour
displays. Optimization of the basic program would help reduce the
core requirements. Simulation of pollutant dispersal over one
hour (corresponding to a longitudinal distance of approximately
60 km from the point of initial breachment of the nuclear facility),
requires about two minutes of computer time on an IBM-360/195.

Listings of the computer programs have been sent to Dak Ridge
National Laboratory, Argonne National Laboratory, and the Nuclear
Regulatory Commission. The program is written in FORTRAN IV
language for use on an IBM-360/195 computer.

V. RESULTS

Numerous cases were simulated to determine the most likely
dispersion patterns as well as potential radiological hazard to
the people. The results shown in this study should be regarded as
conservative estimates.

Output of the numerical model consists of concentration
values specified within individual cell volumes. These values are
appropriately adjusted within cell volume to correspond to the
spatial dimensions of the cell. Since the amount of radioactive
debris picked up by a tornado varies according to the structural
damage sustained, a unit release of material has been used to
specify the source term. Results are presented as isopleths of
ground-level air concentration {(ratio of concentration to source
mass, X/Q, m~3) and surface deposition (m~2) at t = 60 minutes.
Centerline ground-level values of air concentration (maximum
values) are shown as a function of longitudinal distance along the
trajectory of the storm. The isopleths are drawn with respect to
distance from the point where the material is initially dispersed
within the storm.

The convergence and divergence of the mesoscale wind field
are not considered; therefore, the longitudinal wind transports
the storm cell in a straight line.  Since the direction of the
tornadic storm 1is arbitrary, direction is independent of points of
the compass. Similarly, since dispersion is a function of transla-
tional windspeed, the translational velocities are input into the
model corresponding to each design-basis tornadoe. Lateral disper-
sion along the trajectory of the storm is due primarily to the
horizontal extent of the downdraft region (and rotational wind
field) in the rear of the storm with minor influence from horizon-
tal diffusion. Scavenging acts to dilute the concentration in the
cloud so that ground-level air concentrations are less than those
obtained without scavenging,




:

The initial air concentration distribution (X/Q) is shown in
Figure 8a in the x~-z plane with the center of the plane passing
through the axis of the tornado (t = 0). Figures 8b and 8c show
air concentration (m~3) isopleths for U = 13.4 m/sec in the x-z
plane at t = 5 and 40 min, respectively. Figure 9 shows ground-
level air concentration in the x-y plane at t = 40 min.

Cround-level centerline X/Q values are shown in Figures 10
and 11 for each specific translational velocity. The displacement
of concentration as a function of translational velocity is evi-
dent. 1In all three cases, 90% of the peak air concentration has
reached ground-level within one hour after initial dispersion
within the cloud (20 min after uptake of the pollutant). The
decrease of X/Q values beginning at X = 20 km in Figure 11 is due
to the depletion of concentration from the cloud (except that part
transported to the anvil region) and to nearly complete diffusion
of the concentration below the cloud base to the ground.

Isopleths of air concentration at ground level for t = 60 min
are shown in Figure 12 corresponding to storm translational velo-
cities of U = 13.4, 19.2, and 25.0 m/sec, respectively. The
irregularity in the isopleth contours is due primarily to the ad-
vection and diffusion of the comcentration by the updraft/downdraft
regions and rainout removal rate of the storm with time. The
ground-level layer consists of unit cells with dimensions of
2000 m x 2000 m x 2 m., Figure 12 shows that as the translational
velocty of the storm increases, the lateral spread of air concen-
tration is stretched downwind. Higher peak concentrations appear
less displaced to the right for the tornadic storm with a transla-
tional velocity of 13.4 m/sec than with the succeeding two velo-
cities. However, once beyond the initial peak concentration area,
downwind values of ground-level air concentration are less than
values obtained for ¥ = 219.2 and 25.0 m/sec. This is to be expect-
ed because the increase in advection causes the peak concentration
values to be more displaced im the longitudinal direction. Similarly,
the slower the translational velocity, the more effects turbulent
diffusion, vertical advection, and rainout have to act on the air-
borne concentration.

In test cases run without the influence of updrafts, down-
drafts, and scavenging, the air concentration eventually reached
ground after six hours, but was several orders of magnitude less
in value. If the storm moves at 25 m/sec for six hours, deposi-
tion at the surface would begin approximately 540 km from the plant.
However, studies made by Davis®8, Hane? and Jessup10 indicate that
it would be unlikely for the pollutant to remain entirely with-in
a storm cell for several hours without vertical wind shear and
scavenging bringing a fraction of the pollutant to the surface.
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Figure 12. Ground-Level Air Concentration Isolog Plots (m~3)
in the X-Y Plane (T = 60 min)




Ground-level raindrop depositions (m~2) are shown in

Figure 13 for U = 13.4, 19.2, and 25.0 m/sec, respectively. The
effect of advection on air concentration is also evident on ground-
level deposition: the highest peak values are obtained when

U = 13.4 m/sec with the peak region being nearest to the initial
dispersion point in the cloud; subsequent downwind values are less
in value than the succeeding cases with U = 19,2 and 25.0 m/sec.
The increase in translational velocity causes the region of peak
concentration to be shifted along the direction of the storm.

Based on the test cases analyzed in this study, early deposi-
tion of concentration occurs within 10 to 20 min after the initial
dispersion of concentration within the storm cell. The primary
mechanisms for concentration reaching the surface come from the
effect of the downdraft vertical velocity distribution and wet
deposition. In all cases, 50% of the initial concentration, except
that portion lifted into the anvil region of the cloud, is removed
from the cloud within 15 min from the time of initial dispersion
within the storm. The maximum ground-level concentration, in all
cases occurs within about 35 min of ground-level injection.

Maximum centerline air concentration values reveal that peak
concentration at the surface occurs within 15 km from the point
where the initial dispersion within the storm is established
(Figure 11). The concentration is essentially removed from the
lower and middle layers of the cloud within 50 km of the peak
ground-level value.

The modified Gaussian puff tornado model developed by Pepper’
was also used to calculate ground-level concentration and lateral
spreading (20,) of radiocactive debris. Figure 14 shows the
results of the Gaussian puff centerline values. The peak value
occurs closer to the nuclear facility than that predicted by the
numerical model. In these tests, the pollutant was diffused from a
height of 6,500 m with an initial vertical distribution of 12,000 m
(7z5) and a lateral distribution of 5,000 m (oy,). These initial
standard deviations were chosen to represent the material being
dispersed within the thunderstorm cell. <Calculation of the turbu-
lent diffusion parameters (standard deviations) were based on a
turbulent energy dissipation rate equal to 1 m2/sec3. Such values
of energy dissipation rates are typical of the atmosphere associated
with severe storms (Agee”’, Frisch and Strauch39).

The Gaussian puff model predicts ground-level concentration
values that are several orders of magnitude less than those predic~-
ted by the numerical model. Similarly, the lateral spread of con-
centration at ground~level (distances obtained at +20y from the
center of the puff) is significantly greater than that predicted by
the numerical model. These rather small values of ground-level con-
centration are due primarily to the initial height at which the
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Gaussian model begins to diffuse the concentration, and to the high
efergy dissipation rate used to generate the diffusion parameters.
A modified Gaussian model to include the effects of scavenging and
topography (Kao®1) was also developed and the results compared to
the Gaussian puff model developed by Pepper’/. Only slight improve-
ment was obtained in accounting for more rapid diffusion to the
ground,

Figure 15 shows concentric annuli from the initial cloud dis-
persion point with radii of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30,
and 40 miles in 22.5° sectors overlaid on the x-y grid network.
Average air concentration and deposition values after 60 min are
given in Tables 3 and 4 corresponding to sector-averaged ground-
level values for each of the three translational velocities, re-
spectively. Since the directional dependence of the storm has been
eliminated, sector values for 180 to 360° are considered to be zero.
The centerline trajectory of the storm lies between Sectors &4 and 5.
Appropriate assignment of the centerline trajectory of the storm to
a specific direction (N, NNE, E, etc.), would then give correspond-
ing sector averages based on compass points.

VI. MODEL SENSITIVITY
A. Effect of Neglecting DPiffusion

Most dispersion models neglect the effect of longitudinal dif-
fusion since u 3c/3x is generally much larger than 9/9x (Ky.95./04).
In these cases where the source strength does not significantly
vary with location, the lateral diffusion term is often neglected.
The effect of neglecting horizontal dispersion generally increases
as the wind velocity increases, with the transport becoming pre-
dominantly advection-oriented. When the winds are calm, diffusion
becomes the dominant mechanism. However, in regions where the con-
centration gradients are very steep, horizontal diffusion cannot be
neglected (when the concentration is undergoing rapid change).

Severe thunderstorms contain regions of intense updrafts and
downdrafts and highly turbulent horizontal winds. Although the
storm cell may be steered in a straight line, the storm cell fluid
dynamicg are very complex, with a continual cascade of turbulent
energy from large-— to small-scale eddies. It is reasonable to
assume that the dispersion within the cloud is essentially
advection-dominated. However, as the storm cell dissipates and
the winds be come calm, lateral diffusion begins to spread the
concentration in the horizontal plane. Tornadic storm cells have
been observed to increase horizontally following dissipation of
the tornado even though the intensity of the storm cell has de-
creased (Fujita, et al.”2). Also, the decay of one storm cell
has been known to be followed by generation of a new storm cell,
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TABLE 3

Average Sector Air Concentration {m™?) at Ground Level*

TRANS VEL = 13.4 Radius,
Sector + 1 2 3 4 5 6 1 8 mile
0.0 0.0 0.0 J.0 0.0 G.u 0.0 0.0 1
0.0 T+3E-1Y D.0C~18 2.4E-Ll6 Learc—1lo 4 .TE-18 4.2E-19 0.0 2
0.0 TalE-18 141E-15 3.,9E-13 3.5E-13 l.2E~15 3.3E-18 0.0 3
000 ‘i-OE"lb chE-l‘l T.?E-ld 8-0&-12 1-35-14 "OOOE"Lb 6.1E_21 "’
0.0 FuQE~17 2.0E-13 5,7t~-11 H5e8E-11 3.0E-13 Ll.7€E-16 1.5E-20 5
e S.8E~LH 6.YE=L4 L.e4E-10 1.6E-10 9.4E-14 l.BE-l6 0.0 6
0.0 0.0 G.oE=14 2u¥E=1U 3,4E=j0 1.7E~13 7.6E6-19 0.0 7
J. v 2e8E-20 3.2E-l4 2.7E=10 3.5E-10 8.7E-1% 6.5E-19 0.0 8
0.0 Ue0 £.0E-15 levte~10 Z+.7E-10 2.3E-1% 0.0 0.0 9
J.0 0.0 lelE-15 Bu.5E=1)1 145E=-10 l.HE-1l4 0.0 0.0 1]
0.0 Q.0 G.4E—17 L.2E=11 S.TE=-1l 2.4E-15 0.0 Q.40 20
U,0 0.0 Ja.0 1.2E-14 4.0E=-14 Q.0 Ce 0 0.0 30
v.0 g.0 0.0 l.dE=-17 l.le=16 3.0 0.0 0.0 4o
TRANS VEL = 19.2 Radius,
Sector -+ 1 2 3 o 5 & 7 8 mile
Dev 0.0 0.0 Jed 0.0 0.0 0.0 Q.0 ]
0.0 LelE=ly 1.2E-18 2+2E-18 Z2+1E=18 B.lE-1Y9 7.4E~20 0.0 2
0.0 lﬁlE_lB doz:"l.b 595&‘15 S-UE-lE ZOJE—lb 0.4E"19 0-0 3
[V FewE-L7 245%-15 lalE-i2 LelE-12 2.7E-1% L.0E-16 2,1E-21 4
Je 0 2+1E=17 Ll.3E-14 l.4E~ll ladE=1ll 1.7E-14 4.6E-17 4.6E-21 5
0.0 le4bE-ld 2.5E-14 4.lE-11 4<3E-1l1 Z2.8E-14 7.1E-17 Q.0 6
0.0 C.0 GebE-l9e le9E-10 LobE-10 6.0E-14 3.0E-19 0.0 7
0.0 TebSE-21 2.28=14 lobie=lU0 Z2+0E~10 3.5E-1% 4.9E-19 0.0 8
0.0 0.0 L. 7E-15 l.6E=10 l.dE-10 9.0E~L5 0.0 0.0 q
0.0 [V ] L.lE~15 9e9E=1l l+Z2E=10 T.%E~L1lY% 0.0 0.9 I0
0.0 (L] 9. 1lE-17 4«Vt-1l ve7E=-11 LL,1E-15 0.0 Jer 20
Je ¥ Je0 0.0 Jo.obk-1% 2.3E-13 0.0 U.0 0.0 30
J.0 0.y 0.0 de TE-L5 lobBE~1% 0.0 0.0 0.0 4o
TRANS VEL = 25.0 Radius,
Sector 1 2 3 & 5 ) 1 8 mile
0.0 0.0 Q.0 0.0 V) C.C 0.0 00 1
J.0 2e0E-20 2.2E~19 4.bp-19 4.6E-19 2.0E-1Y l.8E-20 0,0 2
0.0 LeE=LY9 S48E=1T Yedc~1l6 Y.6E-1lb w,b6E~1T L.TE-19 Q.0 3
Q.4 204E-17 647E=16 2.,0E—13 2.0E~L3 T.TE-16 3,1E-17 B.S5E-22 4
0.0 Se9E—18 4.7E-15 3.b8E-L1¢ 348E-12 H.9E-15 1l.5E-1T7 1.9€-21 5
0.0 SelE=19 Ll.1E=14 le2E-1i le.2ZE-11 l.4E-14 3,1E-17 0.0 6
Je0 Qev 2e5E=14 Telb-11 7.7E-11 5.0E-14 le3E~-19 0.0 7
Qe 3.0E-2] L.3E-14 l.lE-10 l1.Z2E-10 L.8E-l4 3.2E-19 0.0 8
0.0 0.0 1.2E-15 le2E-10 1.2&E-10 5.1E-15 Q.0 Q.0 ]
Ueu 0.0 de TE=L1t BuecE-u1l BeSE-1]l 4.2E-1> Q.U 0.0 10
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# VYalues followed by the letter E (for exponent), minus symbol, and twa digits indicate
the powers of 10 by which the number must be multiplied to obtain the correct value:

for example, 7.3E-19 is 7.3 x 107*°
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Average Sector Deposition (m=2?) at Ground Level*
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with ingestion of the pollutant concentration possible in the new
cell, If this were to occur, it is assumed that the dimensions of
the new thunderstorm cell would define the lateral boundaries of
the concentration. Within the thunderstorm cell, the concentration
would be continually sheared and dispersed by the winds,

Vertical diffusion is quite sensitive to the atmospheric tem—
perature gradient. Highly unstable conditions create a turbulent
flow field which in turn causes the pollutant to be well-mixed in
the atmosphere, As the atmosphere becomes stable, the turbulence
becomes suppressed, the winds become calm, and the pollutant is
generally confined near the surface of the earth under an inver-
sion. Because the tornadic storm is associated with extremely
unstable conditions (within the thunderstorm cell), the pollutant
is assumed to be well-mixed throughout the vertical extent of the
cell. BRBelow the base of the thunderstorm, the atmosphere is also
unstable, but to a much lesser extent. In test cases run with only
horizontal advection and vertical diffusion, the pollutant began to
diffuse below the base of the cloud after two hours, but failed to
reach ground level even after six hours. Abnormally high values of
k, did not significantly decrease the amount of time for the
pollutant to reach the ground. This indicated that the dominant
mechanism of pollutant dispersion was the advection terms. Hence
the only way the pollutant could reach the ground in a short length
of time was by downdraft and in-cloud scavenging. However, if the
storm cell were to quickly dissipate, the vertical diffusion would
become more significant as the wind speeds decrease in intensity.

B. Effects of Wind Profiles

The variation of the wind speed with height and magnitude
significantly influence the downwind spread and shear of the pol=-
lutant cloud. The greater the wind speed, the further the pollu-
tant is advected before settling to the ground. If the wind
velocity increases dramatically with height, the concentration
becomes sheared and distributed more longitudinally in the direc-
tion of the shear. As the wind profile becomes flat and the speed
drops, vertical diffusion acts to spread the concentration through-
out the mixed layer,

C. Effects of Updrafts and Downdrafts

Significant updrafts and downdrafts of tens of meters per
second are known to exist in severe storms. The design basis
tornado used in this study is assumed to entrain radioactive
particles ranging in size from 1-10yu into its vortex and then to
1lift the particles to the base of the storm cell, Once the
particles enter the storm cell, the action of the severe updrafts
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and downdrafts act to disperse the particles throughout the storm
cell. The updrafts lift these small particles considerable dis~
tances, possibly out the top of the anvil and into the stratosphere.
Downdrafts near the rear of the storm cause the pollutant to be
dispersed below the storm cell. Test cases were run with and
without the vertical wind vectors. Results showed that the con-
centration remained in the cloud over considerable lengths of time
{(tiours) before turbulent diffusion brought the concentration to
the ground. Inclusion of updrafts and downdrafts diluted the con-
centration in the vertical plane initially, but then began to
bring the concentration to the ground much more rapidly.

DP. In-Cloud Scavenging (Rainout)

Precipitation-scavenging field experiments by the Illinois
State Water Survey and Batelle Northwest Laboratories have shown
that scavenging by storms which are greater than 10,000-ft deep
deposit a significant fraction of released tracer. However, in
the study of dispersion within tornadic storms, the following
factors must be considered:

e Is the particulate incorporated entirely into the rain?

® Are there motions in the rain area which are upward (creating
scavenging by consideration processes)?

e Does the rain area extend over the entire thunderstorm cell as
the tornado and severity of the thunderstorm decrease?

These guestions can be answered more accurately when more
data becomes available. The present model assumes the concentra-
tion is acted upon by rainout and washout scavenging, except for
that concentration which is lifted into the anvil (top level of
the model). 1In test cases run with and without rainout, inclusion
of the raincut sink term in the governing equations significantly
added to early deposition of the radicactive particulate on the
ground. Coupling of this effect with the effect of downdraft
velocities within the storm account for earlier deposition than
with downdraft velocities alone, The magnitude of the rainfall
rate and mean droplet diameter determine the rainout removal rate.
Under actual conditions, the rainfall rates vary throughout the
lifetime of the storm and are more intense in some areas than in
others, This in turn uvltimately affects the deposition patterns

on the ground, creating areas of intense concentration beneath the
storm.

Since the radiocactive material is assumed to be totally

entrained within the thunderstorm, scavenging by washout is less
significant than rainout scavenging. Should part of the pollutant
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be thrown out of the vortex below the base of the thunderstorm,
washout is likely to contribute to early deposition near the
strike point.

E. Height of the Storm

Severe tornadoes are generally associated with large single-
cell convective storms with anvil tops reaching as high as 15,000 m
or more. A tornadic storm with a 15,000 m top is considered to be
typical of storms obsexved in the vicinity of the Pennsylvania
plant site. The heights to which the concentration is initially
assumed to reach are critical to the dispersion pattern. The
higher the concentration is initally transported, the longer it
takes for the concentration to be deposited on the ground. For
point sources released at varying heights under less severe atmos-
pheric conditions, downwind ground-level concentrations reach peak
levels at greater distances from the initial point of release than
those emitted closer to the ground. Turbulent mixing distributes
the concentration vertically so that by the time the concentration
begins to reach the ground, it has been sufficiently diluted.
Evidence of radar signals of tracers in convective clouds indicate
that wide-level dispersion occurs almost immediately following
injection. The heights to which the concentration is reached in
this model is based on estimates made by Fujita* and Carson.** A
compact distribution of concentration (puff)} near the base of the
thunderstorm cell, as used by Pepper7, could cause the concen-
rration to be more quickly deposited near a nuclear facility in
higher amounts.

F. Effect of Topography {Surface Roughness Length)

The influence of topography on a velocity vector field is
well known from elementary fluid dynamics. In regions where the
terrain is irregular, the flow fields converge and diverge in an
effort to conform to the boundary shape of the terrain. Atmos-
pheric flow over hills and mountains creates upward motion and
wake-recirculation regions which are downwind of high terrain
features. Since the advection of the wind strongly governs the
dispersion pattern of concentration in a severe storm, accurate
prediction of the wind velocities should give a fairly accurate
estimation of the dispersion pattern. In regions where the
terrain is essentially flat, classical 'flat plate' boundary layer
analysis is usually adequate for determining the wind velocities.
when the terrain is irregular, however, the equations of fluid
motion must be solved in order to account for the secondary

* T. T. Fujita, Personal Communication, 1977.

%% J. Carson, Personal Communication, 1977.




motions created by the terrain. The effect of topography (sur-
rounding the Pennsylvania plant site) on advection has not been
considered in this study. However, the model can be modified to
account for terrain by using a grid network with variable mesh
spacing (Pepper and Baker3l). Provided the terrain features

are known over the entire surface domain of calculaticn, and a
mass-consistent wind field is generated (which requires reasonably
good initial estimates of the three-dimensional flow field within
the storm and its surrounding vicinity), the terrain influence on
the deposition pattern can be taken into account. Neglect of the
irregularity in terrain undoubtedly produces some degree of error
in the calculations. As knowledge of the correlation between
terrain feature and air flow patterns in severe storms improves,
this effect can be more accurately modeled.

Topography also influences the degree of turbulence intensity
which acts on the diffusion parameters in rthe atmosphere. Little
is known about turbulent diffusion in severe storms, and even less
about the effect of terrain on dispersion during severe storms.

In order to account for the influence of terrain on the vertical
diffusion coefficient, K,, an empirical relation has been used
which incorporates a surface roughness parameter, z,. Turbulent
diffusion below the base of the thunderstorm cell and near the
surface is determined by an extrapolated surface layer of 'lay of
the wall" formulation which includes z,. The higher the value

of z,, the more turbulent the diffusion near the surface. This
empirical relation coupled with an additional relation for K,
above the surface layer allows the influence of surface roughness
(or topography) to be propogated with height tc the base of the
thunderstorm cell. The intensity of turbulence within the thun-
derstorm cell is felt to be significantly greater than that below
the cloud base. Hence the influence of terrain on dispersion
within the thunderstorm cell is considered to be negligible.

VII. CONCLUSIONS

A three-dimensional numerical model is used to calculate the
dispersion of small particles in a tornadic storm. The model is
designed to allow various meteorological parameters to be updated
as more precise information becomes available. The three-
dimensional transient equation of concentration transport is
solved by a quasi-Lagrangian method of second moments in an
Eulerian mesh centered over the assumed trajectory of the storm.

The horizontal wind field varies with height over the one-
hour period after the facility is breached. The updrafts and
downdrafts associated with the tornadic storm are calculated from
initial empirical estimates and then advected with the storm. The
horizontal rotational wind field within the storm cell is also
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advected with the vertical velocity field. As the storm cell
spreads horizontally, the wind field within the storm cell spreads
accordingly.

Because of the lack of precise information regarding turbu-
lence within severe storms, the turbulence diffusion coefficients
are obtained from empirical estimates. These estimates are based
on data measured within storms, theoretical equations appearing in
the literature, and discussions with noted authorities on turbu-

lence diffusion.

Scavenging is calculated as a sink term in the governing
equation. Rainout scavenging acts on small particles within the
cloud. However, limited knowledge of scavenging in severe storms
necessitates the use of a simple general expression based on rain-
fall rates, droplet size, and 100% collision efficiency. Washout
scavenging below the cloud base is not considered because of the
high values of downdraft velocities associated with the storm.

The effect of droplet evaporation is also neglected.

The effect of topography downwind of the plant is introduced
through specification of roughness heights used in determining
curbulent diffusion below the c¢loud. The effect of topography on
advection is not considered.

The dispersion patterns and total time of uptake within the
vortex have not been considered. However, the recent appearance
of an engineering design-basis tornado model provides the three-
dimensional wind patterns surrounding the vortex. Inclusion of
this model with the dispersion model should allow the trajectories
and dispersion patterns of material to be calculated immediately
following ground-level uptake. In this study the pollutant is
assumed to be dispersed throughout the thunderstorm cell in a
skewed log-normal distribution with the maximum value centered on
the axis of the tornado., The material is allowed to disperse for
20 min before rainout contributes to the deposition. About 35% of
the material is assumed to be dispersed within the upper regions
of the cloud, 15% within the middle section of the storm, and 50%
within the lower layers and cloud base of the storm.

The updraft and downdraft vertical velocity distributions and
wet deposition account for most of the material being deposited at
the surface one hour after initial uptake of the material. Scav-
enging accounts for about 50% of the particle removal from the
cloud within 15 min (following the initial 20 min).

In test cases without the inclusion of rainout and updrafts

and downdrafts, the material diffuses to the ground after six
hours following uptake into the cloud. Since the advection
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velocities dominate the dispersion of the pollutant, the effect of
turbulent diffusion between the cloud base and the surface are not
significant until the storm cell has traveled some distance. Al-
though rainfall rates and droplet diameters vary during the life
of the storm, a constant rainfall rate of 20 mm/hr and a mean
droplet diameter of 1 mm were chosen as ensemble averages in order
to simplify the complexity of input data. Once the pollutant is
completely dispersed within the thunderstorm cell, capture of the
particulates by rain drops begins immediately with 100 percent
efficiency. The deposition of concentration at the surface con-
sists primarily of plutonium particles suspended within waterdrops.
As additional information on rainfall rates and velocities in
tornadic storms becomes available, deposition will likely become
highly nonuniform.

Ground-level air concentration begins te reach the surface
within 5 min. Results show that ground-level concentrations begin
occurring within 20 to 45 km from the plant site, Peak centerline
concentrations occur within 15 km of the point of initial disper-
sion within the cloud. The concentration decreases significantly
with distance after peak-ground level values are reached. The
lateral spread of ground-level concentration is principally
governed by the size of the thunderstorm cell directly overhead.
Downdrafts and scavenging have more influence on bringing the con-
centration directly from the storm cell to the surface than turbu-
lent diffusion. Shearing of the pollutant cloud occurs in the
upper level of the storm cell. Concentration reaching the anvil
portion of the cloud is advected at a faster velocity than concen-
tration in the lower levels of the storm; 5% of the concentration
is advected out of the anvil into the stratosphere.

Results obtained with a modified Gaussian puff model were con-
sidered to be low and showed the inflexibility of the analytical
solution to account for the transient nature of the vertical wind
field. Ground-level X/Q values were several orders of magnitude
less than those obtained from the numerical method (within 20 km of
the point of initial dispersion in the tormadic storm). lLateral
spread of the concentration was significantly greater than that
predicted by the three-dimensional numerical model.
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F/DwPa&I3E JUB (B521-92,T43364L010,C12:C740CCCpq11,

ft

f#SETUP
JISTEPL EXEC FORTHCLLG»GTIME=CI,MaAP=KCMAP, SCURCE=RCSCURCE,

r/
rr

i}

'
CLR

GLsIz

PEPPER :TLPNADO tyrSCLEVEL=]
E=BO0uK+GTIME=8,LINES=TK

£=BOUK,FSIZF=400K,

PLET=SYSOLT={J, ,PLOT) 'y PLIB=*SRL.NCRALCENTUR?
FAFCRTLSYSIN DD

no
o3}
ch
oo
[agd]
oD

FAGL.SYSIN OO ¥

30

-4,
~10.
“19.
10

-—t','

10.
2000.
250.
L0l
«036
.G56
.C38
L0011
011
- 038
«0506
«.£38
«011

JISP=SHR,[LSN=T4336. ECIT.CATALTCRNADCY
DI 5P=SHRCSA=T4336. ECIT.CATALTCENWIND)
DISP=SHR,LSA=T4336 ECIT.CATA(SELTCP)
DISP=SHR,DSA=T4336 ECIT.CATAISECSITY
NISP=SERyCSN=T 4336, ECTTCATALFARCLTY
GESP=SHR yLSK=T4336 . EDITLLATAIVE(TR)
D15P=Srn,LoN=Ta33b ECIT.CATALISLETHE

11 3 10.CC ZLLE20
¢] I11.46 20.C £.CC
2C0C., 1.0 1.C
0 15.0 £50.0 17¢.0
wd2i «C25 +LCE
LS -CSE «£2
« 104 147 29
L ED «LEE L2
€21 . 029 «CCE
<021 . 029 +0CE
CES LS8 oCe
« 104 « L41 .29
+0ES -{S¢E JC2
021 « 025 . CCE
-5. -1C. ~l. 10.
-15. -35. l. Z5.
=35, -1¢0. 2. 1CC.
=14, -35. l. iT.
- S -10. -1la iC.

et

S
16.
15.
15.

18

305
306
307

4401
402
403
434
405
406
407
438
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o
c

wurksxhbheE D35020> THIS 1% NaAMEL TCRMNACK

20

23

6

THAEE LIMENSIONAL CUNCENTHATICAN PROGRAM USIA SECUND MUMENTS FUF
ADJECTILK ANO CENTEREL DIFFERENCING FCR CIFFLSICH

KEAL KXy KYY KT

CUMALON/ B/ 20 00K ¢HLT Dy INy JMs KNy INNe JFM KNN3 LYy DTyNITEK ¢ ZP2RR,PS
CUMMON/MATRXL/ULTI) 1180+ VI30,0LsB)  ml3C, 1148 J,L430,11,R) kX
5 81.KYYL 8) K12 g)
COMMONZGIMZX (301 o YELE D420 B),wU{B) o mIN(B) UL 9)eWK
LOMMUN/ KOMTURKSNL s WMIE  STEPLLTLEC 20} ,KMCD
COMMUN/VCTR/TIMEZCINL 3G, 1LY

Call GFEAQIS,'"PEPPER::CISPERSICA Ih A TLRMACC $*,100)
LALL ERPSET(209,566,—1411}

hSTUP=121

NITER=Q

LALL CLEAR{CIiN, 230}

CaLe INIT

CALL ENITY

CALL INITY

CALL INITw

DO 5 II=1,NSTOP

T1de=DT*NITER

IF{4LTERLFDLOIGC TC B

LALL WINDS

CALL ADVEC

CALL DIFFuUS

Lo 3 I=1,30

Lo 3 Jd=1.11

CINUT4Jd)=CING{Ey3I¢CLT sda )20l

CIINT INUVE

TFUNITERLEQLSICALL PRINTL

LF(NITEE /20.E4-NITER/2G. ICALL PRINT]

LaLt PRINTZ

EF(RM GTL 0L JCALL FRINTS

NITER=NITFRr+1

CUNT TNUE

CALL DDNEPLLG)

S5TO#

£ND

SUBROUTINE INIT

REAL ®XX 4 KYY,hEZ

CUAMUN/ VYRS ZCsOX v HLID ¢ INg IMy KNy INN s JFHMoKANOY, DTeNLITER ¢ ZPFR4PS
COMMON/MATRXL/UC3IC LY o8] pVI30,1148)  yWL3Co1148 D4CU3U,11e€) JKXKI
$ I EELS AR 2y 4KIZ I £)
COMMON/DIM/ZXLI30 )y ¥ LLLY2¢ 6o mLiB)y sCAN{8) ,LFL 9} WK
CUMMON/VARZ/RIX{I0, 1L +8F +RTY(30,11,81 HFTX(30,1148) ,FTY(20,L1,
$ 8),RTI(30,F148) ,FTZIL30,11,8)
CCMMON/YCTR/TIME+CINI3O,11)

CLMMON/ KONTURZHL pVRINGSTEP L TLELZ2C ) KM
CCMMUN/DELTS/ FRACXFFRACY
COUMRUNDELTZ/DELTEZC Bl FRACZC &)
CUMMUN/CVELTY/V Xy VY

CIMENSILN CL{3,11),LN{8)

REAU(Sy 103) INJM KA DT, VR, VY

INN=IN-1

JWM= fM- ]

KNN=KN-1
REAO(5.llUIEL.PS.PHC.RR.TS.LELL,EX'EY,PI;F?

KEAOTI Sy 104 LCNLK] yKa4 4KK)

Nl=IN+JM

N2= JKNeGRp Nk FN* ¥

N3= H¥RN* JheJM

CALL LLEARLA,NL)

HL1¥=15300.

Ou 20 T=1,INN

AL1#1)=X11)e08% P

OL 23 Jd=1] ,JMH

Y(Jdell=YLJheDY%P2

DG 6 K= 5 ,KN

AK)I=2Z{R=-114IHLIC-Z14)}/IRN=4])

(CCCCRCE #FESERR S 4 IR A RIS

101
102
103
104
105
106
107
108
201
202
203
204
205
206
207

208
301
3oz
303
304
305
306
307
366
401

402
403
404
405
406
407
408
5G1
502
503
504
505
506
SOT
5U8
&0 1
6oz
603
&U4
&us
6o
&7
[101:]
71
TJe
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1o

101

11
110
102
193
104

VD 4 K=1,KNN

DELTAZIK)=Z(K+1)-ZLK}

DELTAZIKNI=Z (KN)-ZIKNK}

PRINT LOO,IN:sDX,sVXeVY

FOPMATISX I GaBX, 10X=DY= gFT.2,5Ks?VX21,F6.2,5XWY=2,FL.2)

PRINT LO1,ZCsPS +RHT4RR, TS, CELL

FORMATI /41X ?2C=93Faal "M, 2Xe "PARTICLE STZE=" Fa.1,"ML',2X,
SYDENSLITY=0 ,F5.2 4 VGMACCY J2X, "RATNEALL= 1 Fho Ll " MM/HRY ¢ 2X) *STORM TIME
!=‘.F4.l.'HR',2X.'NC. CELLS= "4F3.047 ) )

CALL CLEAR(U,NZ)

CALL CLEAR{RTX,A2)

READIS, 10204 CL U4 d) s 123,70y d=4,8)

DO 10 K=44XNN

DO 10 J=4,8

U0 10 [=3,7

CLIpJoK)=CN{KI*CLIT S}

REAULS+10231LLLIT,d)s 1=3,7},0=4,8)

K=KN

DO 12 J=4,9

oc 12 1=3,7

ClEyJyRI=CNCKIZCLI{T )

DO 11 K=4,KN

DU 11 J=4,8

DO 11 I=3,7

IF(L(I.J'KI.EQ-u.in LAY

JBTXUL4)eKE=130
RTY(I,JdaK)=1.0
KTZ(I,4J+K}=1.0
CONTINUF
FORMATI5F10.4)
FURMATIS5F10.4)
FORMAT{3110,3F1C,2}

FORMATISF10.0}

RETURN

END

SUBROYT INE PRINTL '
COMMON/VB/ 200X 3 FLLY s IN; JMy KN ENNy J¥MaKNNyOYy DToNITER 9 ZP4RR 4PS
COMMUN/MATRXL1/UC2)s Ll4B),VI30,1148} .hl3cvll.8 FeLOAC 1L B) #KXX(
$ BYeKYYH 8}, KZZ2L tey

DIMENSION DUMY{30,11),LS(30,11),0UM1{30,11),CUM2630,11)
COMMUNJDIMZXEID) (YELL) o 21 BIohULB) s WENEED JURL S} HK
COMMON/VCTR/ZTIMEZCIN(30,11)

COMMUON/CVELTY/V X VY

DUMM=YX* .02

DO & I=14IN o .

U 6 J=Llsd% oL )

DUMLTT,J=UE[sds4)ta02 . -

TECDUML UL 3} EQ.OUMNIDUML (L4 d1=04

DUM2{1ed)=V(Leds4)2.02

CALL VECTR{DUML ;CUM2, TNy IN,CLFY)

SUM=1.0

DL B K=1.XN

oG 8 I=1,IN

DO B J=1,JM

ot +

H

SUM=SUM+  Cliled K]
K=1
FLAG=0.

LG ¢ 1=1+IN

B 9 JElydM

JI=gM=dt L

DUMY{TadJdl= Cl1ydeK)/Z(DX*OY*Z(2)%1CCC.)
[F{NUNMY L [,3J).GT.0.)FLAG=L.

ES{1eJdi= ClIsd R}

CUNTINUE

IF(FLAG.EQ.0.)1GC TC 1

PRINT 2

FURMAT{IH], 50X, AR C(NCLNTRATION' }
WRITE(&,LUL)

WRITE (6 LOZ2)KyTIFE,SUM

wRITELEL10TY {1,1=1,30)

LU 5 J=lysJM

NNENLENED]

9G2
sc3
904
905
906
907
S(8
£001
1002
1003
1G04
1608
1006
1007
1caa
1101
1102
1103
1104
1105
1106
1107
11404
1201
1292
12¢3
1204
1205
1206
12a7
1208
1301
1302
12303
1304
1305
1306
1307
1308
1401
1402
1403
1404
1405
1406
1407
1408
1501
1502
1503
1504
1508
1506
1507
1508
1601
1602
1603
1604
1605
1606
1607
1608
1701
1702
1703
1724
17395
L 706
1707
L7U8
1801
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5

12

15

1cl
102
103
104
to7

14

40

101
102
103
1C7

WRITEL6,101) ( LSUIsdJlsI=1e30}
PRINTY 12

FORMAY{L1HL1,50%X,* INTEGRATED GRCYUNGCLEVEL (CMCENTRATICAY,/ 1§
WRITELG,101)

WRITE1S+1021K, TIME,SUM

DO 15 I=1,4IN

FI=IN-T#+1

WRITELG, 104) { CINGLLed)ed=lelld

CALL [SOLOGIOUMY ¢ IN, JM,DUME DLM2)

uu 3 I=1,1IN

DO 3 d=l UM

DUMY{ Ly JV¥=ClIsd o) /LDX*DY*Z{2)¢1QC0.)

IFINIYERCEQ.L120)ILALL SECTOR IDUMY 41N, JM)

IF{NITER.EQ.L20¥CALL SECSIT(CUMY,1h, JMyvX)

CONT INUE

CALL PRINTZ

FORMATL /4746, X-Y PLANE' .7 )

FORMATC20X, "K'y IG5 10X *TIME="4yF1GCu 2y LOX, *SLM=? ,1PE1G. 3}
FURMAT(30(T141))

FORMAT(LX,1PLLELL,. 3]}

FORMATL /2 1Xs30013¢1X)y/ 1}

RETURN

END

SUBROUT INE PRINTZ

COMMON/VB/ 20 DX yBLID, INy My KNy INKo MV 3 KNNCY ¢ DTsNITER s IP+RR,PS
COMMON/MATRXL/UC 011480 3 VI3001L4B) w38, 11048 J,C030411,8) ,KXX1
1 Bl eKYY{ B)sKIZAL £}
COMMON/VCTR/TIMEZCINI30411)

COMMON/DIMS X (30} 4 ¥Y{LL1e2Z( 8)yhbUlBYyolNIB) LIl 9),WK

DIMENSICN ZPT{3C),LSI30+8),CUMY(I0,8)ymlE3C(BI,CUMLIIC,B),UN{30,E]
4=6

Nl=IN®KN

DO 4 I=1,IN

DO & K=sl,KN

KWLL T yKD=W{[sJsK }2.C1

UNLTL g KIZULL s JdeKI1*,.01

UMY {TaM = CllelyK)

LSULy® = C{IsJ s KIRSIGNIOD.5y ClI4d %))

CALL VECTRIUN:WLl,INyKNyDuUML)

1Y=1

PC 7 K=1:3

0G 7 1=2+IN

FLAG=0.

TFIWLIl oK} oLT .= CC5)FLAG=1.

IF{FLAG.EQ. Lo ICALL RANDOT(FLCATUT) yFLCATINY 3I1h, KNy IY)
TFOFLAG«EQulesARD VK EQe2)CALL RANCUT{FLCAT( [ sFLOATILI INgeKASIY}
TFLUNGT 44 ) EQuU s ANDLUNTL ¢ 2) ol T, o0l ANC o1l b1, 4).GT.0.)
SCALL RANDCTUFLIATI{I) 4FLOATIK) ¢IN4KA,IY)

fy=1y4+2

CONTINUE

Lall RECON

CALL ISOPTHIDUMY s INyKNsOUML+04y0.5}

DO 40 I=1,IN

LPTLI)= DUMY(I,1)/¢CX*IY*Z({2)41000.}

IFUZPTUL ) LEL Q. 1ZPTLI )=) . 00E-20

CALL YLGPLTUX,2PT, 20}

FGRMATE// ,46Xe" %~2 PLANE IN J DIRECTYICN',/ )

FORMATI30X,*TIME= ",F10.2)

FORMAT{30114))

FORMATL /,1X 30013,1X),/ }

RETURN

END

SUBROUTINE PRINT2

COMMUN/VB/I0 DX LI IN M KN INNy NV KAN4DY, CT4NITER, ZP 4RR,PS
COMMONZMATRXL/UL 30411480 9 V830, 11087  4wl3Cy1148 14030, 001,B) SuXN{
% B KYYI 8).KZ2ZL 8)

DIMENSION DUMY {30,110 5LS{ 30,800, 2X{30,11)CUMLI30,11).DUN2(3C,11)
LOMMON/CVELTY/ZV X, VY

COMMON/VCTR/TIME ,CINLAO,11}

N2=IN®JM

IFINSTER.EJ.OICALL CLEARIXXMN2)

1802
1703

1704
1705
1706
1708
1801
1R02
1803
1804
1805
1808
1807
1808
1901
19cz
1903
1904
1905
1905
1906
1507
1908
2001
2002
2003
2004
2005
2006
2C07
2008
2101
2102
2103
2104
2108
2106
2107
2108
2201
2202
2203
2204
2205
2206
2207
2208
2301
2302
23013
2304
2305
2308
2307
2308
2401
2402
2403
2404
2405
2408
2407
2408
2901
2502
2503
2504
2505
2506
2507
2508
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10

111

1C1
102
1€3
107
108

FLAG=0O.
IFINITEREQ.Q)GC TC 4
PS1=2.0E-04% RR*¢ 2
KNNN=6

DO 12 K=3,KNNN

DU 12 1=141N

D0 12 J=1,JM

XX[Ied ¥ = XXUI14d ) ¢ LUl 4JeK)*PSI*LY
[F{XX{{+d ).GYT.C.)FLAG=L.

CUNTINUE

DO 2 J=l.J0M

DO 2 I=14IN

JJ=dM=J+ ]
CUMY{T¢JJ)=xX(l,J}/I0X*¥DY*10CC.]

DO 9 J=1,JM

BC 9 I=1,1IN

LSULdI=XX{Id) +SIGN{G.5sXX{IsJ}}
CUNTINUE

[FIFLAG.EQ.N.IGC TC 111
IFI{NITER/Z0.NESLNITER/ 20.)G0 TC 1

PRINT LQ | .

FORMAT{// ,40%, '"GRCUND LEVEL CEPOSITICN BY RAINCLT',//)
ARITE{&,101)

WRITE(6,102}TIME
WRITE(64107) . {1+1=1,301

DO S J=1.JM .

JdzdM—J+1

WRITE(E,103(LSIT,JJ),I=1,30)
IF(FLAG.EQ.OLIPRINT 108
IFIFLAG.EQL.O0,}GC TC L

LALL RECCN

CALL ISGLNGL{OUMY s TN, JNy JUML,DUM2)

DO 3 I=1,1IN

DO 3 J=ly4JM

DUMY (Lo d)=XXEL,J )/ (DX80Y#*1000.)
[FINITER.EQ.L20)CALL SECTOR(DUMY LN, UM}
IF{NITFRLEQ. L20)CALL SECSTTIDLMY TR yJPM X}
CLNTINUE .

FORMAT( /Z+T40,"X=Y PLANE FUR 2=0%,/ }
FORMATI{ 40X "T JME="?,Fl0a2}
FURMAT{30(14)}

FORMAT( /F.1X,300(13,1X)s/ )

FORMAT( 40X, " *%%=x NI CCNLENTRATICMN AT THE GRCLND #*%¢s 1)
KETURN

END

SUBROUT INE EDDY

REAL KAXoKYY g KIZ L1 gKMs KT

LCONMON/ VB ZD 40X pHLEDy INs JMy KN INN pJ M KRN sDYy OToNITER s ZP+RR,PS
CUOMMUN/MATRX1/UL30411,8),v{30,11,8) ,wt30,11,8 J,C{30,11sE)

B KYYI( 8).K2L1I g}
COMMONZDIM/XE30 )Y ULL )24 BY,mLIB) y hLA{B}LFL S),NK
COMMON/CVELTY /Y Xy ¥Y

COMMON/VCTR/TIME ,CIN(3Q,11)

D0 4 K=2,XN

IF{TIME.GT. &D0)GC TQ 2
KIZIKI=.60%Z(K)*¥*, 6% (3600.—TIMEY /3€QC,
KYY (K= 10%2(Ki®# . 20¢3, 2T [ME*TIME/1CQCO.
KXX{K)=. 2082 (KI*¥* ,20% . 16*TIME

G0 TO &

UBAR=1.25%VX

BETA=.45

UG=vk

F=1.0E-04

kO=UG/ 1 20%F)
USTAR=1.2#%.16%UG/LALDGLO(RC)-1.8)
A=1.=+075*ALOGLOLZIK) )

EP=Ts/%
KYY(K)=(A*{UBAR®TIME ] $*EP)/ (2 ,+#TIME )¢ ,0CTE
KZZ(K)I=.415USTARSZC#({ Z(K) /L) *#BETA
IFIKaLT a4 IKYYIK =10 . #KZL (K}
KXXIKI=KYY(K]}

2601
2602
2603
2604
2605
2606
2607
2608
2701
2702
2703
2704
2735
27C6
2707
2708
2801
2802
29803
2804
2805
2806
2807
28068
2901
2902
2903
2904
29058
2906
2901
2908
3001
ooz
3CC3
3004
300%
AC06
aco7
apos
3181
3102
3103
3104
3105
3106
3137
3108
3291
3202
3203
31204
3205
1206
3207
3208
3301
3102
3303
3304
3305
3306
3307
3308
3401
3402
34903
3404
3405
34006
3407
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35
100

CONTINUE

IFINITEPAGT.LIGE TC 2

PRINT 100 .

DIt 5 KK=1,4KN

K=KN-KK+1
WRITELH¢35)7(K) +KIZLK) yKXXEK) oKYYIK) 2 ULLS 464K WK
CUNTINUE

FCRMATI 2X,6FL0D.2)

FORMATC// 2Ty %2 pThBy *KL® yT28 5" KXY, T38, "KY? ,T4B ,2U" yT58 . WK )

RETURN

END

BLOCK DATA
COMMON/DTHM/XI30) Y111 )42 BlyWUIB Yo hCNLE) JUFL 9 4WK
DATA hDN’0.0Ql-C. 8.00. 10-0' 14.25| 9.0| “-0,0GOI
DATA WU/0,0,1.U0+8.005,1040:170504180(48.CyC.C/
DATA Z/C.» 2. +350.901C00.40.0+C.0y0.0¢0C07/
DATA UH/’Q.O]‘5.0:‘6.0'-8¢0I-IO-Ol-a-cl_7-0.—6-°!-“-0,
END

SUBRGUT INE WINDS
REAL KXXyKYY KZZ

COMMON/VB/I0yOX s HLID ¢ INy JMo KNs INNo JMF  KAN DY, DT,NITER,ZPoRR ,PS

COMMDN/MATRXL1/UI30,1148),VI3C,11,8) sN{3AC,11,8 }4C{30,11+8)

Bl 4KYYL 8) yKZIZH E)

N33y

COMMON/VARV/CVIBO 1L ) o FYX(30,L1)4RVX(30411)FYY(30¢11)RYYIICy11)
COMMDM/VARU/CUU30,11) fFUX{30,111,RUX{30+11)4FLY30,11),RUYLIC, 11}
COMMDN/VARL/CT{ 30, 11) oFWX{3CL1FoRWIEICH11) ,FRY (304110 4RWY{ZCr1 1)

CUMMON/DTM/XU30 )Y L1 ), 20 BlymUIB)y hON{BYLFL 9)smK
CUMMON/DELTS/ FRACX,FRACY
COMMON/ CYELTY VX, VY

NG=KNEINF JM*2

DO 8 I=1,1IN

DO B8 J=1:Jv

DO 8 K=& 4 KNN

U{lsapK)=0,

CALL CLEAR(VyNG )

CALL LUNGYULDXsCYr ENy M INN,JMM DT 4 NITER)
CALL LATERYV{DX,DY,INyJVM, INN,JHM ,DT+NITER)
CALL UPDOWNIDX s CYy INg JMy INN JMN DT MNITER)

DO 9 I=141IN

DO 9 J=1,JM

L0 9 K=2,KNN

WE==-,146

TFACTUY y JaLE«O ISET=CTL L, JI*NENIK) /50,
IF{CTLI 4 ) aGT a0 ISET=CT (I JI®wUIK]}/S0.
W{Tl¢+JesK)=S5ET +NWK

[IFINETERLGTLLIGC TC L

DO 4 J=1,4d

DU 2 K=2,3

DU 2 L=1,IN

UllsdoKI=2.2%2{K)e% 18

Yiledak)=0,0

DO & [=2,410

UtErJe3)=UH(I-1])

UETade2d=230%d{14dy 31

GL T 7

DO 6 J=1,JM

UG 6 K=2,3

D0 5 I=2,IN

VAL ad B =U0 -1y Sy KB et Ul g Je KI=UlI=13 0K ) }#[EX=-VIEDT) /DX
V(liJ'K]=0-0

DU 3 K=4,KN

DU 3 J=1,J4

DG 3 I=1,1\

U(lIJ.Kl=CU{i|JI

TFICUCTI vl eENeD o aANGaCVE I ¢ JaEQeOelLils K=V X
TFECO{T s 1Yol Ta0a ANCLCVIT 48) dFQa0 LI &, K)=0.
TFIKLEQKNJUI Ly JyKI=L . 25%VX

VIilsJdak )=Vl o)

CALL EDOY

KET JRN

END

3408
3501
3502
2503
3504
3505
1506
3507
3508
3601
3¢02
3603
3604
3605
3ed6
3647
3608
3101
3TQ2
3793
3704
37435
3706
37CT
3708
isnl
3802
3803
3804
3805
3806
iecy
3egs
3901
3992
39903
3904
349¢Q%
39086
3907
3908
4001
4002
4003
4004
40C5
4006
4007
4008
4101
4102
4103
4104
4105
41006
4107
4108
4201
4202
4203
4204
4?2C5
4206
4207
4208
430t
4302
4303
4304
4305
4306




4ﬂ**“4*§*000ﬁ@00ﬂ9&0ﬂq0@ﬂQMHQQdﬂdﬂ4ﬂdﬂﬁﬂdqﬂﬁﬂﬂﬂ&ﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂoqﬂﬂOHﬂQHﬂQM

L0

SUBRUUTINE DIFFLS
REAL KZZoKLZKKZIP HZIM KXX s RTY  RXXK KYYK
COMMUN/VBZZN,0XyHLID» INy JMs Khe INNs JFM o KNNsD Y, DTyNITER s ZPsRR 4PS

COMMUN/MATRXLAU{ 30,11 ,48) V{30,101 ,8) ,n(3{,11,8 1+C30,1148) oExX{

$ £l KYYL B} K22 E)
COMMON/ZDTMZXE30) pY 111 3e28 BYanLi8Y s wDNIBESUFL F)4nK

COMMUN/CALGOR/0 {30,1198) FXA (30,11.8) ,FYA (30.,11,8) »FZ2

1030,11,8) +RXA [30,1148) JRYA (30411+E) JRZIA 130,11+ 8)
COMMON/DELTS/ FRACX 4FRACY
COMMON/DELTZ/DELTAZ{ &),FRACZ2T B)
CDYMUN/VAR2/RTX(30,11+8) (RTY{30,11,8} +FIX(30s11:48) FTY{30s11,
$ B)(RTZ{3I0s11,8) sFI2{30,11,+8)

CALL SUAVEG

pU 10 K=LlsKN

DO 10 J=1l,JM

DG 10 [=141IN

U(I'J'K}-_-CIIQJIK,

RXAH.J,KJ=FIX([.J,KI

RYA[T ¢y ¢ XKI=RTY{ {4d,K)

RZALD ,JsKI=RTZL1 43,5}

FXALIL 2 d¢KI=SFTXI L4d¢K)

FYALTL o JeKI=FTY( [ ¢d,yK?

FIALL yJ e K I=FTZ0 1 4d K}

CONTINUE

RB=1.0

RT=0.95

00 6 I=2s1INN

U0 6 J=2¢JMM

00 6 K=1lyKNN

KXXK=KXX{ K}
KYYK=KYY( K)
AXM=KXXK*DT/IDX*DX )
AXP=AXM
AYM=KYYK*DT/ (DY *0Y)
AYP=AYM

IFIK.EQ.L1IG0O TG A

[FIK.EQ.KNNIGO TG 9

DIP=Z{K+2)-1{K)

DI=2{Ke)1-ZiK=-1L)

KZIZP=KZZ{K+1)

KLIK=KLZLK)

KZIM=KZZIlK-1)

AKM=AKP

AKP={KZZK+KZZP})* )T /(D I*C]P)

DIF2le=AXP-AXM=ATP-AYF-AKP-AK¥

IF(DIFLLT.OLIPRINT 1OC
CULsdsKI=CLT o Je KISDIF #AXPIM LI +1, oK} SAXME
$OLT=Lpd gKI+AYPRCIL g Jr 1, KI+AYMOL{ [ s~ L oK)+ 2KPS#CITod K41 +AKMS
$Diladex—11)

ITFICTiEeJeK) LT 1.E-10)GO TO 30

FTIX{L oKD=l QUL o KISRFXALT JeK)SDIF+AXPOC LT ¢1 4 J oK) #¥FXALT 4L, 4K)
S+AXMEDL 1= 1y JgKIRFXA(TI =19 d KI+AYPSL (1o Jel s K)SFXALL JeLlaK)2AYNY
STLUL 3 d=1 o XKI®EXAL Ly J— L o RY +AKPIC LT KA LISFRAL T, S, KL Y HAKMNSO( 12 Jy
SK=L)®FXAL T4 J K= L) I/CLT+d,K)

FTIVEL oo K)={CL L aJgK IEFYA( L J o K)RDIF+AXPSO (L2, o KISFYALT#L,J04K)
SHAXMED (1= 14 J oK) ¥FYALL ~1 3 J oK) +AYPHL UL g ol o KIFYALLy J4lyK)EAYM Y
SULE pd—1 4R I®FYAT 10— 1, K) *AKP*C LT+ J K& 1IRFY AL, L+ Kol JAKNRCL T, J,
$K-LI*FYALL yJ4K~1)0/CU{ 141 d4K)

FYZCE 4o XKYSTUTL g doKIFFZAL Ly d s K)*DIF+AXPRC LT 4] 3 JoKI*FIALT+14JsK)
$+ANMEOL 1= 13 J s KIOFZALT =L JoKI+AYPHC{ L9 J¢ oK) #F2ZALLs JeLloK)+ATYMSE
S$GUT gd—1oKIRFLZALT ¢ =1, R)FAKPHEL T4 Iy K+ L DRFZAE T, Je Kol ) 2AKNRCLT
SK=-LIEFZAL L3 J K= 1} )/CULI+J4K)

GG TO &

DIP=212)-1(1)

DI=Zi3)-2t1)

KIZP=KZZ2(2}

KZIK=KZZ{1}

AKP={K2ZIK+KZLPI¥JT/{02*DLP)

GIF=1.,~AKP®(2,.~RE)-AXP-AXM—AYP-AYM

IF{DIF.LT.O0.YPRINT 101

CUlIyJak)=O{E g KIFDIF#AXP RO {141 JsK)

A=7

4307

4108
4401
4402
4403
4404
4405
4406
4407
4408
4501
4502
4501
4504
4505
4506
4507
4508
4601
4602
4603
4604
4605
4606
4607
4608
4701
4702
4703

4704
4705
4706
4707
%708
4801
4802
803
4804
4805
4806
4807
4808
4901
4902
4903
4904
4905
4906
4907
4908
5001
5002
5003
5004
50C5
5006
5007
5008
5101
5102
5103
5104
5105
5106
5107
5108
5201
5202
5203
5204
5208
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SEAXMEDLTI =L o Jo K} $AYPRO L]y JHL o K)4AYMFC (I, 0= 1, KI4AKPROLL,J ¢ K+1)
IF(CIIsJeK)aLT.1.E-10)G0 TO 3C
FIXCLedeRISCUIT o Jy KD *FXA{ Lo JyKIFOIF4AXPAOLI 41 o d oK) *FRAL 14 L, 04K)
SHAXMECI I - Ly JaR)IEFRALT =Ly JyKI+AYPHC ([0 J¥ L, ) OFXA{ g el K ItAYMS
SO(TL =L KYRFXAL Lo -1 KI*AKPOC (13 ML) OFXA{ T oKL ) )/CUYodsK}
FIY (L2 JeKI=UOUT g JaXKIRFYAL Ly JyKIRDIF+AXPRO (141 s J4KISFYAL L 41, J4K)
FSEAXMEOL I =1y J o OFYAL [~ L p JoK)4AYPRC ([t Lo RIPFYR{ ], J4 1, K )0 AYMS
SONL o d=Lo K EFYA{ 14 =L oK) #AKPRC{ I s Ja K41 IFYA(I, JoKel))/C(1,d,K}
FIZUI s JoRKi=0U] oo KI®FZALL sy KISDIFAXPOC LI+ o KISFZAL{ I#14J oK)
SHAXMEOL I- 1y Jy K FFZAC T ~L oo K FHAYPHCI T J¢ 1 KIOFZALL , U+] K )4AYMS
SO0 e J=1sK)*FLAL T od=Lo K)#AKPHC{ I yds Ko LISFZA( T, deKel ) I/CLLedoK)
GG T0D 6

9 AKM=AKP
DIF=1.-AKM®{2.~RT)-AXNP-AXM-AYF-AYM
IFIOIF.LT 0L PRINT LOQ2
Cll e dgRKI=0l Lo dy KICDIF4AXP OO [ 41409 K )
SHAXMEOL [—L g J s KE#AYPHRO(L , J#L o KI+AYMEC L]y~ 1, KD +AKM*D L], 0 (K=-1)
IF{C(IsJdsK)alTelE-LO)GC TO 3G
FTXCLaJdaKi={ Ul s S oK TEFXAL Ly Jo KIROIF4AXFHRC ({48 o d o KI¥FXAC [ 409 d 4K
SEAXMEOL T—Lp J oK) #FXA{ I =1 o JyKI+AYPESCTL o e s kK}I*FNA{L, J+L,K)I+AYNMS
$SOUL s J=1 o KI®FXAL 1y d=LaK)#AKMOL (T o J oKLY FXA L 3 JoK~L) /01T 4JeK)
FIY L2 daKI=(OUL s JoKISFYALT, JyK)SDIF4AXPRO LI AL g JsKISFYAL T4 ed oK)
SHAXMBOU Y=Yy J g K SFYAL T =0 g JoKI+AYPHL L] W J4+ LK} OFYAL [, d4lsK)eAYNE
$OUL »J=L oy KIFFYA{ {9 d-1 s K) *AKMPO (L4 K=L)PFYALTa do K~L)DI/C{LpdeK)
FTZUT+dy KIS0 g o KI®FZALT g JoKISDTF +AXPHC(T9) s JsKI®FIALL+]1,JK)
SHAXMEGLI =] o oK) e FZAI T =13 J KD +AYPRCGL T4 J4 Lo k) ®FZALI, J#LsK)sAYMS
SEIT p =1 s K)SFLAL [y U=l KY+AKMOG I T JyK=1)0FZ 80 JyK=1) /0T 1K)
GO 1O &

30 FTXi1eJyK}=0.0

FTY{T+JaK}=0,0

FTZ(T1,d,%}=0.0

ClIodaK)=0.0

6 CONTINUE

B0 39 I=2.INN

DD 39 J=2,4MM

DO 39 K=1,KNN

IF(CULeJoKRYoLT. LE-LOIGO TO S0

KEXK=KX X { Kl
KYYK=KYY( K)
AXASKXXK®OT/ (DX *0X)
AXP=AXM
AYM=KYYK*DT/(DY*DY)
AYP=AYM

60 TO 40

S0 RTX{leJ,%)=0.0

RTY{1,sJeK)=0.0
RTZ{[ ¢ doeK1=0.0
GO0 TO 39

40 RXL=RXA(LeJoK}

RX2=RXA{E+14+J¢K)

RX3I=RXA{I-14yJeK)

RX4=RXAL T4d+1 K}

RAS=RXALI 4 J-L4K)
SKL=RX1SRXL+ 12, #(FRA( ToJ 4 KI=-FIXII ¢J 4K)) *%2
SKZ=RXZERXZ4 L2, FIFXALI#+L s JeK)=FTX{L#+LodK)}On?
SXI=RNI*RXI+ 12, ¥{FXAL -1 e dosK)—FIX{I=1sdsK})**2
SA4=RXGERXL+L 2, ¢ (FXAUL o J4LeKI-FTIXLI s Jal K }) 082
SXS=RXSHERXS+ L2, [FRAL T 4J=1sK)-FTX{I ,J-1,K}))%&2
RYL=RYALI  J+K)

RYZ=RYAII+4],J:4K)

RYI=RYA(I-1edsK)

RY4=RYA{ [4J¢1,K}

RYS5=RYAL] 4J-1,4K}
SYL=RYLeRYI+12. *[FYAL [, s K)I-FIY{1l, ,K)) %2
SYZ=RY2%RYZ 412, ¥ (FYA[T# Ly Joe KI-FTY (T 40yJ K})¥82
SYI=RY3SRYI+LZ. ¥ {FYAL -1 e K)-FTY(I-1sJ K ))0e2
SY4sRKYL*RY 4+ L2, ¢ (FYA( I, el K)=FTY{] gJel,K})2e2
SYS=RYSERYS#12,. ¥ {FYAL I3 —LeKI~FTY{Iyd-1eK}}0%2
R11=RIAlI:JvK'

R2Z=RIA(1+1+J,K])

RZ3=RZA(I-13d,4K]}

5206
5207
5268
5301
5302
5303
5304
5305
5306
5307
5308
5401
5402
5493
5404
5405
54936
5407
5408
5501
55u2
55034
5504
5505
55J6
5507
5508
5601
56J2
5603
5604
5645
%606
5607
5608
5731
57102
5703
5704
5705
5706
ERAVES
5708
5801
5802
5303
5804
5805
5806
S5R807
5808
5901
5902
5903
5904
5905
5906
5907
5908
6001
6002
6003
6004
6008
6Q06
6047
6008
6101
6102
6103
& 104
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42

RZ4=RIALE4J+]l,K)

R25=RZA{T1 +J=14K)
SZL=RZL*¥RZ1I412, ¢{FIAL L4 JsK}=FT2L{0JsK))Re2
S12=RI2#RZ2+412.3(FZA(T+1 e K)-FTZ{141yuKIIH%2
SI3=2RIIFRTII+L2.#IFLALT=L e dsK}-FTZUI-1sJ K1) 842
S524=RIACRTSG+12. ¥ (FZALT s J# 14 K}-FTZLT oJ+1,K}) %2
S25=RIS*RZI5+ 12, #{FIAL T J= 14 KI=FTZ (I ,J=1,K)}822
IF{X.EQ.1)GO TO 41

IF{K.EQ.KNN)GO TG &2

DZP=II{K+2)~Z{K])

D2=21K+L)=2{%-1)

KZIP=KZZ{ K+1l)
KZIK=KZZI K1)
KZIM=KZZ{ K=11
ARM=AKP

AKP=(KZI2ZP+KIIK)*[T1/{DI*DZIP)

R¥X6=RXA{1,JyK+1])

RXT=RXA{] ydek-1)

SXO=RXEMRXO+12. HIFXAL [y Jo K+ L)~-FTX{I gdsKe)))ne2

SXT=RXTSRXT+12. #({FXAL T o d oK=L )~FTX{IsJsK=1))%02

RYS=RYALL yJoKs 1)

RYT=RYA[],JeK-11)

SYG=RYG¥RYO+ 12, ¥ {FYAL T4 J yK+1}-FTY{Igu,k+l))u%2

SYT=RYT®RYT+12. ¢ {FYA( T4 o K=1}-FTY{1,J,K-1))0%2

RIG=RIALL ydeK#+1)

RIT#RIALT yJ,K~-1)

SL6=R2ZO%RZOE+12.F{FZAL L4 JsKel}~FTZLl ek +1)) %22

SIT=RIT*RIT+12 . ¢ (FLALI;JoK=1b~FTZ(IydsK—-1012%2

UIF=Ll.—AXP~AXM— AYP-AY M= AKP-A K)V

RTXAI s Ja K (U] o JoK)oSX1I&OLFACII41, JoKI®AXPISI2400T-1y oK) ®AXM
SESXAYCII o Je LK) SAYPES NG +GII o U~1 4RI SAYFESXSHC( 1, gy K+ 1) *AKPESXNOS
SUCT gy Jp K=L)*AKMESXT)/C Al 9deK)

RIYET o d e RY=(O0] 4 Ja 3R SYLEDIF«QiTal o JoKESAXPESY2 ¢l I -1y J oK) ®AXM
$ESYIHOT L J+ 1K) ®aYPISYL+0{] y U~y KIWAYNRESYESCHT 0 K+l PRAKPREYES
$UCL s JoK=1)%AKMESYTI/C L0 J oK)

RTIZIL4JaM)={0( ] 3o M) S2I*DIF+CLI4]1, o KI¥ANPISZ2e0{[-1yJd Ki®AXM
$ESI340L T Jr Ly K SAYPRSTIG+0LT , S Ly K WAYNESTC40{T 4 ) Ke LI SAKPRST LY
$OUL ¢ doe K=1L)*AKMSSIT)/C (L sJeK)

Gu 7O 43

DIpP=242)-211)

BI=2i3)-1¢1D

KZIP=KZIZi2})

KZIZK=KIZ{1])

AKP=(KZIP+KI2K)*0T1/(DZ*D2ZP)

DIF=1le~AKPHXI2,-ROI-AXP-AXM-AYP-AYV
ﬁx6=Rxﬂ‘l'JvK§ll

SXO6=RXEERXOH+ L2, ¢ [FXAL Do K+ 1)—-FTIX{] ydsk+l))ee2
RYSG=RYA[T ,JeK+1l}

SYO=AYE¥RYH+1Z, *¥IFVAL T4 o KeL)-FTY I, 0, K21 002

RZ6=RIA(T (¥ 1d

S26=RIG*RZE+LZ2. FIFIALLp oKL }—=FTZ{IyJeKe¢1})282
RYXCE 4 do R )={08] 3 Sy KI*ESXL®.DIF 40U+ 3l oK) PAXPASX240( 11, e K)*AXM
$ESXIHOCT oI+l K)RAYP IS X4 40T y I~ 1o KIFAYNESXEITHET 4 J K+ L) S AKPETXE)
$/CLlIedekK)

RTYLIT s JoeR)=(O(T ¢ JyRIESYL*DIFCUI#L 5 s K)®AXFESY240([ -1, JoKIsAXM
$ESYIHOC Lo JHL K)PAYPISYEFTL] o J- 1K) SAYMESYESCL ], J, K] JEAKPREYS)
$/0{1JeK)

RTZU Lo doRKI={O0(T o Je KE®SZL*DIF40( L+, 0o KIRAXPISI24001 -1 JeKidAXY
$ESZI+0L T g U+ 1K) #AYPES ZA 0T 3 J— 14K ) FAYMES 240 (1, 0 K¢ L)®AKP®SZE)
$/CLTd0 K3

GO T0 43

AKM=AKP

UIF2zle—AKM#[{2.-RT)-AXP-AXM-AYP-AYNV

RXT=RXA{1,Jik-1)

SKT=AXTH*AXTH L2 ¥ (FRXAL [ o K-1}=-FTX(I,J,K-1))*02

KYT=RYALUL yJ4K~1)

SYT#RYT*RYTH+12, ¢ (FYA{ Ly s K=1)~-FTY¥ 1 4dyK=1))402

RIT=RZALTI yJsK-11}

SET=RITERZT+12.¥(FZA( I4JyK=1)=FT2{1,J K=1}])%%2

RTXUL g daK)=({0{f 3 JeKIRSXLPDIF40( 4], s KIPAXPESX240[ I-1pJeK)*ADK
SESXIHUIT o del Ky *AYPRSXG+0{L 4 U~1+KIFAYNESXE4C{ ], J,K-L)}®AKM*5X])

A-9

6105
6106
6107
6108
6201
6202
6203
6204
6205
6206
6207
5208
6301
6302
6303
6304
6305
&306
6307
& 308
6401
6402
6403
6404
6405
6406
6407
6408
6501
&£502
6503
6504
&505
6506
&507
6508
66491
€602
6603
6604
6645
(]606
66CT
6608
TG
6702
&703
5704
6T)5
6706
6707
6708
6801
6802
6803
6804
6805
6806
6837
68¢8
6931
6902
6993
6904
6905
6906
69C7
&9C8
T001
TQ02
TC03
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43

19
100
101
102

102
L10

120
130

L40
145

$/CLLsJeK}

RTY(1|J|K1=tU!I.J.Kl*SYl*DIF‘CIl*l.JlKI'A)P‘SV2ODIl-l'JoKIiAhM
SRSV J+ 1o KD FAYPES Y440 (] 9 J= L oK) CAYMESYS+L [, JK=1 )% AKMESYT)

$/CCI Jek}

RTZATgd oKI=100T 30y KIRSTLEDIF+C (141, JoKIPAXPHS 22400 [-1,J,K)$A XM
$ESII40LT 3 Je LK) kAYPRS 244041 g J= 1 KIPAYNESTISCL 1 JeK—1)RAKNO52T)

$/C1H1sdsK)
RYZAL v JoKI=SARTIRTZI(T 4J,K})

RTIX(L4JsKI=SQRTIRTX(L ¢ JsK})
RYY{1+JsK)=SQART{RTYLI ¢ dsK)]
CONTINUE

FORMATLLOX,*DIF FOR O<KIKKN LS <0')
FORMATI10X%,*DIF FCR Z=1 IS5 <Q%})
FORMAT( 10X, "OIF FCR Z=KN IS <Q*)
RETURN

END

SUBRDUTINE ADVEC

CONMON/VB/TI0+0X oRLIDy INe My KNy INNy J¥MN, KNN,CYy DY NITER ;2P ,RR ,PS

COMMON/MATRXL/U{ 30+ LL+8) o V{30,11+8) ,wl3Cs11,48 )9C(3041148}

$ 8}, KYYE Byex2it £)

COMMON/CALGOR/O (30+18,8) oFXA 12041146} ¢FYA (30,11,8)
1(30,1148) yRXA {30,11,8) yRYA (30,11,8) .RZIA (30,11,8)
COMMON/SQFXYZ/F2X8030411,8)sF2YAL30,11,8),F2IA{30,11,8)

P KAX L

oFZA

COMMON/VARZ/RTX{304L1 48) +RTY(30,11,8) ,FIX{30,411+48) »FIY(30,11,

$ B),RTZ{30,11+8) ,FTZ1(30,11+8B)

COMMON/DELTS/ FRACK FRALY
COMMON/OELTZ/OELTAZL 8),FRACI( 8)
NS=TRKN* TR+ JM

NG6=3%KN* [ N® JM

CALL CLEAR{QyNS)

CALL CLEAR{FZ2XA N6}

CALLULATE S5IGMAS, PXs PY, AND P2

FRACX=DT /DX

FRACYaDT /DY

DO 3 K=1,KN

FRACZ{K}= DT /DELTAZ(K)

CALL SCAVEG

DO 500 K= L,KN

D0 S00 I= 241NN

DO S00 Jx 2.JMK

IF(CII Sy k)aLT. LaE-10 ) GOTL S00

SIGMAXSUL T, JeK) #FRACX

SIGMAY=V{1,JyK) *FRACY

SIGMAZ=W(1,J,K) $ERACZ (K)

IF{SIGMAX.NELO. ISIGNX=SIGMAX/AESISTGMAX }
IF{SIGMAX.EQeQ.ISIGNX=14

IF{SIGMAY . EQ. 0.} SIGNY=l,

TF{STGMAY JNE+O, JSIGNY=SIGMAY/ARSISTGMAY)
IFLSIGNAZ .EQ.U. }SIGNZ=1.

IF{SIGMAZ.NE.O, )SIGNI=SIGMAZ/ABS{SICHAZ]

IF (SIGMAX.GT.(.) GOTO 100

PRE(=2 F(FTXOE, oK) #STOGMAX) *REXAT 0 oK i= 1, 0702 JHRTX(I 44K )}
GUTG LLO

PX={2 % EFTXLL40 K] #SIGMAXI SRTX(L 3 g Ki=1o0/12 ARTXL L4y K))
IF(SIGMAY .6T.G.) GC TC 120

PYS{~2.% (FTY{[,J ) +STGMAYI¢RTYII, J K)=1.)/02,*RTY[[sd+K})
GUTO 130

PYS (2% (FTYUL,d K} +SIGMAYI SRTY{T ¢J K= L b/ {2 . RTY Lo JeK}}
IF(SIGMAZ.GT UL 1GC TO 140

PI={=2. 8 (FTZUL, K] +SIGMAZV4RTZIUL yuyR)=La) /L2 %RT Z{IsdeK))
GOTO 145

PI={2.%(FTZULI JaK) +SIGMAZ) *ETZ(1 s, Ki=1o3/ 02 3RTZ( 14K}
CONTINUE

NOHMAL CONDITIONS

IF PXePY4PZ < u GR PX,PY,PZ > 1| MOCIFICATICAS ARE MADE
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1302
7303
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160

170

NCOUNT=0

IFIP X.G6E.Q0.J0CLl.AND &P X LE.C.999%) €L TC 150
NCOUNT =1

iF{P X.LT,0,00CL) P X=0,0

[FIP XeGF.0.59956) P X=i.0

IF{P YuGEL0.00C1.AND.P Y. .LlE.0.9999} GC TC L&Q
NCOUNT=1

IF(P  Y.LT.Q.Q0C1} P ¥=9,0

IFIP Y.67.0.9999) P ¥=1,0

[FIPI +GE.Q.00C1.AND.PZ LE.G.9999}) c¢C T30 170

NCUIINT=1

IFIPZ «LT.0.00CL) PZ =0
IFIPL .GT.0.9969) P2 =1
CONTINUE
IFISIGHAR.GY.0LC) Ti=1el
IF(SIGMAXEQ.D.) Il = 1
TELSIGMAX,LT.0.0) 1Ll=1-1
IF{SIGMAY.GT.0.0) Jl=J+1
IFLSIGMAY.EQ.C. ) JL = U
IF(SIGMAY .LT.G.C) Jl=J-1
IF(SIGMAZ GT. UG} Kl=K#l
IF(SIGMAZ.EQ.0.} Kl = K
IFESIGHAZ.LY.D.C) Kl=K-1

.C
[+

Cil=ClYsJdekd P X[ 1.0-P YI#(la0~-P2)
C2=C{lsdeK) *{1,0-P X)#PY*{ ], 0~-PI}
C3=CL T Se kISP XRPYR(L.0-PZ}
CH=ClIaJeK)*(1 . C-PXI®(1.0-PY}*L1.0-P2)
C3=C{lsJsKI*PX$ {1, 0-PY}®P]
Co=ClIsJeK)*PYS (1. 0~PX)I*P]

CT=Ct s ok IFPXR*PYIP L
CB=C{I+JsK)*{1.0-PX}.{L.0~PY)®P?

FIX <UPXSRTX(] ¢JsK)=14001/2.0%SICAX
F2A  =(1a0-RTXCIJ+KI#(1.0-PXIT/2.0%51IGNX

RIX =(PX*RTX{I ,J,K))**2
RZX  =({1.0-PX)*RTALI s JyK)) #%2

FLY ={(PY#*RTY{[+JsK)-1.0)/2.0%SIGNY
F2Y =11.0-RTY( L, J+sK}*{1.0-PY})/2.045IGNY

R1Y

=(PY®RTY [ s JyKl) #%2
R2Y ={t

LoO-PY)*RTIYII g K)) 042

FlZ ={PZI*RTI(E,JeKI=1.01/2.0451ICGN2
F2L ={140-RTZ{1odoKI¥(LaQ-P2))/2.095IGNZ

PIZSRTI(I yur KD )®%2

R1I =
={{1.0-PZ)*RT2{I yJ+K) ) ##2

{
R22 {
vdeKI=U (IledeK)eC]
J1,K}=0 {ledleKiel2
ed14K)=0 (IledLl,K)+C3
JrK)}=0 (1edsK)eCy

oo Cco
-
- =

FXA  (11ledyK)=FXA {lledsKItFLlXaC1
FXA (1 +Jd1eKI=FXA (] oJ14K)+F2X3(2
FXA  (Iled1sKI=FXA (1L, JLsK}I+FLX (2
FXA tIsdeK)=FXA ([,JyKIeF2X (4

F2XA (IL,J,K}=F2XA (11,JsK)4F1X #F]X
F2XA L eJleKI=F2XA (I+J1,K}+F2X #F2X
FZXA (11sd1¢K)=F2XA (ILl,J1sKjsFLX FIX

F2ZXA (LsdeK) = F2X&8 (LyedK)+F2X *F2X 34

EXA  (T1ledsK I=RXA ([ 1I1l,4d,K J+R1X*C)
RXA {1l sdloK I=RAA  (TsJl.K DJ4R2XWL2
RXA (TlydleK I=RXA (Il,Jl.k )J&RIX2(3
RXA {ledyK J=RXA (T1sdsK )+R2X®( 4
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FYA {[lyJsK)i=FYa [TLedeK)+F2YEC]
FYA ([ d1+4K)=FYY (], )1, KI4F1Y#(2
FYA (114JleK)=FYA [Ils;Jl,K}4FilY (3
FYR {121d+KI=FYA (leJoKIsFZ2Y (4

F2YA [11aJeK)=F2YA ({ILl,JyK}+F2Y #F2Y (1
F2YA (I+JL+KI=F2YA {1,JLeK}+FLY #FLlY (2
F2YA  (11,J01,K)Y=F2Y8 (1l,J1,K)+FLlY #Fly (3
F2YA (1,J,KI=F2YA (I4J,KI+F2YSF2Y 2(C4

KYA (llsJdeK J=RYA {Il,J,K J#R2YE(]
RYA {IrdleK I=RYA {ledlsK }FeRLY®(Q
RYA L11,JleK J=RYA {]l,J1,K J+R1Y*(C3I
RYA  {1sdeK J=RYA (1 4d,K J4R2Y®(C4

FZA (114 JeK)=FZIA (IleJdeK}sF27%C1
FZA (1+JleKI=FLA [l 4JEsKI+F22%C2
FZA (11:J04K)=FZIA {11,JL.K}+F22Z *C3
FIA {1+JeX)I=FZA (1,0,K}+F27 *L4

F2LA ([Ll,JyK)=F22A (11sJsK)#Ff22 #F21 4C1
F2lA (1+JdLoRI=F2IA (14 J1eK}+F27 #F21 #C2
F2ZA (11 sJLeRI=r228 (TLsJ1,K)4F2Z SFZI #(3
F2IA (1o JoKI=F2LA (1,J,K)I+F27I%F22 9C4

RZA (IlsveRK J=RIA ([ledeK JeRZIC]
RZIA LI +JLsK I=RIA [ I4J]1,K J+R2ZI%(C?2
RZIA 1I11+JLeK )=RZA (ILl,J1,K }eR2Z(3
RZA {l1sJeK J=RIA ([4J,K J4R21%(4

[F(SIGMAZ.GT-0.0AND KL1.GT.KNIGC TC 485
IFISIGMAZ sLT40. 0 AND.KL.LTL1IGD TC 48S
0 [1ledsKll =0 ({11 yJeKL)+CS

a {1,d1+K1)=0 {1:J1,K10+CE

U ([1sJleK1l)=C (I14dL,K1)4CT

¥ ‘||J|K1’3CI ‘llrJ.Kll*C&

FXA {ILlyJdeK1)=FXA ([ [1l,JeKL)eFlas(s
FXA LI sJLeKLlb=FXA {I,JLsK1)¢F2X%(s
FXA (11leJlsK1)=FXA [I1l,J1,K])4F1X®(7
FXA (leJsRLE=FXA  [T4JsKLI+F2X*CH

F2XA (1LyJsKLi=F2XA {[1l,J4K1)+FL1X¥F1IX ("
F2XA (L, J)4KLI=F24A8 {1, J1,K1V4F2X¥F2X 9Ce
F2XA (I14JUyKL}=2F2XA  (ILeJl KLI#FLEX*FLX #C7
F2XA (LydyKl)= F2XA {L,JsK1)4F2ZX4F2X *(B

XA (I)eJdsKLI=RXA {1LlyJdpKL)+RLXN*(CE
RxA 1leJ1eKl)=RADN [I4J)14K1)aR2XSL S
RXA  (1leJleKl) =32 {[1lyJdl,KL)+R1Xe(CT
RXA (I+JdeKLI=RXY (I,J,K1)+R2X*(8

FYA (IlsdeKli=FYA (ILl,JsK1)¢F2YW(E
FYA {1y J1leKLI=FYA (1,JL,K1)4F1Y*(CE
FYA (LI1lsJleKl}=FYA (IlyJl.K1}4FLlY¥2C?
FYA {TaJ+X1lk=FYA {1,9,KL)+F2Y*CB

F2ZYA (1l sJdoKDP=F2YA {11sJ«XK1)+F2YRF2Y #(5
F2YA  (14J1yKLl)=F2YA {1,J1,K1)4F1YSFLY C¢
F2ZYA (ILedloKLE=F2YA (E1leJloK1I+FLYSFLY (7
F2YA (1 4JeKLI=F2¥A  (1,J K1) #F2YeF2Y3(E

RYA {1lsJsKLl}=RYA ([I1,Jd,K1)4R2Y*CE
RYA (1¢Jd1+KLI=RYA ({14 JL4K]1)+RLIY*(E
ARYA  (114J14X1)=RYA  {1Ll,Ji,K1)+RLY®C?
RYA (I+JeKLli=RYA {1 ,d,K1}+R2Y¥CE

FZA (11eJeKLI=FLA (11, J.K1)+F1Z%L5
FZA [I1eJLsKL)=FZA (1+JLleK1)I#FLEI*(6
FIA {11sJ1aK1)I=F2A (11,01 ,KL)+F1Z9C7
FIA (leJdyK1)=FZIA&A 1] ,J,K]1}+F]173%C8
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489

490

492

FZZA 111430,K1)5F228 {1LsdyKL)4F12aF12 #(C
F2ZA U1 ,J1+KLI=F2ZA (1,01 ,KL)4FL24F12 (&
F2ZA (I12d1,K1L)=F2ZA (IlyJ1sK1D+FI123F1Z *CT
F2LA (1 4J+KLI=F2ZA (I.4J.K108F122F 12808

RIA (IledyKl)=RZA [Il,JeK1}4RLZI*CE
RZA (I14JL+K1}=RZIA dl.dl,Kli*R1Z%Cé
RZA (Il JlsKL)=RZA HIl,J1,K1}+RLISNCT
RIA (IyJsK1l)=RZA (l,;J4K]1l)+R1Z2%CH

IFINCGOURTLEQLO) 50 1O 509
SIGMX = SIGMAX+FTX(IedeK)
SIGMY = SIGMAY + FT¥{[I,J.,K}
SIGMZI = SIGMAZ + FTZL1,J4+K)

IFIPX +GT.0.00CL) GO TC 490

FXA (11,JeK)=FXA (I1,J,4)-C1 * FLlXx
F2xa (L1edsK)=F2UA tI1,d,%)=Cl* FIX SF1X
FXA (T+J0sK)=FXA (1,J1,K}-C2 ®(F2X - S1GHX)

F2XA {TedleK)=F2XA (1 J1sK}-C2 *#{F2X #F2X —SIGHX#*5IGMX}
XA AIl,Jlski=FXA (IL,JL,K)-C3*% FlX

F2X8 LI14J1,KISF2XA (11,J1+K)-C3% F1X #F1x

FXA ({I+J0K¥=FXA (1+J.,K)-C4 *LF2X - SIGMX)

F2XA 11,J+K)=F24A (14J)K}-C4& *{F2Xx #F2X -SIGMX®SIGMX)

IF(SIGMAZ.GY .0, CuANDL KL GTKNIGL TG 492

TF{SIGMAZ ALT.0.CaANDLKL.LTL1)IG0 T3 492

FXA 111,J:,XK1)=FX8 {111,J+K13=C5 * FLX

FeXa (IlsJdeRkl)=F2XA {(L14JsK1)-CS*F1X *F]X

FXA (IsJ0sK 1 F=FXA {1,J14K1F-C6 *{F2X -~ SI1GMX)

F2Xa (L ,JUek1I=F2XA [Hed]l K1}-CHEMLIF2X F2X -SIGMXSSIGMX)
FXA  (Fledlekl)=FXA (11,4J1,K1)-CT*F1X

F2XA (I1+JLoKLJ=F2XA (QlsJlex1)-CI%F1x ®FIX

FXA (1 4JsKl)=FXA (1,d,K1}-CB* (F2X - SIEMx}

F2XA {ledeKL)=F2XA  dlgJoK1}-CB*IF2X #FzXx -STIGMX#S]GMX)
GO TD 492

1F(PX  JLT.0,9959)G0 TO 452

EXA (Tl JysK)=FXA {11,4,K)-C1 ${FIX  ~SIGMY 41,851IGHNR)
F2XA (TLedsKI=F2XA (I1sJdyK}=CLl®{FIX®F|X-(SIGMX=1.*SIGNX)e%Z)

FXA (EsJ1+K)=FXA (1,01,K)-C2 * F2Xx

F2XA (D gdlsKI=F2RA  (L4dleK}=C2% F2X #F2X

FXA  {I1pJlaK)=FXA L1l,dleK)}-C3 *(FlX - SIGHMX +1.,#SICAX}
F2XA (I1ledlyKi=F2XA (I1lsJ14KI-CA*(FLX*FIN-(SIGMX-1.#SIGNX)1%2)
FXA LlaJeKI=FXA [leJdyK)-C4 * F2x

F2XA {Fed)K)=F2XA {1,J4K)-C4* F2Xx #F2X

IF(STGMAZ.GT . 0u CoAND KL GTKNIGO TC 492
TFISIGMAZ LT 0. 0.AND0.KL.LT.13G0 TC 492

FXA  (T1ledeK1)=FAA {12y JoKL)-C5 *(FIX —SICMX +1.¥S5ILNX)

F2XA  (11sJdyK1E=F2X4 (IlpdoKL}-CS*(FLIASF IX—{SIGMX—1.%5 ICNX )2%2}
FXA {1l Jl4KLI=FLA (T4Jl4kl)=CoH * F2X

F2XA (T adl oKLY 2F2XA {1, JLl,KL)-CERF2N *FZX

FXA {Tl,Jlskl)=FXA [I1,J1,K1}~CT7T =(Flx - SIGMX +1.%SIGhX)
F2Xa C(lledl,KLI=F2XA (LleJLoyKE)-CI#IFLX#F1X~{ SICHX~1.#SIGNX)*#2)
XA (TeJdeKL)=FXA [FyJ KL)-08 * F2x%

F2XA {14JaK11=F2XA Al o KLI-CE*F2X#F2X

EF(PY  .GE.C.Q0GL) GD TO 494

FYA (11,0, Ki=FY3 (11,4,,K1-Cl *(F2Y ~—%ICMY)

F2YA (I19deK)=F2YA {Il4JoK)I-CL*(F2Y*FZY- CIGMY *SIGMY)

FYA (T4JleK)=FYA (I.441,K)-C2 * FlY

F2YA (1 ¢JlaK)=F2YA  {1,J41,K)-C2% F1lY *F1Y

FYA (11,41 eK)=FYa (I1.J1,K)-C3 * Fly

F2YA {11 eJd14KE=F2YA (ILl,J1¢K)-C3% FLY®F1Y

FYA (T2 09KI=FYA ({144, K)-C4*LF2Y-SICGVMY)

F2¥YA {1,JsK)=F2YA 11,J,K)-CHsiF2Y *F2Y-SIGHYSSIGNY)

TFISIGMAZ«GT 4040 AND«K1GT4KNIGE TD 456
IF(SIGMAZ JLT Q.U AND K1 LY. 1IGC TC 496

FYA {ILl,JdeKL)=FYA {1L,Jd,K13}-CS *{F2Y -—SLI(MY)

FEYA (T1sJdsK1)h=F2YA {114JsK1)=CS*IF2YeF Y- SIGHY *S1GHY)
FYA (] 4J1sK1)SFYA  (1,JleK1)-CH6 * FiY
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oo

49%

496

4958

500

F2¥a (lsdl,ykll=F2YA {1,J1,K1}-CESFLY *F1Y

FYA A1LlsJl4K1)=F¥8 (IL,JdlK1)-C? * Fl¥Y

F2YA (DL J1 KL =F2YA (1l,yJLl4K1)-CT* FlYSFLY

YA [1yJsKlI=FYA (I,J,K1}=-CB *{FZ2Y-SIGNY)

F2YA {140, K1)=F2YA  {LeJKL)~CB¥IF2YF2Y=SICGNYRSIGNY}
ouU TU 496

TFLPY .17.,0.9997)GT TC 4%

FYA (11U, K)=FYA (11,44K)=C1 * F2Y
F2YA UIL,J0.Ki=sF2rA  (fledoKI-CL1* F2Y *FZY
FYA (IeJlsKI=FYA {l.d)4K)-C2 *IFLY —SIGMY+1.*5IGNY)

F2vA (1 4SboRI=F2YA (1,01 ,K¥=C2 #(FLYSF1Y=(S IGMY—-1.85IGNY)}*42)

FYA (11sdleKi=FYa (Ll edloK)}=-CIASIFLY-SICHY+L ,#SIGNY)

F2YA (114J0:Ki=F2YA (TlsJLlK)-CR*{FLYSFLY-(5TIGMY-1.¢5IGNY %2}
FYA (Lo dyX)=FYA {1,J,K)=L4 * F2Y

F2YA (13JeKISF2YA {I4J4K)-C4 * F2Y *FzY

IFISIGMAZ . GT .0, 0.AND.KL.GT.KNIGC TC 45¢

IF(SIGMAZ .LT.0.0.ANC.K1.LT13GG TO 496

F¥YA ([14J4K1i=FYA [Il,J,K1)-C5S = F2Y

F2YA (11,J4K1I=F2YA (i1l+dyK1I-C5%F2Y #FZY

FYA (1+J1,KL)=FYA {[,J1:K1)-C& ®IFL1Y —SICMY+] . ¢SIGNY}

F2YA (D eJLlaK1)=F2YA {I4J1yK1I-Ce*(FLYSFLIY-({ SIGMY~1.*5 IGhY )3%2)
FYA {llsdleKli=FYA {11y qLsKL)-CT*#(F1Y-SIGMY41,#SIGNY]

F2YA (I1,J1KLI=F2YACTLoJdl K1 -CTS(FLYSFIV-{SIGMY-1.*SIGNY)*4%2)
FYA 1Ly JeKLlI=FYA (14J9KLI-CB¥ F2Y

F2YA (1 4JsK1)=F2YA {1,J4K1)-CB% F2IY #F:Y

IFIPI .GE.0.000L) GO YO 498

FLA (11+J,K)=2FZA (114J.K}=Cl ®(F21 -%51IGM2)

FRIA {11,J4K)=F22ZA (11sJsyX)I-CL&(F2I¥F22~ SICMZ $SEGML)

FIA (14J1,K)=FZA (14J1,KI=-C2 *{F27~-51IGM2}

FRZA AT, 01, K)=F2ZA (],J1,K)~C2%{F22 #F2Z-5[GMI*5]GHT)

F2a (11lsJ1,Ki=FZA [11,J1,K}-C3 *(F22-51CM])}

F2ZA (T14J14KI=F2ZA (1LlsdlyK)-CIN(F2IPFZI-SIGNI*SIGML)

FZa (1aJyK)=FZA (1, JyK]I=C4*(F22-S1GMZ)

F2ZA [l oJsK}=F2IA [14JeK)—C4*IF2T *F22-SIGFI#5IGM7}

IF(SIGMAZ ,GT.0.C.AND.KL.GT.KNIGD TO 5CC
IFISIGMAZ LLT. 0. 0. AND.KLLLTL1IGE TC 50C

FIA (L1eJdsKlI=FZA {IlsJdeKLI-C5 * FIZ

F2ZA {11,JsKL)=F224 (Tl+J.K1D=-C5¢% FL2#F12
FIA (I14J14KLI=FIA [(1,J1,K1)-C6b * F12Z
F2ra (1,J1,K1)=F2ZA LI,J1,KL)~C6%FLI *FI1Z
FZA  (I1eJl,K1)}=FZA {11,J1,KL0-C7 % F1I
F2ZA SI1,J14K102F2Z0 (Il,Ji+K1)—CT7* FII®FIi2
FZA (14J.K1)=FZA (1,:J,KL)}=C8 » F12

F2ZA (14J,K1)=F22A (1,4,K1)—C8% F11*F}Z
GO 10 500

IF(PL .17.0.9995)G0 YO 500

FIA {l1yJsKI=FZA (11lsJ:%)=CL * F22
F2ZA i1140,K)=F2IA {11l,JsK)}=C1l® F22 OF22
FIA (1 4J1,K)=FZA (1,41,K)=C2 * F21
F2ZA (1,J14K)=F2ZA (I,J1,K)=C2 & F21%F27
FIA (114J14K)=FZA {11,41,K)-C3% F2Z

F2ZA (I14JLoKI=F224 (IL4d1lyKI=C3% F279FZ1
FIA {1y yKI=FZA [l4JeK}-C4h * F21

F2ZIA {1+J,K)=F22A (1,4,K)-C4 * F21 *F2?

IFISIGMAZ.GT.0.0.ANDKL.GT.KNIGO YC 5CC
IF{SIGMAZ . LT.0.CaAND.KLL.LT,1)GC TC 5C0

Fean 1114 J,K1)=FZA (I1led4K1)=C5 #(FLI-SIGPZ41.%SIGNI)

F2Ia 31,0, K1V=F2ZAITL s K))-CER(FI2¥F12-ISIGMI-1.%SIGARZ)e%z)
FIa {14 J1sK1)=FZA {(1sJ1.KL}-C6 #(F1Z ~SICGMZ41.*S1IGNZ)

F2ZA4  [1+J1+KL)=F22ZA {L1yJ1oK1}-CEX(FL1Z3F 12— SIGMI~1,%SIGNZ) 442
FIA (11lsJ)sK1)=FZA (L114J14KL)-CT#(FLI-SICFI+1L.#SIGN!)

F2ZA (Il odl KLIF2ZACTL o dl oKL I-CTRLFLZ#FIZI-(EIGM2I~1.*5IGNZ 452
FIA (T ydeK1b=FZ4 (1o JeAL)—CEB#(FLZ-SIGMI+1.*SICNLY

FRIA (14 JsKL1)=2F2LA {144 K1)=COR{FLI*F12-(SICHMI-L #5IGN2Z %22}
LUNTINUE

COUPLING BETWEEN BERDER ANC BULK

A~14

1060tk
10602
10603
10604
104605
L0606
10607
10608
Lo it
10702
LOTU3

LG 704
10705
107Je
La707
10708
103801
10802
10803
13804
10805
10806
10807
Lg808
10901
10902
10903
10904
10905
L0906
10967
10908
11004
11002
11003
11004
1140%
11006
LLog7
11008
11101
11102
11103
11104
11105
11106
11107
11108
11201
11202
11203
11204
11203
tLage
11207
11208
11301
11302
11303

11304
11305
11306
11307
11308
11401
11402
LE403
11404
L1435
L1406
11407
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557

558
959

DG %60
UL 550
DG 550
SIGMAK
SIGMAY
SIGMAZ

K=1ysKN

I=1+1h

J=leJM

=l ,K P *FRACX .
=V s J oK) ¥FRACY

=WilyJsKk ) #*FRACZIK)

IF(SIGMAZ JNE.Ua )SIGNZ=STGMAZ/ ABSISICGNMAZ)
IF{SIGMAZ .EQ.0. })3IGNZ=t.
IF(SIGMAX «NELOL )3 IGNX=ST1OMAX/ARSISTIEMAR)
1F(SIGMAX.EQ. 0. 1 SEGNX=1.
IFISIGMAY.EQ.O. }3IGNY=1.
[F{SIGMAY.NE.O. )SIGNY =SIGMAY/AESISICNAY)

KL = Kel

[1 = I+l

J1 =3 + 1
IF{SIGMAZ.LT.Q.) K1 = K=~1
IF(SIGMAX.LT.3.) {1 = [~1
IFESIGMAY LT, 0.) 41l = J-1

IF{IVEQs1.0R.I.EJ.IN} GO TG 557

IFLJ.EQ.1.0R. J.EJ.JM} GO TG 558

GO TO 550

1F1J.EQ.1.O0R.J.EF.4MIGC 7O 550

{FlllelEaleOR.1I1.GELIN}GOD TC S50

G0 TO 589

IFtJLLE.L.ORLJLLCELIMIGD TC 580

Cl=C{i,JyKk) =AAS{SIGMAX)* (1 .—AES(SICMAY)})#(1.—-ABSISIGMAZ})
C2=C{IsJsK) *ABS{SIGMAYI*{1 . —ABS{SICMAX)}*(1.—ARS(SIGMAZ))
C3=CU1sd,K) *ABST{SIGMAX ) *ABS(SICMAY J%({1.-2BS{SIGMAZL)
CazCll JeRh) *{] . -ABSISIGMAX))*{1.-AES(SIGMAY)I*(1.—ABSISIGMAZ)I

C5=C(1

rd K} *ABS(SIGMAX I #{1.—ABSISIGNAY)ISAES(SIGMAZ)

Co=Cll,dekY $ABSISIGMAYI*(]1 . —~ABSISIGMAX)}IARS(SIGHALY
CT=ClI,deK) *ABS(SIGMAXI*ABS{SIGFAY )*ABSISICM2Z)
CB=Clledsk) #i] ,-ADBSISIGMAX)})®I 1. —ABS({SIGNMAY) Y* ARSI SIGCMALZ])

G (L1,dsK )=0 (IlyJek J¢C1

8] {I+d1eXK )=0 Li.J1+K 2eC2
o] {IleJdlex }=0 (Ihy,dlk )#C3
C {LyJdoK =0 (Tsd ok JeCH

FXA (I1,4sK )=FXA (I1lsJdsK VHISTGMAR/Z.=.5*SIGNXTRCL
FXA {I,J0lsK J=FXA {T1,J1sK F+{SIGMAX/2.)%(2

FXA (1lypdlysK V=FXA (Ilsdl,K I+{SICMAN/2.—,5%51IGNX}I*C3
FXA (I,Jd0K )=FXA {1,JsK J+{SIGMAX/2,.}%(4

F2XA
F2XA
F2XA
F2XA

RXA
Rxa
RXA
RXA 1

FYA {1ledeX }=F¥A (I
FYA ({I,J1sK )=FYA (1
{
v

FYa
Fya

F2YA
F2YA
F2YA
F2YA

{
{
{
{

IledeK 1=F2KA (T1lsJdsK FH{SICMAX/Z.-,585IGNX}*$23C]
IsJ1sK J=F2XA Qs J)leK PeLSIGMAX®HZ/G, 402

[1edlyK )=F2KA  [I14419K }4USIGMAX/Z.—o59SIGhNXI*#28(3
TodeK 1=F2XA {I2JyK D+{SIGMAX##2/4,)2(4

ThydoK J=RXA (TlsdeK )HABS{SICMAX}IER28(]

TedbsK 1=RXA (g J1sK D+ {1 —AES{SIGPAX) }*+2%(2

11¢dlyK J=fRXa  (Llsdlsk DY+ABS(SIGMAX)4423(3

1sdek J=REA  {T14deK ) #E1a~ABSHSICMANR) {2280,

+J1K J+USIGMAY/2.)0C1
J1sK J4USIGMAY/2.—-.5%S IGNY)*(2
[leJLlyK )=FYa 1
LyJeK )=FYA Ll+dy

1}
’
IlyJdisK J4{SIGNAY/Z.-.5%5SIGNY)*3
JeK 1+1SIGMAY/2.)%C4

LedsK I=F2YA  (H1ledeK J#(SIGMAYR®2/4,)%(]

24l sk ) =F2YA  {1,J1,K D4 (SIGMAY/2.-.585SIGNY |#*23(C2

el
(1
(T19J1,K ¥=F2YA  (1lyJdLleK }4CSIGHAY 2.~ .SHSIGAYI®ER20CS
[

1dsK F=F2YA4  (ledeK }#lSIGHMAYNNZ/&, )%C4

RYA (I1,deK J=RYA {I1)Jek JI+41.—ABSISIGFAY]})*#24(C]

RYA {
RYA |
RYA |

[5d1.K 1=RYA (1.J1+K )#ABS(SIGMAY)#e2eC2
[1:J1 ek V=RYA {Ilsdl,k D4ABS(SIGKrAY)S*23(]
TeJeK J=RYA {14J:sK J#{1a-ABSISIGMAY))**2%(4

FZA  (Ilederk }=FZ4& {I1sJsK J#UlSIGRAZ/2.)2C)

FLA
FIa |
Fia |

[+JE:K J=FIA (T,J1+k }USIGRAZ/2.0%(2
11431,K ¥=F2A {I1,J1,K J+{SICMAZ/2.)3(C2
IoJdeK J=FIA {1 ,3+K Y #(SIGMAZ/2.1%C4

A-15

1148
11501
115C2
11533
L1504
11505
11506
11507
11508
11601
11602
11603
11604
1160%
11606
11607
11608
11701
1l 702
11703
11704
117Us
11706
11707
117¢s
11801
11802
118G3
11804
11805
11804
L1807y
11808
11901
11902
11903
11904
11905
L1906
11907
11908
1200%
12002
12€03
12004
12008
12006
12007
12008
12191
12102
L2103
12104
12105
12108
12107
12108
12201
12202
12203
12204
12205
122046
L2207
12208
12301
12302
12303
12304
12305
12306
12307
12308
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Lol

(4]

(e N ulal

550

F2ZA
Fala
F2Z4A
F2ZA

RLIA
RZA
RIA
RIa

LFIK

f1ledsK V=F228 (1l.d,K J4ISLEMAZ#* /4 )3
CI dleK J=F2ZA 1441,k }+(SIGPAZ®# /4, 1902
(11ed1yK )=2F27A4 (1ledly,K )4LSIGMAZ®92/4,)%( ]}
(TedeK 1=F2IA (I ,J4K Fe{SIGFAZ®®2/4,}%C4

(11sJsK J=RZA  (ILlydsk De(Lla—AES(SIGPAZ) }#82¢()
(130K )=RZA (I,01,K Jell.~ABS{SIGKA2) )®*2%(
UI1sdleK 1=R2A  (I14J1,K D4(1.-ABS{SIGMAZ) bex23C3
(Lgde® F=RZA [D1+JeK DV #{1.,~ABS{SIGFAZ))N*2%C4

1.LT.1)GC TC 550

IF{KL1+GT LKN}GD T 550

U 1Ly JdyKL}=0 {il,d,KL)4(5

[+ [1:J04K1) =0 {1sJ14K1) ¢Cs

s} {I1L,J1,KL)=C tilaJ1.,K50+C7?

C ‘I'J|Kl!=“ II.J.K[HCB

FXA (L1, JdyKLlP=FXA L[l d4K1i4{5IGMAX/2,—.5%51GNX)2CS

FXA (] 4JlsK1)=FXA {1,JLlsK1b+{SIGMAX/2.)*Ce

FXA LI1yJLleKL)=FXA (I1lsJL KLI+(SIGMAX/2.—.585IGNX}*CT
FXA UL eJoR1I=FXA (1 ,J,KL)«0iSIGMAX/2.)%CE

F2XA  (IL1sdeK1b2F2XA (Il yJsKL)#{SIGMAN/Za~  5#SIGNX}B*22C5
F2xA 11 ydi k1) =F2XA (15 J1KL)+[SICMAR®®Z/4,)%Ch

F2XA  (TL1aJleR1b2F258 (114 JLl KLt (SIGMAX/24— SOSIGAXI##28(CT
F2XA (D4 JKLI=F2XA (1+JoK1)®{SIGMBX**2/4 )3CE

RXA  (LLyJyKLI=RXA [IlsJdsK1)+ABS{SIGMAX)#¢28(5

RXA (T pJlpKl)=RXA (J,J1sKLD+{1,~8ESISIGFAX) J*#2%(g

AXA  (IlaJdlekL)=RXA {114 JLlsKLI+ABS(SICMAXI#223(T

RXA (1, JyKLI=RXA {1 4J0,KL)4¢{1.-ABS(SIGNAN})*#2%(A

FYA LTl JeKLY=FYA (Il,JsK1}4(SICHAY/2.)%CS

FYA 1, J1pKII=FYA 1,50l ,K1)4(SIGMAY/ Zam5*5IGNY)*(6E

FYA (T1sJLeKE)=F¥A (ILeJLoeKLI+ISICMAY/ 2.0~ 585 JGNY }8CT
FYA LT3 KL)=SFYA (L +J K1V #(SIGMAY /2, Y%CE

F2YA (114 JyKE)=F2YA {114 JeKLD+ISICMAY**2/4, )%C5

F2YA (14 J)eKED=F2YA (T2 Jl K13+ LSIGMAYS2 .~ . 5%S JGNY Jex28C s
F2YA (IlyJ1leKLi)=F2YA (1), J1KL)+{SEGMAY/2 .~ . S*SIGNY)*#2%(]
F2YA {1 4J)KLI=F2YA  [[+JeKL)I4{SIGKAY®S2/4 18(8

RYA (L1lsJyKL)=RYA [1leJsK1)#11.—ABS(SIGMNAY) )R%2%L5

RYA (I,J1,K1)=RYA 15,01 ,KE)+ABSISIGPAY)#32%(e

RYA (11 +J1+KLI=RYA {lLsJlsKLI+ABSISIGMAY Jo#28(7

RYA LI4JyKLI=RYA {1 e KL)#{1 . ~ABSISICGMAY) )*428(58

FZA  (IledyK13=FZA (I1,JoK1)4USIGMAZ/2.-59SICNZYHCS

F2A [V ,J1,K1)=F2la 41,01 ,K10+{SICMA2S2.~.53SIGNZ)*Ch

FZA (11eJLeK1}=FZA (ILleJLloKI)+USIGNAZ/2.~ ,54SIGNZ YT
FLA (14 JyKLI=FZ8 (I4dsKL)#0SIGMAZ/2.-.5%SIGNZ)I* S

F2IA {I1,0yK1)=F2IA (1143, K1)*0SIGMAZ/2.—.59STGNZ ) ex22C5
F22A L1 J1eKL)=F22A4 (1,1, K1)4ISIGMAZ 43.~.58S5IGN1Is%2804
F2lA (T1,J1,KLI=F2ZA {1lyJl K1) 4{SIGNAZ/2Z.—.SESIGNZI®*2%(7
F2LA (14JeK1)=F2ZA (14 J4KLI+{SIGMAZ/Z ., ~S8SIGNL)Pe2%CH
RZA (T1lyJeKLI=RIA {TLlsdsKLl)+ ABS{SIGMAZ) #328(5%

RZA (D1, J1,K1¥=RZa {F,0) K1)+ AES{SIGMB2) 942%Ce

RZA (ILlsJ10eKL)=RZA QILl,J0L,KL)¢ ABSISIGMAZ) *22%(7

RZIA (T4 JyKLI=RZA (Y1 gJdeK1)+ ARSISIGMA2) $229CH
CONTINUE

THE PLANE CCRNERS ARE NCW TREATED:

U0 560 I=1,IN:IKN

DO 560 J=l,JM,J MM

SIGMAX=ULI,JsK }*FRACX

SIGMAY=VI I, JsK }PFRACY

IFISIGMAX  NE.OLISEGNX=STGMAX/ABSISIGMAX )

A-16

12401
12402
12403
124604
L2405
124086
12407
12408
12501
12502
125013
172504
12509
12506
12507
12508
12601
12602
12603
12604
12605
126076
12607
124608
12701
12702
12701
12704
12795
12706
ta2ior
12708
12801
12802
12803
12804
12805
12804
12807
12808
12941
129062
12903
12904
12905
12906
12907
12908
13C6qQ1
13602
13003
13004
13005
13006
13007
13008
13101
13102
131493
13104
L3105
13106
13107
13108
13201
13202
13203
13204
13205
13206
13207
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560

FF{SIGMAX.EQ. 0. 15 [GNX=1.

IF(SIGMAY-EQ.0. }SIGANY=1.

IF{SIGMAY aNE,G. JSIGRY=STIGMAY/ ARSISICMAY}
Il = 1+l

J1l = Je]

IF({SIGMAX.LT. 0.3 I1 = 1-1

IF{SIGMAY.LT.0.) JI = J-1
IF(TL.NE2,ANDTL.NELINN ) GO TO S&C
IF{J1eNEL2.AND«JLNEJMM } GO TC 560

C3=CllyJyK Y*ABS{SIGHAXI*®ABS{SIGMAY )# {1 .—ABS{SIGMAZ))
CT=CllsJeK JEABS(SIGMAX)*ABS{SIGMAY )#ABS(SIGMAZ)

€] (I1l1+dl4K )=C (I1,01,K )+C3

FYA (I14dl,K ¥=FYA (Ql,JlsK J+(SICGMAY/2 .-, 58S IGNY I3

F2YA  (1Lad1,K 1=F2YA (11,0l +K J&{SIGFAY /2.~ 545]GAYI*R24L]
RYA (I1¢JdLleK }=R¥YA {Il,J01,K JHABS{SIGMAY)*®23(]

FXA {I114JLsK J=FXA A{IlysJlekK J#ISIGMAXSZ2a~o5#5IGNXIHC3

F2Xa (11pd1,K )=F2XA (1ledleK DH{SIGMAX/2.~.58SIGAX)*#28(C3
RXA  (11,J1,K }=RXA ([1,J1sK Y4+ABS[SIGMA))#*22(3

FZA (I14J1lek )=FZA (I1l,JleK J(SIGMAZ/2.)%C3

F2La (119314 K 12F2ZA  (LleJloK I#(SIGMAZSSZ/ &, )#( ]

RIA (11041 ,K }=RIA {11,J01lsKk Fo{l.-ARS{SICMAZ])#+22(3

ITFIKL<LT.1.0R.K1.GT.KNIGD TO 560

0 {114+d1+KL1)=0 (11+01,K00+C7

FXA (ILledLlyK1)=FXA (11l J)sK1)4{SICMAX/Z=oaS¥SIGNXI*LT

F2XA (11sJ1,KL1)=F2XA (IlyJ1l K1) #(SIGMAX/ 2.~ 5851GAX)»#28(7
RXA  (11+J1.K1)=RXA (11,J1,K1)+ABSISIGMAN)®®2%(7

FYA 11100, K18=FYA (11,00 K1)+ {SIGMAY/Z.—585IGNYIRT

F2YA (IlyJdLeKLI=F2YA (ILgJl ¢ KLI+U{SEGMAY/Z.— SHSIGNYI*#22CT
RYA {I1,J0yK1)=RYA (ILl,JlsKL}+ABS{SIGMAY}se2%CY

FIA (I1,J1,KL)=FZA Ul1oJLs+K1}+[SIGMAZ/Z2.—5%SIGNZINT

F2IA {1l eJLpKLY}=F2ZA {11,J14KL}*(SIGRAZ/2.~+585IGNZI%#2¢0(T

RZA {11+J1,K1)=RZIA (I1,J1+KLE4ABSUSIGMAZ)Iw®28CT

CONTENUE

VALUES AT KEXT TIME STEP AfRE CALCLLATED

DO &£00Q K=14KN

DU 600 I=14+IN

DO 60C J=1sJM

CilEydsK)=0 (RERILY

IFICEL ) JeK) oL TLCICLI 0y K)I=0.G

CTREPL = ClI,J,K)

IFICTREPL.LT.1.CE-13} GD TO 599
FTXtlsdski=FXA (L4, K)/CTREFL

FX = FTX{Isdsk)

RXMAX = ABSIFX-C.5)%2.

RXMIN = ARS(Fx+0.5)%2.

IFIRXMIN,GT .RXMAX) RXMIN=RXMAX

HA=RXA (LsJ)K)/CTREPL4LZ . %{—FXEFX4F2XA (] ,J K }/CTREPL)
RTX(1+deKI=5QRT (ABS{HAY}

IFIRTRCT  Ja KB G LAXMINIRT X[ T4 JKI=RXMIM

FIY{I+JsK)=F¥A (l,J,K)/CTREPL

FY = FTY{IrJdK)

RYMAX = ABSI{FY-0.5)%2.

HYMIN = ABS{FY+C.5)%2.

IF(RYMIN.GTLRYMAX]) RYMIN = RYMAX

HB=RYA ([+J)K}/CTREPL#LZ #{-FYSFY+F2Y2E (L.JeKI/CTREPL}
RTY{Led +K)=SURT (ABS(HB))

EFIRTY LI+ 3o K LLTRYMINIRTY{ Lo dK)=RYMIN

FTZULedoKI=FLA  {L+do K} /CTREPL

FZ = FTZLLlvdsK)

RIMAX = ABSUIFI~-C.5)%2.

RIMIN = ABS(FI40.51%2.,

[FIRIMIN.GT.RZMAX) RIMIN = RIMAX

HC=RZA {(Lled,K}/CTREPL*12.%{-FISF2Z4F228 (14J4K)/CTREPL)
RYZ(TvJ o K)=SJRT (ABRSIHC) )

EFCRTZU L2 J+4K) GT.RIMINIRTZ(1,JeKI=RZNMIN

GU TU &00 .

A-17

13208
13301
13202
13303
13304
12305
13306
13307
13308
13401
13402
13403
13404
13405
L3406
13407
13408
13501
13502
13503
13504
13505
13506
13507
13508
13601
13602
13402
13604
13605
13806
13607
13608
13701
13702
13703
13704
13705
13706
13707
13708
13801
13802
13803
13804
13805
13806
13307
13808
13901
13902
13903
13304
134905
139086
13907
13508
L4001
14002
14003
14004
14CC5
14006
14007
14008
l41g1
L4102
14103
14104
14105
14106
14107
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599

600

100

90
92

5%
1T

100
110

120
130

FIXL14JdeKI=0.

FIY(T1oJ9K)I=0,

FTI(1d4K)=0.

RTX{I 4 JsK}=0.

RTYL{L «J +K) =0,

RTZLL s JoK)}=0a

CONTINUE

RETVURN

END

SUBROUTINE INITHW

CCMMON/VB/ L0 4DX sHLID s INg JNy KNy INNy JFMoKAN DY, DT4NITER,ZPsRE ,PS
COMMON/VYARL/CTC 20, 11 +FAXE3Cy 110 yRWX{30411) sFnY {30411} RWY{3C,11}
COMMON/CALGOLSF {3041} 4FOW 13C4 110, FYn (20,110 ¢RXN  (30+111),
LRYW  {30,10) ,F2WX (3041L),F2WY (3CslL)

COMMON/CVELTY/VX v

N1=IN*JMN%5

CALL CLEAR(CT NLI

DO 3 J=4,8

READLS, LOQYECTE L4d)41=2,7)

DO 1 J=4,8

DO 1 [=2,7

LTFLCTIL v ) eEWULIGE TO ]

RWX{I,.J)=1,

RWYL(I +J)=1.

CONT INUE

FORMATI{6FLD.0D)

RETURN

END

SUBROUTINE UPDGWNIDX DY, IN; JMINN, JMM;OT,MNITER)
COMMON/VARL/CTI30,411) yFHXI30411),RWXL30411)+FRY(30,11),RWY(3C,y11)
COMMON/CALGDL/F (3001 )FXin (3G, LL),FYd (20,01} 4RXW (304111,
LRYW (30,11),F2WX  (30s11).F2%Y (3C,11)

COMMON/CVELTY/VX.VY

N2=THI[N® M

CALL CLEAR{FyNZ |

CALCULATE SIGMAS, PX, AND PY

DD 501 I= 2,INN

DO 500 J= 2,JMM

IFRCT(1,J).€EQ.0.QE-00 } GOTC £00

SIGHAX= ¥X T fox

SIGMAY= VY Q7 /oY

IF{SIGMAX.EQ.0.) GC TC 90

SIGNX=SIGMAX/ABS(S51GMAX)

GG TG 92

SIGNX = 1,

IF{SIGMAY EQ.0.) GO TO 94

SIGNY = SIGMAY/ABS{SIGMAY)

GO TO 9&5

SIGNY=1.

CONTINUE

IF (SIGHAX,.GT.0.) GOTO 100

PILUX= L -2 % (FRXI T () +SIGHAX}*RuX(1,30-1,.C) /12, CeRWX{ 1,0}
GOTO 110

PLIXS (208 (FWXL L, J)¢STGMAXY4RWX(T¢J)=1. )1/ (2,.0eRWXLT 4 J})
IF{SIGMAY . GT.0.) GO TC 120
PIJY=E=-2.0%(FRY 1] J]+SIGMAYIHRRY I sd)=1.0)7 {2.0%RNYLT,J)}
GOTO 130

PIJY=(2.0%{ FAYL T, J)4SIGMAYI*RBY{TL+J)-1.00 /1 2.CORNY],4))
CUNTINUE

NORMAL COANDITIONS
IF PX,P¥L0 OR PX,PY>1 MCOIFICATICNS ARE MACE
NCOUNT=C

IFIPIJXN.GE.OL.OCOL ANDPIIX.LELD.9855) GL TU 150
NECDUNT=1}

A-18

14108
154201
14202
14203
14204
14205
L4206
14207
14208
14301
14302
14303
14304
14305
14306
14307
14308
14401

14402
14403
14404
L4405
14406
14407
14408
14501
14502
14503
14504
14505
L4506
14507
14508
14601
14602
14603
14604
14605
148606
14607
145608
14701
14702
14703
14704
14705
15706
14707
14708
14801
14802
14803
14804
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14806
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148G8
14901
L4902
144903
14304
14905
14906
L4907
149C8
15001

15002
15003
15004
15005
150006




i B B B R R R B N B R R R R B e R B B R e N R I I R R R R R R I e I R S N e BT B e B B I R R B RO B I PO

[aN el

15¢

L&0

IF(PLUX.LTLO uCLlE PIJX=0.0

TF{PLUXGT.0.9955) PISX=1.0
IF{PIUY.GE.O.JUCLLAND .PIJUY.LELQ.99S5) CC TO 160
NCOUNT=1

IFIPTUY.LT.0.0001) PLUY=0.0

IF(PIJY.GFa0.9955) PL JY=1.0

LONTINUE
IF{SIGMAX.GT.0.CH 1]1=1+
[F(SIGHAXL.EQ.J.) 1 = 1
IF{SIGMAX.LT 0.C) 11=1~-1
IF(SIGMAY.GT.0.C) J1=J+ti
[F(SIGMAY.EQ.0.} J1 = J
IF{SIGMAY LT U.C) Ji1=J-1

i

cl1 =CT{I+JI*PIIX#({ 1.0-PIJY)

c2 =CT{l+d)* {1l d-PIIX)*PEIY

3 =CTULLJ}*PIIX¥P LUY

Ch =CTLI+ ) {1 0~PIIXI*{ l.-PIJY}
F 1il,Jd)=F (il dd+C

F (LyJl)=F (1sJ1)eC2

F {I1,JL¥=F t11,1)+03

£ { T+4) =F (TyJ) +C4

FLX =(PIJX*RWX{[+J)-1.0)/2.C85IGNX
FIY  ={1.0-Ru¥{l,d}et 1. 0=-PLUY)I/2,.0951GNY
F2X =01 O0-RWXITd) el 1.0-PLUX)I/2.0#5IGMAX
F2Y =IPIJY*RWY([+J)-1.0)/2.0%5IGNY

FXW  (TlsJl=FXm (TisJ)+F1X (1

FYW {I1lsJi=FYW {ILl,Jd}+FLY #*Ci

FXW (I4J1)=FXW (I, JL1)+F2X *C2

FYW (I+J1) = FYW 1,41} + F2Y *(2
FxWw (11,J1) = FXW {TLsd1} + FLX #C3
FYW [I1+J1) = FYd (Il,Ji} + F2Y (3
EXW {1,dF = FAW (1,J) & F2X  #*Ca

FYW (I,d) = F¥Yh (1.4 &+ F1¥ #*C4

FzuX {11.J)
F2WY (1144}
F2WX  (Lsdl}

F2uX (Il,J) + F1X *»Fix 33Cl
F2nY (Il,J) ¢ F1Y *F1lY (i
F2uX {LlyJ1) + F2X #F2x 202
F2WY {1441} F2uy [1,+J1) ¢ F2Y #F2Y #CzZ
F2WX {I1sJLb) = F2uX (1l,J1) & Flx #F1X #(3
FZWY 11101} = F2WY {1L,41) & F2Y #F2Y aC3
FeWx (1.0 = F2wXx (TeJd+ F2X $F2X  ¥#(4
F2WY (1eJ)= F2KY (1,J)¢FlY *FlY #*(4&

R (I L 1

KRIX =S(PIJX*RWX11,0))%%2

R1Y =((1.0-PEJYI*RWYL1,4)) %22

R2%  ={L1.0-PIIXI*RuX(1,J1)%e2

R2Y =(PIJY*RKY (IsJ)) **2

RXW {I1sJb=RXW {(IlsJd}+ RlXx = C]
RYW  (I1sJ)=RYW 111,J0)+ R1lY % C}
RXW (s J1)=RXW (I,J1)+ H2X * (2
RYW [1,J1)=iym (I,J1}+ R2ZY #* (2

KXW (Il sJLY=RXW (TleJdl}+R1X #C3
RYWN (T1+d1)=RYn {I1,dL)+R2Y #C3
AXW (1eJ) = RXW d14J)¢ R2X #(4
RYN (I,d)=RYW (LsJ)+R1Y LIorY

IF (NCOUNT . EQ.0) 3C TC 500
SIGHMX = SIGHMAX+FWX& 1+ J)
SIGMY = SIGMAY + Fhy{l,J)
[FIPIJUX.GT.0,00CL) GU TO 490
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490

492

4G4

500
501

557

552
554

553
556

FXW  (IleJd) = FXu {IlyJ} - Ci * Fix

F2uMX  (11s3)=F2uWx (11,0)~Cl * FLx *#FIX

Fn (1eJ1) = FXW (14J1) - C2 *{F2x = SIGHX)

F2WX  (Isdld= F2uX L1sJ1)-C2 S(F2Xx ®F2x ~SIGMX*SIGMX)
FXW  (T1yJ1)=FXW (11,J1}~-C3 * FlXx

F2WX (I14J1)=F2mWx {11,J41)-C3 * F1Xx #Fix

FxW (I4Jd)= FXH (lsd) - C4 *{F2x = £1GMXx)

FZWX (1330 = F2WX 11sJ)-C4h *{F20 #FZX  -STGMX*5IGMX)

GO TO 492
IFIPIJX.LT.0.9999160 Ta 492 :
FXH  (Ilesd) = FXi {1led)- C1 ${F1X ~SICMX #L.®SIGNX}

F2ZWXx 111,J1=F2WX (11,01 C1 *{Flx #F1x —ISIGMX -1.
LeSIGNX)I*%2)

FXw (1,010 = FXn (1,41) - C2 * F2X

F2WX (142 J1)=F2WX ([,J1}-C2 * F2X *F2X

FXw (I1401) = FXu {(11,J%) - C3 *(F1X = SIGHMX ¢l.*SIGNX)
F2uwx (I1,J1)=F24X {11,J1}-C3 *(F1X *FIX —{SIGMX -].
1#SIGNX)**2)

FXd (1,J) = FXK [I,J) - C4 * F2x

F2uXx (LeJdl=F2wX (13J0)=C4% * F2X  %F2X

EFIPIJY.GE.0.000Q1) GO TO 494

FYW (114J) = F¥w {11,43 - C1 *{FlY - S1GMY)

FZWY LT1l,d) = F2uY {I1,4) - C1 ®(F1Y #FlY -—-SIGMYASIGMY}
FYW (1,J1) = FYm [14J1) - C2 * F2Y

F2uY (1sd1} = F2WY (1,J1} = C2 * F2Y 4F 2V

F¥Yw (IleJ1) = FYw (IL,d1) - C3 & F2Y

F2WY (11l,d1) = Fiwy (I1,91) - (3 * Fzy *F2Y

FYW (1,0)=F¥W {1+J)-C4 ®(FlY =-5SICGMY)

FauY t1J0=F2RY (1,J)~C4 *{FLY *F1Y —SICMY&S5IGMY)
GO 70 500

IFIPIJYLLTL0.9999)GC TC 500

FYw {I1.,9) = FYan (11,40 - C} * Fly

F2ZWY (1l.,J0=F2uY {Il,J)}-C} *(F1y *Fly )

FYa (1,411 = FYd {lsJ1} ~ C2 ®{F2Y = SIGMY +1.#51GNY)

F2wY (1,J1)1=F2WY (I,J1)-C2 $(F2y *FzY -{SIGMY -1,
L¥SIGNY )*%2)

FYw (11,J11=Ffu L1I1,J1)-C3 $(F2Y ~-SIGFY #1.#51GNY)
FauWY (11l,J1)=F2WY (11,J1)1-C3 *{F2Y #F2Y ~{SIGMY -].
1*SIGNY)*¢2)

FYW (lyd) = FYW (1,0) - C& * Fily

F2dY (1,J)=F2WY (1,J)-C4 * FlY *F1Y

CONT INUE

CUNTINUE

COUPLING BETWEEN BLRDER ANC BULK

DO 551 I=1.,IN
DO 550 J=1,JM
IF{I.EQ.1.0R.I.EQIN} GO YU 537
[F(J.Edal+(Pade Eda M} GO TU 558

G0 TO 5%0

IF[J.EQ.1,C0R.J-EG.JM]) GO TG 550
SIGMAX = VX 07 10X
SIGMAY = vy 0T /oY

IF(SIGMAX.EQ.04} GC YC 552
SIGNX = SIGMAX/ABS{SIGMAX)
GL TO 554

SIGNX = 1,
IF{SIGMAY.EQ.0.) G5 T 553
SIGNY = SIGMAY/ABS(SIGMAY)
GG TO 558

SIGNY = |,

11 = I+1

Jl1 = J + 1
IF(SIGMAX,.LT.0.) IL = [=}
IFISIGMAY .LT.0u) JI = -1
IF{T1.LE.L.OR.1L.GE.IN)} GO TG 550

A-20

15905
15906
15907
15908
16001
16002
16003
16004
16005
16006
16007
16008
16101
16102
16103
16104
16105
lel0e
16167
16108
16201
16202
16203
16204
16205
16206
16207
16208
16301
16302
16303
16304
16305
16 306
16307
16308
16401
16402
16403
16404
L6405
16406
16407
16408
16501
16502
16503
16504
16505
16506
165407
16508
16601
16602
16 603
16604
16605
16606
16607
16608
16701
16702
16703

16704
16705
16706
16707
L6708
16801
16802
16803
16804




B R R R P P R e e B B N B R P R N e N e B I A B e B i B B R N N e e e R e e I N e o VT S I R ey e

[ Nakel

558

5520
5540

5535

5560

559

550
551

562
564

5€3
566

GO TO 559

IFl{I.LE.1.:R, J.GELIN} GO TO 5%¢

SIGMAX= ¥X *07 /DX

SIGMAY = VY T /0Y
IF{SIGMAX.EQ.0.) GC TG 5520

SIGNX= SIGMAK/ABSISIGMAX)

GO TG 5540

SIGANX = 1.

IFISIGMAY.EQ.0.) GO TO 5%30

SIGNY = SIGMAY/ABS{SIGMAY)

GO TO ss5e0

SIGNY = 1.

f1=1 +1

Jil = Jel

IF{SIGMAX.LT.0.}YIl=1-1

IF{SIGMAY.LT.0.) J1 = J4-=1

IFIJl JLEL1.OR.J1.GE.JM) GO TQ 550

Cl = CYUL+JY*ABSISEGMAX}I* {1 . ~ABSISICMAY))
C2 = CT{I+J)*AdSISIGMAY)*{1,.-ABSUSIGFAX)]}
€3 = CTUI+J)%ABS(SIGMAX }*ABS{SIGMAY)

Co = CTUIJ)*{]1.—ABSISIGMAXI)#{Ll.—ARS{SIGNMAY))

(1144} F (Ilyd) + C1
(lys1} F (I,dk) + (2
{Ilsd1) = F (i1.sJ1) + C3
(ledd = F (Ied) + C&

il

FXWw  11144)
Fyd {11,J)

FXW (Il,JF + (SIGMAX/Z.~C.E8SICAN)SC]
FYm {I1lgJ) +(SIGMAY/2.)%C(]

FXW  {1,J41) FXW  [IeJl) +(SIGMAXS2.}%C2

FYWw (1,31} FY® iTe¢J1) ¢ (SICHMAY /2. -C.Se¢SICGNYI®(?
FXw (ILeJdl) = FXW (IlgJdl) + {SIGMAX/2.-CeS5%SIGNX)*C3
FYW {11edl) = FYd (I1sd1) ¢ (SIGMAY/Z.-C.5*SIGNY)S(C3
FXW  (1sd) = FXW ([yJd} #{SIGHAX/2.)%C4

FYW  (T4Jd) = FYS {1sJ) +(SIGMAY/Z,.)1%(4

L}

FZWX {(11.4])
F2uYy (11,J)
F2NX 1 1441)
F2eY (I,J1)

F2RY (1L.d) + (SIGMAY#*#2/4.)e(]
F2uX (14Jd1) #{SIGHMAX®SZ /4. )% 2

F2uX (Eedd = F2AX (I4J) #(SIGMAX®#2/74,) (4

F2aY  (143) = F2uY  (LyJ} +{SIGMAY#42/4,)%C4

RXW  {TI1eJ) = RXW (HlyJ) ¢ ARSUISIGMAX)®®Z8(|

RYW (I1led) = RYw {(Il,J) ¢ (L.—ABS(SICGMAY))ws24C]

R¥W  {1,J10 = RXW {[lsJ1) + (1.—ABS{SIGMAN) }%#2%(2

RYW (1,d1) = RYn (1sJ1)} + ABSU{SIGNAY)O®ZRL2
{114J1) + ABS{SIGMAX)I#%2%(3

EXW (11441) = RXW
RY® (I1eJd1) = RYW (11sJ1) + ABS{SIGNAY)#22¢(3
RXh {14d) = RAN ([sJd}) + (1,-8BS{SICMAX)}*323(4
RY¥W (L1ed) = RYW  {14d) & (1.-ABS(SIGHAYII®#22(4
CONT INUF
CONTINUE

THE FOUR CLRMERS ARE NCwW TREATED:

D0l 561 I=1,IN.INN

DG 560 J=leJMyJFN

SIGMAX = VX =T /DX
SIGMAY = V¥ 7 DA
IF{SIGMAX.EQ.D.) GO TO %62
SIGNX = ABS{SIGMAX}/SIGMAX
GL TO 564

SIGNX = 1.
IFISIGMAY.EQ.0.) GC TG 563
SIGNY = ABS{SIGMAYI/SIGMAY
6L TO 566

SIGNY = 1.

Il I+1

J1 Jel

A-21

FZWX  (I1lsJ) + (SIGMAX/2.-C.5%S1GNX)e#23C]

F2n¥Y €14J1) + [STICMAY/Z.-C.5®SIGNY I*®2e(]
FZWX  (1Lsdl) = F2AX  (T1l4Jd1) & (SICMAX/2.-C.5%SIGNXI#%28(3
F2WY (I1sJd1l) = F2wY (IlyJ1) + (SIGMAY/2.-C.5%SIGNY)*#2%(3
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17108
17201
17202
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560
561

599

600
601

LFLSIGMAX.LT.0u ) I1 = [-1

IFISIGMAY..LTL0.) J1 = 0-1
IF{T1eNE.2.ANDaIL<NELINN ) GC TG 5&C
IFLJL.NEL2.AND JLahEL.IJMM ) GC TC SE0

€3 = CTHI,,JI*ABS{SIGMAX ) #ABS(SIGHAYY

F (I1,Jd1}) = F (11441} + C2

FXw (TleJd1l) = FXA (ILsJdL) + (SIGMAX/ZZ.—C.S*®SICNX}*C3

FYW  (11,4J1) = FYh (Iledl) ¢ (SIGMAYZ2,-C.5¢SIGNY)#(C3

F2WX (114d1l) = FZHX (I1sdl) + (SIGMAX/2.~Ca 5¢SIGNXI*32sC3
F2uY {11,41) = F2w¥ (1lsJ1l) ¢ (SIGRAY/2.-C.E2SIGNY)e24(3
KXW (11,Jd1) = RAW {I1lsJ1) + ABSUSIGMAX)#32%(C3

RYW (I1sd1) = RYW {ILsedl) ¢ ABSISIGMAY)##Ze(3

CONTINUE

CUNTINVUE

VALUES AT NEXT TIME SYEP ARE CALCULATED

DC 601 I=1,IN

DG 600 J=LesJM

CT(L,d) = F (Ied}

CTREPL = F (1,0}
ITF{CTREPL.EQ.OL.CE-CO) GO TO 569
FRXtl»d) = FXw (14J}/CTREPL
FRYIL4J) = F¥Yw (1,40 /CTREPL

WIDTH CORRECTICK

FX = FaX{lsd}

FY = FHYLIJ)

RXMAX = ABSIFX-0.%5)%2,

RXMIN = ABSIFX+C.5)%2,

[IFIRXMINLGT ,RXMAX JRXMINERXMAX

RYMAX = ABSIFY-0.51*2,

RYMIN = ABS{FY+0.51%2,

IF{RYMIN.GT.RYMAX TRYNMINSEYMAX

HA=SRXW {I¢J)/CTREPL#L12.%{~-FXIFX+F2kX (1 ,J)/CYREPL)
RuX(LyJ)=2SQRT LABS(HA) )

HB=RYW ([+sJI/CTREPL+ L2.*{=FY*FY+F2hY (I,J)/CTREPL)
AWY (1,J)=5QRT{ABSIHB])

TF(RWX{ Ty B aoTLRXMIA

IF{RAYII 3y J) e TLRYMIN

GO TO 600

FWX(]4d)

FRY{].+d)

RuX{lsd}

EWYLTqsd)

LCNTINUE

CONTINUE

RETURN

END

SUBROUTINE SCAVEG

IRRXII ¢ )}=RXMIN
JRWY (1 s JI=RYMIA

Q.
138
0.
0.

LN I I

COMMON/VB/202DX ¢ HLIDy EN oMy KN e INN o JFM  KANS DY, DTyNITERy ZP4RR2PS

COMMON/MATRXL/U{ 3011 ,8)4vi30,11,8) em{3GeLlle8 }oC{30,11,8)
8) KYY( B).KZZI1 g)

THIS RCLTINE CALCULATES OVERALL WASHOLT SCAVENGING

P51= Z2.Q0E-Ca%®(RR**.3)
KNNN=KNN-1

DO i K=3,KNNN

DO L I=24INN

DO L J=2,JMH

JFLCUT e JeK)uLTL L. CE-1C)G0 TC 1
Cl1,J4K)=CeT,d,KI¥I1, -PSI*DT)
CCNTINUE

RETURN

END
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SUBROUTINE INITY

CUMMON/ VBZZD ¢ UX ¢ HLIDy INy JMs KNy INNo JFF o KAN oYy DT+NITER+ZPRR 4PS
CCMHUN/VARVICV(BG,[I!.FVXI3G.II),RVXI30'Ill.F\Y[30|ll)uRVY(3C’11l
COMMON/CALGOV/FY 130,110 ,FXy  130,11),F¥y (204 LLE4RXV (20,110,

w-4..4-4\»-.:.4-0-4-4--—r-P'-wW-J-qNWw-.J-qb.pq-.g.p.;-q-..l-q-d-.l-.l-i-qlr-r-—.-ﬂ-.l--la T S B Y R e I B I B e e e I

[aEaEzXal

oMo oo

LRYV 130,110 ,F2VX {30,111, F2vY (3C,11)
CUMMUN/ CVELTY/V Xy VY

Mi=IN®JHES

N2=INEJMET

CALL CLEARICY,NL)

CALL CLEAR(FV,N2)

DO 3 J=4,8

00 3 I=3,7

VI, JI=(FLDAT(1)~-5.)%5.0

DO 1 J=d,B

DO 1 1=3,7

TFILVEIT,J)eEQa0.4G2 TC 1

AVK(L,d)=t.

Rv¥iIsJi=l.

LONTINUE

RETUEN

END

SUBRUUT INE LATERV{CKeCYys INg JMy INN ¢ JFM DT RITER}

COMMON/ VARVZCVE3Co L) ¢FVX(30, 1104 RVX{30,11)FVYI30,11)5RYY{3Cel1d
COMMONS CALGOY/FY (30,1010 <FXV (30«11} ,FYVy (30,11},RXY (304110

1IRYY (30,11)4F2VL (30,11 ),F2vY {3C,11)}
COMMIN/CVELTY /Y X0 Y

N2=T¥[N®JM

CALL CLEAR{FV,N2)

CALCULATE SIGHMAS, PXs AND PY¥

DG 501 = 2ZsINMN

DO 500 Jd= 2.4MM
IFICVIIsJ)<EQ.0.0E-00 } GOTO 200
SIGMAX= VX a7 /DX
SIGMAY= VY *31 /0Y
IFISIGMAX.EQ.0.) GO TC 93
SIGNX=SIGMAX/ABS(SIGMAX)

G0 10 92

90 SIGHK = 1.

92 IF{SIGMAY.EQ.0.) GC TC 94
SIGNY = SICMAY/ABSISIGMAY)
GO TO 9¢

G4 SIGNY=1l.

96 CONTINUE
IF {SIGMAX,GT.0.) GOTC 100
PIIX= =2 #{FVXE I, ¢S IGMAXI $RUXLT 1 S1-1.0) /(2. C2RVI LTy 4 1)
GGTO L10

100 PIJl=(Z.D*|FVXIchlfSIGHAXIORMN(l1J)-l-ll|2o0*RVXllrJI)

110

120
130

150

160

[F{SIGMAY.GT.0.) GO TC 120
PIJIY={-2.0%(FVY (I, }+SIGMAYI+FVY T, J)-1.0)/ (2.0WVYY(I,J))
GOTO 130
PLUV=C(2.0LFVY{ [, J) ¢SIGMAYI+RVYL 13U )=1400/(2,0%RVY(I+J)}
CINTINUE

NORMAL CCADITLONS

TFVPX+PYSC TR PXsPY>1 MCODIFICATICAS ARE MADE

NLOUNT=D

IF{PIUX.GE.0.Q001.ANDPIJX-LE.C.9999) GC TC 15C
NCOUNT=1]

IFIPIIX.LT.0.0001) P JX=0,.0

IFLPTUX.GT.0.9999) PLUX+1.0
IF{PIJY.GE.0.COCLeAND .PT Y+ LELC.5555) CC TC 160
NCOUNT=1

IF(PIJY.LT.0,00CL) PLJIY=0.0

IF(PIJY.GT.N.995%) plJY=1.0

LUNTENDE

A-23

[ R
a3 & & 2B s ®
- RV N RV N

# ¢ N 3 ¢ 4 2 % F b 4 =

DN PN N SN =D~

Wl W W N N N NN

+»
+ 0 3
—

R
. 88

BN D O N

JURE RS I o
a8 08 & 8 B

P s 4 8 8 4 8 & 4 4 s o2

WHOEVN P WNE @ WE W0

Do NN NN NN crrrC AN

a ® & ¢ 8 a4 &
o WA= W@

OLOVD 0D @



R B S B T I [ R R P R R e e I T Lt B B B T B B B B R B B B Y R R g R I R e N g I I I I I A

1 0

Y

IF{SIGMAX.GT.0.C) 1l=1+1
IF(SIGMAX.EQ.0.) I1 = 1
TF{SIGMAX.LT.C.C) LL=1-1
IF{5IGMAY.GY. 0.0} Jl=J+¢l
IFISIGMAY.EQ.D.) J1 = J
IF(SIGMAY.LT.0.0} Jl=J=-1

cl SCVULyJ)*PLIX#{1.0-PI1JY)

cez =CVIT, % (1. 0-PTUX) #PTIY

c3 =CNV{T+JI*PLIXEPTIY

L4 =CVILyd}* (1. 0-PLlIOX)a{1.-PLlYY)

FV  (IL+JI=FV (11,J)+C1
FV  {1+J1l)=FV  (1s41)¢C2
FV  tIL.J1Y=FV (I1,J1)+(C3
FV  { 1sJd) =Fv (1,J)+Ch

FIX =(PIJX*RVX{T+1l)-140)/2.C*SIGNX
FLY =(1.0-RVY(1,J)1®{1.0-PIlJY}}/2,0%SICNY
F2X  =[LeO=RVX{T44)1 (1. 0-PTJIXY}/2.04SIGNX
F2y =PLJVERVY {1y J)=1401/2.0%51IGNY

1
FXV  (IlsJ)=FXY ([lsJd)¢F1X *Cl
FYV [1)¢J)=FYY (lleJd)+F1Y #(C1
FXV  {LeJLI=FXV (1. J1}eF2X 2C2
FYV (I1sJ1) = FYV (l,4J1l) # F2Y #(C2
FXV  {l1sJd3) = Fay (Il,J1) » FIX #(3
FYVY {11,J1) = FYY (11,41) ¢ F2y #C3
FXV  (Ted} = FXV (14J) + F2X #(4
FYV {Isd) = FYV (IsJ) + FlY *C4

F2VX 111400 = F2vK  (il,J) + Flx *FLX (1l
F2VY  (I1lsJd) = F2v¥ (ILl,J) ¢ Fly #FLlY aCi
F2ZVX  (1,41) = F2vx  {l,Jyl) + F2X #F2X a(C2
FevY (1,d1) = F2vY {l,J1} + F2Y *F2Y a(2
F2VA {11ls.d1) = Favx (T1,41) + FIX *Fix (3
Fa2VY tIbledl) = F2vY {11,J1) + F2Y #F2y (3
F2vx (1,4 = F2yx 1,00+ F2X *F2X *(4
F2VY (14Jd)= F2VY (l.J)sFLlY *F1Y %4

R1X ={PIJX®RYX{[,J))8%2

RLY =((1.0-PIJY)®RVY{I,4))*e2

RZX  =({1.0-PIJXIERVR{],J))#%2

R2Y ={PLJY*RVY{l,J)}¥92

RXV {Ilsd)=RXV (T1lsJ)¢ RIx & ()

RYV  {1lsJi=RYV ([LsJ}+ RLY * (1

KXV (1,J1)=RxVv (1,J1)¢ R2X * (2

RYV  [1+J10=R¥YVY (IsJ1}¢ R2Y * (2

RXy  ([1ed1b=RXY (IlsJd1)+R1Xx (3

RYY {ILlyJli=RYV {ILl.J0L)+R2Y #(C3

PXV  (led) = RXV {1,004 R2X *C4

RYVY (1eJi=RYV {14J)#R1Y L4

IFINCOUNT .EQ.0) GC TO 500

SIGMX = SIGMAX«Fvxi{l,J)

SIGMY = SIGMAY « FyY(I,J)

IF(PIJX.GT.0.0001) GO TO 490

FXv {11,d) = FXv {Il,4) - Cl * Flx

F2vX t11l,0)=F2avi (11l.4)=Cl * FLIX #F[X
FXV (1,410 = FXy {l.d1}y - (2 *(F2X - SIGMX}
F2VX A1.J1)= F2yX t1l.J1b-C2 ${F2X *F2X
FXY  {Iledl)=FX¥y ({11+J1}-C3 ¢ FLX

FavXx {1l.d1)=F2vyx 111,41)-C3 * FlX 4F1X
FXY tlydl= FXV (I+d) - Ca *{F2X - SICMX}

Fa¥X  (14J) = F24X  {1sd}-C4 *{F2X »F

GO TO a&92
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IF(PIJX.LT.C.S9SSIGE 10 492

FXV  (Iled) = FXVv (I1,J)- C1 *(FIX -SIGMK +L.%5IGNX]
F2v%  fll.,db=F2vx (11,41-C1 *[F1X *F1X -—(SIGMX -1.
1*SIGNX ) *#2}

FXV  (1,J1) = FXVv (1l.91) - C2 * F2X

F2VX  {1.d1b=F2YX {(I1sJ41)-C2 ¥ F2X #F2X

FXV {I1sJdl) = Fxv {Ii,d1) - €3 *(F1X ~ SIGMX ¢l.*SIGN))
F2VX  (11l,J1)=F2yXx (Il,01)=C3 #{F1X 4FIX -—(SIGMX -l.
1#SIGNX ) **2]

FXV  (1,d) = FXV {I.d) - C4 *® F2X

F2VX  (T+J}=F2VX {1sJd)-C4 * F2X *F2X

IFIPIJY.GE.0.0001) GC TO 494

FYV (Iledb = FYVY 11140} - C1 *{F1Y ~ SIGMY)

F2VY (T1eJd) = F2vY (I1,J} = Cl $[F1Y *F1l¥ -~SIGMY?®SIGMY)
FYY (l,J1) = FYv {L,J1} — C2 * F2Y

F2VY {1410 = F2VY¥  {l,J1) = C2 * F2y #F2Y

FYV (I1+J1) = Fyy (I1,41) - C3 * F2Y

F2VY  (ItsJd1) = F2v¥ {il.J1) - L3 * FzY #F2Y

FYV (T,J)=FYY  (1,J)-L4 *{FIY -SI1CHY)

F2vYy (1,J)=F2VY (1,J)-C4 *(F1Y #FLlY —SIGMY*SIGMY}
GO TC S00

IF(PLYY.LT. 0. 99499166 TG 500

Fyv (I1:+d) = Fyv {1lsJ) - Cl * FlY

F2VvY (11l.dk=F2vy (11,J)-Cl *{F1Y *F1Y )

€YV (E.J1) = FYv (1,1) - €2 *{F2Y - SIGFY +1.#5iGNY)

F2vy  (l.Jlb=F2VY (131002 ®{F2Y ®FzY —(SIGMY ~1,
1*SIGNY ) #%2)

FYV  (11+dl1=FYV (11.+J1)1-C3 #(F2Y -SICGMY +1.*5IGNY])
F2VY LIledid=F2vy {I1,J1}-C2 #(F2Y #FZY —(SIGHY -l.
1#SIGNY ) #%2)

FYyv {1,Jd) = FYv (l,4) — C& * FlY

F2vy {I:J0=F2VY [11,J)-Ch * F1Y *F1lY

LONTINUE

CONTINUE

COUPLING BETWEEN BCRDER ANC BULK

DO 551 I=1.IN

DO 550 J=1l.JM
IFII.EQ.L.OR.I.EG.IN) GO TO 557
IF(J.EQe 1+0R.J-EQ.JM} GO TU 558
G0 7O 550

IFIJ.EQ.1.CR.JLEG.JM) GO TO 550
SIGHMAX = VX #07 /DX
SIGMAY = VY =0T /DY
IFISIGMAX.EQ.0.) GG TC 552
SIGNX = SIGMAX/ABS{SECMAX)

GO TD 554

SIGHX = 1.

IF(SIGMAY.EQ.0.} GC YO 523
SIGNY = SIGMAY/ARSESTIGMAY]

GuU TO 556

SIGNY = 1.

1L = 1+¢1

JlL = J + 1
tELSIGMAaX LT el EL = 1-1
[FOSICMAY.LT.0.) J1 = J-1
IF(IloLE«ls0R-ILGE-IN) G
GO TC 559

IF{Ll.LE. .PR.I.GE.IN]) GO TD 550
SIGMAX= VX LA fDX
SIGMAY = VY *CY /DY
IFISTUMAX.FQ.0) GC TC 5520
SIGNX= SIGMAX/ABS{SIGMAX)

o TG 9540

SIGNX = 1.

IF(SIGMAY.EQ.0.) GC TC 553
SIGNY = SIGMAY/ABSISTGMAY)

o TG 550

A=25
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GO TO 5560

SIGNY = 1.
It=1 +1
J1 = J»l

IF{SIGMAX . LT, . u. blL=1-]
TF(SIGMAY.LT.0.) J1 = J-i
IF{J1 JLE.L1.OR.JL1.GE.JM} GO TL 550

Ll = CVIT 4 JI*ABSLSIGMAXIR{] ,~ABS{SICMAY))

L2 = CVITJ)SABS(SIGMAY ) # (1 . —ABS(SIGMARY)

C3 = CVUT+J)%2BSISIGMAX)SARS(SIGMAY)

C4 = CVLT+d 1ol 1.—ABS{SIGMAX I ?{1.—AESISIGMAY))

FVv (iled} = FVY {I14Jd) + C1

FV {1:d1) = FV (L,J1) + C2

FY (1Jl1,01) = FV (J1,JF} & C3

FV LT+d) = FV U100 + L4

FXy (11,0 FXV  (Ilyd) + {(SEIGMAX/2.~C.E59SIGNX)I*CL

FYV (I1.+J)
FX¥ {1,4d1)

FYV  (1led) +{SIGMAY/Z2,)19C1

FXV  {1+J1) «{SIGMAX/2,)4(2

FYv (I.,J1) FYV  (54J1) + (SIGMAY/2.~CuS*SICNYI*C2
FXV  (ILledl) = FXV {IlsJ1) + (SIGMAX/2,-C.5%SIGNK)#*(3
FYV  (I1,d1) = FYv  (iQled1) ¢ (SIGMAY/2 . -C.58351GNY)*C3
FXV (L,J) = FXV {I1,J) +(SIGFAX/2.])%C4

FYV {L,J) = FYV  [[eJd) +{SIGMAY/2,.)%C4

Fevx (Ilyd) 4 {SIGMAX/Za—CaS*SIGNX IE#2(1
F2vy {ll,3) + (SIGMAY®¥32/4,)%(])

F2vx (4411 F2yXx {Lged1) +(SIGHAXS®2 /4. )0C?2

FZvY (1,411 F2vY¥ (1sJ1) ¢ (SIGMAY/2.—C.5*STGNY)*#2%(2
F2ZVX (11401} = F2ux {11,01) + (SICMAX/2.-C.5¢SIGNX)es28L3
F2¥Y LIledl) = Fivy {Il,dll + (SIGPAY/2.~0.5¢SIGNY }%#23C3
F2VX 114J) = F2VX (14J) ¢{SIGMAX®92/4,}4C4

F2vY (1,4} F2yy  (ToJd) +ISTIGMAY®92/4 ) ¢(4

Fa2vX (11sd)
F2vYy (1Ll+d)

gy

RX¥Y [1]lgJ} RXY {lled) # ABSISIGMAX)®#Z¥(]

RYV (I1,4) RYVv  (Ilsd} + (L.—ABS(SIGMAY))®223(]
RXY  11+41) AXV  (14d1} & (le-ABS(SIGMAX)I*224(2
RYV (1,J1) RYV  11.+d1) + AES(SIGMAY)##Z4(C2

RXY  (I1s41} = Rxv (11sJ1) + ABS{SIGMAX)®*24(3
RYV  {I1,Jd1) = RYy (TI1sJd1) + ABS(SIGMAY)##2%(3
RXV  (T,d) = RXV  (1,d] + (1.~ABSISTIGMAX))*#29C4
RYV  (I4Jd) = RYV  [14J) + (L.—ABS{SIGMAY))I®82(4
CUONTINUE

CORTINVE

THE FUUR LCRNERS ARE NOW TREATED:

00 561 I=1,INsINN

DO 560 J=1,J41JHKN

SIGMAX = VyX 1 70X

SIGMAY = VY LT /0¥
TFISIGMAX.EQ.D.) 3L TC 552

SIGNX = ABSUSIGMAX)/SIGMAX

GU TO 564

SIGNX = 1,

IFISIGMAY,.EQ.0.) GC TO 563

SIGNY = ABSUSIGMAY)/SIGMAY

GO TD 566

SIGNY = 1,

il = J+1

J1 o= Jel

IFISIGMAXLT.O0} 1 = 1I-]
IF(SIGHAY.LT,.0.)} Jl = J-1
IFUI1.NEL2.AND-T1.NELINN } GC TC 5€4Q
IF{JI.NEL2.AND o JLLNESJMH |} GG TO 560

L3 = CVII,J)%ABS{SIGMAX)*ABS(SIGMAY)

FV (L1, Jd1) = FV  (11,J1) + C3

FXv  tIledl} = Fxv (11,00} ¢ [SIGMAX/2.-C.5¢SIGNX)*C3

FYv  (11,01) = Fyv (11,J1) + (SIGMAY/2.-C.%%SIGNY}*C3

F2V¥X  (11,J1) = F2vhk LIL,J1) ¢ (SICMAX/2.~C.5¢SIGNX)*%28C3
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560
561

599

600
6C1

FZ2VY  (ILlsdl) = Fo¥Y (ILleJdi) ¢ CSICMAY/Z2.~CoES¥SIGNYIR*28(3
RXV  {Tl,d1) = RXV  (11,J1) ¢ ABS{SIGMAX)es2%(3

RYV (I14J10 = RYV (I1,J1) + ABS{SIGrAY)##2¥(3

CONT INUE

CUNTINUE

VALULS AT NEXT TIME STEP ARE CALCULATED

pu &0t I=L,IN

D0 600 J=1s+JH

CVULled) = FV  {Lsd)

LIREPL = FY  (L,J1
IFICTREPL.EQ.U.CE-CQ) GO TO 599
FVX(iI,J) Fxv (T,J)/CTREPL
FYYilsd) FYv (I,J}/CTREPL

WIDTH CCRRECTIUN

FX = FVX(1s4d)

EY = FVY([,J)

RAMAX = ABSIFA-C.51%2,

PXMIN = ABSIFX+C.51%2.

IF(RXMIM . GT SRXMAK

RYMAX = ABSIFY-C.5142.

RYMIN = ABS{FY+C.51%2.

IFIRYMINLGT JRYMAX JRYMIA=RYNMAX

HA=KXYV (Lo d}/CTREPL* L2 ,*{—FXOFXEF2VX [1+J)/CTREPL)
KVX{T,J}=SGRTLABS (HA) )

HB=ZRYY ([, JI/LCTREPL+12, #({—FYSFY+F2VvYy [(1,J)/CTREPL]
KT L, JI=SQRTLARS (KB

IFLAVEL T 3 J) o GT.RXMIN

TFLRYYL{ [+ J) «GTLRYMIN

GO TQ 604

FYXiLlqJdt

FYY{l.d)

RVX{T 4d)

RVY{I4d)

CUNTINUE

COUNTINUE

RETURN

END

SUBROUTINE INITL

COMMON/YE/Z0 30X HLED, [h s JMe KNy INN o JMNM KAN LY, DTyNITERs 2P ¢RR +PS

CUHMUNIVAPUICU(BUnlll.FUXI30011)'FU1|30|1llgFUYl30.lllvRUY|BC|1ll

CUMMON/ CALGOU/FU (3011 ),FXU {30, 11)+FYL (30,113 ,RXU  (30s11),

IRYU (30.113,F2UX (30,110, F2LY (3G, 11}

COMMON/CVELTYZVX VY

Ni=IN®JM%5

N2= IN®JMe*T

CALL CLEAR{CU,.N1)

CALL CLEAR{FU,N2)

DD 3 J=4,8

DO 3 I=3,7

CUlLJl=(6.~FLOAT(d)})#5,0

DO 1 J=4,8

DO L I=3,7

LF(CULE s d)«EQa0.)GC TC 1

RUX{T,Ji=1.

RUY(Tedl=1.

CUNTINUE

RETURN

END

SUBROUTINE LUNGTUICXeDY s Lhy My INN,JMM,CT,NITERD

EUHHUN/VARU/CUIZD-II'.FUX(30,11)QRU¥I30.1!1|FUY|30.11'.RUY|3C,1[I

COMAON/CALGOU/ZEL (30,110 ,FXU {30,110+ FYU {3G.11),RXU (304110,

IRYU {30,110 4F2LUX {3C,111,F2LY [(3C,11)

CUMMON/ CVELTY /v X VY

N2=T®IN®JM

CALL CLEARIFU,NZ)

YRXMIA=RXFMAX

FRVX AL 42 )I=RXMIN
IRVY (L J)sRYMIN

e
Q.
0.
O.

LALLULATE SIGMASe PX, AND PY
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DO 501 I= 2,LNN

DG 500 J= 2,JMM

IFICUtTI+J).EQ.0.0E-QO0 ) GOTOD %500

SIGMAX= WX *07 /DX

SIGMAY= VY *07 s0Y¥

IF{SIGMAX.EQ.U.] GO TC 90

SIGNX=SIGMAX/ABSISIGMAX}

G0 TG 92

SIGNX = 1.

IF{SIGMAY.EQ. 0. ) GC TG 94

SIGNY = SIGMAY/ABSISIGMAY)

GO TG 9é

SIGNY=1.

CONTINUE

IF (SIGMAX.GT.0.) GCTC 100
PIIX={=2.%(FUX{ Ly JI4STGMAXI ¢RUXIT+J)-1.0 702, 0%RUX([,4J)}
GOTQ 110

PIIX=(2.0%(FUX( T+1J14SIGMAX)+RLX{T3)=120/{2.03RLX{[,J})
IF(SIGMAY ,GT.0.} GO TC 120
PlJY=(-2.0¢{FUY({EsJ)+SIGMAYI+RUY(T,Ud}=1.00/ (2.C¥RUY(L4J})
GOTO 1390
PIJY=(20%(FUYl [y JI+SIGHAY)#RUY( 1 J - 1.0) 702, CH¥RUYLT,,J})
CONTINUE

NOKRMAL CCNDITIGNS
IFUPX,PYSCL CR PX,PY¥>1 MCCIFICATICAS ARE MADE

NCOUNT=0

IFIPLJX.GE.0. QUL AND LPIJX.LE-C.9999) GL TC 150
NCOUNT=1

IF{PIJUX.LT.0.0001) PLUX:0.0

IF(PIJXaGT.0.9955) Pl JUX=L.0
IF(PIJY.CE.0.0001 . AND.PIJY.LE.C.9G6G) GC TC 1¢0
NCUUNT=1]

IF(PTIY.LT.0ut0CL) PESY=0.0

IFIPIJYGT.0.9969) Pl UY=1.0

CONTINUE

LFISIGMAX,GT.0.C} [1=T¢1

IFISIGMAXEQ.O.} 11 =

[F{STGMAX,LT.0.C) [l=1~1

IF(SIGMAY.GT L0.0) tl=J+]

IFISIGMAY LEQ.O.) J1 = J

LE{SIGMAY,LT.0.C) Jl= 41

€1 =CUT 4 JI*PLIX*{ L O0-PLJY)

Le =CU{T+JI* (1. 0-PIJXISPIJY

L3 sCULTJ)*PLIX*P LY

L& SCUCT ) * L1 0-FIJXIR(L.-PLIY)

FU (ILyJdI=FU  (11,J})+C1

FU (Hsdl)=FU  (1,JL)+C2

FU  (Iledlb=FU (Iil,d11+C3

FU § [ed) =FU  {I,J}+C4

FIX S(PIJX*RUX[I,)-1.0)/2.0%51CGNX

FLY =(1,0-RUY(I,J1%{1.0-PIJY))}/2,0%51IGhY
F2X ={L.0-RUX{I+Ji®*(La0~PIJX)I/2,.0#SIGNX

F2Y ={PLJY®RUY (J,44)1-1.00/2.0%SIGNY

FXU LTl di=FXU {IL,J)+FIX 2C1

FYy {11,0)=FYU (1l,J)+F1lY #Cl

FXU [I1sJ1)=FXU {1+J1)¢F2Xx *C2

FYU {1,410 = FYU {I.J1) « F2¥ (2
FXu (IlyJd1) = FXL (Il.Jl} ¢ F1X *C3
FYU (11,410 = FYy (11,413 + F2Y *(3
FXU (IsJ) FXU (1,J) + F2X *C4

FYu f(I+J4} FYU (D.J3 ¢ FIY #C4

A-28

46.1
46,2
4643
4b.4
46.5
4646
46.7
46.8
47.1
47.2
47.3
4T.4
47.5
47.6
47.7
47.8
48.1
40,2
48.3
48.4%
48.5
48.0
48.7
48.8

49,1
49.2
49,3
49.4
4945
49.6
49,7
49.8
50.1
50.2
50.3
0.4
5C.5
50.6
50.7
50.8
51.1
51.2
51.3
51e4
51.56
5l.6
51.7
51.8
52.1
52.2
52.3
52.%
52.5
52.6
52.7
52.8
53.1
53.2
$3.3
53.4
53.5
53.06
53.7
53.8
54.1
54.2
54.3
54.4
54.5
54.6
547
54.8
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490

492

Faux {1y1,4)
Fauy (11,4}
Faux (L,J1)
F2uy (I:J1)
F2UX (I1,dl)

F2Lx {ll,4) + FLx *Flx #C1
F2LY {(IlsJ) + Fly #FlYy #(1]
F2uX {[,J1) + F2x #F2x #(2
F2UY (L.J1) & F2Y *F2Y #C2
F2LUX  §11,J1) + F1X *F1Xx 3
F2uY (11.41) F2LY (Il,J1) ¢ FZY *F2Y 3(3
F2ux 11,4} F2UX tleJdi+ F2X *FzX L&
F2UY (L.J)= F2UY (1,J)+FlYy *flYy (4

i1 a4 nan

[ ]

R1X =(PJJX*®RUX(IsJ))2*2
RLIY ={{1.0-PLUYISRUY{L J))ee2
R2X =({1.0-PLIXIIRUX{IsJ)})#%2
R2Y =(PIJIYRRUY(I,J))¥s2

RXU {1l,J)=RX3 (Il,J)+ R1X * C1
YU (Il.J4)=RYU (Il,J4)+ RlY # (C}
REY (1.Jd1¥=RXU (1,51)+ R2x * C2
RYU (L+JL)}=RYD {ledl)l+ R2Y =* (2
RXU  (11,J10=Rxy (Il,JLl)+R1X *(3
RYU {il,d10=RYU ([1,J01}+R2Y *(2
RXU (1.J) = FXU (I,J)+ R2x #(4
RYU  (14J3)=R¥U {1401 4RLY (&

IFINCOUNT.EQ.G) GC TU 500
SIGMX = SIGMAXeFULXE{I,J)
SIGMY = SIGMAY + FUY(I1,J)
LEIPLUX.GT.0.0001) GO TO 490

FXU (Il,d) = FXU (Ils4) - C1 * Flx

F2UX  (I1,d)=F2ux (11sJ40-C1 * F1x #F1X

FXU 11,010 = FxXu  {1,51) - €2 *{F2x - SIGNMX}

FZux (1,J1)= F2UX (1.+J1)-C2 *[F2x *F2x -SIGMX*S1GMXI}
FXU (Ilydli=FXL (l11,J41)-C3 * FlX

F2ux (Il1,J1)=F2LX {11,J1}=C3 * FLX *F1X

FXxu (lsdd= FXU (ls0) - C4 *{F2x - LIGMX}

F2ux {14Jd) = F2LX (1+J}-C4 *(F2X  #FeX  -SIGMX*SIGMX)
G0 TO 492

IF(PIIX.LT.0.995936C 1O 492

FXU ([Llyed} = FXU ({IlsJd)- C1 *{F1X -SIGMX +1.*S5IGNX)

Faux 1T11,d)Y=F2Uux tli,4)-C1 *{FIX *F1X —{SIGMX —-1l.
1£SIGNX)%%2)

FXU (I4J1) = FXU {I,J1) - C2 * F2)x

F2UX  (LeJ1)=F2UX {]1+J1)<€2 * F2x #F:X

Fxu (E1,01) = FxL (Il,Jd1) - C3 *{F1X ~ SIGMX +1.#SI1GNX)
UL LILlgdl)=F2UX {11,J11-C2 *{Flx #F1X -{SIGMX -1,
1€SIORXY*e2}

Fxu &L.d) = FXU (I,4) - C4 * F2x

F2UX  t1,d)=F2Ux  (1,J)-C4 * F2X  *F2X

IF(PIJY.GE.0.000L) GG TO 494

FYU tI1,4) = FYU {I1lsJd) = C1 *(F1Y — SIGMY)

Fauy (Il.d) = F2UY (Il,4) - Ci *IF1Y *F1Y —SIGMYSSICMY)
FYy {lsJ1F = FYU (T1.J1) - C2 * F2y

F2uy (l,41) = F2LY (1,41) - L2 * F2Y  AR2Y

Fyy (Il,d1) = FYU (Il,J1) - C3 * F2Y

F2uy (I1,J1) = F2UY (Il,41) - C2 * F2Y 4F2Y

FYU LT14J0)=FYU f(l,Jd}-Ca *(Fly -Slicey)

F2uy {(1,J1=F2U0Y (1,J)-C4% ®{F1Y SF1Y -SIGFY*SIGMY])

GU TC 500

IF(PIJY«LTe 3.99591GC TQ 500

FYU (114d) = FYU (11s4) - C1 * Fly

F2uy {Tt.J)=F2LY {I1led)-ClL *{FlY =*FIY

Fryu (1,41} = kYL {1,J1) - (2 *(F2vy - SIGMY #1.%S]IGNY)

F2uy (L Jlb=F2LyY  (L,d1l1-C2 *(F2Y #F:Y -{S5S1GMY -1.
L*STGNY ) #%2)

A=-29

55.1
55.2
55.3
55.4
55.5
55.6
55947
55.8
6.1
56.2
56.3
56.4%
56.5
56.6
56.7
S56.8
57.1
57.2
57.3
5T 4
57.5
57.4
§7.7
57.8
58.1

‘5842

5€.3
58.4
58.5
58.6
58.7
58.8
59.1
59.2
59.3
59. 4
59.5
59.6
59.7
59.8
60.1
60.2
60.3
6C.4
60.5
60.6
60.7
60.8
6l.1
6l.2
6l.3
61l. 4
61.5
6lab
Ol.7
tl.8
62.1
62.2
62.3
L2.4
62.5
62.6
62.7

‘62.8

63.1
63,2
63.3
63.4
63.5
63.6
63,7
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500
sCl

557

552
554

553
556

558

5520
55 40

5530
5560

559

tru Uil JLd=FYY {11431} -C3 ${F2Y -SIGPY +1.4516MY)
Fauy [I1,J1)=F2LY (I1,41)~C3 *{F2Y *F2Y =({SIGHY ~1i.

1*SIGNY j*42)

FYJ €lsd} = FYU (L4 d) - (4 * Fly
F2uy (1,0)=F2UY (I,4)-Cs * FIY *F1lY
LONT INUE

CONTINUE

CCUPL ING BETWEEN ECRDER AND BULK

DO 551 I=1,IN
DU 550 J=1,JM
IF{1.EQ.1.0R.1.EQ.IN) GO TO 557
IF(J.EQel.ORJ.EQ.JIF) GO TO 558

GU ¥0 550

1F(J.EQ.1.0R.sJ-ECaJF) GO TO 550
SIGMAX = VX LT 70X
SIGMAY = VY ¥CT /DY

IF(SICMAX.EQ.O0.} GC T 552
SIGNX = SIGMAX/ ABSISTEMAX)

GG TO 5S¢4

SIGNX = 1.

IFISIGMAY.EQ.D, ) GC TO 5E23

SIGNY = SIGMAYZABS(SIGMAY)

GU TC 5%6

S5IGNY = 1.

I1 = I+l

Jl o= J o+ 1

IFISIGMAX.LT.Q. ) Il = [-1

TF{SIGMAY LT.0.) JI = J=1
IFITL.LE«1.0R.I1.GE.IN) GO TC 550

GO TC 559

IF{l.LE.1.0R.I.GE.IN) GO TO 550
SIGMAX= VX 01 /0K

SIGMAY = wY *LT /0Y
T1F{SIGHMAX.EQ.0.) GC TL 5520

SIGNX= SIGMAX/ARS(SIGMAX}

GO TG 5540

SIGNX = 1.

IFISIGMAY.EQ.O.) GC TC S530

SIGNY = SIGMAY/ZABRS(SICMAY)

GO TO 5%&0

SIGNY = 1.

Il =1 + 1

J1 = J+l

TFISIGMAX LT . 0. )11=1]=-]

IF{SIGMAY .LT.0. ) J1 = J=1

IF(J1leLEe la0ReJL1.GE. UM} GG TC S5C

Cl = CULTJ)*aBSISIGMAX) ¥({1 .~ ABSISIGMAY))
L2 = CU{Il»JI*ABSISIGMAY Y * (L ~ABS(SICNMAX)])
C3 = CUlT,J)*ABS(SIGMAX) ®*ABS{SIGMAY)
(4 = CUET9JI*{]1 . —ABS{SIGMAX))*{L.—ABS{SIGPAY)}

(Il,3) = FUu (1L, J) + C1
{IyJ1) = FU {isJ1) + C2

FU (11,410 = Fyu (11,J41) + C3
(L,JY = FU (14d) & C4

FXU  (11sd} FXL (IleJd) + (SIGMAK/2.-(0.5¢SICNX}*C1

FYU {1Ll+d) = FYU {I1sJ) +{SIGMAY/2,)%C]
FXU  (T+J1l} = FXU (1,JLk) +(SIGHAX/2.)*(2
FYU (14J1) = FYU {1.J1) + {SIGMAY/2.-0.5*SIGNRYI*(2

FXU  (I1eJd1) = FXU (I1ledild ¢ (SIGMAX/2.-C.5#51GRX}*(D
FYU (T1lsd1) = FYL {TlsJdl) + {SIGPAY/2.~-C.S*51GNYI*CI
FXU (IsJd} = FXU (1,4) +(SIGFAX/2.)8(4
FYU {1,J) = FYU (1,Jd) +{SICKAY/2.1%C4

Faux  t1144)
F2UuY  {1l.+J) F2UuY  (ILl.J) + (SIGMAY®*2/4,)8(])

F2UX (§+41) F2LX {1 +J1) +{SIGPAXR®2/4 }L2

LI TI

FILX  {iled} + USIGMAX/2.~-C 5% SIGNX)*%2%(]

F2UY
F2UX

(1ed1} F2UY (T J1} + {SIGMAY/2.—-C.E®SIGNY )ve2%(2
{11,41) = F2UX  (TL,J1) + (SIGMAX/2.,-C.58SIGNX)Iw®28()
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63.8
b4,
64,2
G4e3
64.4
645
4.6
64,7
64,8
65.1
65.2
65,3
65.4
65.5
6£5. 6
65.7
65.8
66.1
66.2
66.3
6.4
56,5
66.6
66.7
66.8
6T.1
6?.2
67.3
67.4
67.5
£7.6
6T.7
67.8
68.1
68,2
68,3
68.4%
6B.5
68,6
68.7
68.8
69.1
69,2
69.3
9.4
6%.5
6%.6
69.7
t9.8
T0.1
T0.2
7043
T0.4
10.5
T0.6
7G.7
10.8
Tl.l
T1.2
Tl.23
Tl.4
T1.5
Tlab
1.7
Tl.8
T2.1
T2.2
72.3
T2.4
T2.5
T2.6
T2.7
T2.8
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F2UY (1l1edl) = F2LY 1T1E4J1) ¢ (S1CRAY/2.-C.E®SI0NY)**2%C3 73.1
F2UX (leJdb = F2LX 11aJ} +(SIGHAX®R2/4 )% 4 3.2
F2UY (1.Jd) = F2UY (14J) +{SIGMAY®®2/4,)*(4 73.3
73.4%

RXU {1lsd) = RXL {Ilgd) + ABSISIGrAX)#*Z2(] 73.5
RYU (LlsJ) = RYU (11sJd) ¢ {1.-ABS(SIGMAY}]ee24C] 73.6
EXU L(BeJ1) = RXU (T14J1) + {1a~ABSISICMAX))*$23C2 73.7
RYU (Hled1) = RYU (T adl} + ABS{SIGMAY)#%20(2 73.8
RXU (IlgJl) = RXU (JlLyJd1) + ABS(SIGMAX)##23(3 T4,.1
RYJ (11,41} = RYU (J1,J1} + ABS(SIGMAY)}#92e¢(] T4.2
KXU (Igd) = RXU (fe¢Jd) + (1o—ABSISIGMAX))#322(4 T4.3
RYU (leJd) = RYU (14Jd) ¢+ {1.—ABS1STGMAY ) Je423C4 Th .4

550 CONTIKUE T4.5
51 CONTINUE Ta.b
: T4.7

THE FOUR CCRNERS ARE NCW TREATEC: ;4.8

S.l

oG 561 I=lelNsINK 7542

DL 560 J=l,dM, MY 7543
SIGMAX = VX LT /70X 75,4
SIGMAY = VY *07 10Y 75.5
IFISIGMAX.EQ.0.} GC TC 562 75.6
SIGNX = ABS{SILMAX)I/SIGMAX 5.7

GO TC Sé4 . 75.8

562 SIGNX = 1. 6.1
564 [F{SIGMAY,.EQ.0.) GL TQ 563 T6.2
SIGNY = ABS{SIGMAY)/SIGMAY T6.3

GO TU 56& That

563 SIGNY = 1. T6.5
566 L1 = lel T6.6
J1 o= J+l T6.7
IFISIGMAX.LT.0.) 11 = I-1 T6.8
IFISIGMAY,LT.0.) J1 = J-1 77.1
IFIT1.NEv2.AND.11.NELINN J GO TO 5&0 1T.2
IF(JLNF.2.AND «J1.NE.JMM } GC TL 56€0Q 77.3
T4

€3 = CULT,J)®aBSISIGMAX)*ABS(SIGMAY ) 77.5

FU (Il,J1) = FU {11,Jd1) + €3 TT.6

FXU (IlsJ1d = FXU (TlsJd1) + (SIGMAX/Zz.—C.E*SIGNX)*C3 Tt.7
EYU {11,410 = EYU {Il,Jd1) + (SIGMAY/2.-C.5%SIGNY)I*C3 77.8
F2U% (I1sd1) = F2UX (LLyJ1) ¢ (SIGMAX/2.-0.5*SIGNXI**28(3 78.1
F2UY {Iledl) = F2LY {TEk,J13 ¢ (SIGPAY/2.~C.5®SIGNY %2302 78.2
RXU (I1s4J1) = RXU {(I1,J1) + ABS([SIGMAX)®%Z8(3 78.3
RYU (I1lsJ1) = RYL (TleJL) + ABS{SICFAY)¥$24(3 78.4

560 CONTLINUE 78.5
561 CONTINUE 78.6
T8.7

VALUES AT NEXT TIME STEP ARE CALCULATED 78.8

79.1

Do 601 I=1,1IN 79.2

D0 600 J=1eJM 79.3
CUilsdd = FU 1 1,J)Y 19.4
LTYREPL = FJ  {I¢d) 79.5
IF{CTREPL.EQ.0. QE-0QD) GD TQ 549 79.6
FUX({I,J) = FXU 1,J)/CTREPL 79.7
FUY{L,Jd) = FYU (1,3} /CTREPL 719.8
80.1

WIDTH CORRECTIUN 80.2

. 80.3

FX = FUX{T¢d) 80.4

FY = FUY{il.J) B0.5
KXMAX = ABSIFX-0.5)%2. B0.6
RXMIN = ABS(FX+4C.S5)#2. 8Q.7
IF{RXMIN,GT.RXMAX JRAXMIN=RXPAX 80.8
RYMAX = ABS{FY-C.S)*2. Bl.1
RYMIN = ABSIFY#+(C.5)42, 8l.2
TFLRYMINLGGT SRYMAX YRYNIM=FYMAN 81.3
HA=RXL (1o J3}/CTREPL+12. $(—FX®FX+F2LX (1 ,J)/CTREPL}? 8l.4

RUX {1, )=SQRT (ABS(HA)) 81.5

HitzRYU (T.J)/CTREPL* 12.%{~-FY*FY+F2LY (I.J)}/CTREFPL) Bl.6
RUYII?JI=SQRT|AESlPBI) . 81.7

A-31
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THIRUX(T 3 J) T S RXFIMN JRUX UL, J )=RXMIN 21.8

TFCRUYIT 431 GTLRYMIN JRLY {14 J)=RYMIN 82,1
G0 TU 600 82,2
599 FUXLIed) = O, 82.3
FUY{L44) = O, 82.4
RUX{L+d) = O, 82.5
RUY({I d} = 0. 82.6
600 CGNTINUE 82.7
6C1 CONTINUE 82.8
RETURN 81,1
END ' 83.2
A-32
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SUBROUT INE VELTRUXy¥sPehy VYNG)
DIMENSIUN XUAyN) o YIMaN) s VVMGIMyN)
LGMHON FYCTRZ TIME

DATA PMIN/O.i%/ (PDIF/ .85/

CNTINT=1.0

VMIN = 1.E10

VMAX =-1,E10

06 10f = 1,M

DU 104 = 14N

1F{aBSEX{1,d)) JLT. 1.E-1%) GCYC 1
X2K=X(1 ¢ J}%X(1,d)

GLTE 2

CUNTINUE

X2A=0,0

CONTINUE

TFOABS(Y(I1,J)) JLT. 1.E-15) GGTC 3
Y2Y=Y{l,dixY{ Ly}

GOTO 4

CUNTINUE

Y2Y=0,0

CONTIMUE

YVMGL I vJ) = SURT{XZXe¥2Y)
IF{VMINLGTLVYNG (T, J)) VMIN = VWMGIT,.J)
LFUVMAY JLTLYVMG(Esd b} VMAX = VWMG(L4J)
CUNTINUVE

YDIF=YMAX-VMIN

[E(VOIF.EQR.0.0) VDIF=VMAX

X1i=M

¥ IH=N

XPHYS=G, TS

YPHYS=0.75

LALL AXESSIXINyYJM ITITLE jXAXIS,YAXIS)
KSTP=FLUAT(M) -1,

YSTP=FLOATANI-1.

XMAX=FLTAT(M)

YMAX=FLUAT (N)

CALL PHYSOR(XPHYI,YPHY5)

CALL TITLELT "+ ITITLE0sUsGsCyXAXIS,YAXIS)
CALL GRAFL LogXSTFeXMAXsLlayYSTF,YMAX

BY 30 J = 1lsb SR
¥l = FLUATL J )
DG 30 1 = 1.M SR

FFIVVMGE T D) sEdLCa ) 60 T 30
X1l = FLCATL 1)
PLFN = {(PMINtPDIF*{VWHMGL L ,J)=VFIN)/VDIF}/NVMGIT 0}

X2 = X1 + PLEN®X(I,J) SR
Y2 = Y1 ¢ PLEN®YLI,d)

XPL1 = XPOSNE  X1,YL )

YPOL = YPESNL  XL,¥l )

XPD2 = XPOSNI  X2,¥Y2 )

YPU2Z = YPDSN{ 2.¥2 )

Dx=XPO1-XP0O2

DY=YPOLl-YPri2

DP=SQRT (DX*CA+0Y*0Y)

IF(DP.LE.0.03) CLTC 5

CALL VECTOR( XPCLl.YPCLeXPO2,YPC2,C121 )
GLTO 30

CONTINUE

CALL VECTURIL XPCLsYPLLaXPO24.YPC2,0C0C 1
CONTINUE

CALL ENDGR{O}

RETURN

END SR
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103
104
10%
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107
198
201
202
203
204
205
2046
207
208
301
02
303
Jua
ME
306
;7
108
401
402
403
404
405
406
407
408
501
502
503
504
505
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507
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&J2
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07
708
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SUBROUT INE RANCCT (X ,¥,MsNy 1Y)

XIN = ¢

YJM = N

XPHYS=0,.75

YPHYS=C.75

CALL AXESS (XIN YJF ITITLE (XAXIS,YAXIS)
XS5TP=FLDATIM)-1.

YSTP=FLQAT(N}-1.

XMAX=FLCAT(M)

YMAX=FLOGATIN]}

CALL PHYSOR{XPHYS:YPHYS)

CALL TITLEL! '.IllTLE.OrU-C,C.:AxlE,YhXIEi
CALL GRAF(LeosXSTPyXMAKy 1oy YSTPy¥YMAX)
DO 1 [=1,30

OX= RANDU CIY])

DY= RANDU (1Y)

xI = x+Dx

Y4 = Y+DY

Cabl WEIGHT (0.04)

CALL RLMESS {'.%,1lsXI,YJ)

CONT INUE

CALL ENOGR{G)

KE TURN

END

A-34
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SUBROUTINE SECSITLP2INyJF VX))
CALCULATICN CGF SECTCR AVERAGE CCNCENTRATICN FRCM PY. CF RELEASE

CGMMON/ SECZA{LGL45]

DIMENSION PUIN. JM)

CALL CLEARLA,80])

IFIVXaGE22. 0. ANDLYX.LT.T.OICALL SECSIG{P,s IN,JPV)

LFIVX . GE.T.0,AND . NXALELLQ.0ICALL SECSTIIP Th, IM]

IFIVA.GT.10,0.AND.VXLLE.L2.53CALL SECSISIFy INsJM]

IFIVX.6T.12.5.ANDaVXa LE.15.C)G0 TC 1

IFIVXaGTal5.0«ANCVX.LE.L17.CICALL SECSL&{IP,IN,JF}

IFIVR.GT 217 . 0.AND VXL LEL20.CYCALL SECSIICP, IN,IF)

IF(VX GT e 2040aANC. VX LE. 24 0)CALL SECSITIR,IN,JM)

IF{VXoGT o24.0.ARD VXL LEL2T2GICALL SECST2(P,INyJIM}

IFIVX,GTe27e0.AND.VXaLEL3140ICALL SECSIBLF,IN,JN)

IFIVX.EQ.0.IRETURN

GO0 TO 100 -

1 At3.21=PI1.113+Pl2,11)+P(3olll!.7*PI4.ll)+.3‘F|5,11!’0.05'?(6-lll
$+.98P (110} +,6¢P(2,101+.25%P13,10)+.1%P{1,5]

AlGg2)=PlLlsl)4P (2, 1) ¢P (3514 74P 14, 114.33P(5, 1)4,05%PL6,1)¢.50PL1,
$2)4.6%P (2,21 +.25%P( 2+ 2)4.19P{1,3)

Al 32)=.95%P (6 LL)4PUTo 1104, 18P (L 1CI4.4¥P12+ 1014 T5%P(3,1004.3%
$0 {4y L1I 4 T#PLOs L1114, 29P(B 1 LE4.4*P(B,101¢.09P(B,9)+.B¥P(B,8)4.9%
SPLByTI+.9%P(1+9)

SUM=0,

DG & 1=1,7

D0 & J=7,8

4 SUM=SUM+P(IsJ)

SUM1=0.
DG 5 I=1,8

5 SUMI=SUML+.5#%#PL 1,6}

SUNZ=0.
DU &6 I=2+7

6 SUMZ=SUM2+PL1+9)

Al4,21=Al44 2} #SUMESUML+SUNZ
A15p2)=.95*P(6ullfPIT'l)+.1’P(1,210.41Fl2,2)+.?5*Pl3v2i9-3*9(4-1)
S+ . TEP Sy L), 2¥P{ By 1)+ 4%P(8,2)4.6%P (8,3 )¢ ,BoP(B,4)4.9%P (8,5) 4
$.940(1,3)

SUM=0,

DO T I=le7

D0 7 J=44+5

T SUM=SUM#Pil,+J)}

S5uUM2=0.
DO 9 I=2,7

9 SUM2=SUM2+P{[,43)

Al592)=A(542)#5 L MeSLM1+5UM2

Alae3)=aBEPLB LI+ 6%PIB, LON+ 44PLA,G )+ 28PLHEI+.19P( 8,74, 6%
$PI16.11)0-9*9(lbqlCl*P(16;9'*Pll61330P(16|TI4.1‘P(17.9I+-15‘
SPLLT8) 4 20%P (LT, T4 L2P{1T,46)

SuM=0.

DU 10 1=9,15

00 10 J=T7,1l

10 SUM=SUM+P1T,J}

SUM1=0,
DO 1t 1=9,16

11 SUML=SUML+4P{l,61%.5

Aldge3)=A(4,3)+5UM+SUN]

ALS p 3B BRP{B, 114, 69P (B, 2) 4, 4%PU(B,3)+.29P 18,4 )4, 1¢P(By5)4.62
$PILO LI+ GRP{ 16,21 4P (16431 +P {16, 4 ) sPLLE S+ L3P {1T,3)e,15¢PL1T,4)
$+.20%P(17,S)+.12P(17,¢)

SUM=0.

DO 12 1=9,15

DO 12 J=1+5

12 SUM=SUM4P {1, 4}

Al5+3=A05,3)¢5UM+SLNIL
Al414l=-4'Pl17;6!'.4*PI16'1134-l‘Pllb.lCli.E‘PIIT,ql+.55'P(1?.810
S HEP( 1T ¢TI+ B8P {24,110+, 95%P {24, 10)#P(24,S)4P(24,B)4P{24,7)+.05%
SP125,100 . 1%P{25,9) 4. 2%P{ 25,814 . 25¢P(25,T14.150P(25,6]

SUM=0.

DO 14 I=18,23

00 14 4=T.11

A=35

1cl
102
103
1G4
105
106
1c?
108
201
202
203
204
205
206
207
208
301
302
303
304
305
3086
307
308
401
402
403
404
405
406
407
408
501
502
503
504
505
506
507
508
601
602
603
£04
605
606
607
608
101
102
703
704
7C5
106
707
108
801
802
803
804
805
206
807
aca
9l
992
903
904
90%
9Ce
sQ7
SCs
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14

15

16

17

18

SUM=SUM+P (1 ,J)

SUMLl=0G,

DO 5 1=18,24

SUML=SUML+.5%P( [ +6)

Albd,a)=Ala,a)+SLN+SLMI

AlSsa )z atP LT o) 4at?PllOl )+ 1P ({1E, 2 8. SAPL 1T ,3)+.E5*P( 17440+
$.BEP (17 151+ . B¥P (24,1014, 95%P (244 214P (2493} 4PL2444)}¢P[24,5)+.CEs
SP{25,2) 4+, 1%P( 25, 30+.29P(2S,4)4.259P(25,5]4.15%P(25,¢€]

SUM=0.

DO 16 1=18B,23

DO 16 J=1+5

SUM=SUM+P LI}

AlS+4)=A(5,4)+SLM+5LM]

AlasSI=adSRP (25,814, 2%P{ 24, L L)4.05%PL 24,100 4. 55%P(25,L0)+.5¢P{25,
$YI+.8¥P(25,8)+.TS5#F (25,71

SUM=0,

DU 17 I=26430

DO 17 J4=T.1l1

SUM=SUM+P(1,J)

SUML=0.

DO L8 1=26+30

SUML=SUML+,.5%P{ I1+¢)

Al4 515 ALA5)45UMASUN]L
AlSy5)=e35%P(25,6) 4. 2%P (24, 114.05%P(24,2)4.55%P(25+2)+,93P(2%,3)
$+. 8P (25,4 T4, T58%F (25,51

SUM=Q,

DO 19 1=26+30

0L 19 J=1.5

19 SUM=SUM+P ([, J)

ALS,5)cAl5,5)¢5UM+SLML

1CO PRINT 105,VX

41
1C1

PRINT 104

PRENT 1C1l.(lsl=1+161)

DO 41 J=145
HRITE‘ﬁIlOZ‘(A‘]1J)|1=1'15'
FORMATL1X,16116+2X))

102 FORMAT(2X,1611PEE.L))

42

00 &2 J=1,+5
WRITELT 1030 (AL I,U041=1,8)
DO 43 J=1,5

43 WRITE{T 103)1AII,4J)s1=5,16])

103

FORMAT(B(LPELO.3))

104 FORMAT [ LHO, LOXs *SECTOR VALUES FRCM SITE It& 10 MI INCREFEMNTS',.//)
10% FORMAT{1HO,SX+* TRANSLATIONAL VELOCITY = ., FS.14//)

20

2l

RETURN

END

SUBROUTINE SECSTL{PsINy M)}
COMMON/SEC/ALLG ,+5)

DIMENSION PLINy M}
Al3,2)=.25%P1L1,11)4,.05%P( 2,11}
AlGy21=25%P (14 114.05%P12,1)
AfGy2)=oTSEP (L 11 )¢, 95¥P{2411)4P U3, 114, 450P {4, 86)¢.5%P (4, 7)4.8%
SPU4 B+ 6P LH T ) 4.45%P4,10014.15¢P[4411)
SUM=0.

DD 20 I1=1,.3

DO 20 J=T.l0

SUM=SUM+PL],4)

SUML=0.

DO 21 1=1,.3

SUMI=SUMI4P[161)%,5

Ala 21=A04,2)+SUMISUN]L

AlSy23=aTS¥P {1, L)+ 95%#P{ 2,1 )4PIA 1040 458P (4,614 .9%P (4,5 +.E3F {446}
St 6P {443V 4.458P{ 4,2} 415 L44])

SUM=0.

DO 22 [=1,3

0O 22 J=2,45

22 SUM=SUM+P{[+J)

AlS5,2)=A{5,21+5UMeSUMI

Al e3)=0S*¥P (4604 L¥P (4TI 4. 28P {4, E) e 4%P (4, 9)14,.55¢P14,10}4.85%
SPU4yL1) e  THRP (12, 1L 14.9%P{12,100+P{12,9)+P(12,8)¢PL12,T}+.05¢F (113,
314, L8P {13,8)}¢. ISPEL3sT)+.LOP(L3,6)

SUM=0.

A-36

19401
1002
1003
1004
100%
1008
L007
1608
1101
1102
1103
1104
1105
1106
1107
1108
1201
1202
1203
1204
1205
1206
12C7
1208

1acl
1362
1303
1304
1306
1306
1307
1308
14901
1402
1403
1 404
1405
1406
14C?
1408
1501
1502
1503
1504
1505
1506
1507
1508
1601
16C2
1603
1604
1605
1606
16C7
1608
1701
1702
1703
L T04
1705
17086
1767
1708
L8301
1802
1803
L BO4
1 85
L1806
1807
1808
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23

24

25

26

27

28

29

30

3l

12

oo 23 1=5,11
DO 23 J=T411

SUM=SUM+P (I J)
5uUMl=0,

DO 24 1=5,12
SUML=SUML+P{1,6)%,.5

Albh,3V=Al4, 3} +SUMLSLM]

ALS 31 05%P 4361+ L8P (4¢S1+.2%P 144} 4a49F (4,314, 553P4,2)+.E5%
SP ol i #a?¥P(i2, L)+ G%PIL2,204P(12,3)8P(12,4)4P{12:5)4.05%P112,3)
S+ 1¥PU13,40 ¢ 15%F(12,5)+.1%P(13,6)

SUM=0.

Do 25 I=5,11
DO 25 J=1.5

SUM=SUM+PL{ T, J}

AlS43)=A{S,31+SUF4SUML

A{% ) a%P 113,614,554 (13,904, 9%P (12,814, B5¢P (13, 7)+.34P{12,411)
4. L4P {12,100+ 852P (20,1114 558P (204 10)¢.CEPP(21410)+P({20,9)4.1%*
$PIZ1sF) #PI20+81 . 154P (21 ,B)¢P (20, T)4.29P (21T e 1%P(2]46)

5uM=0.

Du 26 [=14,19
DD 26 J4=T4lt

SUM=SUM¢PLT 4 J)

SUML=04
DO 2T [=14,20
SUMI=SUMI+PIL,6)%.5

Albd 4 =ALLy 41 +SLMISUM]

AlhsS)=eb?P 13,604, 55%P {13,314, 9%P113,404.65¢P(13:5)¢,34P(112,1)
S+ 18P (U242)%aB5%P (20,104, 052P{20,2)+4.05¢P121,2)4P{2043)4,1%P{2]1,3)
$4P(20+4)1+.15%P121,4)4PL{2045)4.2%P 121,451+, 13P{2]146)

SUM=0.

DD 2B 1=14,19

DO 28 J=1,5

SUM=SUM+P(T 5 J)

Al ,5)=Al4,5)+5LFeSLM]

AlS441=utP (21,614 15%P {20, 11)#.05%P({2C,10)4.S5%P{21410)+.5¢P{21,+9
$)4.B5%P (21 ,48)+e B¥P {21 s T) #P{ 214110 4o 25%P (264061 +.54P {29, T)+.4E4P{29,
$B)4.45%P( 25,90+ 4C#P1 29, 10)+.35%P(2%,11)

SUM=0.

DC 29 I=22,28

DO 25 J=T,11

SUM=SUM+P(T4J)

SUMi=0.

Do 30 I=22,28

SUMI=SUML+PL] 6 )%,.5

A(Seh)=Al5,4)+5LMISUMIE

AUS 5 1=t #Pl21+6)4,158P {20, 1)4,059P (2042)2.559P(21,2)+.5%P 121,13}
S+, B56P{21 ,4)t BRP(21,5)¢P (21,109 . 258P(2G,E)+4.58P(29,5}+.48%P (29,4}
$+.45%P(29,3)+.404P{29,2)+,35%P(29,1)

SUM=0.

D0 31 I=22,28

00 31 J=1.+5

SUM=SUM+P(1,J)

A(5,5)=A(5,5)1+5UMsSUMIL

RETURN

END

SUBRDUTINE SECSI2(PsIh, M}

COMMON/SEC/ALL6,45)

DIMENSION P{IN, M}

BlGs2)a45%P( Ly 6)+aE¥PI 1, 71 ¢ T8P{ L+ B) ¢, SS¢PLL 9 )+ 4%P11,10]+.1¢%
$PLL,1L)

A(Se2)1=0458P (12604 . B8P(L 50+, T#P{1,414.554PL1,3)4.4%P[1,2)%.1%
sP(1,1)

A3} =a05%P {1y 61 4.2%P 1 TI#a39P (1,810, 454P11,9)+.6%P11,10)2.9%
SPULel 10+ 1%P{LO3EI4o15%P{1047 )¢, 14P{10,8)4.05%P{10,5)+.95*P(5,10
$)+ 65¥P 19, 1LI+P{5,:5)+P(9,8)+P{9,7)

SUM=C.

DO 32 1=2,8

DO 32 J=T,11

SUM=SUM+P{T . J}

5UM1=0.

oG 33 1=2,9

A-37
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33 SUML=SUML+P{1,6}%.5
Al&,3)=A04,3)450UMe5UM])

BLSs3)1=,05%P(1,6)4,2%P L5} ¢, 30P [ Lyh) e a53P(Ls3)¢.6%P(1,2)¢.5P(1},

$LI4LLOP 1104614, 158P (10,500 LOP{L0 4 )¢ .C58F{10,3)¢.952P(9,2)4.85%
SPI9s1)¢P{F4)4P LS, 4)+P(9,5)
SUM=0.
DO 34 1=2.8
00 34 J=1.5
34 SUM=SUMsPLT . J)
A(S31=A(S543)+S M+SLM]
Aldsda)=oa¥P{10s 6+ ESPLLCs T +.5#PL1CLE) 4, S5#P(10,9)¢,05+P(9,10])
S+ G540 (LI +PCL Ty T ePILToB8I+PILT s+ GSoF LT 10 +.5%P{17,1212)+
$.05%P [ 18,4904 1P| LEQ)+.2%P {16, T)+. 10P1 10 ,6)
SuM=d,
DC 35 I=1llslé
D0 35 J=T,11
35 SUM=SUM+PI1+J}
SuMLl=0.
Do 36 1=11,1T7
36 SUML=SUML+P(],6)¢.5
Al4,4)=A( %4 ) *SUMESLM]
alb,5)=a*¥PLLO B )4 ESP{LCIS )4 9%P L 10e4 )+ oSS0 PI 1003 )4.05%P{G 42}
$.45%PLG, L) +PILT7 ,SH+PILT 4 4P (17,30 4.55%P(17,2)¢.TS*P(LT,1)¢.(5¢
$PILB, 31+ 12P(18,4)4 . 2%PILE,S)e.1*P{18,y61})
SUM=0.

o0 37 I=11,1é
DO 37 J=1.5
37 SUM=SUM+P{1,J])
Al4,5)=A04,5)+4SUM+SUN]L
AI5.§I=.4*P[13.&30.8‘P(18-7)#.9*P(18'8'1.95‘PI18'9|1.05‘PllT-iO)f
$.25%P (LT 1L #oSoP( 26, TH4 . HBP{264E)4.45%P (2649} 4.40%P{26,410)+.35
$SEP {26, 11)4.25¢P{26,6)
SUM=0.
DO 38 i=19,25
0O 38 J=T7.11
28 SUM=SUM+P(1,J)
SUM1=0.
00 39 I=19,25
39 SUML=SUML+P(],b)%.5
AlSea)=Al S5+ 4 #5UM45LNM]
Al5'51=-Q‘P(lsrﬂ)'-ﬁtpflanSii.Q‘Pf13'4)4-q5‘P(lﬂ'334.05'Pfl?l2l+
$a258P (LT 1) 4.5%PU2€,514.40%P (26,40 +.45%F(26,3)¢.40¢P(2642)¢.35%
SPL26:1)4.25%P(26,48)
SUM=0,.
00 40 1=19,25
DU 40 J=1.5
40 SUM=SUM+P (1.4}
AlSy51zA{5:5)+5UMe5LM]
RETURN
END
SUBROUTINE SECSI2(GsIN,JM)
COMMON/SEC/ALLG45)
CIMENSION GIIN,JM),P{1]1,30}

VX=8.04 M/SEC

DC 1 I=1,4IN

0O 1 J=1l,JM
1 PLy,11=G(1,4)

At2:L0=0.5%PL 1L, 1)

AlT+11=0.5%P(1,1)

A3, 10=0.58P{ 10, 114.B%P({L1,23¢P[LCeL)¢P{LQ,2)+.6*PLL043)+P(S,1)
C +.9$P(9.2|+.5’!P(9.3l*-33'9!8'1“-I‘P(G.Zl

Ale,L)=0.5%P 11,11 +.8%P(1+2)4P12sL14F(242)4.6%P(2:3)4P(3,1)4.5%P 13,
C2)4.5% (3,31¢.338P (4, 1)+ 1¥PL4,42)

Alhe1)=oOT*PI9, 214, 53P (D9 3) 4 LWPLGah JHE4F (B 1)} #.939PLB,2)+P 18,200
CaB3P(By4)+P{T L) 4D (T, 20 4P{T,304.5¢P{T,4)+.50(F(8,1)¢P(6,2)14P(6,2))
Ct.25%P (64 4)

AlS,1 0=, 07%P{3,2)4.5%P( 34314 0 ¥PL2, 4 )4 E9P (4, 1) 4. 933P (4,2)+P (4,3}
CadbP gt ) +PIS L1 +P IS 214PIS3)4.59P (S, 416,50 IPIb1)#P16,2}4P 16,3))
C+.25%P 6+ &)

Al3,2)=, 12%P{1]1 2} #.55¢P{11,304P(11,4leP1,5)+PIL1,56)1¢.9%P(11,7)+
CoS¥P{ 11 4B)e. LEPLLL,9) 4. 58P (10,3 4P 11040 e.8%P L1051 +.3%P{10,E)+,05

A-38

27Cs8
2801
284Q2
2803
2804
2805
2806
2807
2808
2901
29G2
2903
2904
2905
29086
2907
2908
icol
3002
3003
3004
300S
3006
3807
3C08
3101
3102
3103
3104
3165
3106
3107
ilcs
3201
1202
3203
3204
3205
3206
ja2e?
3208
3201
3302
3303
32304
3305
3306
3307
3308
3401
3402
3403
3404
3405
3406
3407
3408
31501
A502
3503
3504
35095
3506
3isot
1508
3601
3&02
1603
3604
3605
3606
3607
1608
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C*P LD, T}e 2%P {9 ,4)

Ao e 2= L2%P [ 1, 214 SS%PL L 43)4P 1,41 4PL1,S)+P( 145)e,9%PL ], T)+.5%P( ]
CoBlecl®Pils Q)+ .S5%PL2y3)4PL2o4) 4. B%P (2950t 38P {2463 4.05900P( 2,7 )4, 289
Ci3,4}

Al ,2)=c t%PELL, T+ S¥PILL B+ S¥PLLL,S)4PL11,000+,53P{ L, 11)4.2%P¢
ClO,5 4. T*P(1U+6)1+4.85%PL10,7)+PL10+81+P{10,S}eP(10, L0}+.8%P (10,11
Cle 80P (9,4 4P LS SV 4PL1 T46) 4P 19,7V +P IS BY+P 1S9 +PIFL1014P (91} 1
CPU 120+ TEP(B 4)4P1BeS)oPIB,6)sPlELT)+PIELE)+P LB, S)+PL 8, 1C}4P(E,1
CLI®.2%PUB L2+ 5%PL 10 4)4P{T 1S5 4P{T6)+P{T,7)4P{ T,814PLT7,S)1+P17,10)
CHPUTo Ll 4. 3%PL T 1204 2%P (L) R )4 5%{PLE,TI+PLG, 61 +P{6,Ti*PLlE,BI4PILS,
CHIeP{69)10)+PIB11))+.2%P16,12)

ALS s 2)=o L¥PL T ) #2597 (1,8)4.99P(1e9)4P (1,100 5%PL1,11)+.29P(2,%])
CHoT#PUZ+6)+.95%P (2, TI+P (28] 4P (2,9)+P{2,1CH+,B%PI2,11}+.8%PI3,4)+
CPL3,5) 4P 3460 +4P (3,7 14PL3,B)+P13,9)4F {3, 1004P13,11) ¢ 1%P 13,12 14.7%
CPULG R +PLAS) 4P 14 8V *PLL , TY*P LA BIFLL,9) 4P 14,100 eP {4, L )4, 20P (4,1
C2I 5P {54 ) 4P USeSI+P (S0 +P (S5, TI+PUIS,B)#F(5,5}4P(S5,10)+P{S5,s11)+.3
CHP{5,12)4.2%P(0634)4.9%(Pl6sS)ItP (616 +P{ELTH4PLE4BI+FI6+S P LG, 10)
CH+P {6, 11} )+.2%P [ 6412)

Al4;3)=.53P (11 1104Pi 21,020 4PH 11, 13 04P1 31,14 4P €11 ,150+P( 11,16}
CHP{L11+1T)+PLLLs LEN+ . 9%P (], 19) 4, 2%P L1C,11L)¢PL 1Cs12)+PIT13)4P(T414
CIPUTo LS I4P LT L6 +PU Ty LTI4PL Ty 181 4PLT,0G) 4 1%P{ T:20)4.3%P(612)+.5
CRIP(6 13 )4PLlo L4 )4P (64 15) 4P {6416 )4PLELL1T)+PLE,18)+P16519))+. 48P (6,
c20

AlS¢3)=aS%PLLs 1) ePLl 4123 4P {14133 4PLLol4)4PLL,15)¢P{1s1&)4P{1,17}+
C PULelB8Y4.9%PLL o19)¢o2%PU2411)4P {2,120 +P1E413)04P(2,14)+P12,15)¢
C Pl2y16)4Pl2,1714P12,18)¢PLl2,15)+.1%F(2,2C)+,9%F(3,12)+P(3,12}+
C PIAs14)#PLA 15 4PI 34160 +Pid, 1704 P L3, 183 4P 13,1904, 34P(3,20V4 . 84PL4
C vl2)4P(4,13)4P (4,14) *PL4 L5 4P (49160 4P (4L T)+PL4%,18)4P14,19)¢,.5%
CPU4y20) % THP(S, 121 4P Ss LAV+PIE 141 4PI5,15)4PI5,1614P(5,1T)+P(5,18)
CHPES 19 )+ T2PUS 20014 3%P (69 12)4.5% (P65 1314P(8414)+P(6415}4P(6,16)
CHPUE, LTI+PLO,LBI4F 1L, 19 12 43P (4 ,20)

AlGyd )= 1%P {11, 1G)4PULL,2004P(N1+21)4P1 114220 4P (11, 23)+PiL1l,24)+
CPURIS25)#PU11,26)¢P(11427)4.23P(11,28)4.94P(10C,20)4P{10,21)4PIL0,
C22V4P (LG 23)oPl 1C24) +PI L0 2514P{10,28)4P{10,2T7)4.4¢P(10,2B)¢.72
CPUF201+P 19421 )14P1G,22)vPUF+23)4P19,24) +P1S, 25 4P (G5,26)4P 49,27+
CoT®P{9, 28 )+ .5%P {8,200 +PLB,21)4P10:2204P(8,22)4P[8,24)+P (8425 }+P (B,
C26)+4PL{Bs 270+ TOPLE,ZB )¢, I8P (7,201 4P (7,210 4P (T 22)¢P(T+23)¢P(7,24)4+

CCPLT 25 4P T 261 +PU T 2T )4 BRPLT,42B e 1%P{6,20)+.5¢(Plos21)+P(6,22)4

CPLO23)+Pibs28)4PL0,25)+PLE 1260 ¢P 16,27 )¢ 0%P(6,28)

AlSsdl=a 1*P{ 13 1904P(1+2004P(1,21)¢P(1,2204P1L1,22)+P11+24)4P11,25)+
CPILs26)%#P(1s27)4.23P 1 1428)4.9%P(2,20)¢PU2,21)14P{2,22)4P(2,23)4P1(2,
C240¢P (2425 4P (24261 ¢P {2,271 4.43P(2,28)4,THP(3,20)4P(3421)4P12,22)+
CPU3,23) 4P 134253 4P13,250¢P 1Dy 26 4P L2, 2T 4100 2, 281+ ,54%P {4,20)4P (4,
C2L)4P{&22) 4P (4122} 4P 14,240 4P 14,25 4P L4 26 ) 4P (442T )4 THP (4 2E)+ 3%
CPUS, 200 +P (5,211 ¢PU5,22)¢P(5:22)4P{5+24)4P15,25)+P15,26)+P{5+2T7)4.8
COPUS42B 14 1%PL6420)4.5%(P(6+21)14P16,22)4P (86,223} 4P16,28)4P (62 25) 4+
CPI5,26)+Pl6,2T)14.40P16,42B)

Al4,;S)=+ 80P (L1, 28)+P1 10,291 4P{11+30)4.62PL1C,2B}+P(10+2S)+P110,30)
CHa38P(9,2B14P 194250 4P (9,300 4. 3P(L,cB)+P(B429)+PIB, 300+, 7%P(7,28)+
CPUT 29 4P(T4300+4.1%P{ 6,281+ 52 (P16, 29)+P1€,30))

AlS4501=.8%P(1428)4P(1429)4P {13004 8%P12,28)4PC2,29)4P12,3C0 04,30
CP{3,28)4P(3,29)+P(3,30)¢.3%P{4,28)+FP(442904P14420)+,.2%P(5,28)4P (5,
CZI4PL5 30N+ 12P LA, ZB I+, 53(PL6,29)4PLE420))

RETURN

END

SUGROUTINE SECSIGIGeIN,J M)

COMMON/SEC/ALL6,5)

GIMENSION GUINyJM},P{11,30)

VX=16.5 M/SEC

DO L I=1,1IN

DO 1 J=lsJM

Pl 11=GlI.,d)

AL3,2)2P011, 134 753P 011, 2)4.25%P11143)4.15%P{ }0,41}

A6, 2)=Pil oL} s.TS9P{1 +2)14.25%P (1 ,3)0,15%P(2,])

A6 4232 a25%P UL 22 4 T5%P{2L s 3)4PL1Y s4)4aS¥P L1 Lo S0, E5%P{10,1}e
TPUIGeZI4PI104s3)+PLLCy4)+PLLO,S )+ 24P (10,8 )+4P{S,1)4P{942)4P(5,3)+
CPUG 4 +P (9,5 4. 5P {5, 60 4P (841)4PI8,2)4F(B,43)+FP{B,4)+4P{6,5)4.75%P( 0
CoBI+PUT e LI4PLT 204P( 7,30 400 T, 4 ) 4P TS50 4. 8%PUT,E)e, 50{P{6,1)+P(6,2)
CHPlOs3I+P{E44)+PLE,5) )+ 49P(6,6)

AUS,20=a258P 11214 75%P U130 4P LA+ SAPLL15) 4. BSRP {241 14PL2,21¢

A-39

3701
3702
3763
3704
3705
3706
3707
3708
3801
3802
1803
304
3805
3806
1807
3808
3901
3902
1903
3904
3905
31906
1907
3508
4001
4002
4003
4004
4005
4006
4607
4008
4101
4102
4103
4104
4105
4106
4107
4108
4201
5202
4203
4206
4205
4208
4201
4208
4201
4302
4303
4304
4305
41706
4307
4308
4401
4402
4403
4404
4405
4406
4407
4408
4501
4502
4503
4504
4505
4506
4507
4508
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CPU2 3N +P 24 4P (2,504 22%P (2,6 )4P (30 11+P13,2)4P13,3)4P13,414P(3,5)+
Co5%P (3,61 4P LA 1141420 4P L& 3 )P {4 4 4PL4 S TEP{4,6)+P15,1)4P (5,
C214P (S5s3I 4PU5,4) 4P (S, S) 4 BPPIS1G)+ o SHIPLEZLI+PL &2 ) ¢PLE3)+F (b, 40+
CPLG6,5]1)1+.4%P(6,5)

ACGe3l=a 1P LI L, SHeP{LL 60 ¢P{LL TI+P(LLoBI+P(EL,91+P (Ll 200+P L1, L1
CIePULL 1 2H4P 1L o204, 3%P 1L+ 1 4)4.8%P{10,614P(10+TI+P{10,8)+P(10,9)
CHPLL0+1014PU10,1114PI10, L 20 4FL1C, 12 )+ E0P (10404 04,54P(9,6014F (G,7)+
CPU9:+B)+P 999 4PLG, 101 4PE I, L L) +PIG,L2)4P 19,131+ BS*P(9,14)¢,25%P (8,
ColePiB,TI+P1B,BI4PIE,G)+P {8, 10)4P(B,1L14P(E,12)4P{B,13)+P{By14)+.2
CHPUT16)4PUT TN ePLT14B) +P0 T3 ) +PLTL10M4PIT, 1014 P LT, L2)4P (T 1314P (7,1
Chlt 1S*P (T4 150+ 18PLE 614 . 59 (PLE,TI4PI6,8)4PLELSI+PLE,L0I+PL6,11)+
CPUb,12)+PL6413)4P (e 14) Je 1 8P1b,15)

AlSe3)m o LOPLLaS) 4P (1460 4P 1L 4 T)4P L1 BI4P(149)¢PL{L,101+P L1, 11)+P{141
C2ReP{Ls130¢.38P (1, 140+, 88P(2,6I¢P(2oTIOP(;4E)oP(2,5}4P (2,100 4P (2,1
CLISP(2,12)4P 21204 0%PH2,14)04.58P(3,604P(34TIEP{3,814P(3,9)4P (3,1
COIP(34LLI#PL3, 120 4P1 3y 13D  ESHP (341404258 P IR, 6)¢P {4, TI4PL4,8) 4
CPLAyIl+Play L0 P (4311 14PL 4 L2IP (44 12 )4P (8,14 )0 28D (5,6 )4P(5,T)+
CPES,BI¢PIG,9)+P IS, 101 +PIS,1L)4PU5,L2)4P(5,13)+P(5,14)¢, 15¢P(5,]15)+
Col®Plos6)4eS¥ (P Iy TIHP{ 6y BI4PLO6WT)4PLE1I0)+FIEHLL)+PLO,12)4F (6,13 )
C+PLbe14) )+ 1%P[6415)

AlGo4)=, TP (11, 1414PC 1L 150 4PLIL 1614 F LML LTI 4P 1L, 181 4P {11,419} +
CPIL1,200+P(1ks210#a753P (11422044 42P (105142 4P110,15)+PL1C,16)4P(10,
CLlTI4P{1C1BI+P{10,19)¢P(LC, 2004P[LC 2114 SOP(10,22)4.152P{G,14)+
CPL9+15)+P (S, Lo) +P{S LT +PUGo 1B 4P (9 19)+P (5203 ¢PL D421 ) +P(9, 220+
CPUBy15)+PUB 16 +FLB4LTI+#P(B,1E)4P[B,15)4P (8,200 ¢P(B,21)4P(8,22)+
Col¥P (8423 )¢ .85%P (T, 1514P (7, 161¢P{T, LTI *P[T,18)#PIT419)+PIT,20}+
CPITI21 I #PUT22) ¢, 2%P1 7,23 )4 43P[E, )5 )0.504P(6,18)4P16s1T)*P(E,1B)¢
CPUG19N4P {62200 4P(6121)14P(6,422) )¢, 19P16,231)

AlSy4 )= ToP L, 141 +PLLy15)4PL{Ls1604P U1+ 1TI¢PULL 1 8)¢P(1419)¢PC1,20)+
CPULy21) 4. T5%P (192204 4%P L2, 14)14P (2, 154P12,16)¢P12,17)4P1{2,16)+
CPU2s 191 +PI2,200 +PI242 1) 4, 9%P(2,422)4.15%P (2,14 )4P(3,15)+P (3,416 +
CPU3 LTI *PI3 LB 4PI3y19)4PI3,20)4P(3,2L)4P(2,2204P{4415)14P(4,16)+
CPlaglTI+PL&4181 P14 19)4P[4420)4P {4421 04P 14,2234, 19P14,23)4,E5%
CPUSL5)+PIS 16} ¢+P(5s1TIP(5,18)4P{519)4P(5,20)4P(5.21)4P15,220+4.2
CHPUS 23]+ 4¥P 64 15)4. 52 (PL6s 16 4PLEL1TIHPLELLEY4PLO419) +P 1Ly CH+
CPIO2L)+PLEs22) )+, 18P 164+23)

AlGe5i=e25%P(11022)4P 111,230 4P 1114240 4PLi1,2504P(114263+P(11,27}+
CPULLy28)+PILL,290+PL112304.1%P{10222)+P(10,2374P110+24)4P {1,250+
CPIL0,26)+P(10,2T7)+P110,28)4P{10,29)4PL1C,20}4P{9,231+P(5,24)4P{G,2
CS5I4PLO,2614P1 99 2TI4PL 9,281 +P1S929) +P19,3014.9%P{6,23)¢P18,24)4+
CPLB42514P (8,261 4PlB42714PLB28)eP(B425)4P LB, AC)I+.84P(T7,231+P(T,24)
CHP{T, 250 4P (T 26 4P T 270 4P{T428)4P{T129 04 Fi T 20 . 4 %P6 ,23 )+ .5%1
CP(6124) P61 25 4P(6426)4PLEs2T) 4P L6128 34P16,2514P(6,30))

A{5¢51=s25%P 11, 2204PL142334P11s24)4PL142504PL1426)4P(1,2T}+P(1,28)
CHPLL2904PL La 30 4. 10PU24 22V 4P U2,23)4P12,424) 4P 12 125)4P12,26)4F12,27
CIlePU242B)4P(2,2914PL2430)4P(3:23)4P(3424)4P(3,25)4P(3,2614P(2,2T)+
CPU3,28) 4P {34290 4P{3¢301%.98P4:23)+P 4424 )4F{4%425)+P(%,26)4P 14,27}
CHPl&y 2B) 4P 14229 4P L4 s 30D+ BOPLS,23)4PI5 9240 4P{5925)¢P(5426)4P (5,27
ClePUS 28 4P 15429)¢PU520 )4, 48P 62314 S0 FlEr 24P {6+25)9P( 6,261+
CP{6s2TI+PL642BY+P(6,4,291+P(6,30))

RETURN

END

SUBROUTINE SECSISIGsINy JM)

CUMMON/SEC/ALLE 452

DIMENSION G(INyJM),PE11,30)

VELOCETY IS 1l.6&C M/SEC

DO 1 I=1,1IN

00 1 J=1,JM

Pli,1)=Cl1,0)

Al3,1)=a 1¥P{1Gs L J¢.258P (9,1}

AlBy 1= 19Pl2, 1 3+.25%P13, 1)
AlGy1)=.3%P (9, L 1 4.SPPU{B,LI+P(T,13¢.53%P(L,1)

AfSyl )= 3P (3,1 14.58P {4, }+PI{S,1)+.5%P1E,1)
AL3,420=P(LlL,Ll)+PiLLe2)4PULL 3} 4P{Lle%)4.T5¢P{11,5)¢.25%P{11,¢£)}+,9¢
CPILOsL)¢.9%P (10,20 +.63P (10314, 2%P110:+4)8.2%P (9,1}+.1%P(9,2}

AL 21=P (1, L3P (1,234P (L 3) 4Pl 4} 4. 058P 145)4,259P(1406)4.9%P([2,1)
CHa9eP 12,204, 0%P (253 3¢.20P(2,:41+.20P(3,L)%.1%P(2,2)

Blay2)=25%P L L S b4 154P (1L 46 ¢P(LL o TI+PLLL14B)% 3. 1¥P(1092)2.4%
CPU10,3) ¢, B%P{L04)+PL1Q,5)1+P{LICH)I4P{10+T)ePLLO+BI#.2%P{10,9)¢,25®
CPUG LIvagoP (G2 1 +P(S+ 3 +PLF 4 +PL{S S ePIG 8 )4PIT, T)¢PLIF B2 4P,

A-40

4501
4602
4603
4604
4605
4606
4607
4608
4701
4702
4703
4 T04
4705
4 706
4797
4708
4801
4802
4803
4804
4805
4806
4807
4808
4901
4902
4903
4904
4905
4906
4907
4908
5001
5002
5003
5004
5005
5006
5007
5008
S191
5102
5103
5104
5105
5106
5107
5108
5201
5202
5203
5204
5205
5206
5207
5208
5301
5302
5303
5304
51305
5306
5307
5308
5401
5402
5403
5404
5405
5406
5407
5408
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T e, L¥P LB, LI +P[842) 4P (9, 3)+F{Evt ) +F(BsSI¢PUIRE)+P(B4TI+PLE,£ 4. E»
CPRUB,9V R T 2)ev {T,214P{ 7,41 +PLTS1#PIT 01 4PU{T ,TI4P(T48) +.9%P(7,5)+
Lo (Pl 2 4P(6s 3P0 24 ) +PLELSI4PLEFEIIPIELTI4PLO,8)4P(E,49))

AlSe2)= 25%P (LS e TSP { 1 60 4P LTI euS3F{ 1,814 1%P 2+2)4,4%P(2,3)+
CoBEPL2o4)ePU2, S P 2, €Y eP{2,TIOP(2,F1 0. 2¢P(2,9)0¢.259P(3,11+4,.6%PL3,
C2I4P(343)4P{3,4)¢P 3, 5)4PU3,E)4PI3sT)4P(34E)4.6%P (3,914, 1%P (441}
CPU4 s 2V¥P {4 3)14P (G4 )ePl4 5)¢PL446) 4P L4, TI4P (448 )+, B3P 14,9)+P (542)4
CPUS 3 P 594)+P 1S5 5)¢PISs0) +P1S TI+PIS EJ 4. S¥P{ 5,9 1450(P{&,214P(06
Cr3)¢P 6,4 )+P{6sZ)eF (6 ,6)¢P{6,TIePL64B)4P1E,45))

AlG,3)=19P(1L,8) 4, S5¢P(LL,9)#P(L1,10)+PE11,12)4P(L1+13)4P(11,14)+
CPI11,152 P11, €0a 4P 1L, 1T )4 T*P11C,5)+PL10,1C)eP 110, 1104P {10412
CI+PLLG 1) *P{ LU L4)+P (10 L5 )4PIL0,16) ¢, T*P{ 10,1704, 4% (S,91+P(9,+10
CI+P (Sl 14PI94 1 234PUG 213 4PLS, 14 +P(S,15)¢P{T,16)+,.85%P199170¢.15%
CPUBy9)+PIR 10)¢PIS,411)+PI8,12)+PL8,12)4PIE,14)+PLB,15)+PIR,1EI+PLR
ColT)eal®PiT Q) +PIT10)+P{T L )4PLIT 12)4F1T41304P(T, 14 +PILT,15)4P( 7
Colal+PUT, LTI+ i¥PLT¢18)eo5%{PLb, LOJ4F (61 1)4PLE+12)14P(6,13)4Pl6s14
CHePIEslS ) 4P 16 1GIFLE 21T )+ 12F (64 1E)

AUS 3= | #P(1,8)+aSE*P 149 4P L4100 4P (L, L1)+P{1,412)4P{1,413)+Fil,14
CI4P {1 alS 4Pl LG I A%P{ Ly LT+ T*PL2,9)4Plcy10)4PI2,11}+P{2+12)¢+
CPUZyL3)4P (2414} +P(2415)14P (2,16 4. THF{2,17)4.42P(3,9)+P{3,10)+P{3,]
CLI*PL34121+P (34 12V 4P 3y L4)+PL3, 15 4PI3,1634.B5*P(D, 17+ 15%P[4,5)+
CPUG IO P G L) *P LGy 12040 (4413 14P (43 La)4P L4 15) #P{G,161+P14,1T7)+.1
CoPLSa QY +PISL0) #PIESLLI+P(S12)4P (5130 4PU5,14)4P(5,151+4P(5,16)+
CPUS I The 1¥P(5,1BI4.5%[P(6,10)4PLELL)+FPLE,12)¢PL6,13}¢P(6414)¢P(6
Cel514Plt,161+PI O, 1TI) v 1¥P{E,18)

Alaya)= 6%P [ L1 LTh4P UL, 13)4PILEY W 1S)#PI1L 208 4P (1L ,21)+¢PILL1,22)¢+
CPULL23)+PULl o240 B8P 1,425)4.3%P110,1714P{1C,1BI+P{10,19)}+PI1C,2
COMPPILIO,21)4P 130,221+ PLL023 9P 110243 ¢.SE¥F{10,2514.1540(G,17)+
CPUG 1B +P{9,19) +PLIG+20) 4P (9,210 4P (G, 22) 4P (9,221 4P{F,24)+P(5,25) ¢
CaloxP(F,26)¢P (B, 18)2P (3, 19)#P{B8+20)+P{B8921)4P(8922)+PIB,23)4FIB,24
CIePIB 25+ 15%P (8,26} +o9%P{ 7 1B +F 175191+ F{T,200%P 17421 34P 17,22+
CPAT 23D4P LT 1240 4P 1142500 2%P 13261+ .4PLELIB)+. 5% PLOILSIHPI6,20)+
CPLOHGZLY4PL6,22)+PLEa23)4PL6,24)4P(6425))4PLE,2¢1)8,1

A{S5pQ )= 6%P UL, LT I4F{1418)eP {1,151 +P(1,20)4P(1,210¢P{1422¥%P{1423)¢
CPILs29 )+, B%P[1425)4.33P[2+1T714P(2,1B)+P(2,19)4P12,2C)+P2s21)#P 12,
C22)+P L2423V ¢P(2424)4.953P (22504 15%P (3,1 T14P(2,18)+P(3,]19)+P(3,20
CI¥P(3+21)¢0(3,22)4PU3,23)4P(3424)4P (3,250 4.C5%P83,26)4P(4.18)}4P L4,
CLI #PL4y 20N P 4971 NaP L4, 22) 4P L4223 )4P 14924 4P {4425 )4.153P {4, 26) +
CeS¥P{ B3 LBIAPLS LU 4P 54201+ P ({5421 )14PL5,2214F(5,23)4P1(5,2414P(5425)
CHPIS 200 % 24 4¢P 1B v S4(PL{ELISI4PIELZCIAPLEL2L)#PLE,22)4P (6423)
CePles24)4P16,25) )0 1%PL6,26)

Al S5h=.2¢P (11,25 Pl 11,261 ¢PLLL,2T)4F (11 ,28)4P{11,29}+P(1]l,30)+
Co05¢PLLO, 253 #PU1Cs2E)+PLLC2TI+P(10+2B)+PU1C,2%)+P (1030 )+.GE8P (S,
C26)+PUF42TH+P (D 42814P {74291 3P (S30 )+ B54PLE2E) 4P{B,2TI+P( 8,28} ¢
CPUB 29 +PiBy 0 raBePU T, 26)+0( 7 2TV 4F{T28 14l T,29)+PLT7,3Q0)+,4%P (b,
C20)+.5%(PI6,2TH+PUE,2B)4P(64,29)4P16,43C))

ALS D=, 2P 1,2504P(1 26 )4P 12TV 4P {1 28)4P (1 ,25)+PL14301%.CE#P (2,
C25)+PU2s26)+P1Z2+2T04P (2,28 2P 2291 4P{ 230055 4P(3,42614P13,27)¢
CPL3,28) 4P 13,290 4P (243C ¢ B5*PI4 26 14P(4,2T)4P (4428 )4P{4,29)14F (4,30
CIt . BRP{S 260 4P U527 14PI52B)+PUS,29)4PU52 3004 a4¥P {64261 +.5%(P16427
CI#P{6+2814+P{6,29)+PL& 300 )

KETJURN

END

SUBROUTIN: SECSIGIGsIN, M)

CUMMOCN/SEC/A{1645)

DIMENSIGN GUIN, SN, PLIL,30)

VELLCITY IS 4,3C M/SEC

D0 1 I=1,1IN

DU 1 JslyedM

Pl =Gl d}

AL2yL0=PLll, 1 )+PlLL,2 4. 5%P [ L143}+P(10,1)4.5%P{10,2)+,5%P (2, ]}

ALTyLI=PULa L) 4Pl Ll 2] 5Pl 3)4PU2,1)4.5%PUL2,2)4.53P12,1])

ALy L)=,5%P 1], 3) ¢ BB R L1, 4 4 124PLLL4S)4 . 5¢PL1Q,214P(10+4)+. 67
CPULOs DI ¥ S¥P {9, LI +P (T 21 4P( 943D +.94 0P (9,4 )4.6%P(9,5)+P(E,1}+.75%
CPIB 24, 44P{8,3)+. k8P {8,4)+.39P(T,1)

Al LYY= 5%Pl] 3V +.BERPIL 4+ 02%P L1 S e SoPL2,204P{ 243 14P 2,41+, 6%
CPU2ySHvuS3PLa, 10 ¢P(3,2)14P(3,3) 4. 948F (3, 4) ¢, 64P(245)4Pla,11e.75%
CPUGs2) 48P (43 )+l P {4,404, 3%P (5,1}

Ala 1= 1%P 19,41 +.4 P 19,5 )4 . 2%P 19,0 4. 258F 1B, 2)+.6%P1B, )%, 980( 8,4
CItP (A5 )4+ 350P( 246 )+ 1S58PUTLI4PIT42)4P (T3 I4PIT44)4PLT5)14,64P1T,

. A-41

5501
5502
5503
9504
5525
5506
5507
5508
5€01
56112
5603
5604
5605
5606
se0T
5608
570l
5102
STC3
STu4
£ETUS
5706
5TO7T
5708
5801
5802
5803
5804
=805
58Ce
5807
S58U8
5601
9902
59C3
59C4
5905
5906
5937
59086
6001
/U2
6003
6004
6005
¢ QU6
&CO7
60048
6101
6102
6103
6104
6105
6106
6107
6108
6201
6202
6203
6204
620%
6206
6207
5208
&301
6302
61303
6304
6305
6306
6307
6308
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COIeaSeP IO, LI SO (PL6,204P(6,3)4P{&,4)¢PL6,5)) ¢, 34P 1 6,8)

AdSel1=uL¥PL3,4) 4. 60P (3,504 2%P[3 46 ) 42250 (4321 +.6%P L4, 3)4.9%P{4,4
CYHP L4 ) Sh2a358P [ 4yt i+ TS¥P (S LIPSy 2 4PL{S 3 ) 4P Sea ) ¢PI5 1514 6%P (5,
COIe  SHPLOL LI . SPIPLE12) 4P (643} 4PIEL4)I4P{E,5)) 4, 3%P [ £,6)

A3, 2=, 12%PL1L 44 +P (1)1, 5)4PULL 6 +P L, T )+, 90P {11 s8)¢.52P[1]1,5)¢+
ColS¥P ULl 10144 ¥PL10sS)I+PI1COE I +aB¥PL10, T )4 43P (LOsE) . 1HPL1C,G)
Ce25%P(9,6])

Al 2 )=aLZ¥P (Lo a )P LS 4P Lo 4P Ll s TI® 4P (RSB i S#P{ L ST, i5%F(1
CrlOl+.a®Pi2,5)4P(2,6)4.8%P{2, T+, 4%P{2:,08 )4, 1%P12,9)4.25%¥P(3,¢)

Aldy 2= 1%P{L1+F)#.5%P 11,100 48P (11,1 )4P(LlEy12)+.5%P{21,12}4.25
CHPLLIG  TI*L6OFPLLIC BN+ 9P )C,SI+PT{ICICI*FIID,11I4P (10,1204, 83P[]0
Col3de b6%PIO B +PLG,TIeP{9,814P(9,9)4P(9, 10)#PLS,LLI4P{9,12)+P(G,1
C3+.25%P (G la)e S¢P(B E}4P(B,TI+P(B,E8)+P (8,51 +PIB, LOI+P {8,111+
CPLB,y12)+P (8,13} +4.333P(8,14) 4 338P (T, 6}+P( 7,7} +P 1T, 8)4P(7,9)eP{7,10
CHeP LT e LY 4PUT L2)4PUT 313 )4, S3P [ To14)4.2%P (646 )+ .5% (P64 TI+P(E,8)+
CPLO,9b+P(6,10)¢P1&,11)oP{641234P(6,13))4,.25%P (6 414)

AUS542)=o1¥P U149 )4.5%P (1410) 4+, B%P{ 14 11}+4PC1412)4,5%P(1413)+,25%
CPIZyTI* . 66FP (24814, S¢P(Z,9)4P(2,105+P{Z2,11)4P(2,121+.8%P{2,13}4+.66
CrPI3 61 4P I3 TI4PIIgEN4PL 3,90 4P {3, 100+PC2, 11 I4P( 3, L2)4P(2413)¢,25%
CPUB LA +.OfP L4, 0)+P L4, TH+Pl4,8) 4P (4, 9)4p{4,100+Pl&, 110 +P(4,12)¢+
CPL4e13)4.33%P 14 104)4.333P (5,8 +PIS 1) +P IS 8)0PI5,9)+PI5,10)¢F(5,411]
CIHPIS1204PUS 130 4.C8P {5,140+ 2%P (6,604 S P(6, T14P 16,81 4PL69) +
CPI6310)+PLE+LL)API612)+PLE+1314.25%P1E,14)

AlG,3)=.a8P Ll 1204PC 10,140 ¢P{LL,15)¢PULL L6 4P {LL,1T)*P(11,18)+
CPULY19)+PL{EL,2C P01 1,200+2¢P(LC 13 4P 1C1L4)4PL10,15)14P(1C,16)+
CPLLlOy LTI #PLLO+L8)+PI10,1L9}¢P{L02CH+P{Ll0,21)¢.25%P (10,221 4.75%P {9,
Cl4)+P {9,150 ¢P 19, 1634P (9, L T)+PUS,1E4PL{S,1C)14P LG ,20)4P1F,21]4 .43
CPi9.220+.66%P(B 1% ¢F({B,15)+P{B,1&)+P{8 ,1T)4P(B,12}+PIB,19)+¢(8,20C
CIl+P {8421 04.60%PLEy )t 6%PL T, 14 +P (T3 15)¢F T4 16 )+PLT41T)+P(T418)+
CPUT L9 4P (To2004P{242 100 159P(T,22)4.254P(£414024.5%(PLL,15)+F(6,16
CheP oo ITI+PL641BI+P IO, [FI*PLG,2014P (€42 [) j4+,32%P(6,22)

AlSy3 0= ¥P ULy Ll3)4PUL 143 +P (1 15)+P 11y 6)4PLY 1 TI+PLL14LEI+PLL,LS)+
CPUL,ZOY#P{l 221+ 20P 02,13 )4F (2,140 4PL25)1504PL 2, 16)4P1Zs1T)+P(2,18)
CHP{2419)4PI2,20)4P 1242 ) #.25%F12¢22)4.7150P13, 14 )4P[3,415)+P13,16)¢
CPIB41TI4PI3, 18I #PL3y19beP U3, 20)4P 13214 43PL3,22) ¢ 66%P{4,14)+
CPlayla)+Pl4olS)4Pl4 ) la)+Pla 1 TItPLA 18 +P (44 LS tPl 44200 4P (4421} +
Cab¥P 4,22 4, 6¥P (S, L4} +P (S, 15 #PLS, L1EI+PLE, LT I+4P (S, 18)¢F{S,1%)
CPUS 201 4P {5120 4 T15%P {5,221 4,25¢P {6,160+, 54(PLE,15)1+4P{E16)¥F (0,17
CI+P 6,18 +P LG 1S #P (6, 20)4P 1642101 +F(£,22)%,02

Al el )=l *P {11y ZL04F{ 114221 4P {11423 0¢PL 114243 4P (L1 ,2504P {1120} +P(
CLlLs27)4P(11428) 4P 111,29 ¢ 33%F{L1,3C)+.754P{1Cy22}+PL10,23)4P(10C,2
Cal+P{10,25)+PIL026)+PLL0+27114P{L0,2B8)#P{10:2G)+.5%P110,320+ 6%F(9
Co22)#PLGe23)¢PUG124)+P19,2501401G,20)4PIG 21 )4P{S429)4P (5, 3C )%, 664
Ca34¥P B+ 221+P (81231 +P (B 24V +F(B,2514P LB, 2¢I4PLE 2TI4PI8,28}+P(8,29
Cle TS8P {8,30) 4 259 P LT 4 2204P(T4230 0P (7324 )04P (T 42504PL{Te2&)4P11,27)¢+
CPUT,2B)4PUT29)¢. 08P (T, 3034.15%P (&, 2234 . 58(PIE,23)+P{6, 24)4P L6, 25)
CHPLbs26)4PL6,2TM4P 16, 28)+P16,29))4, 40P ,30)

ALS ot )2 u L¥P L2 LI#P UL 322 4P (1 w23 4P (14260 4P 11,2504 Lsl8)4P(1,27)+
CRIL 28)4P{Ny29) #,230P (] 300+, T56P(2,22)4P(2,23)4PL2,24)4P(2,425)+
CPUZy26)+P(2,2T)4P(242B)1+P 1242500 S%F1243014¢.6%P(3,22)¢P(3,23)4P (3,
C2al+P{3,2514P L3428 4P (3,271 4P (3,28 )4PL 23,2604, E6¥P 13,30} +.34%P(4,22
CUHPLG23V4P (44241 4P{& 1 25)4P (4,261 4P (a2 T 4P 4280 4P (492902, 75%P (4,
C30) e 25%P 15, 22) 4P (54221 +P[5,24)+P (5,25)4P15426) ¢P( 52T 4+P(5,28)+
CP(5,24]+.8*PIS.30]6.15#9{6,22lf.ﬁitP(GpZBJOP(é.24!4P16'25!4P(6.261
CrPlos2TI+PL6 28 4P (6429) )+. L*P16,430)}

Al4yS)e ,6TEP{LL 3014 S5oP( 10130} +o340PLS,3CI+, 2591 R430) +.2¢P (T, 30)
C+.1%P{k,30)

BU5,5)=.6TeP {14301 4,5%P12,30)4.343F{3,30)4.25¢P{4,30)+.28P[5,30)9¢
C.l®P{6,30)

RETURN

END

SUBROUT INE SECSITIGsIN,JM)

COMAON/SEC/ALLS .5}

DIMENSIUN G{INsJM),Pl 11,30}

VX=22.0 M/SEC

DO 1 I=1,1IN

DL L J=1,4JdM

P{Jll’=GIIQJI

A2 =P {1l 1 b eao¥P il 21 +P{10s1)+.75%P{1C,2) 4P L9, 5)#P1 G, 2)04P(8,1)
CePlBy2) 4oz %PlBs3 4P (T L) ¢PIT 1 2)4a258P(T,3 )4 . 59P (6,1 14.50P[6,2)¢.2%

A-42

2

6401
65402
5403
6404
5405
b4J6
64Q7
64G8
6501
6502
6503
6504
6505
&£506
6507
£508
6601
6602
60033
6604
&£605
L6086
66CT
6608
6701
6192
&T03
L1Cah
6T05
61J6
5707
6luH
6801l
6H8D2
6803
(15']‘1
5805
H 8GO
6807
G308
6501
6902
6903
6504
6505
6908
6907
5508
7col
™Ne2
7¢03
TL04
7005
TCJ6
TCQ7?
7cos
7191
7102
7163
TLlO4
Tins
7106
T1iC7
Tias
1201
T202
7203
T204
1265
72006
1207
r208
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CPL6,43]

A(Sp21=Pll L)+ 4P (1, 2)+P 2,1 )¢ T7S5%P{2,2)4P(3,1)4P(2,21+P1l4,]1)+P(4
CrZit 2P L4, ) 4P LG, ) ¥PIS5,2)4.258P 1531454 [PUELL)I#P(5,2))+4.2%P{6y3
Ci

Al9e3)=2a 6P Lly2)4F{L L33 #P L L4 4P (1L, SI4P (L1, 0)¢PULL,TI+PUIL Y+
CPULLs9)+P 1L e LO IR S+ 256P LG 2)+PULIC, 2I4PL1Cs4)+PLLGCS)+PI10,0)
CPULORT)+PLLO,,B)+PL10,91 P {10,100+ L0PILC, 11 1+P{S,;3)+P(9,4)+P19,5)
CPU946)1+P{9, TI#P(S,E}+PI9,9)+P(9,1034.23%P (G, 11)+.8¢P(B,3)+P18,4)+
CPiBySI+PIBo 4P {64 T)+P (BB +P{E,S)I+PIB10)4.5%P(8,11)¢.T5%P( 743+
CPUT oo} +PLT S I*PLTob +F(ToTI 4P AToBI+P( TS9P T410)+.E65%P(Ty11l)+, 3®
CPIGa3 )1+ 5% (P (641 +P o 5) +P{b E)+P(ETI+PIE,9)+P L6, 10))¢.3%PLE,11)

BUS931=ab6%PLLeZ)4P(1+3)4P{L+414P (L S)4PLLE)+PLLsTI#PLL,BI4P{1,S)+
CaGeP (1, 1004,25FP(2,2)4P 12,3 04PU2 81 4+F{2,5)4F(2,E14P{2,T)4P(2,8)4
CPU2sF)+PI2: 101+ 1APL 2+ 1L )4P L33 ¢PL2,4) 4P U3, S)+PI3,E1+P135T7) +P{3,8
ClePU359 4P{ 300 43%P {3, L1) 4 E*P (4, ) 4P LA AP 4,5) P46 )4P 4, T) ¢
CPUGsBI+FP (4, 9) 4P (44 10) #, 58P 4, 1104 75 P(5,3)4P (5,41 +PI5,5)+P(5,6)+
CPUSyTI4P{SyBI4P IS4 +PIS10)4.65%P IS, 1104.23P16,3)4.5%(Plb4IeP L6,
COIPPLL,EH+PL{E 4TI +PLELAV#P(6,9)4P (60100 )+ 24P (6, 11)

A{as4 )=al¥P (L1 10)+PC Lo LI 4P {11y 12)#PULL 221 +P L)L, 14}¢F{1L,15})+
CPULLyl6d+#PULL 17 )4P 11,1832 2%P 111,150, 94P({10,111+P{10,12)4F(1C,1
CapePlO414)+PLLC, 150+ PLL) 416} +PI10,1TI+P(10,18)4.4%P(L0D,19)+.7#
CPIyLL)+PIG, 120 ¢PLIS12)+P(S41&4)+PIS,15)4P(9,16)4P(9,1T7)+P(9,18}¢.6
C*PUS2191+.50P B 11)+P I8, L2 P LB 13 4PIB14IP LB L5 I4P(641614F (8,17
Cl+ePiBy 1B+ T¥PIB,1G)+ 35 %P Toll1+P (T, 12)eF{T,13}4¢P{Tol4)+4P(T,15)+

CP(T, 16}+P[7r17liP[7lel+ BEP{ 74191+ 2¢#P{611) ¢, 5'(P[6,12)0P|t,13]¢

CPLOe1a)+PLE 10V +PL{E 16D +PLELLTI4P (O, B4 13P (6,19}

A{Ssyal=a 1*P (Lo L0)#P UL LLI#P(Lg12V+P Ll 1Ii+PLLl,LA)#PIL,15)+P(1,186)+
CPILelTI4PU1,18)4P(1,19)%.2+9%P 124 11}4P(2412)4P1i2,L130¢P(2,14)4P (2,
CISP+PE2+1061ePRiZ o173 +P (21802, 4%P (2,19}« 7AP(3,LL0+P {3, 1Z21¢P( 2,120+
CPL3414)+PL3, 1S 4PE2y LA +PU3 3 L TI4PUI L 1B 4. €4PL 2,194 . 58P 4,11 )¢P{ 4,
CL2ZV+P 14 913)14P (414 +P L4 r15) P LA, LE 4P (4 T7)4P (418 )4, TEPL4,165)+ .25
CHPLO L1 4P, 123 4PUS s L3I 4P{S, 140 4P (S 1S ¢ FUSq LEI+P [SeLTIHP(S41B)+
Cob¥P(D, 1514, 2%P (691 ) +.5%(PLES12)+P LG, 13J4P L6414 +P L6, 15FPLE,16)¢
CPi641TI+P(6,18))+.1¢P 16,190

Bla,Siz B8RP (L1 193400 L1200 4P LLL 21 3+PILL 22 4P 111 ,23)4F(L1,24)+
CPULLe25)14PLL1+26)¢ BRP(11,2T30.84P(10419)+4PULC,20)+PIL0,21)+F(LC,2
C2Y+PL10+2304P{L0,24)+PIL025)4P{ L0260+ oBSPF{L10s2TI44%*P (G416 ¢
CPLIL2CH4P LG, 2L +P1F422)¢PU9,2214P (S 24 )4P 19,250 4P (94260 +,9%F (5,27
CH . 3%PIBy 1T 4P(B420}4P {8,200 4PIBs22)14P(B,23)14P{8,24)4P(8,25)¢F(8,26
CheraO5%P U B ZTiva2%P 1T 19) +PIT2014P{ 7,210 ¢P1T422014P 17,23 14P (T 4260+
CPUT 4251 +P LT o261 4. 95%P(T92T) 4. 4%P {6, 15)+ 54 IPl €y 20)4P{6,21)4P 16,22}
CHP{os23)4Pl6+24)+Pl6+25)¢PI6,26)4P[&,27))

AlS5+5)=a B8P (L 191 4PUL 200¢P UL 2124P(L,22)4P(L+23)4P11,24)+P( 1,25)+
CPUL 260 4.B8P (L ZT) 4, 6WP(2,1S)4P(2,2C)4P(2,21)4P12,22)+P(2,23)4P 12,
C24)%PL2,2501 4P 1242634 85%P(2,2T)4.4%F13,19)4P( 3,201 +P13,21)+P(3,22)
CePl352314P (4240 4P 13250 4PIAsZE 4 SO 34270 4.32P(4,15)4P(4,20)+
CPUGe21)+P 14, 22) #P14e22)4P 14,24 +P 4,250 %P (4926)4,95%P(4,2T)+.2¢
CPUS419)+P(5, 200 4P (5,21)#P(5,2214P15+21)#P(£,24)4P[5,25)14P(5,26)+
Cad5®PLS 12T 14 0%P (5, 1F V4.5 PLEL20)4F{E, 21 )4P &4 Z2)4PLby 2TV 4F {6524)
CHP{ L4251 +4P16426)4P(6,2T))

KETURN

END

SUBROUTINE SECSTAIP+IN, M}

COAAMINISEC/AL{LOyS)

OIMENSICN P{IN, JM}

A(4+3)=Pllal L) 4Pl LLI+P U210 )4P (4 1L #PULS 1L )+o3%P 16, L1)+P(1,]10)+
EP {24 L0 +P LA, 10h 4P 4,10} +P(5:s1C )¢ . 58P Ly 10)4P1LoS)I+P(245)2P12,5)
P (439)+PIS, G+, E#FLb,8) +PLL 80 4P(2,8)4P{3,8)4F(4,B)¢P(5,B)+
QRP (6,8 4P L LT h4PU2, T)#PI37)4P (4, T)4P LS, TI4PLE,Theal*P(T, 7]+
ELEFP L6 4.5%P( 2461 .5%P (34 E) 4 58P LA b4, TAPI S, EN+ 5P E,0)

*, 1%2{7,&)

G133 )=oS¥P{ L1014 S P 12,404 50P (3,604,546 +.5%P (5,6 0+.9%P(040)
Fr LML T O I +P{ L S)4PI2,5 ¢P{345) P[44I 4PLT S aP16,S)e, LP{T S}t
(L4 )+P (2440 vP L2940 ¢P{ 4y 4) tP[Sca)t G¥P L6+ P{ L3 )4P(24314F (3431}
P {13 +4PU5,3) 4. B¥PLGy 3P (L2 )P (2,2 4P 142 14FP(402)4P(5, 204+
o SEPI O, 21 +P (L1 ) 4P 2, 10 ¥P{3 10 +P 4,1} 4¢P (S, 1Ye.3%P 10,1}

AlGs 4 )= TOPLO  LLI4P( T LL)I#P(ELLL)4PUS,L1M4P(2C,LL0#PLIL 41104
CPLL2y 11 4PI13a1 104 T7#PILla 1 1)#4.5%PIE,10)+F1T7,1CI#P{EI0I#P{G,1C)4+
EPLL02 102 +PH1Ls 10 4P 12,100 ¢PL 13,1004 B4R 14,104, 28F LG5 014P L TF40 14
P U8+l Gy ) P { (0o SI4PLLL,GI+PLL2,S)4PL12,C)0 4P (LaoSIea13P(E,8)¢
P(TeRI+PI8BI+P (GBI +P{LIsBI4PILL,8I+P{12,8)+P(13,8)4P(144+2})+
S AP LLIS,BY e I8P T, TY+PiB, TIPS, TV4F(LO0,TIE(LL,TH4PLL2,,T)*PLL3,T)

A-43

73401
7302
7303
7304
7365
7306
73C7
1308
T401
T402
T 403
T404
7405
T406
T40Q7
7408
7501
T502
7503
7504
7505
1506
1907
7508
7601
1602
16463
T6U4
T605
7606
1657
Ta608
1101
T102
7103
T7C4
77115
TTue
1707
1708
78ul
T802
7803
7804
71805
T8J86
T80T
808
T4C1
7942
T4C3
TG4
7635
19.6
7907
T9C8

vl
aCcaz
RO
Bluh
BOOGS
BOUG
RCAT
418
a1l
8192
8133
8lu4
8105
Blab
8197
8108
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CEP L s TI+alMP (LS, 70+ 0P Tob )4 . S5¥PLELE} e SP{S,6)+ . 5%P (10,6014
. 58P (1146 )+, 58P 12,86)¢.5%P(13,0)4.5¢PL14, )4, 10PLL15,8])

AL 41z GfP(T6)+ S0P (8,604 ,S6P1G,6)+.5%P(10,£6)+4,.5%P(11]4+6)4+
2, 5HPL12,6)4.58P[13,614,58PL 14,604, 18P {154€)+, S¥P(T,5)+P18,5)+
PP (L0sSI¢PCLL 55 +P(L29S)+PLL3 514P (149514 12P {15,531 4P(13+110+
¥, G6P{ T h)+P(B,4) ¢PI9,4)+PHL1C,4)4P(L1,4)0PLL2,4)8PL1344)+P(14s4)+
#, 1%P L1544 1+ 2P LE 3D+ RT3 4PHB 4P (9,2)4P{10,3)+PL11+3)4P11243)¢
RPI13,3) 4P 14,30+ S0P &, 24P 1 T,2)¢P L 84214P(942)4PLL0,2)+F (11420
*P (12420 4P{13g2) 42800 La, 234 28P (6, L)4PL{ T, A 4P (E, L) 4P {9, 1)+PL 10, 1)+
EP{L1y 1) +P(L2p104PUL13 ¢ )P THP{14+1)¢P 19,5}

Al&4s5)=.3%P 0 Lay LLI4PL IS, LAD4P(LEe L) #PULT 120 4P (18, 11)4P(1S,11)+
AP(2Us L1 +P (2Ll LI4PL22,LLI+.28P (23, 1L+ 2P 114, LOJ#P([5,101+
P (16, 10)+P{1L7,1CI+PI1B,10}+P[19,10)+PL2C,100¢F(21,1CI+P (22,10 )+
*,36P (23, 100 +PL{L1S, 5 14P[169S)4PILTs9)4P {18, SI+PI1S,914PL2C,5}4
EP[2]1,9#P22,9)¢.3%P[23,9)0 90P[ 15, RIeP (1L, E)#P{1T,B)¢P 13,84
*P(19.8!+P(20.8)+P(El.EI+P(22.51+.3¢P{23.B)+.8OP(15.TI+PIlb.T)0
AP (LT, TI4PLLByTI4PLL9s TI+PI2C T I¢P (21,2 )4P (22,71 0.48P 123,77}

B LtP (15 ¢4 58P (1626 +oS8PLLT 6} 4. SR I18,ED4,5%PLLI, 61+ . 54P(c04€}¢
B 58P (2),0)4,5%P (22460 0,2%P(23,6)

AUS4S)= e ¥ P (LS 6)4.59P {1646 )4.5¥P{LTeb) 4, S#PI18,6)+.54%P (19,6}
FLSIPL 206V 4 uS¥P (2146 #. 58P (22,64, 20P {23, L)+, E#PL15,SI+P{1&+S)+
Pl TeSI+PULBSIIP{LGr SI+PI2C 51 +PLI2LeSI4PU22: S +o4PP123,45)+
* 9P (15 44)+P{E6 4 4PCLTo @ +PILB4)4PLLO,414P(20,4)¢P(21,4)4P 12244}
S+, 3P (23,4 4PLLEs 3 +P (1653 4PILT4304PL18,304P(1G,3)+P{20,3)¢
SPE21,314PE22,3) 4. 30P1 23,304 28P {14, 204P 11520 4PL16,2)14P (172204
P (1B, 2) #PU193 23 4P( 22, 2)%P {21 ,2)4P122,2)4.3%P23,2)e 34P (14,41)4+
BPILS, 11 +PC16,1) #+P UL L34PLLRBL)#PLLSo L 14P {20, 11 4P1 2,13 4P (22,11}
*,2%P(23,:1)

RETURN

END

A~44

8201
8202
R203
82C4
8205
6206
R207
8208
a301
8392
8323
8344
8395
#3u6
A3a7
4308
8431
8402
B4733
B&04
840%
8406
8407
8408
8501
8502
8503
8504
8505
8506
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SUBRGLUTINE StLCTCROFeI N, JM)
CALCULATICN UF SECTOR-AVERAGE GM-SEC/M231 AND GM/MS32

VIMENSICGN A(16,13)+P{IheJM)
o=le/ 16,
LCaLL CLEAR! A,208])

FIRST 2245

AlLs1)=L.B%PLls6 J+P{L1.T )%

Alle2)=(5.2¢P11,7 1+P(1+8 })%G

A{Ll+3)=7.2%P(i.8 )3G

AlLea)=(11.T#P( 1,9 D +2.8%P {148 1+F(2:+5 ))*C

AlLySH={12.3%P 11410 J+4.2%P( 2410 J44.4%P({1,5 J42,2%P (2,5 1)*6
AL 6= (Ra3I%PLLLLC 1 48.2¢P(1gll 343.C%P{2,11 )+5.2%P{2,1C })*G
A(L+71=08.2¢P (1,11 J+11.3%PL2,11 1+.4%P (3,11 }I%G

SECOND 22.5

Al2¢11=(Pl1let J2.6%P LT })2G

Al2:21=16.1%PLL,T1 e 3%P{2,7 1)%G

AL293 =0 2%P (127 J42.7%P(14€ J4S5.10PlceE 1+1.T#P(2,T7 ) )*G
Al2443={941%P12 48 1+4,3%P[ 25 1+1,8#P(32,2 ))3G
A(2:51=0T2#P (2,9 1+2_.4%P( 210 J+10.8*P(3,9 D+ a¥Pl3,8 )%
A(246)=011.9%P12,L0 3. 4*P{2,10 143.5%P{2,5 )J+2,%P14,9 )+
$1.7¥P 14,10 1)*G

ACZy7i=4 110 1%P0 2301 b4344%P {310 F+E.G*PI 4410 V142, TP(4,411 ) I*G
AlZ4B)=(12.88P04,11 J+3.2%P{3,11 )45.5%F15,11 J+1.2%P(5.,1C )
$+.6FP (4410 11)%G

ALZ,91=(6.9%P({5,1L J+.T7¥p(6:11 1})=G

AlZelO=.3%P(bel)  I2G

SIXYH 22,5

A(b,1)=C1.9%P(Ll,& S+ 1®P{1,5 ))%G

Alor2)=12.%P{1, 5 J1+.52P{1,6 J+3.3%P(245 114G

Alora)=(L2%P(2 4,4 DeB.¥P[3,4 J+5.8%P13,5 }I)*G

AL 3= (B.42P(2,5 14.5%P (2,4 j+.6¢P{3,C NlsG

Aiby51=09.5%P{3,4 342,.%P(3,3 J4P(4,2 )4G.0%PLAL4 )¢ 9%P (4,5 ))*G
Al616)=19.8%P (4,3 IS5 .2%P({ 4% I+3,.9¥P(5,& J+.5%P (5,3 )Ii*(
AlOsTI=12+6%P (443 )42.4%P(4el J+12.8%PLS¢3 J43,80P(5¢2 )44.3%
SRS, J+1,.2%Pib, 4 Y4 BEP(&,3  JI0C

AlGyu)=(10.5%P( 542 F4+1o1%P (541 J#5.2%P{&, 2 J41.3%P({5,3 }413.1%
$PIGy3  drl.1#Ple,a  )4.2%P{T+2 )]%C

AlOe91=11.5*P1S 4] J48.2%P{6s)L P4L1C.2%P(€yc 1HL.8¢P(643 149,90
$PIT,)  M44.9%P( 7,2 ) )*G

AlS¢LOI=1S.T5Pl6, 1 J49.T8P {741 }+10.59P (7,2 }42.5%P( 7,3 Je3, e
SP{By2 J*3.¥PIB,3 1%

Albell)=18,2%P 17,1 )+12.28Plke2 JA12.80P(Sy¢ 46 1#PL1C,2 )+
B.8¥PI1L,2 delo.oxP(ll, ]l JeB.l*PlL2,1 142.%P{13s0 )+.38P(S5,3 )
S1%GePLBel  JePIS,1 14PLLO,1 )

FUURTH 22.5

AlGa l)=2.%PLa0 )26

AlGy2 {1 6%P (L6 Ve 4, ToP(2,¢ J+28P(247 213G
AlLs3)=03,3%p (2,6 J+Ll.B%¥p12,7 1+l ,.598P13,7 PR LPPIALE YIRS
Al ,4)=(4.9%P 13,6 D+6.9%¥P{3,7 142,64%P(a,T J42.2% {4yt 118G
A4S 1 9.E%P 0, J#l. T3P &4 J+lc. e8P 6,7 V4. 20F (4,8 )b .64
$PLsa7 ) 1%G

Alay,Sd=0a28P (6,7 DI+ 6¥P (4,8 Je6.¢E(5,6 412 43P (5,7 J4+3,2¢
V(5,8 YI*G

Blhs TI=(o3%P IS¢ F142.6%P{5, 7 J+T.23P1SE J45.4%Pth,E  Y+1ll.2%
P Loy T JtE.28PLELE )15

AlG yBI=C4.B¥P (6,7 1+ L. 3%PLOet J+T 8¢PLE4E 145, 4%P{T4E )4,2%
BPAT49  JHBLSRPUT T ) +5.%P (746 )} #C

A4y 9)= (3 0P i Teée J+T.S*¥P{ 7,7 JelC.E0PIT,8 D43.20P{T,C 142.7%#
*P(H,A Y45, 6%P( 8,7 J43.6%P(Eub )G

PlagJ0)=(4,4%P 1 E46 D elOG0P[8B,T V413.%PIt,8 JeT 28 {k,9 J+,5%
SPUT (S J+.4%P (9,9 D2 .940{ G, T }j+2.%P1S,¢ )36
Al4,ll)={.2%PIb,3 143.83P(8,5 )+15.7%P(5,5 142.43P(G 1D 149 .54

A-45

* 8 & & B & % & & & % & W = 3 8 & F & B s 4 & & ¥
O P W= N C N PR TP NS, N TNt NP WD NN LN NN RN DN PWNE NN WN DD SR e

»

« 4 2 & 0 & ¥ @

B LOLALLDDTHTDIRNRDE Al dwd A A FPEFHFPCCREOTNNIA VA RIEDL DL SD DS DWW W Ww RPN MR AR R e e s o s g

L e T O e N I L I )



G O O o] O O i e ey o e g O ] o o vl e g ) el ey Wl P e ey w WV PN S NN N =N OO

[aEalel

OO

o6

SPULluplu  B+L15.2%P 111,10 Je1.4%PU1L41L )#T7.9¢P(12,11 Y+l4.0P(13,
$Ll J+15.6%PL94 8 14l 3 2%PLC,T )46 .%PUG, 6 D44, 63PI1b, 11 49,4
SPILE, 10 1+12.4%P(16,9  J+L5.9P(16,8 )4,33P{1746 J4,29P(17,7 )
$40.%P L1106 Jeda®PLLL40  JHB.P(L12,£ )*B.®F{ 13,6 1+8.4Pll4,6 )
$HE.HPIL5,6  J+B.%PL16+0  J)SGHP{L4, 11 J4P{15,11 1+P112,10 )+
SPUL3, L0 14PLL4 L0 1 +PLL15,10 DI+PL{10,9 1+4F(11+9 J+P(12,S5 )4
$PLL3,9 14+PU14,9 DePIL5,9 J4P(L0sE )J4+PLULeE J+P[Ll2485 Me+PiL3,
t6 JePll14,8 I+PLLS,8 D+PLLICT J+P(11s7 H+PUL2,7 J+P(12,7 )
$+PUL4s7 JHPLLS T }+PIl6eT7 )

AlGgl2)=02.4P12548 D43 40{ 25,7 J+)1,8%P(2S,6 Jelloa*P(lby11 )+
$T7.%PILE4 10  J+3.6%P[1As9 JeP (1648 4T TP{LT4 6 J415.0%P(17,7 )
$HLL.2%P (2400 }+14 % PL24,1C J+1S5.78P126,9 1+,1%P§25,5 1) G

SUM=0,0
DC | [=17.+23

DO 1 J=2,11

SUM=SUM+PI],J )}

DU 2 1=18.24

SUM =SUM +PLL,8 I+ LT )e,5%P(],¢ )

Alas12)=A(4412)45UN+P (17,8}

Alas13)=(4.B%P(24¢l1l J+2.8P(24,10 J+.3%6(24,9 J+15.94p(25,9}
P14 8P (2548 J+1A.4P125,T )J4+E,.2%P[:5,¢€ 133G

SUM=0.0

LU0 3 I=26,IN

SUMSSUM+.5%P(l, & )

DD 4 I=264IN

DU 4 J=7,JM

SUM=SUM+P(T,4J )

SUM=SUM+P (25,10 1+4PL 25,1t }

At4s13)=Al%,13) +3SUM

EIGHTH 22.5

A(B|1)“08‘Pll'b )*PH.S 1)*G

AlBy2)=(95.2%P(1+5 1+P(Ly4 J)%G

AlBy3)=T.2%PL 1y & 185

AlBr4d=l Ll TePL 143 (1 #2,.8%P (144 I*+P(2,2 3%
Al8,5=112.3%P(1,2 ) 44.2%02,2 )46.4%P 11,3 )42,.2%P(2,3 ))%G
A(Br6) =1 4.32P{ 142 )4B,2%P 11,1 J¢3,0%P(2,1 )45.28P(2,2 )}*
$G

ALB 7)={B8.2¢%P{l,y1 1+11.3%P1 2,1 J4.43%p(3,] })*G

SEVENTH 22.5

AlTel)=lPLlly6 )+.69P{1,5 ))aG

ALT+2)=(6.1%P{1 25 Je3%PLZ45 )G

ALTe3={a2%P11,5S 142.7%P{1,4 IS5, 18P[2,4 )+1.7%P(2,5 )G
AlT14)2(9.1%P {244 Dok IP{2,3 J41,8%P{3,4 }19%G
AUTaSI=(Ta2¢P (243142, 4%P 12,21 +10.89P{342)4,4¢P{ 3,4} )9
AlTeb)=Cl1e08PI342)434%P[2,2)43.5%P(3,2)42. 4P (4,3)+
$LaT#P(4,2)) %G

AT sTIs{1l.10PI341)43.40P(3,2)4B.9%P432)42.T1PL4,1))%G

AlT 8 )=(12.8%P 14y 1)#3.2%P (331 045.98P (5,1} 01.2%P{S,2)¢.6%P14,2])}%G
AlTe2)={6.9%P 15 L)+, 7420640 ) 136

A{7410)=.3%P16&, 113G

THIRD 22.5

Al3e1)=(1.9%P (146 )+ L¥P(L+7 }Isg

Al392)={2.%P{ Ly T 14.5%P(Lle&  J+3,34P12,7 IV

Al3443=(12%P (2,8 J+8.%P{3,8 )+5.80P13,7 )G

AL313)=16.4%P (247 1+.58P1248 14,.69P(3,7 })I*G

Al3 45}z i5.58P(3 48 142.%PU3,9 }#PL&, S )49, 7%P1 4,8 )+.99P (4,7 )i
A{346)={9.8¢P(4+9 I+S.2%P(44E J3.60P(5,8 14.58P5,9 }}sC
Al397)=212.6%P {449 1+2,4%P (4,10 D413.82p(5,5  Je3. 8% (5,10 )+4.
$ISPLIS,B J¢1.2%P(6,8 )+.B%P(6,49 ) )G

AL2,8)=(10.5%P[S,40 I+l l#P(S5y11 )+5.28P (6,10 }41.3%P(5,5 fel13
$.1¥P{6,9 J41.19P(6,8 1+4.29P(T7,9 )G

Al3+9)={1.58P (5,11 48,216,101 J+10.29F{E, 10 ) +1.8%F(6,5 )+
$9¥P1T, S 44 90¢P17,10 )IeG

AC30100=(5.T#P( 6,11  J#I.T#P(T,11 1e10.54P(T41C J#2.58P(7,5 Je3
$.6%218,10 )+3.%P(E,S )G

Al30110=16,2%P1Ty11 }+412.2%P(B41Q 3413 €4PIS,L0 J+b. 1*P{1C,10
$1e JBRP (L1, 10 J+ia.6%P{10a 01 F+8,19P0 12441 J42.4PC13,1I1 1+,3%
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15.2
15.3
15.%
15.5
15.6
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10u
101

e

11
La2

$PIS,0  J)SGHPIB, 11 3 +P{9,11 J+PL1C,11 )
FIFTH 22.5

Al5¢l)1=2.%P{1l o J*G
AU5,20=(0.6%P (Lot J+a4.TEPI2,€ 14.29P1 2,45 1 1*G

Ai5+31=13.3%PIL2 40 1rl.0%P{2,5 141 .9%P (3,5 142.14P( 3,4 L 111G

AlSs4b=14.9%P{1,4 J#6.F8P{3 45 Y42 J4PF (4,5 J42.2%P 144 8 118G

A{SsSh= (5., 8%P 14,46 J¢l.T*P1 5,46 J+L2.6%P( 4,5 V4. 2%Pi44s 4 }Jtab¥
P55 1) %G

A{S,b)z(.2%P(4,5 J+.6%P[ 4,4 J+6-F¥F {596 V+L3,4%P({5,5 +3.2%
$PIS4 D) *G

ATSeTi=1.3%P15,6 J+2.64P(5,5 143,29P(5.4 145.4%P[hy%  }411.2%
$P{hsS V46, 2%PLE,E ) 1¥G

AISR)I=(4.B¥PLGE,S J4+1.BEP(6,6 J+T.88%P (644 145.4%P(T, 4 .2
$PLT,3 b4 B S¥P{ T 45 Y45 ¥R T8 11%G

ALS:9)s{ T 8P{Te €& JtT,5%P1T,5 1410, 6%P (7 4% J+3.2%P(7,3 )¢2.7%
P{de 4 145, L¢P 845 143.6%P1 810 ) ) *G

A(S,L01=t4.4%P 2,6 D +LD.4*P{ 8,5 Y413 %F (B4  J4T 2% (8,3 )+.5¢
SPI{T,3 J4.4%P( 9.4 J+2.B8P[945 )+2.%P(9,s¢ V1%G
AESs111=(.3%P18,4 1+43.8%P(8,3 Y415, T*P(S:3 1 42.4%P1G,2 )149.65%
$P{L042 1#15.28P(1142 }+1l.4%PU1L+1 1#T7.9%F{ 12,1 1+14.9P113,1)
$+15.6%P (9,4 Y#13.2%P (945 1rELPPLS,6 Je4. 6P 16,1 145,
$P{1e,2 1412.4%P(16,3 DJ+15.#P (1644 14.3%P(17,46 Y4, 2¢PLLT S )
$48.%P(10+6 J4B.#P(11,6 J+B.®P(12,& J+E.PPU124b J4B.¥PL 14,6 )
L8 2P (1545 D48 #PIlb,6 DI¥G+PLL4, 1 )4PILE,] JePL12.2 )4
$P(13,2 JeP(la,2 J+P(L15,2 )+P[10,2 1+P{11,3 4P {12:3 )¢
$P(1 3,3 F+P( 14y 3 J+P{15.+1 J+P(104+4 JeP L1144 1#P (124 % Y+F(13,
4 J+P{lé.4 J¥P{15,4 1+PLL0O;5 DF+P{11.+5 J+P( 12,5 JI+PL13.% )
$4P L L4455 1+PL15,5 J+Pl{Los5 )}

AlS12)=12.%P12%,44 }¢3.¥P125,5 J+1.E9P( 25,6 }+ll.4%P {161 1+
$7.3P( 16,2 1+3.6¥P{ 1643 J+PL{Ll6% D4T.T%EL1T 46 Yr15.E%P (17,5
$+1l1.28P124,1 Jela.2P 24,2 J+15.T#P[ 24,43 JeL#PL2543 1)1*G

SU4=0.0

DO 5 §I=17T.23

D5 Jd=1,3

SUA=SUMP L ,Jd )

DO &6 I=18,24

SUA =SUM #PL 144 1+P{I+5 J4.5¥P (14 & ]

A(5412)1=A15,12) +SUM+P{L1T 44}

AiS,13)= (4. 8%PE 2491 J+2.%P124,2 }4.32P(24,3 1+15.95P (25431
T+ le.*PL{Z5¢4 J+13.8P(25:5 146 2¥%P 1256 1106

SUM=0.0

DO T 1=26+1K8

SUM=SUM+ . 5%PL],6 )

DU B 1=2641M

DG B J4=1+5

SUM=SUM+P (1,40 |}

SUM=SUM+P (2542 J+P12%5:1 |

ALS s137=AL5,13) +5UN

PRINT SECTOR AVERAGES

PRINT 1ube{lsI=1,16)

00 3 J=1413
wWRITELE s LOLILAL T 4dYal=2416])
FORMAT( 1X,16(16,2X))
FORMATIZX416(1PEE.L))

D0 L0 J=1.13
WRITECT 102} LAl L4 J)s[=1,8)
na 11 J=1,13
WRITELT 102V AL, 41=9,15)
FORMAT(S8(LPELO.2) )

RETURN

LND
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IFf THE FIELD C HAS VERY LARGE GRALIENTS {5AY SEVERAL CRUERS OF (00280040
MAGNTITUDE) TEEMN MAY UAMLY WANT TC CCANTOUR EVEMN POWERS CF TEN 0293040
THIS SITUATICMN IS ACCCMPLISED BY CALLIMG ISCLOG WHOSE CALL IS 06300000

Cu310cCcCa
CALL ISTLOGLIC Ik JH, WKL, WK2) cc3z2ncco

00330000
THE ARRAYS ARE THE SAMEy EXCEPT NEEDC Te(C wWCRKSPACES, WK1 AND CC340CC0
WK2 EOTH OF WHOSE OIMENTICNS ARE IN EBY JVM. FMT IS AUTCHMAT ICALLYO0350000

< THIS IS THE MAIN PRCGRAM FOR LSING THE ACAA CCMTOUR PROGRAM 000 20000
L (CAONSIDERABLY SIMIPLIES PLCY SETUR). QQ033CCo
z INPUT PARAMETERS FCP 1SOPTH whICHh LS TREF MCRMAL CALL FOR CUNTUURINCOU4UOUO
L ANY FIELD THAT 15 SPACEC E£VENLY [N THE X ANC ¥y CIRECTICANS BUT Dx RCT 00050000
C NECESARILY EQUAL TO CY. THE CDGRE. (1,1) [S LCCATED [N CCG6OCO0
I THt LOWER LEFT HAND CCRANER OF THE PLLY. JODTRO00
™ 00080000
C PAFAMETERS ARE: Qco9GCun
[ JOLA0 000
L DELTX CONTOUR INTERVAL. IF SET = TQ .0 TREMR LONTCUR INTERVAL 0011000V
L IS TAKEN AS MAX VALUE GF ThE ARRAY,C wrUSE CIMEMNTIOAS ARE G0129000
C IN BY JM, MINLS THE MINIMOLY VALUE [F THF ARRAY CIVILED PV 00130000
C 8y THUS wILL BE ASSURED CF GETYIAG 7 CCATCURS COL40CGCG
i 00159000
L C THIS 1S THE ARKkAY 70 BE CUNTOUREL. whCSE CIMENTIORS ARE: 00L66GCN0
C IN BY JM  THE ARRAY CIMEMTICNS COL73C00
< UC18oclc
C FMT CONTOUR LABEL wHICH DEFINES THE FLRMAT AS FLLLUWS: 001900490
z FmT> 0.0 IMPLIES USE GF F FIELD/ ¥MT=7.,2 MEANS FT7.2 ca200ccec
< FMT<1.0 IMPLIES LSE UF E FIELLC. A& YALLE OF -10.3 MEANS E10.2 00210000
- 0.< OR = FMT< CR = 1.0 INPLIES INTEGER FORMAT. 0220000
c Q02300600
S WK 1S A WOFKSPACE ARRAY DIMENTICNEC (AT LEAST N BY JM) USEL BY 00240000
c THL CCNTOURING PRCGRAM SC THAT THE GRIGINAL VALUES LF € ({RE ce2h0ieq
ol MAINTAINED. €0260000
" g0270CC0
L

-

C

C

[ S R e R L R A R e e A B B T M B ad ol g R e e e e B B P g b e e b e e e P g b g P e B e b S g e e g e B e Ry

SET TC 3.5, wklCk MEANS AN IANTEGER LLATLLR LABEL. 00360000
QC3ITIACCO
IF NEED TO CHANGE GRID ARRAY {THAT 1S5 THE DIMENTIGNS CF C ANC 00382000
THE WGRK SPACE{S)) THEN MLST CALL RECCH (NC ARGUMENTS} THLS: 00393 CCY
Q04000040
CALL RECUN 00410000
. 0420000
UVELTA=DELTX C8430C00
DIMENSICN WK{IN JM), CUIN,IM} 00443000
VMAX = l.F-1¢ Co450C0¢0
VMN = l.E+10 004460000
Lo & 1 = 1,IN C04T0000
DG & Jd = 1,JM 0480000
TF{VMAX LLT. ({1,400 ) YHAX = (iT,4J) CC490000
IFIVMN  WGT, Cilsd) ) VM = C{1,J) Q0500000
6 CONTINUE 00510000
XIN=IN Q0520000
YJM=JM G0530000
APHYS5=0.T75 00540000
YPHYS=0.T5 00550000
CALL AXESS(XINsYuNsITITLE,XAXIS,YAXIS) C0560C02 &
AFIDELTALLELU.0) DELTA=WLDCRD{C+IN, J¥) 0051000
ASTEP=FLUAT(IN-1]) CcL580C02 e
YSTEP=FLCAT{ JM-1]} 006590002 ”"”
ITT=ITITLE 00600002 Ll
XXS=XAXIS c0610001 *
YXS=YAXIS 00620001 *
CALL PHYSUR{XPHYS,YPHYS) Q630000
CALL TEITLE(* *,ITY +Cr Qa0 CoXXS  #¥X§5 ) 60640000
CALL GRAPH(Q. 4XSYEP,0«4YSTEP) 004650000
LALL FRAME 006600060
CALYL HEIGHT U lQ) CC6TOCQ0
ALENG=XMESS{'MIN *,4) Q0680000
CALL MESSAGL "MIN "4 4,0.,—.45%) 0Ca9J000
CALL REALNG! WVMA,1GH 4ALENGs ~Ce45) cQr00000
X1l=4.00 a07 10001 *
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7
5
7
7
1
1
7
7
7
7
8
7
7
7
7
7
7
7
4
2
4
1
2
2
7
7
7
7
1
1
s
1
7
7
T
H
)
7
1
7
7
7
7
7
7
1
1
7
7
7
7
7
!
7
7
7
1
11
7
7
2
7
7
1
i
7
7
2
1
7
2
7
!
3
7
7
7

RS

Iy

I~

-

ALEMGEXMESSL XAXX v 4)
CALL MESSAGI*Z* 4Ly X1+ALENG,-0.45)
ALENG=XVMESST'YMAX ",4)
CALL MESSAGE *MAX '3446.04-0a45)
CALL REALNOC VMAX ylUS 46 0+tALERG =0 att5)
CALL CASH
CALL CONLABIULLUGFMT 40.y0as0aslaylaCi
CALL CUNTURIC¢INsJP Ky IN, UM,QELTA)
CALL RESET('CASH'}
LALL ENDPLED)
RET JRN
END
FUNCTIGH WLDCRGUAFREY 4] 4 4)
DIMENSICN ARRAY{LgPF)
ARMAX=-1,£+50
AFMIN=41.E+5y
D 11 = 1«L
LN 1 J = 1M
TFLARMAX JLTLARRAYII4Jd )} ARMAX=ARRAY{],J)
IF{ARMINLGT ARKAY{ToJ}) ARMIN=ARRAY(I,J)
CUNTINUE
IF(ARMAX L EQeARMINY CLTO 2
wlLDCRDO={ ARMAX-ARNINL/ 10,
RETURN
CONTINUE
WLOCRD=1.
RETURN
END
FUNCTIOCN ISOLOGICrIIs JJr WKl yhK2)

PEOGRAM TO TU PLLT LLG CONYLULERS OF LATA PASSECD
IF THEWE ARE ZERL VALUES DR NEG VALLES IN C TREY wlLL BF SET
TU THE MIN VALUE CREATER THAN ZERC IN CLNMY,
wlTH CONTOUP INTERVAL OF 1.9 (THUS POCWERS GF TEN)

DIMLLSTON CUETd3) s WKL T dd)ynR2ETELJI)
ChiN=1 ot +50

UC 3 I=1,11

UG 3 J=lydd

TFletiled)  oLELCLDY GLIT 3
IFICELed) LT CPIND CMIN=CLE+J]
LUNT INUE

LFLCMINGLELGL U CMIN=1.0
LCAIN=ALUGLO(LMIN)

JU 2 1 = 1,11

DC 2 J = 1444

WK1t1edd = Lhih

LFIC(I,d)  oLE.C.C) GOTO 2

WKLl T4Jd) =ALOCLC(CII,u))

CIONTINUE

CALL ESCPTH{WRL 4 Lo ddwK241.04C.5)
FETURN

END

SUBRUUTINE AXESSI{XIM, vy ATITLE, FAX 18, ¥aX1S)

XAXIS=7.0

YAXIS=T.0

ITITLE=1

RAT=YJdM/XIN

TFIKAT-1,.) 142,23

CUNTINUE

RAT < 1.0 CR XAXIS D YAXIS
ITITLE=-1

XAX[S5=9 .5

CONTINUE

TAXIS=RAT*XAXIS

[FEYAXIS=-Ta0) 24244

LONTINUE

RAT TCO 816G £FOR xAXIS T1 = T.C
RAXI Sz XAXIS-0.5

oudTL 6

IF{XAXI SaLTeUe5) XAXIS
TFIYAXISLT.2.5) YAXIS
RETURN

CONTINUE
YAKIS=RAT*XAXILS
TFIYAXIS—9.5) 2424¢
CONTINUE
XAXIS=XAXIS=0.5

GBTo 3 A-49
END

=0.5
=0.5

IN CUTLleddd

CLMY wilL bE COMTLREC

CLT20C00
00730000
COT40000
COT5000G
COT60000
00770000
CC7T30CGO
00790000
CCEOI000
¢cetlgao
cCca27000
c0B830030
CCB40G0OU
GG8s5N000
COoge000g
CCBTJCUO
Q8820049
CCca’luccy
GC0GoCo
CG9L0 000
€L923C0u
co9300GC
JO949 000
S0950CGQ
JU960C00
CCotaciu
CCce8acao
GC9e30CQ0
c1002000
Lw10130060
G1029G00
C1C3CCL
y10400GC0
131053 ¢0U
0lLU6I0C0D
C1370CCU
Cl138¥CC0
GlusccLu
CLLNICCU
011110430
C112G0C0
OrL30000
CLL40000
oL159CC0
0L163CCO
Cl11736CC
Cl11B80G60Qu
01190000
G12008C0
cL21aC00
01223350
£12300¢2
01240000
Q1259C00
Cl1260CC0
012704600
01280000
1293300
01300000
Q1310000
01323500
01330000
1340000
Qa13%0000
a1360600
C1370000
01380000
013900060
01400000
014 1C 000
D1420C00
C1430000
Q1440000
£1452000
01460000
01472CQ0
Q148900C¢
C149000G0

*&



