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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 ~m 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
persion of a pollutant following a tornado strike. The hypotheses 
remain untested and the dispersion patterns unverified. 
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I. INTRODUCTION 

A series of studies, sponsored by the U.S. Nuclear Regulatory 
Commission and managed by Argonne National 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 Fujita l 

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 
(N10 ~m 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.S.2 However, the wind speeds 
associated with the 10-7 probability in WASH-l300 are considered 
to be too high (Mehta, et al. 3 and Fujita*). 

This study uses a series of wind speeds associated with 
specific 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. 
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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. Fujita1 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. 4 ) to allow unencapsulated plutonium 
particles to be lifted into the vortex. 

Fujita l 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. In 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 Fujita5 ,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 tornado. 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 considered assuming only rather 
idealized concepts (Pepper 7). 

TABLE 1 

Windspeed Values <m/sec) and Probabilities of Occurrence 

Probability per year 

Maximum total 

Translational 

Tangential 

10-7 

125 

25 

100 

10-6 

96.5 

19.2 

77 .3 

- 8 -

7.2 x 10-6 

67.0 

13.4 

53.6 



Ill. MATHEMATICAL HODEL 

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

(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 S 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 verticsl shear 
within the thunderstorm cell. A study by Pepper 7 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 radioactive particles 
downwind of the plant site (Davis 8 , Hane 9). 

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 

K 
aX 

° az = 
zz 

z = O,H 

a2x 
0 --= ax" x Ox , max ( 2) 

y = O'Ymax 
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where H = height of the thunderstorm cell and acts as a partial 
lid 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. In order 
to simplify the source term requirements of the model, a unit 
source of radioactive pollutant per m3 (uniformly distributed) 
is used. This unit source of radioactive 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 10).!. 
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 (JessuplO). The puff 
becomes dispersed throughout the thunderstorm cell within about 20 
minutes according to the mass balance assumptions suggested by 
Fujita*. Figure I 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-dimensional 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-Jones ll ). 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,12 
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

4 
including the surrounding mesoscale 

flow field (Eagleman and Linl , Kropfli and Miller lS , Brandes 16 , 
Heymsfield 17 , Barnes lB , Ray 19, Miller lS , 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 Wihelmson 22 , Thorpe and Miller 23 , Lin and 
Chang24 Schlesinger 25 ). In 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 Purcel1 26 , Fujita6 , Davies-Jones and Kessler 27 , and Rotunn0 28 
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 (Fujita6 ) 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, Orville 29 , Newton 30 , and Eagleman and Lin l3 . A sub
jective analysis and interpolation scheme was used to generate a 
mass-consistent three-dimensional wind field (Pepper and Baker 31 ). 
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·l "(m/seC); z < lOOO(m) 

u(Z,t) 
[ 

25.0(m/sec) 
19.2 (m/ sec) 
13.4 (m/ sec) 

1000 ,;: Z < H 

[

25. a (m/sec) 
u(z,t) = 1.25 19.2(m/sec) 

l3.4(m/sec) 
z ~ H 

(3) 

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. / 
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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 tornadic storms 
and are comparable to observations and measurements ·of vertical 
velocities within severe storms (Browning and Donaldson,32 
Fujita6). 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 Shieh 33 ). 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 is intractable, a set of 
empirical parameters is used. Based on the work of Ragland and 
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Dennis 34 , PasquilllO, Crawford*, Pepper7 , Agee35 , Frisch36 , and 
Hildehrand 37 , the following general equation is used to describe 
the turbulent diffusion coefficients within a thunderstorm cells 

K = 1 (dcr
2

) = 
2 dt 

dcr 
cr -

dt 

(4) 

or 
A cr 2 
K = - = nt 

2-n/ 
Gcr n 

where ~2 = Gt and G has dimension of 
for vertical variation in turbulence 
multiplied by AzK such that 

m2/ sec. In order to account 
intensity, Equation 4 is pre-

A 

K 

Equation 5 is assumed to be valid for t < 20 minutes. Individual 
values for A, K, C, ~, 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 
- C! = D(ut) /(2t) 

x 

K E(ut)C!/(2t) 
y 

K Fu*zo(z/zo)S 
z 

where u is the translational velocity of the storm, t is time, 
D = 0.004 (1-.075 loglOz), 1l = 0.0075 (1-.075 loglOz), ~ = 7/4, 
F = 0.41, I> = .45, Zo is the surface roughness, u* is the fric
tion velocity defined by u* = 1.2CgUg (LoglORo - 1.8), with 

* T. \T. Crawford, Personnal Communication, 1977. 
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Cg being the geostrophic drag coefficient, Ug the eostrophic wind, 
and Ro = Ug/zof where f is the coriolis parameter. The empirical 
constants appearing in Equation 6 were obtained from Ragland and 
Dennis 34 and Lettau38 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, zo. 

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 (Calder 39 ), such that 

lim [-F(z)] = P lim [C(z)] 
z+O z+O 

and 

lim [K ~+ (V g -p) C(z)] = 0 
z+O Z dZ 

TABLE 2 

Diffusion Coefficient Parameters 

K A K C rr n 

K 0.10 0.20 0.16 t 1 
x 

K 0.10 0.20 3 t 1 
y 

K 0.60 0.20 
3600-t 

1 1 
Z t 

*Topographic effects on pollutant dispersion are discussed in 
Pepper and Baker 35 and Reynolds, et a1. 40 
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where Vg is the actual settling velocity. By express1ng the 
flux at the surface in form 

dC 
F = -(l-r) Kz az (9) 

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

'" pC '" v C + (K ~) '" '" (l-r) K (~) 
dZ 

(10) 
g z 3z z 

z=O 

Thus, varying the value of r from 0 to 1 will simulate the effect 
of losses at the surface by deposition (Ka04l ). 

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 Fuj ita l . Figure 5 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 ac t as a vert ical 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 effects spread over very large 
regions, the 5 percent mass lost out the top of the anvil is 
considered to have negligible immediate effect on the population. 

Scavenging of the plutonium particles may occur by rainout. 
Based on the work of Slinn42 the sink term in Equation 1 is 
written as 

S = - ~C (11) 

where the removal rate,1/!, is obtained from the relation (for 
in-cloud and below-cloud scavenging) 

f
oo 2 

~ = 0 dRN(r)nR E(a,R)Vt(R) 

* T. V. C:rawford, P·ersonal 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, Vt(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 

1jJ " Cl l..!L E(a,R ) R m 
(13) 

m 

Where Cl is an empirical constant which varies from 0.5 to 1.0, J o 
is the rainfall rate, Rm 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

Q
, Slinn4 , 

Dingle44, and Hane9 . In order to maintain mass conservation6, 
in the model, the amount of material scavenged in Equation 11 is 
added to the surface concentration on the ground (g/m2

). 

IV. THE JllUMERI CAL 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 1. 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 radioactive 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 partie les 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 Sklarew45 and Lange46 , 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 
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concentration transport (and winds), Equation 1 is split into a 
series of one-dimensional advection-diffusion equations such that 

ac* dC a (K ac) 
at + u ax - ax x ax ~ s x 

ac** ac* a;:- + Vay 

acn+1 

at + 
ac** a (K ac**) 

w az-- - az Z dZ s z 

(14) 

(15) 

(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 Mah oney47 to accurately 
model the transport of urban pollutants. The method calculates 
t~e zeroth, first, and second nnments 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 

o • 5 

C ~ J c (§ ) d§ 
m -0.5 m 

o· 5 
F ~ J C(§)§ d§/C 

m -0.5 m m m 

O· 5 

12 J 
-0·5 

C(§ )(§ -F )'d§/C 
m m m m 
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where subscript m denotes cell location in one-dimensional space, 
and §m denotes the relative displacement of material within the 
mth cell from the center of the cell. §m 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). For simple rectangular concentration distributions 
(rectangular mesh geometry), the integrals are evaluated by sum
minp, the concentration distributions remaining and newly trans
ported into each grid element for each time step. The advection 
of a single cell of concentration in two dimensions with the Courant 
numbers (u6T/6s) equal to O.~ 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, Pm' where Pm is defined 

(Egan and Mahoney47) 

R 
P = (F + A + ~ - O.S)/R 

m m 2 m (20) 

and, is the Courant number. If Pm < 0, the concentration is 
not advected into the m + 1 cell. If Pm > 0, all of the con
centration is advected into the downwind cell. For 0 < Pm < 1, 
a fraction of the concentration PmCm is advected while (1 - Pm)Cm 
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 + PmRm/2 relative to the center of the 
m + 1 cell and has a horizontal spread equal to PmRm in the 
new cell. The amount left in cell m has a center of mass at 
(1 - Rm + PmRm)/2 with a horizontal spread of (1 - Pm)Rm· 
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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 Baker 31 ). 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 

Ie 
m 

Ie F mm 

en+1 

(21) 

(22) 

(23 ) 

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 
PedersenSl . 

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 

(24) 

where k denotes concentration at the vertical level, k. The 
horizontal subscripts for x and y directions have been deleted. 
The values ~k+l and 0k-l are defined as 

- 26 -

~---- ----



(25) 

where the diffusion coefficients are evaluated at the center of 
the grid mesh and llzk denotes the depth of the kth grid. At 
the top and bottom boundary cells, the (t's are defined as 

(27) 

where r varies between 0 and 1 to account for absorption or loss 
of material from the grid network (Ka04l ). In 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): 

+ (Y,k_l C~_l F~_l]~~+l 
(28) 

(~)n+l ={c~ [(R2)~ + 12(F~ - F~+l)2](l - CY.k+l - o.k_l) 

(29) 
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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 Prahm5l , a width 
correction procedure is used to check the lateral spread of con
centration within each cell. If Rmn+l is greater than Fmn+l + 0.5, 
then Rmn+l = min \Fmn+l ~ 0.51. 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 Long48 . 

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 ~x = ~y = 2000 m. 
The vertical mesh is given as 

zl = 0 

z2 = 2 m 

z3 = 350 m 

z4 = 1000 m 

zk = zk-l + (H - zk)/4 

where the height of the anvil, H, used in this study is 15,000 m. 
The height of the cloud base above the ground is set to 1000 m, 
corresponding to z4. The time step increment, ~t, is equal to ~ 
30 sec. This insures the stability criteria, A < U~t/~s, where U 
and ~s correspond to the particular direction of the velocity 
vector and grid interval. The translational velocity of the cloud 
center is 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 Fujita6 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 4 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 Vg = 0.3 m/sec 
is added to the vertical velocity field to account for the 
terminal fall velocity of 10-~ plutonium particles. Within the 
thunderstorm cell, the terminal velocity of particles ranging from 
1 to 10-~ 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 
ohtained 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 re lat ion 

C~ [1 - C1llt io E 
m 

(a,R )] 
m (30) 

where the horizontal indices for the x and y locations of concen
tration have been deleted. The value of Cl is equal to 0.5, Rm 
is the mean droplet diameter of the hydrometers within the cloud 
and is arbitrari ly set, and J o is equal to 20 mm/hr. The values 
for Cl and E are derived by Slinn53 based on data obtained by 
Burtsev, et a1.,54 for removal rates in convective storms. 

Updrafts markedly reduce the effects of rainout in the for-
ward port ions of the storm ce 11. '¥ 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. 
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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/l95. 

Listings of the computer programs have been sent to Oak 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 (ratiD 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 
with in 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 is 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 tornado. 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. 

- 30 -



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. 

Ground-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. In 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 concentration by the updraft/downdraft 
regions and rainout removal rate of the storm with time. The 
ground-level layer c'onsists 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
Citles. However, once beyond the initial peak concentration area, 
downwind values of ground-level air concentration are less than 
values obtained for U = 19.2 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 in 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 9 and JessuplO 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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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 7 
was also used to calculate ground-level concentration and lateral 
spreading (2~y) of radioactive 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 
(rrzo ) and a lateral distribution of 5,000 m (~Yo)' 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/sec 3 . Such values 
of energy dissipation rates are typical of the atmosphere associated 
with severe storms (Agee 35 , Frisch and Strauch36 ). 

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 +2~ 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 
energy dissipation rate used to generate the diffusion parameters. 
A modified Gaussian model to include the effects of scavenging and 
topography (Kao4l ) was also developed and the results compared to 
the Gaussian puff model developed by Pepper 7 . 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 Diffusion 

Most dispersion models neglect the effect of longitudinal dif
fusion since u dC/aX is generally much larger than d/dX (KxdC/dx )' 
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 
dynamics 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 (Fuj ita, et a1. 52). Also, the decay of one storm cell 
has been known to be followed by generation of a new storm cell, 
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Figure 15. Concentric Annuli in 22.5° Sectors in the X-Y Plane 
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TABLE 3 

Average Sector Air Concentration (m- 3
) at Ground Level* 

TRANS 
Sector .. 1 

0.0 
0.0 
0.0 
0.0 
0.0 
\l.1l 
O.iJ 
0.0 
0.0 
0.0 
0.0 
u.'Q 
0.0 

TRA~S 

Sector -+ 1. 
0.11 
0.0 
\l.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

TkAI'IIS 
Sector -+ l 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
J.O 
0.0 
0.0 
o.u 
0.0 
0.0 
0.0 

'VEL = 13.4 
2 

0.0 
7.3~-1~ 

7dE-18 
4.0E-io 

3 
0.0 
d.OE-IS 
l.l~-15 
1.2e-14 

9.0E-17 2.0E-13 
5.<>E-IB b.';E.-l4 

4.':>E-14 
3.2E-14 
L.00-15 
1.IE-15 
9.4<-17 
0.0 

0.0 
2.80-20 
0.0 
0.0 
0.0 
0.0 
0.0 0.0 

VEL = 1.9.l. 
2 3 

0.0 
1.lI:::-L'lI 
\.. LE- 18 
q • 'tE-l. 7 
2.lE-17 
1.4!::-id 
0.0 
7.5E-21 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
1.2<-18 
l..':::1;.-1.6 
2.5<-15 
1.3E-14 
Z.5E-l4 
4.bE-l'+ 
2.2E-14 
IdE-15 
lolE-15 
9.1E-17 
0.0 
0.0 

VEL = 2,.0 
2 3 

0.0 0.0 
2.0E-20 2.2E-I' 
1.~E-ll/ 
2.4E-17 
5.':>E-lH 
5.1E-L9 
0.0 
3.0E-21 
0.0 
0.0 
0.0 
0.0 
0.0 

':>.dE-17 
6.11::-16 
4.7E-l~ 

1.1E-14 
2. ~E-14 
1.3E-14 
1.2E-15 
d.1E-le, 
o.'E-17 
0.0 
O.v 

4 
0.0 
l.4c.- ib 
3.':>f:.-l.j 
1.1E-12 
5.1<-11 
.&. ... E-LO 
2.'E-IO 
2.1E-IO 
1.tH:-Lll 
S.5E-11 
1.2E-ll 
1.2E-14 
l.uE-l1 

4 
Il.u 
2.2E-Io 
5.1:St.-15 
1.lE-J.2 
1.4E-Ll 
4.1E-11 
1.5E-l0 
I •• t-I 0 
1.bE:.-1U 
9.""c-ll 
4.UI;.-U 
':I.bi::-14 
d.lE-lS 

0.0 
4.be-Ll/ 
':1.31;.-10 
2.0E-1.3 
j.dt;:-li 
1.2 !::-ll 
1.1i:-ll 
I.LE-IO 
1.i.e-10 
d.LE-d 
4.~t:-ll 
i.bE-13 
3.'iE-14 

5 
\l.0 
£.41;.-}.6 

3.~E-Li 
d.OE-ll 
5.SE-11 
1.bt:-10 
3.4E-10 
3.5E-IO 
".7E-IO 
1.5E-IO 
~.lE-ll 

4.0E-14 
Ide-II> 

0.0 
2. IE-I" 
5.dE-15 
1.IE-12 
1.4E-11 
4.':;E-LL 
l.oE-l0 
2.0E-l0 
l.dE-l0 
1.2E-IO 
b.1E::-IL 
z. • .;E-l3. 
L.8.t-L4 

6 
0.0 
4olE-ld 
1.2E-l5 
I.3E-14 
3.0E-13 
9.ltE-L4 
1. 7E- 13 
8.1E-14 
2.3t:-L4 
l.dE-14 
2.4E-15 
0.0 
0.0 

6 
0.0 
H.LE-L"J 
2.':'':-lb 
2.1E-15 
1.7E-14 
L.SE-l4 
b.OE-lit 
3.5E-14 
'.OE-15 
1.:iE-l' 
l.lE-15 
0.0 
0.0 

5 0 
.l.O c.o 
4.b[-1~ 2.0t-I'" 
1.J.6E-lb b.6E-17 
2.0E-13 1.lE-l0 
3.bE-12 5.9E-l5 
1.2E-ll 1.4E-14 
1.7<-11 >.OE-14 
l.lE-l0 I.SE-14 
1.2t-lv 5.1E-15 
b. ,E-ll ' ... ~ E-l:> 
o."E-ll 7olE-IO 
4.8E-13 0.0 
o.5E-l4 o.v 

1 
0.0 
4.2E-19 
3.3E-16 
4.0E-16 
1.7E-16 
l.aE-16 
7.6E-19 
b.5E-l' 
0.0 
0.0 
0.0 
0.0 
0.0 

7 
0.0 
7.4E-20 
b.4E-l9 
I.OE-16 
4.6E-17 
7.1E-11 
3.0E-19 
4.5~-19 
0.0 
0.0 
0.0 
.l.O 
0.0 

7 
0.0 
l.dE-20 
l.lE-19 
3olE-17 
1.5E-17 
3.lE-11 
1. jE-19 
3.2E-19 
0.0 
0.0 
0.0 
0.0 
0.0 

8 
0.0 
0.0 
0.0 
6.1E-21 
1.5E-20 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O. a 
0'0 

8 
0.0 
0.0 
0.0 
2.IE-21 
4.6E-21 
0.0 
0.0 
0.0 
0.0 
O. ,) 
O.e 
O~O 
0.0 

0.0 
0.0 

a 

0.0 
S.5E-22 
1.'9E-21 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Radius, 
mi Ie 
-1--

2 
3 
4 
5 
6 
7 
8 
9 

10 
20 
)0 
40 

Radius, 
m; Ie 
-1--

2 
3 
4 
5 
6 
7 
B 
9 

10 
20 
30 
40 

Radius, 
mi Ie -,--

2 
3 
4 
5 
6 
7 
8 
9 

10 
20 
30 
40 

Values followed by the letter E (for exponent). minus symbol, and two digits indicate 
the powers of 10 by which the number must be multipl jed to obtain the correct value; 
for example, 7.3E-19 is 7.3 x 10- 19

• 
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TABLE 4 

Average Sector Deposition (m· 2 ) at Ground Level* 

TRANS 
Sector --j. 1 

~EL = 13.4 
2 3 

\l.0 
\l.0 
O.ll 
2.5~-1" 

5.5E-Itl 
O.\l 
0.0 
0.0 
\l.0 
.J.O 
0.0 
0.0 
0.0 

0.0 
2.9E-13 
'+.4E-IL 
4.3t:-ll 
" .5E-12 
2.1E-14 
3.4E-17 
5 .1E-.1.1 
0.0 
0.0 
0.0 
0.0 
0.0 

TRANS VE l = 
Sector ~ 1 2 

0.0 
0.0 
0.0 
4.lt:-19 
9.1.E-l~ 

0.0 
O.U 
0.0 
O.J 
\l.U 
0.0 
\l.0 
\l.0 

0.0 
L.St-i3 
2.bE-12 
3.1 E-lL 
o .ZE-12 
7.9E-15 
j.~E-ld 

1.JE:-17 
0.0 
0.0 
0.0 
0.0 
0.0 

TRANS VEL = 
Sector.... 1 l. 

0.0 
0.0 
V.O 
3. U:-.I.9 
0.7E-19 
0.0 
0.0 
J.O 
0.0 
0.0 
J.O 
0.0 
0.0 

0.0 
1.5E-l3 
2.3E-12 
2.2E-II 
4.4£-ll 
].0t:-15 
9.9E-19 
4.IE-I" 
0.0 
0.0 
0,0 
0.0 
0.0 

0.0 
3.2E-12 
4.oE-ll 
;.5E-IO 
I.OE-09 
9.2E-IO 
7.3E-IO 
i.ot::-10 
5.0E-II 
2.5t-lL 
I.OE-12 
0.0 
0.0 

3 
0.0 
1.9E-12 
3.3E-ll 
4.0E-IO 
7.6&:-10 
7.IE-LO 
6.7t:-10 
1.5E-IO 
o.5E-ll 
I. "E-ll 
".IE-13 
0.0 
0.0 

3 
0.0 
1.lE-L2 
2.4E-ll 
i.BE-LO 
O.3E-IO 
b.It:;-LO 
O.OE-IO 
1.3E-IO 
2.5E-ll 
1.3E-ll 
o. 1 E-13 
0.0 
0.0 

0.0 
l.lt-12 
4.VE:-10 
i.. 11;.-1,)9 

o.LE-\J'1 
I d E-Oo 
ldE-Dd 
1.~E-tJ"J 
i."Jt:-\J-; 
1.3E-09 
4.~E:-09 

I.3E-09 
l.SE-LO 

4 
0.0 
6.-':E-i3 
3.J~-10 

1.bt:-\J9 
4.bc-09 
'1.H.-u9 
l.li:-Od 
7.'1I;.-u'1l 
3.t:lE-J<.J 
2.0E-09 
7.9E-09 
1.9E-0'" 
(>.4E:-10 

J.O 
4 •. :H:'-U 
2.lE-10 
l.~t::-u'l 

4, J. E-u"J 
d.2:E-J"J 

0.0 
debE-13 
J.9E-1O 
2.1<-09 
6.3E-C9 
I.1E-Ctl 
1.7E-Otl 
1.4E-(tl 
'lI.4E-C9 
5.;E-C9 
l.ltE-CtJ 
~.~E-09 
~."JE-IO 

v.o 
;.OE-13 
2.9<-10 
l.ot:-C~ 

4.'iE-ali 
9.9C-C9 
1.5&;-CtS 
1.4E-(. 
'1.5E-C9 
5.4E.-O~ 

1.HE-Cd 
4.0t-09 
1.4t-OY 

0.0 
3dE-U 
2.uE-10 
ldE-09 
't.2t:-C.~ 

tl.5E-C~ 

Radius, 

~-..'!-6,---_ .~!...1_ ~-..'!-d __ m 11 e 
0.0 0.0 0.0 --1---
9.1E-14 o.3~-15 0.0 2 
j.7E-11 7.0E-14 0.0 3 
5.lt-IO 3.3E-ll 1.3E-IO 4 
I.IE-09 I.7~-II i.9E-10 5 
l.lE-C9 I.IE-II 2.7E-20 6 
1.4E-C9 2.1E-15 0.0 7 
7.9E-IO 3.3E-15 0.0 8 
5.8<-10 0.0 0.0 9 
3.bE-10 0.0 0.0 10 
3.0E-II 0.0 0.0 20 
0.0 0.0 0.0 30 
0.0 \J.O 0.0 40 

6 
0.0 
4.0E-14 
2.7E-II 
3.1E-IO 
8.0E-IO 
9.3E-IO 
1.lE-{.j"J 
1t.IifE-10 
3.0E-IO 
2.0E-IO 
I.OE-II 
0.0 
0.0 

o 
0.0 
L.t;lE-14 
1.9E-Il 
2.bE-lu 
b.oE-10 
7.0E-IO 

7 
0.0 
3.7E-I5 
3.1E-I4 
2.4E-II 
1.2E-ll 
1.I.5E-12 
S.SE-lo 
b.9E-lb 
0.0 
0.0 
0.0 
0.0 
0.0 

1 

8 
0.0 
0.0 
0.0 
0.3E-17 
1.4E-IO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
J.9t:-tl 
8.0E-17 
0.0 

Rad i us, 
mi Ie 
-1--

2 
3 
4 
5 
6 
7 
8 
9 

10 
20 
30 
40 

Radius, 
mi 1 e 
--1---

l.tf-ud 1.~E-CH ~.jE-lO 
7.7E-u9 1.2<-C8 3.4E-IO 
4.2~-O~ 9.VC-C9 1.1E-10 
i.bE-O~ ~.bt-C9 1.iE-LO 
1.L~-Ud l.u~-Cd 7.1t-li 
j.2~-u9 ~.bE-C9 0.0 
d.~E-LO 1.bc-09 0.0 

0.0 
I.1E-I> 
1.5E-14 
I.7E-II 
9.IE-12 
4.9E-12 
2.b~-lb 
2.5E-IO 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2 
3 
4 
5 
6 
7 
8 
9 

10 
20 
30 
40 

'~Values followed by the letter E (for exponent), minus symbol, and two 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 10- 19 • 
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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 cont inually 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. Below the base of the thunderst<>rm, 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 
kz 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 variat ion 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 ~ixed 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 1-10 l..l into its vortex and then to 
lift 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 
(hours) 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. 

D. 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: 

• Is the particulate incorporated entirely into the rain? 

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

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

These questions can be answered more accurately when more 
data becomes available. The present model assumes the concentra
tion is acted upon by raineut and washout scavenging, except for 
that concentration which is lifted into the anvil (top level of 
the model). In test cases run with and without rainout, inclusion 
of the rainout sink term in the governing equations significantly 
added to early deposition of the radioactive 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 
1 ifet ime of the storm and are more intense in some areas than in 
others. This in turn ultimately affects the deposition patterns 
on the ground, creating areas of intense concentration beneath the 
storm. 

Since the radioactive 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 observed 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 Pepper 7 , could cause the concen
tration to be more quickly deposited near a nuclear facility in 
higher amount s . 

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 flO'w 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 essent ially flat, class ical '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. 
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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 rudified to 
account for terrain by using a grid network with variable mesh 
spacing (Pepper and Baker 3l ). Provided the terrain features 
are known over the entire surface domain of calculation, 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 the 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, Kz ' an empirical relation has been used 
wh ich incorporates a surface roughness parameter, zo. 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" formu lat ion which inc ludes zo. The higher the value 
of zo' the more turbulent the diffusion near the surface. This 
empirical relation coupled with an additional relation for Kz 
above the surface layer allows the influence of surface roughness 
(or topography) to be propogated with height to 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 

accordin~ly. 

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 ~ithin 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 
turbulent diffusion below the cloud. 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 
ske~ed 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 abo~t 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 to 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 tornadic storm). Lateral 
spread of the concentration was significantly greater than that 
predicted by the three-dimensional numerical model. 
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DU 15 I=l,IN 
ll=lN-t+l 

15 WRlTE(6ti04) (CINlll.,,",',J=l,lll 
CAll ISOL~GtOUMY,I~.J"tDUM1,ClM2) 
UU 3 l=l,tN 
DD J J=l,JM 

3 OUMY(I,J)=C(1IJtll/(OX.~V*l(2).lOCO.1 
IF'NITER.EQ.l201~ALL StCTQRIOUM~,I~,JM. 
IFlNITER.EQ.l20ICAll SECSIT'OLMV,I~,J~,~X' 
CO~TINU£ 
CALL PRINT2 

101 FGRMATt I,T46,'X-'r Pl,o.p..E',1 I 
102 F- ORI'4. AT « 20X, • K= , , 15, 10 x, • TI M E= '. flO. £, Hi X, • Sl"''' t ,lP E1 O. 3' 
L03 FGRHAT(30It4)) 
104 fuRMA,T( lX.lPlltL1.31 
101 fORMATi l,lX.30tn.1XI,1 

RETURN 
END 
SVGROUTIN£ PRINT2 
COMMON/VB/lO,DX,HlIO.IN,J~,K~.I~N,J~~,K~N,C'. OT,NITERI~P,RR,PS 
CO''''''ON/MATRX1/U(30,11,B',VC30,11,8' ,"13C,ll,8 .,CI3{),11.81 ,Kxxt 

" 8',KYY( a),KZZt E, 
CUMMON/VCTR/TIME,CINl30,ll) 
COMMON/DJM/X(30),Y(1~),ll 8I,"Ut81,~Ch(8),l..H Q),WK 
OIHlNSION ZPTI3C).LS(30,8',CUM~130.B',_lC3C,81.CUH1'30.el,UN(30.fl 
J=b 
Nl= IN.KN 
00 4 1 .. 1,1 N 
DO 4 K=I,KN 
~1I1,KI=Wc(,J,K) •• Cl 
UN( I ,K'=U(I • .J,K 1-.01 
DUMY(I,I<) ... Cl1,..',I<) 

4 LStl,KI= (,.(I.J,I<'.SlGt.iIO.5, CII,J,KII 
CALL YE'TPIUN,"l,I",,)(~,OWMll 
J \'= 1 
DO 7 1<= 1,3 
DC 1 1=2tJN 
FlAG=O. 
1Ft WI (1 '''''}.LT.- .ce5 )FLAG'" 1. 
IFIFLAG.EQ.l.ICALL RAhOOT(FlC'TC 1) ,FLC .. " .... ,n. KN. ]~, 
I f I fLAG. Eel.l •• AND.K .EQ. 2' CALL RANCe: f( FLCA H I J .F LOA T( II, IN,f(~ ,I Y' 
1Ft UN( I ,4) .EQ.u .. A"'O. UN( I.2).L T •• Ol.ANt ... 1 ( 1,..1, "J.Gl.O.) 

$CALL RANDel (flJ ~T( I I ,FLOA f( I( J •• tI., Kf\, I'Y) 

IY=lY+2 
1 CONHNUE 

CAll RECON 
CALL lSOP1HIUUHYt'NtKNtDU~l,a.,O.5) 
DO 40 1= 1 d N 
lPHI'= DUHYll,lIlICX.JY*lt2'.1000.) 

ita IFIZPTlI'.LE.O.IZPTtII.o::l.00E-20 
CALL YLGPlTtX,lPT,]O) 

lOl FGRMATtI',46X,'X-Z PLANE IN J DIREC1ICN'tI 
102 FORMATl30X,'TIME: ',FID.l' 
103 fORMAT( 30114)) 
lel fORMATt ItlX,lOII3,l~I" 

RETUP.N 
I::ND 
SUBROUTINE PH~NT) 

(OHMUN/VBllO,DX,~~l).]N,J~fl(~.INN,J~~~K~h.D~, CtrN1TER,IP,~R,PS 
lO'4MON/MATRXI/UI JO,ll.BI,Vt30,11,BI ,.C3(.11.8 l.tC30,11,!!) .KXXI 

, 8),KYYI 8),KIlt 81 
DIMENSION OUMYI30, IlJ ,LS( 30,11», )01'( 30. 111 .C!,JMl( 30.l1ltOUfi/2' 3e,ll' 
~OM"CN/(VELTY/VXtVY 
COMMON/VCTR/TIME,CIN(30.11) 
P'12=IN*JM 
lFtNITER.EJ.J)'AlL ClE~Rlxx,~2) 

A-4 

1802 
1703 

1704 
1105 
1106 
1708 
1801 
1 A02 
1803 
1 A04 
1805 
IBU6 
1 AO 1 
1808 
P;lOl 
1ge2 
1903 
lQ04 
1905 
190'j 
1906 
1G01 
1908 
2001 
2002 
2003 
2004 
2eGS 
2006 
7 C07 
2006 
2101 
llOZ 
2103 
210t. 
2105 
2106 
1107 
2108 
2201 
2702 
2203 
220ft 
2205 
2206 
2201 
2208 
2301 
2302 
2303 
2304 
2305 
2306 
2307 
2308 
2401 
H02 
2403 
21t04 
2405 
2406 
2407 
2408 
2501 
2502 
2503 
2504 
2505 
2506 
2507 
2508 



1 
1 
1 
1 
1 
7 
1 
7 
1 
4 
5 
1 
7 

5 
1 
1 
1 
5 
1 
1 
1 
4 
1 
1 
1 
7 
1 
5 
3 
1 
1 
1 
1 
1 
5 
1 
7 

5 , 
3 
3 
3 
3 
1 
7 
1 
7 
7 
1 
6 
7 
1 
7 
7 
1 
1 
7 
1 
7 
5 
1 
7 
1 
7 
1 
1 
1 
7 
1 
7 
1 

FlAG=O. 
IflNITEk.EC.OlGQ Te ~ 
PSI=2.0E-04* RR ••• ~ 
KNNN=6 
00 12 K=3,Kfl.:NN 
OU 12 l:l,lt\ 
DO 12 J=l,JM 
XXII,J' -: xXII,J I + (.(I,J,K'.PSI*l:T 
IFeXXII,J J.GT.C.JFlAG:l. 

12 CUNTINUE 
4 DO 2 J=l,JM 

0021=!,IN 
JJ=JM-J+ 1 

2 DUMY(I,JJ1=XX(I,JI/IOX*OY*lOCC.I 
DO q J=l,JM 
OOq l'=ltlN 
lSI I ,J ) = XX , I ,J J .. S [GN (0.5, X X ( I, J ) » 

9 CUNTINUE 
If(flAG.EO.O.JGC Te III 
If(NITEP/20.N[.~ITER/20.JGO Ie 1 
PRINT La . 

10 FURMATtl1 ,40X,'GRCUNO LEVEL CEPOSlll(~ BY RAI~CUT',IIJ 

"kITEI6,LOll 
WRITE(6,102ITJME 
WRITf.16,107) .(1,1=1,30' 
DO 5 J:: 1, JM 
JJ=JM-J+l 

5 WRlTECb,103)ILSII,JJ),I=l,30J 
III IF(FlAG.[Q.O.)PRINT 108 

If(FLAL.[Q.D.JGC Ie 1 
(.All RECCN 
~ALL ISOlnGtuuMY,I~,J~,1UMlrDUM21 
UO:\ l=l,IN 
00 3 J= l,JM 

3 UUHYII,J'=XXll,JJ/IOX.OY.lOOO.) 
IFINIT[P.EQ.IlO'CAlL SECTORIOUMy,I~,JMt 
IFINITER.EO.llOJCAlL S[CSIT'Ol~V,I~,J~,~xt 
cu"rt NUE 

leI FORMATI I,T4ot'X-~ PLANE FUR Z~O',I , 
102 FOR~AJ(4QX,'TIME=·.FlO.2J 
lC3 fURMAT(30114)' 
107 fORMAT( I,lX,JUII3,lX),1 ) 
IDA fOR"'ATC4QX,' •••• ''0 (.C"'{'ENTRAtIC~ AT n·E GPCLNC ••••• , 

RETUF<.N 
,"0 
SUBROUT INE EDDY 
~EAl KXX,KVV,KIl,ll,K,.,Kl 
{'O~"10NI VBI ZO ,LlX ,Hl If.l, IN I JM, KN, INN, J~'" ,t(~N ,(a, 01,~ ITER, IP, RR IPS 
(O~MUN/MATRXl/UI10,ll,BI,V(3Q,11,BI ,WC30,11,8 J.CC30.11,E) ,K))I 

S a',KYV( e),Klll e) 
I.OMMON/DIM/XtJO),YllLI,l( 8 .... ~181,\IIC~'al,liH C;J,WIC 
(O~MUh/(VEL1Y/VX,VY 

LO~MON/VCTR/TlME,CINI30,11) 
00 4 K=2,KN 
IfITIME.GT. bOO)GO 10 2 
KU t K 1=. hO"l (K) ••• 6,}* (3600.-111"0 13tOC. 
KVY{KI=.10.l(Kj ••• 20*3.·TlME.TIHE/ICOCO. 
KXX I K)=. ZO.Z I KI * •• 20* .1 6*TI ME 
GO TO 4 

2 U8Af{=1.2S*VX 
BETA=.45 
UG= V)( 
F =1. QE-04 
kO=UGIi ZO*F I 
usr AR=1.2*.16*UGIC AlOG1IJ eRe 1-1 .. 8) 
A=1.-.07S.ALOGID(Z'K) , 
EP:7./4. 
I\YY(KJ = I A*'UBAR*T IME) .*EP )/12 .*T IME , •• DCl ~ 
Kll(KJ=.41.USTAR.IC.IICKJll().*BET~ 

IF(K.Ll.4)KYY(K'=lC.*KllIKI 
I(XX(K'=I<YY(I(' 

A-S 

2&01 
2602 
2603 
2604 
2605 
2600 
2607 
2608 
2701 
2702 
2703 
2104 
27v5 
27Cb 
2707 
2708 
2801 
2802 
ZA03 
2804 
2805 
2 R06 
2807 
28GB 
2901 
2'02 
2 eW3 
2 c1Q4 
2Q05 
2QOb 
2Q01 
2908 
3001 
3002 
3ee3 
3004 
3005 
3006 
3C01 
:1008 
3lel 
3102 
3103 
3104 
3105 
3106 
31;)1 
3108 
32..>1 
3202 
3b.D 
3204 
3205 
3206 
3207 
310B 
3301 
3302 
3303 
3304 
3305 
3306 
3307 
3:-108 
3401 
3402 
3493 
3404 
3405 
34"0 
1407 



5 
7 
7 
7 
7 
5 
5 
4 
3 
8 
B 
7 
7 
1 
7 
7 
7 
7 
7 
7 
7 
7 

• 
1 
1 
1 
1 
7 
7 
1 
7 
7 
7 
5 
1 
1 
1 
1 
1 
7 
7 
7 
7 
7 
5 
7 
7 , 
1 
1 , 
1 
7 

5 
7 , 
7 
7 , 
5 , 
7 
7 
7 
7 
7 

5 
7 
7 

7 

4 CUNTINUE 
IFlf'ilTEP.GT.UGC Te 3 
PRINT 100 
DO 5 KK=l,KN 
K=KN-KK+l 

5 WRJTEtb,3'311IK),KtllKJ,K)(XCt(JrI(YY(K).lJ'15,61KI,~K 
3 CUNTINUE 

35 FDRMATIZX,6flO.21 
1 00 FORMAT( II ,T 8. 'Z • 1'T 18, 'Klt ,T 28, • K X' ,138, • K,,· • T Ate ,. U' .158 , • "K' J 

RETURN 
END 

BLOCK DATA 
CO"'MCN/t)l~/X(30J,Ylll)'lt 8""' .... 'S),"'CNlEJ .IJH (n,WI( 
DATA .ON/O.Od.C, 8.00, lO.O, 14.25. CJ.O, It.O,O.OI 
DATA WU/O.O,l.U,8.0Q, lO.O,ll.~Otle.Cte.C.C.CI 
DATA lID., 2 • • 350 •• [COO •• O.O,0.0,0.0,0.01 
DATA UH/-4.0,-5.0.-b.O,-S.O,-lO.O,-B.O,-1.0,-6.0,-4_01 
END 
SUBRGUTINE WINDS 
REAL KXX,KYV,Kll 
CO~MON/VHllO,OX'HlIJ,JNtJM,KNtINN.J~~,K~N,OY, Dl,NITER.lP,RR,PS 
CDMMON/MATRXI/UJJO,11,8J,V'3C,11,8) ,~'3C,11,8 ',((30,11.8) ,K.XI 

$ 81,KYY( BI,KZt( (:1 
COMMON/VARV/CV,)0,lll,FVX(30,111,R~)130,111,FvYI30,111,PVY(3C,111 
COMMO~/V.RU/CUI 30, 1 U ,F uxno, 1 U ,RU); no, 1]) ,F\.;Y no, 11), RUY t3 (,lit 
CLMMON/VAR1/CH 30. 11) ,fWX(3C, 111 ,R\!.)lt 3C, 111 ,F., no, Ill. R~Y(3C,111 
CO"',",ON/DIM'XI10I,Y(1l I,ll BI,~U'B),~DN(B),lJH ql,~K 
COMMON/DElTSI F~ACX.F~A'Y 
COM~ON/CVElTY/VX.VY 

N4=KN*I N*J~*2 
DO B l.=l,tN 
DO 8 J=l,JIIII 
DO B K=4,KNN 

e Utl,J,KI=Oa 
CAll ClEAR(V,N4J 
CAll l~NGTU(DX,CY.[N,JM.INN,J~~,OT,hlTE~) 
CALL lATERV(DX,Dy,lN,J~,INN,JMM,OT,~ITfA) 
CALL UPOOWN (oX, C'f, IN, JM, INN, JMJoI, OT, PI. IT Ell. ) 
009I=l,lN 
DO 9 J=I,JI1 
DO 9 K=-2, KNN 
WK=-.lb 
IF"T(I,JI.lE.O.'SET=CT(I,JI·~CN(~1/5C. 
IFIC T (J ,J) .GT.O. ,SET=cr« 1 ,J I *~U«K 1/';0. 

9 W( I ,J,K I=SET+WK 
IfINITfR.GT.IIGC TO 1 
DO 4 J=l,J'" 
001. K=2,3 
DU 2 l=l,IN 
UI I ,J,KI-=2a2.Z' KI' •• L8 

2 Vll,J,KI=O.O 
UO 4 1=2,10 
utlrJ,):::UHCI-ll 

4 U({,J,21=.30*u(Z,J,H 
GLJ TU 7 
DO b J=I,JM 
UC 6 K=2, 3 
00 S 1=2.IN 

5 l)U,J,Kl=Ufl-1,J,KhfUCI,J,K.-UII-l,J,K)1.ICX-V):*OTI/OX 
6 V(I,J,KI=OaO 
7 Du 1 K=4, KN 

Du j J=I,J'1 
DC 3 I=I,l'i 
U(lrJ,KI=C:.J( 1,JI 
I F( CU( I ,J I.E'.J.O a aAf\jD. CV ( 1 ,J) .Hl.O.' l' I ,J, ~ )aV X 
I F ( Cd ( I • 11 • l TaO •• A t\ c. C V ( 1 ,b ) • Fl;;. 0 • J l,; ( 1 , 6 , " ) ... 0 .. 
I F(K.EQ.KNIUll, ':,1< J=1.25*VX 

3 Vtl,J,It'I=(V(I,JI 
CAll EDOY 
fo'. ET JRN 

~N" 

A-6 

3408 
3501 
350l 
~t;03 

3504 
3505 
3506 
1507 
3508 
1bOl 
3t02 
3603 
3604 
3605 
3b06 
36i17 
3608 
3101 
3702 
3703 
3104 
3105 
3106 
31C7 
3108 
3 BOl 
3802 
3803 
380~ 

3805 
3806 
38C7 
3808 
3QOl 
3902 
3Q03 
3'904 
3Q05 
3Q06 
)QOl 
)Q08 
4001 
4002 
4003 
4004 
4C05 
4006 
4 ca7 
4CC8 
4tO t 
't02 
4L03 
4104 
4105 
4106 
4107 
4108 
4201 
4202 
4203 
4204 
47C5 
420b 
4207 
4208 
43l.11 
43J2 
43C3 
4304 
4)01) 
4306 



7 
1 
7 
1 
6 
1 
1 
6 
1 
1 
1 
b 
1 
1 
7 
7 
1 
1 
1 
7 
1 
1 
7 
4 
1 
1 
1 

7 
7 
1 
7 
7 
1 
7 
7 
1 
1 
1 
7 
7 
1 
7 
7 
7 
1 
7 

1 
6 
6 
1 
7 
b 
b 
6 
7 
b 
6 
6 
1 
6 
6 
6 
7 
4 
7 
1 
7 
1 
7 
1 
7 

SUBROUlJ NE III FF l. S 
REAL Kl2,~llK,KIlP,~ll~,K~X,K,~,K))K,~~~K 
cnMMON/VBllO.OX,HlID,IN,JH,K~,INN,J~H,KNN,D~, OT,NITEP.IP,RR,PS 
CUMMUN/~AIRX1/U(jO,11,81 ,Vt]O,ll,Bt ,~(3C,11.8 ),Ct30,11,P) ,KXXI 

$ eJ,KVY( B),KIll E) 
COMMON/OIM/XI3u),YIU),lt 8) .... \..tS), ... C'""8l,\JH Q),'fIK 
Cm"'1UN/CAlGOR/O (3i1,ll,B) ,FleA (3D,li,E) ,FYA (30,11.8) ,Fll-

1130,11.8) ,RXA (30,11,8) tRYA OOtll,E) ,Rl" BO,U,S) 
(eHMON/DElISI FPACX,F~ACY 
COMMO~/DELTlID~LTAZf BI,FRACZI e) 
CO"lMUN/VAR2IRTX(-tO,11,81 ,RIY(30,11,81 ,Flxno.U.B) ,FTV(30,11, 

$ 8I,RTlt30,11,81 ,FIZC30,11.8) 
CALL SCAvEG 
0(1 10 K'='l,KN 
DO 10 J=l,JM 
0010 l=l,tN 
0(1 ,J,K)::::C( [,J,KI 
RXA(I,J,K)=PTX( I,J,K) 
RYAII,J,KI-=RTYII,J,KJ 
P 1A , I ,J , K) =R T 1 I I ,..; , K' 
FXA( I ,J,Kl-=FTX( I,J,K' 
FYAtl.J,K)=FTYII,J,KI 
FIA(I,JfK1=FTl( I,J,KJ 

10 CONTINUE 
RB=L .0 
RT=O.95 
00 6 1=2. INN 
00 6 J=2,JMM 
on 6 K=l.KNN 
KXXK=KXX ( K) 
KYYK=KYY( KJ 
AXM=KXXK*OT/Iox*aXI 
AXP=AXK 
AYM=KYYK*OT/IDY*OYI 
AYP=AYM 

IFIK.EQ.IIGO TO A 
(F(K.EQ.KN~)GO 10 q 
DIP=I(K+2J-l(KI 
DI=l(K+1J-IIK-1.1 
KIZP::KlZCK+ U 
KLIK:::..Kll( KS 
KlIM=KlIlK-l) 
AKM=AKP 
AKP=(KlIK+KllPJ*Jl/101*CIP) 
OIF=1.-~XP-AXM-~1P-A~~-~KP-AK~ 

IfIOI~.lT.Q.IPRINT 10e 
e ( I ,J.K) =011, J. K J.e If· +AXP>I() ( 1+ 1, Jf K )+A)I/I'"t 

$O( 1-1,J ,K ,+AYP*C l I. J..-l,K I+AYMttl I ,J-l ,I< ,.'I<P*CI J,J. K+ll+.IKM. 
$Dll ,J ,)(.,-1) 
IflttltJ,KJ.lT .. l.E-lOIGO TO 30 
FTX(I,J,KJ=lu(I,J.K).FXAII.J,K)*OlF+AXP*CCI+l,J,KI*FXA(l+l,J,K. 

hAXM*O 11-1, J, KI *FXA (I-I. J, K hAYP.C I 1 ,J *1, It ).F)'A ( I, Jilt K )+Al"U 
$CII ,J-l, K )*fXA I 1, J-1, !C.) +AKP.C t l,J ,K + U.FX. t 1, J, K+1 '+A\(.M*O( 1, J, 
SK-1 ) *FXA ( I, J, K- 1) )fCC [ ,J ,KI 
fTYll,J,K)=ICtl.J.K •• FYA'I,J,K.*UJF+_XP~(['l.J.K.*FYAII+l,J,K) 

$+AXM*OII-1,J,K •• FYA(I-1,J.KJ+~YP*'(ltJ+l,K).FY~(I,J+1.KI+Al'~* 
Sui 1 ,J-l,K )*fYA11, J-l, K) .AKP"C Il,J 1t<.+U~T" ~(l, ... ~+l )+AKM"C( 1, J, 
$K-l ,*FYAC 1 ,J ,K-l)) le( I, J,KI 
f'III,J,K'=lu(I,J,~).FZA(I,J.I<'.OJF+'XP*((I+l,J,K'*FIA(l+l.J,K) 
S+AXM.O(I-I,J.KJ*FIAI1-1.J,K'+AVP.OII.J+1.I<,tFIAII,J+1,K)+Al'~t 
SGII ,J-l. K, .FLAI 1, J-l, 1(.) .AKP.( t 1. Jf X +1' .Fl., "J, "+1) +It.KM.t.t 1, J, 
$K-l '.FlA (I,J ,K- It J/CII,J,K) 

GO TO 6 
8 DlP=lI21-ZIII 

Dl=lI31-ZlIl 
Kllp:::KZI(2. 
KIIK=KII( U 
AKP=(KLIK+KILPJ*JJ/IOZ*OIPI 
[j I f= 1 .-AK P*12. -R e 1·- AX p- AXM-,6 Y P-A n' 
IF(IJIF.lJ.O.'PRI.'1T 101 
ell ,J,k.I=nll,J, KI*O IF+AXP*OII+I,J,K I 

A-7 

4301 

" ~08 
44()1 
440l 
4403 
4404 
4405 
4406 
4lt07 
4408 
4501 
4502 
4503 
4504 
4505 
4506 
4507 
4'j08 
4601 
4602 
4603 
4604 
4605 
4606 
-4607 
4608 
4701 
4102 
4703 

4104 
" 7a5 
4106 
4707 
4708 
4-801 
4802 
't803 
4804 
4805 
4806 
4807 
4808 
4~01 

4902 
4~al 

-4~04 
41il05 
4906 
4901 
~908 
5001 
5002 
50113 
5004 
50C5 
5006 
5001 
5008 
5101 
5102 
5103 
510. 
5105 
5106 
'jl01 
5108 
5201 
5202 
5203 
5204 
5205 



• 
1 
1 

• • 1 

• • 1 

• • 1 
5 
1 
1 
1 

• 1 
1 

• • 
1 

" " 1 

• • 
1 
4 
1 
1 
1 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
7 
1 
1 
7 
7 
7 
1 
1 
1 
1 
1 
7 
1 
7 

'+AXM.OII-1,J,~)+4YP.OII,J+ltkJ+AYM.Ctl,J-I.~'.AKP.OI1,J,I(+lJ 
IFtC( I.J,Kt.LT.l.E-lOIGO TO 30 
F TX ( 1 t J r K ~= ( wi I , J ,K ) • FX A( I, J. K ) *0 IF +AXP 10 , I +l • J ,I( J *F U« 1+ 1 t J ,t<. I 

S+AX,..*C I 1- 1, J ,K.) • F XA' 1-L , J, K hAYP*C I I, J+ 1 • III ):IF XA ( 1, J +1, K hA YM. 
so ( I t J- 1 ,K ) .. F )(AI I, J-l. k) + AKP te ( I ,J ,K +11. F X" ( I. J , 1(+1 I J/C C I ,J ,t<. ) 

FTY( I,J,KI=I ul I ,J ,K )*FYA' (,J,IC. ).OlF+AXPt()(I+l,J,K'.f-YAI .+L,J ,KI 
I. AX lit *0 ( 1- 1, J ,K) *FY A' I -I, J I K J .. A yptC I I ,J+ 1 ,I': J IFY,e. ( I , J*t, K I +A..,"" 
SOl I .J-l.K).FYAll,J-l,K)+AKPtCII,J,K+UtfYAI I,J,K+l) IICC I.J,K) 
FIll I ,J,K':o:(llll ,J,K).FlAC 1,J,J<.'.Olf.AXPtC U+l ,J ,IOtFlA' 1+l,J ,K, 

$+AX"I*OI 1-1. J t KJ tFlAI 1-1, J ,K hAYP*(H It J+ 1, t() _FlA (I, J+l, K hAY"'
SOil ,J-l.KltFLAII.J-l, IO+AKPtC( 1,J,K+l'*FI .. C I,J,I(·H' '/C( I,J,IC' 

GO TO 6 
q AK .. -=lKP 

0IF=1.-AKM·,2.-RTI-AXP-AXM-AYF-AYM 
IFIOIF.lT.O.IPkl,r IOZ 
C( I ,J,KI=O' I,J,K,.ulF+AXPt()1 .+I,J,K, 

S+A XM.O I 1-1, J , K~ + 4 '( ptO ( I ,J+l ,K ) +AY"'. ( II , J-l. K 1 +A KMtLl I I, J • K- 1 ) 
IF(ClI,J,Kj,.LT.l.E-iO)GC 10 3(; 
FTXfl,J,KI=Iu(I,J,Kf*FXAII,J,KI*OIF+AXP*O(I+I,J,K'.FXA' (+I,J,~1 

$+AXM.OI 1-1, J ,K. *HAI 1-1, J ,I( )+AyptC I I, J+ 1, 11:» *f XA (I, J +l, I( )+AY,., f 

SOIl ,J-I ,K).FXAI .,J-l,K)+AKM.CII ,JtK-l'tFX~II, J,K-l) I/CI I,J,K) 
FIYI I,J,K)=1 DC I ,J,K)tFYAI I, J,KI.OIF+AXP.O (IH,J,K)tfYA I 1+1,J ,K) 
S.AXM.D(I-I,J,K)tFY4'I-l,J,K)+A~P*(I',J+l,~'.FYAlltJ.l,KJ+~V~' 
SO (I ,J-l • K I *FY At I , J-l , K» +AKH -0 I I, J t K-. J H Y ~ ( 1, J I K- U ) Ie I I, J I K ) 

F TlI I, J,K)=(O(I , .. ,KltFlAI I,J,K)tOtF+AXPfC.C l+l.J.KI*FlAll+l,J ,K, 
$+AXM.C;( I-I ,J ,K)tFlAII-I, J,K' +AyptGII ,J+ I, k) *F 1A (I ,J+l, K I +AY". 
SC, I ,J-l ,K)tF1AI J, J·-l, K)+AK""tCII ,J ,I(-J )*Fl"l J, J, .I<-J)}le I J ,J,.I( ) 

Go TO 6 
)0 FTXll,J,K)=O.O 

FTVII,J,K'=O.O 
FTlII,J,.'.::O.O 
C( I ,J,K '=0.0 

b CONTINUE 
00 39 1:2,INN 
00 39 J=2,JHM 
DO 39 K:l,KNN 
IFICCl,J,K' .. LT.l.E-lO'GO TO 50 
"'XXK~KXXI K' 
KYYK""KYY, K) 

AX~=KXXK·OT/(DX*DX) 
AXP~AXM 

AYM=KYYK·Ol/IDY·OY' 
AYP=AVM 
GO TO 40 

50 RTXII,J,K,=O.O 
RTY(I,J,K'=O.O 
RTle I,J,K'=O.O 
GO TO 3q 

"40 RXl=RXAI1,J,K. 
RX2=RXAlt+l,J,KI 
RX3~RXAII-I,J,K' 
RX4=RXA( I,J+l,KI 
RX5=RXA( .,J-l ,K) 
SX1=ilXl.RXl+ 12 •• ' F X,, I, J, K'-FIX II ,J ,K',*.2 
SXZ=RX2*RXZ+12.·IFXAII+l,J,KJ-fTXI1+1,J.~JJ··Z 

SXJ=RX3*RX3"12. *' f.(AI I-I, J, k) -FT X (l-l,J ,K) ,**2 
SX4=ilX4tRX4+1l.*CFXAII,J+1,K)-FTXII,Jt.,K"··2 
SX5=RXS*RX5+ 12. *' F XA( I .J-l, IO-F TX elf J-l ,t() ,.t2 
RY1'>'RYA(I,J,KI 
RV2=RYA, 1+1 ,J,K) 
RY3=RYAI]-I,J,K' 
RY4:sRYAI J ,J+l,K) 
RY5=RYAII,J-1.IO 
S Y l=R Y •• R Y 1+ 1.2. *' F 'f 41 ., J ,K) -F 1 Y {I ,..i ,K) ) ... 2 
SY2=RY.2.RYZ"I.2. *' FYA II+l,J, K ,-FlY I I +l ,J ,K), .*2 
SYJ:::~Y3.R.Y3+1.2 •• ,FYAt 1-1 ,J, K» -FlY I I-I ,J It(,) 1*.2 
SY4"'K V".PY .... 12. * IFYAI J, J+ i. K '-FlY II, J+ 1 ,K)>> •• 2 
SY5=RYS.RY5+12. -(FYAt I,J-l,K )-FlY II ,J-l ,K» •• 2 
RII=R1AII,J,K' 
RI2=RIA( l+l,J,K ) 
RI3=RZAlI-l.J,K) 
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520b 
5ZQ7 
52Q8 
'5301 
'5302 
5303 
5304 
5305 
5306 
5301 
Sl08 
'5401 
5402 
5403 
5404 
'5405 
54'Jb 
5407 
5408 
5501 
55u2 
51)0J 
"5504 
S'i05 
55JD 
5'501 
5508 
56;)1 
56J.l 
560) 
5h04 
5605 
5606 
,607 
5608 
51111 
5102 
5703 
5104 
5105 
570b 
~ 7(Jl 

5108 
5801 
5802 
5.g0) 
5 e04 
58U5 
'5906 
5eOl 
5808 
5901 
SQ02 
SQ03 
59U4 
5905 
5906 
5901 
5908 
6001 
6002 
bOO) 
6004 
6005 
bOOb 
6001 
6008 
biOI 
6102 
6103 
6104 

J 



7 
1 
1 
1 
1 
7 
1 
1 
1 
1 
7 
1 
1 
1 
1 
1 
7 
1 
7 
7 
1 
1 
1 
1 
7 
7 
1 
1 
7 
1 
6 

" 1 
6 

" 1 

" 6 
.1 
4 
1 
1 
1 
7 
1 
1 
1 
1 
1 
1 
1 
7 
b 

" 7 

" " 1 

" 6 
1 
4 
7 
1 
1 
7 
7 
7 
1 
1 

" 

Rlft.>tRIACI,J+l,!<;) 
~15=RIACI,J-1,KI 
Sll~Rl1.RZl+ 12 •• (FlAC I, J, K}-F T l( I, J, K) ' •• 2 
SZ2=RZZ*R12+12 • • 'FIAI hl,J,KJ-FTZ( ."I,.,),K») •• 2 
SI3=R13*R13+12.'IFIAI t-l,J,K)-FTII I-l,J,KJ' •• Z 
S14=Rllt*R14+12 •• ' FIAI I, J+ 1, K )-FTZ« J ,J.l ,K)) ''''2 
SZ5=R ZS*R15+ 12. *( flAt It J-lt K )-FTZ I I ,J-l ,I()>> •• 2 
If(K.fQ.l,GO TO 41 
IFCK.EQ.KNNIGu TO 42 

-DIP=l 'K+2 )-ll K I 
01=11 K+11-Z(K-l) 
KZIP=KZZ( K+lI 
K11K=K111 K I 
KIZH=KlII K-l. 
AkM=AKP 
AKP=IKIZP+KIIK'*CT/IOZ*OIPJ 
RX6=RXA( I ,J,K+l J 
RX7=RXA( I ,J,K-IJ 
SXb=RXb*RX6+1l •• tFXA( I,J,K+l)-fTXII ,J,K+lJ) •• Z 
SX7=RX7*RX7+ 12. 'IF)(41 I r J, K-LI-FTX( I ,J ,K-l) J" 2 
RY6=RYAII,J,K+IJ 
RY7=RYA( I,J,K-l I 
SY&=:R Y6*R V6+ 12 •• (FYA( I, J ,K+ 1 I-FlY t I ,000,tc -+11)" 2 
SY7=RY7*Ry1+ 12. * {fYA( I, J, 1(-1 ,-FlY (I, J ,1(-1)>>'* 2 
Rl6.::RlA( I ,J,K+ll 
RI1.::RIAI I ,J,I(-I» 
S lb==Rlb.RI6H2. -{flAt I, J, K+l )-F TZ II, J ,1(+ 1 1)'.2 
Sl1=R11*RI7+12." FIA( I,J, K-l'-fT Z' I, J ,1(-11''',2 
U If = 1 .- A KP-AXM- A'(P-lY ..... AKP-A 1(1' 
RTXC J, J, KI-= (OIl ,J, I( "S)ll*Dlf+C (1+ 1, J ,I() 'A}lP'S )2+0t 1-1, J ,I< )'A}lM 
S'SX3+CII,J+l,K)'AYP*S)l4+0II,J-I,K)"Y~fSX5+(( I,J,K+l"AKP'S~6+ 
SUII,J,K-1)*AKH'SX1"CCI,J,KI 
k lY( I, J t 1<.1-= (OC I , J, (If SY l*Olf+Ot (+ I, J ,Ka'A) P'SY1+U t (-1, J, K If,&)M 

f*S Y3+0 C I, J+ 1, K J f\yPfS Y4+0C I, J-l, K) f ,n"" SY !+C I I ,.l ,K+ 1 )*AKP*5Yt .. 
$O(L,J,K-l)*AKH*SY7"C{1,J,K) 
RTZII,J,K)~IOI1,~,~I'SI1'0IF+CI]+1,~,KI'A)PfS12+01(-I,J,K"A)lM 
S'Sl}.Oil,J.l,KI'4YP'Sl4+0'1,J-l,K).AY~'SI~+C(1,J,K.ll *AKP*SIt:+ 
$011 ,J,K-l)*AKM*Sl1 )/t U ,J,K) 

GlJ TO -\3 
41 OIP=lt2J-llll 

Dl=1I3) -l( 1) 

KIIP=KZ1IZ' 
K1ZI<.=K11111 
AKP=IKIIP.KIIK)'01/IOZ·D1PJ 
Dl F= 1 .- AKP *' 2 .-P t})- AX P -A X ~A'I' P-AYJI, 
P.X6=RXAI I ,J,K+ll 
SX6=i{X6*RX6+ 12 •• ,F)lA1 I,J, K+ 1)-fTX{ I ,J,f(+l)) f*2 
RY6=RYA{ I ,J ,KH) 
SY6.;:::~ Y6.RY6+12 •• IF (41) ,J, )(+1) ... F1V I) ,J,K+l)) •• 2 
klb=RIAII,J,K+l' 
SI6=Rl6*R16+12 •• ,FIA( I,J,K+l)-FTl( I ,J,IC+l ,)'f2 
RTX(I,J,K'$(UIl,J,K)*SX1'OIF+OII+I,.l,K)fAXP.SX2+011-1,J,K)'A)H 

S.SX3+01 I,J+l,K"AYP.SX4+0Cl,J-l,KlfAV,fSX!+[II,J,K+l'*AKP.!Xt) 
stell ,J,K) 

R TV( I ,J ,K,==I 011 ,J, K,f 5Yl.01 F+(C 1+1, .. ,f( ).AXF*SV2+01 1-1, J ,K )'AX,. 
l*SY]+O( I,J+l,K).4Y~.SY4+011 ,J-l,K).~Y~'SY~+C(],J,K+]'.AKP*5Y61 
$ICC I, J, KI 
HTZII.J,K,$(OlI,J,KlfSllfOJF+O((+I,J,K)'A'P.SI2+011-1,J,KlfA'~ 

S*S13+lH I, J+l, K). o\YP.S 1,.,+0' I, J-l, K J fAYM'S 1 !+C ( I. J,K+ U*AKP*Slf) 
$/C( I,J,KI 

GO TO 43 
47 AKM-=AKP 

ulf=I.-AKM·12.-Rrl-AXp-l)lH-A~P-AY~ 

RX7",RXA( I,J,I<.-11 
SX7=~ X1*RX1+12.' IF leAl I, J, K-l )-FT X II, J ,1<-11)" Z 
f<Y7=RYA( I ,J,K-LJ 
SY7 .. RY7'RY7HZ. f (fYAt I,J,K-l ,-Flye 1 ,J,I<-ll ).'1 
R11=RIAII,J,K-11 
SI1=RI1fR17+ 12. f(FlAI I ,J ,K-II-FTZ I I ,J,K-l) J "Z 
RTXII,J,K)==(Oll,J,K)*SXl'OIF+OII+I,J,K).A)P*S)lZ+OII-l,J,KI'A)~ 

S'SXJ+O( I ,J+l r K) .\yPfS Xt,+O( I ,J-l ,I< I.AV .... SX~.C« I, J,K-l )'At04.SX 1 J 

A-9 

hl05 
blOb 
6107 
bl08 
6201 
6202 
6203 
6204 
6205 
b2Qb 
6201 
6208 
6]01 
6302 
6303 
6304 
6]05 
6306 
6307 
6308 
6401 
6402 
6403 
6404 
6405 
6406 
6407 
6408 
6')01 
6502 
6503 
6504 
6505 
65J6 
6507 
"508 
bblJl 
b602 
b60] 
6604 
661,)5 
6606 
66C7 
6608 
(, 10 1 
6102 
6703 
6104 
6105 
f. 706 
6107 
6708 
6 aol. 
6802 
6803 
61)04 
68li5 
6806 
6807 
68e8 
6<:1ill 
6QaZ 
6qi) 3 
b 9114 
6905 
6906 
69C7 
69G8 
7001 
1002 
7eo) 



6 
1 
6 
6 
1 
6 
6 
4 

S/I..( ltJ,K) 
R TYII ,J, K,=(OI l ,J, K). SVUOIF+C t 1+1, J ,t() "A)P.S't2 +OII-l,J ,t< '''A)~ 

•• SV3+D(I,J+l,KJ.4tP.SY4+0tl,J-l,K).A~~.SY~+((I,J,K-lJ.A~~.S~1) 
\/C(I,J,It) 

R TIll ,J ,KI =1011. J, K)*511*01 F+C (1+1, J ,KltA)lP*Sl2-tO( l-l,J ,K"A)M 
S*Sl)+O ( 1. J+ 1, K, .o\VP.S Z4+0 (I, J-l t 1<). AYJII*SI'5+C 11, J,K-ll*AKft*SI j) 
SJ('JJ,J,JII..) 

43 RTZ(1,J.KI=SQRTIRTIII ,J,KU 

7 RTXtl,J,K)-=SQRTlrllXI1,J,K') 
1 RTY(l,J,K)=SQRT'~TYtI ,J,K,' 
4 39 CONTINUE 
3 100 FORMATtlOX,'DIF FOR O<l<KN IS <0'1 
3 101 FORMATtlOX,'DlF FeR 1:1 IS <0" 
3 102 FORHATtlQX,'OIF FeR I:KN IS <0'1 
1 RETURN 
7 E:NO 
1 SUBROUTINE ADVEC 
7 CQf'tHONI VBI ZO. ox ,N LID, l~ t J", KN, JI\N, J"'f-I, lum, C'r. 01 IN IT ER, IP ,RR ,PS 
7 COHMON/HAIRXl/U(30,11.81,YIJO,11,S) ._130,11,8 ),((30,11.8) .KXXt 
6 J 8)'KYYl U,Klll E) 
7 tOHMON/CAlGOR/O BO,ll.BI .FXA (30.ll,E) .FYA (30.11,8) ,FlA 
6 it30,1l,8) ,RXA 130,11,8) ,RYA C30,1l,B. ,JiZ" tlO,ll,BI 
1 COMMONI SQFXY lIF 2XH 10,11,81, F 2YA( 30,11, e J ,F 2Z_' 30, 11 ,81 
T COMMON/VAR2JRTXIJo,1l,8) ,RIY(30,11,81 ,FIX130,ll,S) ,FTY(30,1l, 
6 S 8J,RT1l30,ll,8J ,FlZOO,ll.B) 
7 COMMONJDELISI FP~'X,FP_CY 
1 COMMON/DELIZ/DEL'AZI el,FRACZ( AI 
T N5=7.KN.l~.JH 
1 N6=3$KN.[N.JH 
7 lAlL CLEARCQ,NSJ 
T CALL ClEARIF2XA,N6J 
I C 
1 C CALCULATE SIGMAS,. P)(, PY, AND PI 
I C 
T FRACX=OlJOX 
7 FRACY.DT fDY 
7 DO 3 K=I,KN 
5 1 FRACl(K)s OJ/~ELJAl(K) 

1 C CALL SCAVEG 
7 00 500 K= 1,KN 
1 00 500 Is 2,INN 
7 00 500 Jc 2,J~M 
1 If(C(l,J,K).LT.l.E-lO I GOTe 500 
1 SIGMAX=UII,J,KI.FRACX 
7 SIGHAY=VIl,J,K).FR_CY 
7 SIGMAI=~II,J,K).fRACICK) 
1 IF(5IGMAX.~E.O.JSIG~X=SlGMA)J_ES'SlG~AX) 
7 IFI SIGMAX.EQ.O. )SlGNX=l. 
7 IfISIGMAY.EQ.0.J5IGNYsl. 
1 IF(SIG~AY.~E.O.ISIGNY=SIGHAY/ABS(SIGHAYJ 
7 IFISIG"Al.EO.O.)SIGNl~l. 
1 IFISIGHAl.NE.O. ISI~Nl=SIG"AZ/A8SISIG.AZI 
7 IF (SIGMAX.GT.O.1 GOTa 100 
7 PX=(-2~.(FTX(t,~.K)+SIGMAXI+PTX(I.J,~)-I.I/'2.*~TX(I,J,~)1 

1 Goro ItO 
3 100 PX=12.tIFTXII,J,1<.1 +SIGMAXI+P.IXll,J,I<I-1.IJt2.*RTXII,J,t(11 
3 110 IF(SIGMAV.GT.O.I r,C TC t20 
7 PY=(-2 ... IFTY(',J,I() "'SIGMAY'+P.TYII,J,K)-1.11I2.*RTYII,J,k)) 
7 Guru 13D 
3 120 PY=ll.tCFlYIl,J,Kl +SIGMA'O+P.lYII.J,KI-1.1/12.tRTYII,J,I(I) 
'3 130 IF(SIGHAI.GT.u.'GC TO 140 
1 Pl:I-2 •• (FTZII • ..;,I() +SIGMAZ)+RTlCI,J,IC-I-l.)f(2 •• RTlII.J,!()) 
1 GOTO 145 
3 140 PI=IZ.t'Fll([,J.K) +SIG14AZIHTZ(I,J,KJ-l.)1I2.tRTlll,J.K)) 
\ 14S CONTINUe 
I C 
I C 
1 C "IIOItMAl CC NO IT II)NS 
I C 
1 C IF ~X,PY,PZ < U CR PX,PY.PI ) 1 MOCIFI(~Tt(~S ARE ~AD~ 
I C 
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7004 
7005 
1006 
7007 
le08 
7101 
1102 
7103 
710ft 
7105 
1106 
7107 
110B 
1201 
1202 
7203 
72()4 
72uS 
7206 
1201 
HuS 
7301 
1302 
7303 
130~ 
7305 
7)06 
1307 
1308 
7401 
7402 
7lt03 
7 itO'" 
7405 
7406 
71t07 
1408 
7S0l 
1502 
7503 
150. 
7505 
750& 
7501 
1508 
7601 
1602 
76Cl 
1604 
7605 
76\16 
7601 
7608 
1101 
1702 
1703 
7704 
1705 
1706 
7107 
1708 
780 1 
1/i02 
7S0] 
l8GIt 
7805 
7 BIJo 
18\)7 
7ecs 
1<;01 
7Q02 



7 
7 
7 
7 
7 
3 
7 
7 
7 
3 
7 
7 
7 
3 
7 
7 
7 
7 
7 
7 
7 
7 
7 
I 
7 
7 
7 
7 
7 
7 
7 
7 
I 
7 
7 
I 
7 
7 
I 
7 
7 
I 
I 
7 
7 
I 
7 
7 
I 
7 
7 
I 
7 
1 

1 
7 
I 
7 
7 
7 
7 
I 
7 
7 
7 
7 
I 
7 
7 
7 
7 
I 

c 

c 

c 

c 

C 
t 

t 

c 

t 

c 

c 

c 

c 

fIIC.OU/IIT:=0 
IFIP X.G~.O.vUCl.A~D.P X.lE.C.qqq~, GL lC 150 
NCOUNT Sf< 1 
IFtP X.LT.O.OOClI P X=O.O 
IFtP X.GT.O.99~q} P X:l.O 

150 IF!P Y.GE.O.OOCl.A~O.P Y.lE.O.qQ99) G( TC ItO 

IbO 

17n 

NCOtJNT=l 
IF(P Y.ll.D.OuCl) P ~=O.O 
IFIP Y.GT.O.9QQql P Y=l.O 
IFI!>l .GE.D.DaOl.AND.Pl .If.C.9QQQ) G( 10 110 
NCWIN1= 1 
IF'Pl .ll.O.DOClI PI 
IF(Pl .GT.O.99<;'H PZ 
CO~TINUE 

:::oD.C 
=l.O 

IFISlGMAX.Cl .0.C) 11:= HI 
IF(S[GMAX.EQ.O. I Jl = I 
IF(SIGMAX.LT.O.OJ 11=1-1 
IF( SIGMAY.GT.O.OI Jl=J+l 
IFtSIGMAY.EQ.O., Jl = J 
IF(SIGMAY.lT.D.CJ Jl=J-l 
IF(SIGMAI.GT.u.C' Kl=K+l 
IFISIG~AI.EQ.O.) Kl = K 
IFISIGMAI.lT.O.C) Kl=t<-l 

Cl=C(I,J,K} .p X.Il.D-P 'f)-1l.0-PI) 
C2:C{I,J,K) *1l.0-p XI.PY.' I.O-PI) 
(,3=(,( I, J, \(. ).p 1.* P ... (1 .. a-PIl 
~4=CCI,J,K).(1.O-PXJ.(1.O-P~.·(1.O-Pll 

C5=C(I,J,KI*PX*ll.O-PYI.PZ 
C6=C{ I. J,K'*PY. (l.O-p x, .Pl 
Ll=C\l,J,K'·PX.PV-Pl 
C8=C(I,J,KI.(1.O-PX)*(1.~-PY'.Pl 

FIX =(PX.~TX(l,J,~I-l.OI/Z.O.SIG~X 

fZX =(l.O-RTXt 1,J,t<.).(1.o-pxI1/2.().SIG~X 

RIX =CPX*RTXll,J,KI'.*Z 
RZX =(II.O-PX'.RTX(I,J,KI) •• Z 

FlY =(PY*RTY(I,J,K)-1.O)/2.0.SIGh~ 

FlY =Il.o-RTY(' ,J ,K, *. 1.trPY) 112 .O.SIGNY 

RIY =(PY.PTY(I,J,KII •• Z 
R2Y =((1.O-PY)-RIYII,J,K)' •• 2 

Fll =IPZ.RTlll,J,KI-l.OI/Z.O*SIGNZ 
f21 =11. o-R TlI I,J ,KI*' l.o-PI) 1/2.0.5 IG~1 

Rll =(PZ*RTZCI, .. ,KIJ •• Z 
RZZ =I'I.O-Pl)-RTZtI,J,KJ) •• Z 

t 
U 
U 
G 

Ill,J,K,:(j 
((,Jl,KJ.::O 
(1I,JI,K)=O 
C I,J,K'=O 

(ll,.),KI+(1 
(I,Jl,K'+CZ 

C I 1 ,J I, K I tC 3 
C I ,J,KI+C4 

fXA 0I,J,K,=fXA (J I,J,KJ+flX.Cl 
fXA CI,Jl,K,=fX4 II,JI,,()+FZX*C2 
fXA (ll,Jl,KhF;(A 'Il,Jt.K)+fl,K .C~ 
fXA 1 I,J,K,,,.FXA (I,J,KhF2X -C4 

f2XA 
F2XA 
f-2XA 
I-ZXA 

(Il,J,KJ=flXA 
(I,JI,iO=flXA 
IIl,Jl,KJ=F2XA 
II,J,KI = F2XA 

(ll,J,K,tFIX .FIX 'tCI 
(I,Jl,K)+F2X *fZX *C2 
(Il,Jl,K'+FlX -Fix *C3 
(I,J,K)+F2X *f2X *(4 

EXA (Il,J,K J=RXA 'Il,J,K I+RIX"C} 
RXA (I,JI,K )~R,U (J,JI,K ItP2X*C2 
RXA (Il,Jl,K )=RxA 'II,Jl,~ )+RIX.C3 
RXA (l,J,K )=RXA ".J,K '+R2x.(1t 

A-ll 

7903 
7Q04 
1905 
7SC6 
7Q07 
790B 
A OlH 
80(l2 
8JJ3 
8004 
8005 
8006 
8001 
6006 
8101 
fH02 
BI03 
81~4 

8105 
8 lOb 
B 101 
BI08 
8201 
8202 
6203 
820~ 
8205 
8206 
8207 
8208 
B 3tH 
8302 
8303 
8304 
8305 
6)06 
8307 
8)08 
8~01 

8402 
~403 

8404 
8405 
84016 
8401 
6408 
8501 
8502 
8503 
850 ... 
8505 
8506 
8501 
8508 
8601 
8602 
8603 
8604 
8605 
8bO~ 

8601 
8608 
8101 
8702 
8703 
8104 
8105 
810b 
8101 
8708 
13801 
8~{)2 



7 
7 
7 
7 
1 
7 
7 
7 
7 

C 

1 C 
7 
7 
7 
7 

1 C 
7 
7 
1 
7 
1 l 
1 
7 
1 
7 
1 C 
7 
7 
1 
1 
1 C 
7 
1 
7 
1 
7 
7 
1 
7 
7 
7 
1 C 
7 
7 
7 
7 
1 C 
7 
7 
7 
7 
1 C 
7 
7 
7 
7 
1 l 
7 
7 
7 
7 
1 C 
7 
7 
1 
7 
I C 
7 
7 
7 
7 
I C 

FYA 
fVA 
FYA 
FYA 

F2VA 
F2YA 
F2YA 
F2YA 

(Il,J7K)~FYA Ill,J,K)+FZ".Cl 
(I,Jl.K).:fY~ (ldl,KI+FlY.C2 
(ll,Jl,K'.:FYA IIl,Jl,KHFlY .C3 
(I.J,K'=FYA (I.J,KJ+fZ't -C4 

(11,J,KI=FZ'tA II1,J,KJ+F2Y *f2Y 
IlfJl,KI=F~YA Cl,Jl,K)+flY .FIY 
111,Jl,K'.:F2Y~ IJl,JJ,K)+flY .F1Y 
(I,J,KI-=F2YA II,J,Kl+F2Y.F2Y.'4 

KYA (ll,J,K J=R'YA tIl,J,K )+R2Y*Cl 
RYA tI,Jl,K )-=RYA II,Jl,K )+RlV.C2 
RYA (II,JI,I< I=RyA (Il,Jl,K ,+RIY.C3 
RYA II,J,K J=RYA tl.J,K 1+R2.,*C4 

FIA Itl,J,Kl=FlA Ill.J,K)+F2Z*Cl 
flA ll.JI,KI=flA Il,Jl,K'+f2Z.C2 
FIA (ll,Jl.KJ:flA CIl,Jl,k'+F21 tel 
FIA Cl.J,KI=FlA (I,J,K)+F21 *L4 

F21A 
f2ZA 
F21A 
F2lA 

I Il,J,KJ=Fll~ Ill,J,k)+f?1 *Fll 
(I,Jl,KI=F21A 1],Jl,K)+F2Z *f21 
IIl,Jl,KJ=f21A (Il,Jl,KJ+F2Z .F~Z 
tI ,J,K'=fZlA (J,J,K)-tF2Z'F2l 'Cit 

Rl4 (Il,J,K J=RZA ((1,J,K J .. RlZ*Cl 
RZA 1I ,JI,K ,,,,,RIA (I,JI,l<. ,+R2Z*C2 
RIA III,JI,I( I=~ZA (It,JI,K , .. R2Z*C3 
R14 II,J,K )=RlA Il,J,K ' .. R2Z*C4 

IFtSlGfoIA1.GT.C;.O.ANI).1<1..GT.KfI;IGC Te 4ali 
IF«SICHAl.lT.O.O.A"D.Kl.lT.l)~C TC 1t81j 
o IIl,J,KlI=u (Il,J,KlhC5 
o (I,JI,Kl)=O (l,Jl,Kll+C6 
L Ul,Jl,Kl,=C (Il,Jl,KIHC7 
o (I,J,Kl)=O ·ll,J.Kll+ca 
FXA fIl,J,KIJ=FXA «ll,J,Kl)+FIX-C~ 
FXA II,JI,Kl)=fXA II,Jl,KIHF2xtC6 
FXA IJl,Jl,Klj=Fxl II1,Jl,~J)+FlX.C7 

FXA II,J,KtJ=FXll II,J,KIHF2X*C8 

*C 1 
*e2 

tt3 

'0 
*e2 

*(3 

F2XA 
F2XA 
f.2X4 
f.2XA 

( Il,J,KU=F2lCA 
( I, Jl,KlI =f21..A 
( Il,Jl,Kl,=F2XA 
(I,J,Kll= F2U 

(Il,J,KlhfU.flX -C~ 

II,Jl,Kl)+F2X-F2X .Ct 
Ill,Jl,~ll+flX.fIX _C7 

KXA 
R .. 
".4 
RXA 

fYA 
FVA 
FYA 
fVA 

F2U 
F2YA 
F 2YA 
F2YA 

R Y4 
RYA 
RyA 
RYA 

flA 
FlA 
flA 
F ZA 

(I,J,KIJ+f2X.F2X .ee 

IIl,J,Kl.J=R"U Ill,J,KlJ+RlX.C!: 
fl,Jl,Kl,=R,(A II,Jl,KL1tRZXtC6 
Ill,Jl,KlI=~)~ (Il,Jl,1<1'+PU'C1 
(I,J,KU.::RX\ (I,J,I{I)+R2X.C8 

(11,J,K1I=F'f'A 'll,J,Kll+F2Y.(~ 
(l,Jl,Kl)=fYA t I,Jl,Kl)+FlY.Cf 
(ll.Jl,IUJ=f'f'A (ll,Jl.l<.lJ+Fl".C1 
(I,J.KU=F'W'4. I] ,J,KU+F2Y.CB 

tll,J,t<H=F2YA ,ll,J,KU-+F?Y*F2r "C5 
II,Jl,KlI=F2'tA (l,Jl,tcll+Fl'ttFH .Ct 
(IL,Jl.Klt"fZYA (ll.Jl,tl:lJ+FLy:tflY .e7 
Il,J,KLJ=F2YA tl.J,KIJ+FZ~*F~~.C8 

(ll,J,KLI=RVA I Il,J.Kll+R2Y.C~ 
(I,Jl,Kl!=RYA (I,Jl,Kll+RlY*Cf 
(ll,Jl,KlJ=ilVA tl1,Jl,Kll+Rl't.C7 
(I,J,KlI.::RV.\ II,J,KlI+R2Y.ce 

tI l,J,KL)=FZA (1l,J.KlI+FlZ.C5 
II,Jl,Kt)=Flo\ (I,Jl,Kll+flZ t C6 
tll,Jl,KlJ=FIA (ll,Jl,Kl'+FlZ'C7 
C I.J,Kl)=FZA II,J,KU+FIZ.C8 

A-12 

8803 
8804 
8805 
8806 
8807 
8808 
RqJl 
8902 
8'903 
I3Q04 
8Q05 
8906 
6901 
8908 
'90 .. 11 
9002 
9003 
9l)04 

9005 
Q006 
9C07 
90118 
9101 
9102 
q 10:'i 
'HOlt 
9105 
9lo6 
q 107 
91CB 
Q 2.0 1 
9202 
Q203 
9204 
9205 
9206 
9207 
') 208 
9)01 
Q302 
930'3 
9104 
9~05 

Q)06 
9307 
9308 
4401 
94iU 
9403 
9~04 
'1405 
9406 
9407 
9"-08 
90;01 
9502 
9503 
9504 
9505 
9506 
9507 
G508 
9601 
9602 
9603 
9604 
9605 
9606 
9607 
9608 
9101 



7 
7 
7 
7 
I 
7 
7 
7 
7 
I 
) 

7 
1 
7 
1 
I 
7 
7 
1 
1 
1 
7 
1 
7 
I 
7 
7 

1 
1 
1 
1 
1 
1 
1 

1 
7 
J 
7 
1 
1 
1 
7 
1 
7 
7 
I 
1 
7 

7 
1 
7 
7 
7 
1 
7 
7 
3 
1 
7 
7 
7 
7 
7 
7 

7 
I 
7 
7 
7 
7 
1 

c 

c 

c 

c 

c 

c 

490 

492 

F-liA 
F2lA 
fZ-lA 
FZl.A 

RlA 
RlA 
RlA 
RlA 

lll.J,Kl)=F2lA \Il,J,Kl,.Fll4fll .,~ 

tI,Jl,Kl)=F2IA II,Jl.l<lHFlZ"fll .'6 
Ill.Jl,KlJ=f2IA (ll,Jl,I<U+Fll"FlZ .Ci 
(I,J,Kll=F2ZA 'I,J,Klt+flZ*FlZ*C8 

Cll,J,KlI=RIA (ll,J,KIHPIZ"CI!: 
(I,Jl,Kl)=RIA tl,Jl,KUHI1l*C6 
(Il,Jl,Kl,=RIA Ill,Jl,Kl)+RlZ*Cl 
(I,J,Kl)=RIA Il,J,Kl'+RlZ*Ce 

IF1N(.QUt-:T.EQ.Ol :;0 Hl ':)00 
SIGHX:: SIGMAX+FTX(J.J.KI 
SIGMY:: SIGMAY .. FlY( I,J,KI 
SIGMl:: SIGMAl" FTZlltJ,KI 
IFIPX .GT.O.OOOLJ GO TO 490 

fXA 
f lXA 
fXA 
F2XA 
fXA 
F2XA 
fXA 
F2XA 

Ill,J,KJ=FXA IIl,J,KJ-Cl • FIX 
(ll,J,K)=f2XA tll.J,~)-(l. fiX .flx 

((,Jl,K,=FXA II,Jl,K)-('2 *(fZX - SIGfIIX) 
(ItJl,K)=F~XA II,Jl,KI-C2 *CF2X "F2): -SIGHX*SIGMX, 

\ll,Jl,K,=fU. (ll,Jl,tc'-C)* fiX 
(11.Jl,KI=f2XA (ll,JI,K.-C3t fl' -FIX 
II,JtK)~FXA (I.J,KJ-C4 .'F2) - SIGH)) 
(I,J,KJ=FUA (I,J,KJ-Cit t(F2X tF2X -SIGHXtStG,.Xl 

IFISIGMAZ.GT.O.O.AhO.Kl.GT.Kh.GC Te ,,92 
IfISJGHAl.LT.O.C.4NO.Kl.lT.1IGO TO 492 
fXA 
F2XA 
fXA 
f2xA 
f XA 
f.2XA 
fXA 

Ill,J,Xl)=F~A (l\,J,Kl'-C; t fiX 
III,J,KIJ=F2XA III.J.KII-CS-FIX .FIX 

II,Jl,Kl):::F'(A '1,Jl.KU-C6 .CF2X - SIGIII)(1 
(I,J1,K11=FlXA (I,Jl,Kl)-C6.CF2X .F2~ -SIGKX.SIGMXI 

III,Jl,KlJ=FXA 1l1,JI,KII-C7*FIX 
IIl,Jl,Kl)=F2XA Ill,Jl,KIJ-CltFlX _fiX 

(I.J,KIJ=fXA (t,J,Kl)-CS* (F2X - SICH)) 
f'ZXA II,J,KlI=flXA (l,J,KI)-CS*tF2X Hi:) -stG.HX.SIGM}t} 
GO TO 49Z 
IFt,X .IT.0.99~9)GO TU 4~2 

~XA (Il,J,KJ~FXA Ill,J,K)-tl .'FIX -SlCM~ .1 •• StGNXl 
F 2XA (11.J,K I=FZXl I I 1 ,J, K)-Cl*1 F U*F IX-I 51 G,""x-l.'.S(Gf-,x '**2) 
~XA II,Jl,KJ=fXA It,Jl,KI-Cl .. F1X 
f-ZXb. (l,Jl,K)=flX,6. (l,Jl,)()-CZt F2)( .F2)( 
~XA (ll,JI,K)=FX4 'll,JI,KJ-C] tlFIX - SJGMX +l •• SIG~)1 
.. 2XA Ill,Jl,KJ=F2X~ (11,JI,KI-C3.IFU.FIX-CSIGMX-l •• SIGN.kIU21 
fXA Il,J,KJ=FXA II,J,KI-C4 • F1X 
FUA (I,J,K)=F2U (I,J,KI-(4* f])( .f2X 

IF(SIGMAI.GT.u.C.A~D.Kl.GT.K~)GO TC 4q2 
lftSlG~A2.lT.O.0.~~~.Kl.Ll.l'GQ lC ~q2 
FXA (l1,J,Kl)=F'(A (Il,J,Kl)-C5.(fIX -H(MX +1.*SIl>N)'. 
F2'(A (11 ,J ,Kll =FlX,), (II ,J ,Kl I-C5. (FIX*f lX-( SIGMX-I •• S IGN)( ):"2) 
"Xli. UtJl,KU=F.(A II,JI,KlI-Cb • flX 
f2XA (I,Jl,KU=F2XA (I,JI,KI'-CltF2.11 tf2): 
fXA (Il,Jl,KlI=F'(A IIl,Jl,Kl)-C7 .(FIX - SIG~X +1 .. *SICf...II I 
F2J(A III,JI,KlI=F7.)(A (Il,JI,Kll-C1fCFIX.flX-ISIGH)I-1.tSIGNJlI.t2) 
f-XA (I,J,KI)=FX,\ II,J,Kl)-CS * F2)( 
F2XA (I,J,Kll=F2XA (I,J,Kl'-Cf.F2)lf'f2.k 
IF(PY .. GE-.O.ooCll GO TO 494 
i-'fb. 'll,J.K.)=F ...... ~ <ll,J,t<.I-Cl .(f2Y -SlCM') 
F2YA (ll,J,KI=F2YA (Il t J,KJ-Clf,F2y.f2Y- SIGHV .SIG~YI 

FYA II,Jl,K)=FY')' Il,Jl,KI-C2 * flY 
t-2Yt; Il t JI,KJ.:::F2YA (I,Jl,KI-Cl. FlY .flY 
t-YA Ill,Jl,K):=FU IIl,Jl,KJ-C3 • FlY 
F2YA tll,Jl,K)=FZV~ IIl,JI,K)-C3. fl'UFIV 
FYA (I,J,K)~fYA (I,J,K'-C4*IF2Y-SIG'""1 
F-2YA {l,J,K'=F2tA Il,J,K.)-(4*\f2Y *f2'f-SIGftV.SIG"Vl 

IFISIG~Al.GT.O.O.ANJ.Kl.GT.K~)GC TO 4~6 
If(SIGMAl.lT.O.C.A~O.Kl.lT.l)GC Te 446 
t-YA tII,J,Kll.:::F1b. t 11,J,KI)-C5 .(F2Y -SI(~') 
FlY A (Il,J,Kll=F2Y~ (11,J,KII-C5.,f2'tF LY- SIGHY 
FYA II ,Jl,K1J~F1A ([,Jl,K1J-C6 • flY 

A-13 

9102 
9703 
9704 
9705 
'nOb 
9707 
9708 
q 801 
9802 
9803 
9804 
9805 
980b 
qe01 
9808 
9901 
9902 
9903 
9904 
9905 
9906 
9907 
9908 

10001 
100C2 
1000] 
I<lQ04 
1·)005 
10006 
10007 
10008 
10101 
to 102 
10 103 
10104 
10105 
10106 
10101 
10 108 
I,:] 20 1 
10202 
I) 203 
102U4 
10205 
10206 
10207 
IOZ08 
10lDl 
1030Z 
10303 
10304 
10)05 
10 JOb 
10107' 
10308 
10401 
10402 
10403 
10404 
I04US 
10406 
10401 
10408 
10501 
10502 
10503 
10504 
10505 
10506 
10507 
10508 



7 

1 
1 
1 
1 
1 , 
1 
7 
1 
1 

1 
7 
7 
1 
1 
1 
7 
7 
7 
7 
1 
7 
1 
7 
1 , 
1 
7 
1 
7 
7 
7 
7 
7 
1 
7 
1 
7 
1 
1 
1 
1 
7 
7 
7 
1 
3 
7 
7 
1 
1 
7 
1 
7 
1 
1 
7 
7 
1 
7 
7 
7 
7 

1 
1 
1 
3 
1 
1 
1 

c 

c 

c 

c 
c 
c 

-_ ... _--------------------------

F2YA II,Jl,K.1I=F2Yl, ((,Jl,Kl)-Ct*FlY HlY 
FYA tll,Jl,KlI=FYA IIl,Jl,KlJ-C7 • fl't 
F2YA (Il,Jl,KlJ=F2YA Ill,Jl,nl-C1. FlY-flY 
~YA It,J,KIJ=fVA (I,J,KII-C8 .(F2Y-SIG~Y) 
f2YA fJ,J,Kl)=F2Y4 Il,J,KlJ-C8.fF2Y.F2Y-SIG~Y.SlG~Y~ 
C,u TO 496 

494 IFIPY .IT.O.9QQ'nGS TC 496 

496 

498 

;00 

FYA Ill,J,K.=fY.\ (ll,J,KI-Cl • fl'l 
fZYA '11,J.KJ~f2rA (ll,J,KJ-Cl* F2r *f2Y 
FYA II,Jl,K)=FYA II,Jl,IO-C2 f(FIY -51GI1V+.l.*SXGN'f1 
F2YA ll,Jl,K,1:FlYA II.Jl,i<.,-C2.IFlY*F1Y-(SIGMY-l •• SIGNYI •• Z. 
fYA 
F2YA 
fYA 
F2YA 

(11 ,Jl,K.::oF fA 111 ,Jl,tc. )-C3*, fU-S IGf''Y+l •• SIGN')>> 
(11,Jl,KI=F2YA Ill,Jl,KI-C3.'F1Y.FIV-(SIGMY-1.*SlGNY' •• Z' 

II,J,Kt=fYA II.J,KI-C4 • FlY 
II.J,K)=F2YA II.J,K)-C4 • F2Y .F~Y 

IfISIGMAl.GT.O.O.A~O.Kl.GT.~~)GC TC 4~t 
IFISIGHAZ.lT.O.O.ANC.Kl.LT.lIGG TO ~96 
~YA IIl,J,Kl'~FYA tll,J,Kll-C5 * FlY 
F2YA Ill,J,kll=F2YA ~ll,J,Kl'-C5.f2Y *f2t 
F\'A II.Jl,KlI=fYA II,Jl,KlJ-Cb *'FIY -SIC:M'.,.l.*SIGNYI 
F2YA (I ,Jl,Klj =F 2YA t I. Jl ,K l)-C6*IFl'''F 1\'-( SIGMY-l.*S IG~\') "21 
F\'A (Il,Jl,Kll~FYA IIl,~l,Kl)-Cl*lflY-SIG'V~l.*SIGNY) 
F2YA (Il,Jl,KlJ=flYAlll,Jl,Kll-C7*(FlY*FIY-(SIG"Y-1.*SIGNl'.*21 
F\'A II,J,KlI=FYA (J,J,Kll-CS* FlY 
f2YA II,J,Kl'=f2YA II,J,KI)-Ca* F2Y 4F~Y 
IF(PZ .GE.O.OuOll GO TO 498 
flA 111tJ,KJ~FIA tll,J,K}-Cl *CF2l -SICMZ) 
f2lA tll,J,KI=F2lA Ill,J,K.-Cl*IF2Z*F2l- SIGHl .SIG~11 
FIA (l,Jl,K'=FZlt, CI,Jl,K'-Cl *(F2Z-51GP'4Z1 
~lZA II,Jl.K)=FlIA II,Jl.KJ-C2.IF21 .F~I-SIG~L.SJGMZ' 
FIA Ill,Jl,KI=FIA tll,Jl,K'-C3 *(F21-SiGMl) 
f2ZA Ill,Jl,K'=F1IA tJl,Jl,KJ-C3*IF21*F~Z-SIG~I*SIGMIJ 
flA (I.J,KI~FIA II,J,KI-C4*CF2Z-SIGMZJ 
F2ZA Il,J,KJ=f2IA II,J,K)-C4.f~2Z .FZZ-SIG~Z-SIC~Z. 

IF(SlGHAI.GT.O.C.ANO.Kl.GT.K~)GO TO sec 
IFISIGHAZ.LT.O.O.ANO.~1.lT.1IGO TC SOC 
flA ([l.J,KIJ=FIA (Il,J,Kl.-C5 * Fll 
F2lA (ll,J,Kl)=F2IA I Il.J,Kl.-CS' F12*Fll 
FIA II,Jl.KlI=FlA Il,Jl,KU-C6 • Fll 
F2lA «I ,Jl,K1)=F2lA (l ,Jl,Kl)-t6*Fll *fll 
fZA Ill.Jl,Kll:FlA (tl.Jl,Kll-tl • Fli 
f2ZA (11,Jl,kl)~F2Z. (Il,Jl,~1)-C1* FIZ*Fll 
FIA II,J,KII~FIA II,J,KII-C8 • FIZ 
FUA Il,J,KU:F21A (t,J,KlI-ce* FIZ*Fll 
GO TO 500 
IF(Pl .IT.0.9qq~'GO TO 500 
FIA Ill,J,KI"'FZA III,J,K)-CI * f2l 
f2lA Ill,J,K)=F21A fl1,J,KI-Cl. f21 'F2Z 
FIA II,Jl,K,"4:FlA II ,Jl,K'-Cl • F22 
f2lA (I,Jl,KI=F2IA II,Jl,KI-C2. F2ZtF2Z 
flA Ill,Jl,K):FIA Ill,Jl,KJ-C3* F21 
f2lA (11,Jl,KJ=F214 (ll,Jl,~)-C3' FZZ-F21 
flA II,J,KI=FIA II,J,KI-C4 * F21 
F21A (I,J,KJ=F2ZA (I,J,K}-C~ * F2Z tF2I 

IFISIGHAI.uT.O.O.A~D.Kl.GT.KNJGO lC sec 
IFCSIGHAI.lT.O.C.ANO.Kl.LT.lIGC TC 5eo 
FlA (ll,J,Kll=FZA Ill,J,KII-C5 4(fll-SIG"Z+I.*SIGNI' 
F 2lA 'll,J ,KU =F21.4j 11 , J ,Kl ) -C5*, f lZ-f ll- f 5 I GMI-l. *s fGII.I J .44) 
FlA (I,Jl,Kl)=FlA ! I,Jl,Kit-Ct t'Fll -SIG~I+I.*SIGt-.I) 
r2lA II,Jl,K11=F2lA (ItJl,Kl)-C6tlfll4FIZ-ISIG~-1 •• SIGNI1.*21 
FIA II1,Jl,~lJ=FZ4 (11,Jl,Kll-C1.(FlZ-StG~l+l •• SlGN1) 
flZA (It,JI,KIJ=F2lA(ll,Jl,~lJ-C1.~Fll.FII-(5IGMl-1 •• SIGNl'.*2) 
FIA (I,J,Kl'=Fl\ II,J,Kll-(S*'Fll-SlGMl+l •• SIGNl. 
F2lA (l,J,KlI=FUA (I.J,KlI-Ce*(FU*FU-(SlGfio'Z-1 .. *SIGt\l)44,2, 
LliNTI NUE 

CuUPllN'; BETlOIEEN BCROEF! At-.C I!Ull< 

A-14 

1060l 
10602 
1060) 
10601t 
10605 
L0606 
10601 
10608 
10101 
10702 
10103 

10104 
10705 
101J6 
10701 
10108 
10801 
10802 
10803 
10804 
10805 
10806 
10801 
10808 
10901 
10';01 
10Q03 
lOQ04 
10905 
10906 
10QOl 
10Q08 
1l00l 
11002 
11003 
11 004 
11005 
11006 
11007 
11008 
11101 
11102 
11103 
11104 
11105 
11106 
lil01 
11108 
1120 1 
li202 
11203 
11204 
11205 
11206 
1l20l 
11208 
11301 
Il '02 
11303 

11304 
1131,)5 
11]06 
11301 
11 Joa 
1140 I 
11402 
11403 
11404 
114115 
11406 
11407 



7 
7 
7 
7 
7 

7 
7 
7 
1 
1 
7 

1 
1 
1 
1 
1 
1 
1 
1 
7 
1 
3 
1 
1 
.! 
] 

7 
1 
1 
7 
1 
7 
7 
1 , 
7 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
7 
7 
1 
7 
1 
1 
7 
1 
7 
1 
7 
1 
7 
7 
1 
7 
7 
1 
1 
1 
7 
1 
1 
7 

c 

c 

c 

c 

c 

c 

c 

c 

558 
559 

, 

DG ~60 K-...l,KN 
UU 550 1=1,11'. 
DO 550 J=l,JM 
SlGfo!,A)(, =U«("J,KI*FRA.CX 
SIG~AY =VII,J,K)*FRACY 
SlGMAI :W(I,Jt~I.FRACI(K) 
If I SlGMAI.NE.J .. ) SJGI\l=stGMAlI.aeSCSJ G"'",Z» 
IftSIGMAZ.EQ.O.)iIGNl=l. 
If( S I GMAX.NE.O. Ii I GNX=S 1 \.iHA)I;J AeS t S 1 (;MAX 1 
JflSIGMAX.EC.O. )SIGNX=L. 
IfISIG~AY.EQ.O.15IGNV=1. 
1Ft SIGMAV .NE.O. ) SlGNY =5 IGMAY/ AfS (SH~"'.n I 
K 1. = "'''1 
11 = 1+ 1 
Jl = J + 1 
If( SICMAl.L T .0.) KI -= K-l 
IfISIGMAX.LT.O.1 11 = (-1 
IfISIGMAV.LT.O.1 .,a = J-L 
Jfll.EQ.l.OR.I.EQ.IN) GO TG 5~1 
IF(J.EQ.l.OR.J.E~.JM) GO TO 556 
GO TO 550 
IftJ.EQ.l.DR.J.E'}.JIoI,HjC 1'0 5S0 
Ifl 1l.l£.1.OR.ll.GE.[PdGO TC 550 
GO TO 559 
IF(Jl.l[.l.OR.Jl.GE.J~IGO Te 550 
CL=('(I,J,KI *A3S(SIGMAXI.tl.-A~SISIfMAY)I.ll.-A8S(SlGMAl}J 
c2=CC],J,KJ *A~S(~]GMAY'*Cl.-AeS'SIGM~~)).(I.-AeS(SIGMAl)) 

t3=C(1,J,KJ *AbSISIGMAXI.ABSCSIGMAYJ*'I.-~B5(SIG"AZJ) 
(;4=(' I, J ,II.) ., 1.-AI3$' 51 GMAx J 1.( 1.-'1:5 (S IG,.,A'Y' ). (I.-Asse SIGMA ZII 
C5=CII,J,KJ .A8S(SIGMAXI.Cl.-AeS(SI(~A'Y»).AeS(StGMAZ) 
t6=Cll, J, IC.) .ASS t S 1 GM.6.'1).' I.-leSt S Uit',AX 1) "Aes« S \GMAl. t 
C 1=( ( I, J, 11.) .AB S I SIGM,6)() .ABS (S IGI'AY '-ASS (S ItM.IlI 
(.8=( 1 ,J ,K) ., 1 .-ASS! 51 GMAX) J.' 1.-AeS(SIGfIIA'Y) ).ABse SIGMAll 

G (11,J,K J=U (1ItJ,K )+Cl 
o (l.Jl,K 1=0 (I,Ji.K )+C2 
o «1l,Jl.K )=0 Ul,Jl,K l+e3 
a (I,J,K );0 (ItJ,K I+eo\ 

fXA 
fXA 
f XA 
FXA 

F 2XA 
F2XA 
fUA 
f2XA 

RXA 
.XA 
.XA 
OXA 

FYA 
FYA 
fYA 
FYA 

F2YA 
F2'YA 
F2YA 
F2YA 

OVA 
,YO ... 
OY, 

FZ' 
F lA 
FlA 
Fl' 

(Ii,J,K )=FXA 'Il,J,K 1+ISIG"'A"/2.-.S*SIG"X)*('1 
CI .JI,K J=FXA (I,Ji,t( )+(SIGM.IIX/2.I*C2 
'li,JI,K )=fXA (Il,Jl,K ,.(SIG"IoX/2.-.5.SIGNX)tC3 
n,J,K '=fXA II,J,K )+tSIG,"".lX/2.)*C4 

(I 1,J,K I=F2xA '11,J,~ 1+'S]G~AX/2.-.5*SlGNXI**2*Cl 
(I,Ji,K J=F2XA (I,JI,K 1+'SIG~AJ •• 2/~.).C2 
(ll,JI,K J=FZXA (ll,JI,~ J.'SIGM~X/~.-.5.S1G~X) •• 2.C3 
(I,J,K )=F2XA (I,J,K 1+(SIG~AX.*2/4.)*(4 

(Il,J,K )=RXA (Il,J,K )+~BStSlG"'A ••• *2*(1 
(I,JI,K J=RXA (f,JI,1( )+Cl.-AeSCSIG"A~)J •• 2*C2 
(ll,JI,K '=RxA III.JI.~ ).ABS'SIG~A)I •• 2.C3 
11,J.1<. )=RXA 11 ,J,K )+ll.-ABS{Sl<:f'lA)'''.*Z*C4 

(ll,J,K J=FYA (ll,J.1( )+(SIGM.II'Y/2.)1CI 
(I,JI.K )=FYA (I,JI,K )+CSIC",AY/2.-.5*SIGNY).C2 
{11,JI,K J=FYA 111,JI,k '+(SIG"AY/2.-.5*SIGNY'*C3 
(l,J,K )=fVA (I,J,K 1+(SIGMAY/2.'1C4 

'11,J,K ,=F2YA tll,J,K )+ISIGMAY.*2/4.I.Ci 
(1,JI,K ),:;;:F2YA (I.JI,K I+(SIGMAY/2.-.5*SIGNY)**2*C2 
(Il,Jl,K )=f2YA lll,JI,1( )+(SlGItA'f/2.-.S.S1G. ... Y) •• Z.C3 
C 1,J,K J=f2YA (J,J,K ).(SIGflAY"21It.I.(I. 

(ll,J,K J=RYA (ll,J,K I+H.-AeS(SIG"A'YII •• 2*CI 
{I,JI,I( '=R1A t],JI,K )+ABSCSIGHAY).*2tCZ 
(II,Ji,K J~R'YA III,JI,~ '+AES(SIG~''YJ*.2.C3 
(I,J,K J=RYA (I,J.K 1+(1.-ABSISIGMA~).*2*C4 

II1,J,K .=flt. (II,J,K .+«SIG"'A1I2.'*CI 
II,JI,K )=FlA (I,Jl,K )+tSlGMAIJ2.)~t2 
(Il,JI,K I~FZA 'II,JI,k 1+'S]~"AlI2.)*C~ 
CI,J,K J=FlA. (I.J,K )+ISIGMAZ/2.).C4 

A-1S 

114)8 
11/)01 
115C2 
11503 
11 504 
11505 
11506 
11507 
U50S 
11601 
11602 
1160] 
11604 
11605 
11606 
11601 
11608 
11101 
II 702 
11703 
11104 
ll1u5 
11 706 
llltJ1 
11 7es 
11801 
118i)2 
11 B03 
11 BO, 
11805 
11e06 
IlAOl 
1180B 
11901 
11 902 
II Q03 
11 904 
11905 
11906 
llQOl 
11908 
12001 
12002 
12eO] 
12004 
12005 
IZ006 
12001 
12008 
12101 
12102 
12103 
12104 
12105 
12106 
12107 
1210B 
12201 
12202 
12203 
1220, 
12205 
12206 
12201 
1220B 
12301 
12302 
12303 
12304 
12305 
\2306-
12307 
1230B 



1 
7 
7 
1 
7 
1 
7 
7 
7 
7 
1 
7 
7 
7 
1 
7 
7 
1 
7 
7 
T 

7 

T 

7 
7 
7 
1 
1 

7 
1 
7 

1 
1 
1 

1 
1 
1 
1 
T 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
7 
1 
1 
1 
7 
7 
1 
7 
1 
1 
7 
3 
1 
I 
I 
7 
7 
7 
7 
7 

c 

( 

: 

: 

c 

c 

: 

c 
c 
c 

550 

FZlA 
f2lA 
F21A 
F2ZA 

RLA 
RZA 
RlA 
RZA 

111,J,1( I=F2lA 11l,J,j( )+'Sl(;~~Z.*U"'.I.Cl 
f..I,Jl,K )::::F214 (I,JI,t< )+(SIGf',U •• illj.'.C2 
Il1,Jl,K )=FZIA IlltJl,K '.(SlGMAZU2/4.I1Cl 
II,J,K I=F2IA II.J,K '+(SIG~'L •• 2/~.I.C4 

III,J,K J=RIA 111,J,k 1+(1.-AESISIG~Alll •• 2.Cl 
(I,JI.K I=RlA (l,Jl,K .+(l.-A8S(SIG""Z)) •• 2*C2 
Ill,Jl,K )=RlA III,JI , t( '+(l.-AeSCSIGJilAII) •• 2tC3 
CI,J,K I=RIA II,J,K )+(l.-ABSISIGf'AZ" •• 24'C4 

IFIKI.LT.IIGC T( 550 
IFIKl.Gl.KN)GO T,] 550 
U 111,J,Kl).;:.0 tll,J,KlJ+C5 
b JI,Jl,K1J=L IJ,Jl,KlI+C6 
o Ill,Jl,KLJ=C (ll,J1,1(1I+(1 
C n,J,Kt)=(1 II,J,KlJ+(.fl 

fXA 
FXA 
FXA 
FXA 

f,?:XA 
FZXA 
F 2XA 
r2XA 

KXA 
RXA 
RXA 
"XA 
fYA 
>YA 
F'tA 
F'tA 

F2YA 
f2YA 
f2YA 
F 2YA 

R'tA 
RY. 
RVA 
R'tA 

FlA 
rIA 
I-LA 
FlA 

f ZZA 
f-2lA 
f22A. 
F21A 

«Il,J,Kl'=f'(A, I Il,J,KlJ+ISIGMAX/2.-.S*SIG",XJ*C5 
(I,JI,KlJ'=Fu' ,(,Jl,Kll+(SIG""'X/2.ltC6 
(ll,Jl,Kll=FXA II L,Jl,Kl)+(SlGp.iA)cJ2.-.S*SIGNX'*C7 
t',J,Kll=fXo\ (ItJ,KI)+'SJG~AXIZ.'*Ce 

IlltJ,KII=F2I(A (ll,J,KII+'SlCfoIA)l/41.-.5*SIGNXt.*Z*C5 
, I ,Jl ,KIJ =FZXA II, Jl, Kl )+1$ HM,li)l.*214. )*C6 
( 11,Jl ,n I =Fl)lA (I I, JI ,Kl) + (S IGP"tXI2.- .5*SIGf\X) * .2*C7 
(I,J,KU=F2)t:. II,J,Kl)+'SIGM.eX*.2/~.t.(f. 

111,J,Kl)=IUA Ill,J,KIJ+ABStSIGMAX) •• 2*C5 
I I r J 1 r Kl)= R.(A I J, Jl, K 1)+11.-,0,£:$( $ IG"A)) ) •• 2*'6 
Ill,Jl,Kll=RXA lll,Jl,1<11+ABSI$IG.P"A)).*Z*C7 
(I, J, K 11=RXA II ,J ,K IJ + ( 1.-ABS« SIG"'A"I ) •• 2*CR 

Ill,J,Kl'=F'f.\ (ll,J,Kll+ISIG""'J2.).C5 
II,Jl,KlJ=FY~ ,],Jl,Kll+(StGMAY/~.-.~*StGNYI.C6 
I I I, Jl,KlI =fY.6, (I l,Jl, I( 11+ I S IG.II'.AY/Z.- .5*S JGNY ItC1 
(I,J,Kl)=FYA II tJ,Kl)+ISIG~AYIZ.).CE 

IIl,J,Kl)=FlVA Ill,J,Kl)+ISIGMA.,. •• 21lt.I.C!) 
I J ,J1,K 1) =FlU II ,Jl ,KI) +J SIGMAYJ2.- .5*5 JGt",y 1.*2*Cb 
( 11 ,Jl, KII=FlVA 111, Jl,t< 1J +C 51G/IIAY/2.- .'5.SI Gft.·O •• 2.e 1 
(l,J,Kll=FlYA II,J,KIJ+(SIG~JY •• 2/4.I.CB 

(1I,J,Kll=RY~ 111,J,Kll+II.-AeS(SlGfoIA~I} •• 2.C5 
IJ,Jl,KlJ=RY4 Il,Jl.Kl)+ABS(SJG~AY).*2.C6 
IIl,Jl,KIJ:RVA (II,Jl,t<II+ABSISIGMAY' •• 2*C1 
II,J,KI)=RYA tl,J.Kl)+(I.-AeSCSICMA'r1 ' •• Z.C8 

(Il,J,t<.I.=fIA C Il,J,Kll+lSIGM'lI2.-.S.SICNZl*C5 
fJ,J1,Kl)=FIA ~1,Jl,Kll+'SlGMAlJ2.-.5.SJGNZ).C6 
tll,JI,Kll=FIA IIl,JI,KlJ+(SIG~AI/2.-.5.SIGNI)*c7 
tl,J,Kl'=FIA (I,J,Kl'+CSIG~AZI2.-.5.S1GNI)*C8 

CIl,J,K1'=FllA tIl,J,Kl)+CSIG~AZ/2.-.5.SJGNZ) •• 2.C5 
'I ,Jl,Kl)=F2ZA fl,Jl,Kl)+ISlG~Al 1;.-.S.SJGNIJ*.2.C6 
CIl,Jl,Kll=F2lA Cl1,Jl,Kll+CSIG~_ZI2.-.5.S1Gft.I' •• 2.C7 
(I,J,Kl'=FlIA .t,J,Kl)+tSIGM'Z/~.-.!.SIGNI) •• 2.ce 

KIA Cll,J,KU=RIA (Il,J,KlI+ ABS(SIG"AZ) *.2.C5 
lotzA fI,Jl,KU=RZA II,J1,K1)+ AES,SlG".ez) *.2*C6 
RIA 'll.Jl,Kl)=R14 Cll,Jl,Kl). ABSCSIG~AZ) .*2*,7 
RIA CI,J,KlJ=RIA II,J,KlJ+ At'SCSIGfI"ZI *.2*C8 
CONTINUE 

THE PLANE CCRNERS ARE NOW TREATED: 

00 560 1=1,IN.I~N 
00 560 J~I,JH,JMM 
SIGMAX=Utl,J,K )*FRACX 
SIGMAY:V(I,J,K }.FRACY 
IF(SIGMAX.NE.O.ISIGNX~SIGMA.IABSISlbMAXI 

A-16 

lHOI 
lH02 
121t03 
12 It 04 
121t05 
12-\06 
12401 
12408 
12501 
12502 
12503 
17504 
12505 
11506 
12'507 
1250s 
12601 
12602 
1260) 
lZ604 
12605 
126ilb 
12607 
12608 
1210 I 
I?t02 
12701 
12704 
127u5 
12706 
12707 
12108 
12801 
12802 
1~803 

12804 
12805 
12806 
12807 
11808 
12901 
12902 
12903 
lZ '904 
12905 
12QOb 
12901 
12'908 
1]001 
13002 
13003 
13004 
13005 
13006 
13007 
11008 
13101 
13102 
13103 
13104 
13105 
13106 
13107 
13108 
)320) 
13202 
13203 
13204 
13205 
132u6 
13207 



1 IFI$IGMAK.EQ.O.ISIGNK:I. 
7 IF(SIGHAY.EQ.O •• SIG~Y:l. 
7 IF(SIGMA¥.NE.O.JSIG~Y~SlG"AY/AeSCSIGMA't 
7 11 $ 1+1 
1 Jl ~ J+l 
1 JF( SIGMAX.lT .0.' I1 = '-I 
7 IFISIGHAV.LT.O.I Jl ;;: J-l 
6 IF(ll.kE.2.ANv.{1.NE.INN , GO 10 5~C 
8 IFCJl.NE.2.AND.Jl.NE.JHH ) GO TO 560 
I C 
7 C3=C(1,J,~ I.ABS(SIGHA~I*AeStSIG~AY'.'l.-AeSCSIGHAlJI 
1 C1=CII,J,K )*ABSISIGHAXI*A6S(SIGMAY,tABS(SIGHAZ. 
7 0 (ll.Jl,K J=C Ill,Jl.K )+e3 
1 FYA tll,Jl,K I=FYA IIl.JI,1( 1+ISIGMA'f'/2.-.5*SIGNYlfC3 
1 F2YA (ll,Jl,K l=FZYA (ll,Jl,K '+(SIG~AY'2.-.5.S1G~VI •• 2.t3 
7 RVA III,Jl,K 'tRYA Ill,Jl,K '+ABS(SlGM.~) •• 2.C3 
1 FXA Cll,Jl,K )=FXA CIl,Jl,1( ,+(SIG"AX/2.-.5*SIGNX'*C3 
7 f2XA Ill,Jl,K .=F2XA Cll,Jl,~ I+CSIGMAXJ2.-.S.S1G~XJ •• 2.C3 
1 RXA Ill.Jl,K J~RXA (Il,Jl,K .+ABSISIGMA)I •• 2.C3 
7 FIA II 1,Jl,K )=FlA IIl,Jl,f( 1+151GIIIAI/2.I.C3 
7 F21A Cll,Jl,K J=F2IA (Il,Jl,K )+ISIGMAI •• 21~.I.'J 
1 RIA tll.Jl,K I::RlA {H,Jh~ l+U.-A8SIS1Cfil:AZ .... Z-<:3 
1 c 
7 If(kl.LT.l.0R.Kl.GT.KNIGO TO 560 
7 0 (Il,Jl.KLJ=O 1I1,Jl,KlJ+C7 
7 FXA (Il,Jl,Kl,=FXA IIl,Jl,KII+ISIG~AXJ2.-.5.SIGNX).C7 
7 F2XA (Il,Jl,KlJ=F2XA Ill,Jl,Kll+(SIGMAXJ2.-.5.SJG~X) •• 2.C7 
7 RXA (ll.Jl,KlJ=RXA (ll,Jlt~1)+ABS'S[G'A)I •• 2.C7 
., fYA lil,Jl,KlJ=F'fA {tl,Jl,tc.U"'SIGfIIIA,(12.-.Ij.S1Gtna*C.1 
7 F2YA (Il,Jl,KIJ=FZYA (Il,Jl,Kl'+(SIGfIIAY/2.-.S.SJGNYI •• 2*C1 
1 RYA (Jl.Jl,Kl,=RYA (IL,Jl.~IJ+AeSCS[G~J"' •• 2.Cl 
1 FlA CIl,Jl,KlJ=FZA Ill,Jl,KlJ+ISIGf",IlJ2.-.S,.SIGNIIt(1 
7 F2lA IIl,Jl,Kl)=F2IA (Jl,Jl,KlJ+(SIGfl.AZ/2.-.S*SIGhll •• 2.C1 
7 RIA Cll,Jl,Kll=RZA (ll,Jl,KlJ+AeSCSJG~'Z) •• 2.Cl 
3 5&0 CONTINUE 
1 C 
1 C VALUES 41 NEX1 TI"E S1EP 'PE ('LCLlATED 
1 C 
1 00600 K=\,t<.N 
7 ou 600 I=l,(~ 

1 DO 600 J=l,JM 
7 CtI,J,K)=O (IfJ,KJ 
1 IFIC(I,J.K).lT.C.JC(I.J,KI=O.O 
7 C.fREPL = CII,J,t<1 
7 IFI(..TREPL.LT.l.CE-lO' GO TO 5qq 
1 fH.(l,J,tc.l=F)('A ([,..i.lCt/CTREFL 
7 ~X = FTX(f,J,~1 
7 RXIoIAX = ASS(FX-O.5).2. 
7 RXMIN = AASIFX+O.5J*Z. 
7 JF(RXMIN.GT .RXMAXJ RxMIN=~x"AX 
7 HA=RXA II,J,K)/CTREPL+12.*'-FX*FX.F2XA (I,J,~I/CTREPl) 

7 RTXII,J,KJ=SQRHABSIHA)) 
7 IF (RI X ( I, J, K l.G 1 .R.)(~l tollRl X( 1, J,t( l=R),~l~ 
1 C 
7 FTYII,J,K)-=F'I'A II,J,I(J/CTREPl 
7 FY = FlYI ItJ ,KI 
7 R'01AX = ABSlfY-O.,J.2. 
1 FlYMIN -= A8SIFY+C.5).Z. 
1 IFIRY~I~.GT.RYMAX) RYH(~ -= RY~AX 
7 HB:R'fA (l,J,K1/C.lREPL+\Z ... (-f .... F'Hfl'f'" tl.J,KI/CTFIEPl) 
7 RTY(I,J,KJ=S("!RTIABSIHBlJ 
7 IF(RTY( I,J,KJ.LT.R'tMINIRTY( (,J,K)=R"'HIN 
1 C 
7 FTII (,J,KJ=FlA II,J,t<"CTREPl 
7 FI = FTZII,J,K) 
7 RZMAX = ABSIFl-C.5J.2. 
1 Rl.""lf'l = ABS(fZ+O.514Z. 
7 IffRIHIN.GT.RVUX' RzMIN -= RZMAX 
7 HC=RIA (I,J,K)/CBEPL+IZ •• (-FI.FI+FZZ~ (I,J,K"CTREPl) 
7 RTZ(J,J,K)=S~RTIABS(HC'. 
r HIRTZ( I,J,KJ.GT.RlJllltN)RTZII,J,KJ-=FlZMIN 
7 GO TU 600 

A-17 

13208 
13301 
13302 
1H03 
13)04 
13305 
l3306 
13301 
133G8 
13,,01 
L3402 
lH03 
1340~ 

13405 
1340b 
13401 
1340B 
13501 
13502 
13503 
1350~ 

lH05 
13506 
13501 
lHOB 
13601 
13602 
13603 
13604 
13605 
13606 
13607 
13608 
13101 
13702 
13..,03 
13104 
13705 
13706 
13107 
137(j0 
13001 
13802 
13803 
13004 
13805 
13806 
13801 
13808 
13QOl 
13902 
13903 
13904 
13905 
13QOb 
13907 
\31:11.:8 
14001 
14002 
14003 
14004 
IlteC5 
14006 
14001 
14008 
14101 
14102 
14103 
14104 
14105 
l41{J6 
HiD7 



3 599 fTX'l,J,KI=O. 
7 fTYll,J,K)=O. 
1 fTZtl,J,K)=O. 
1 RTX(l,J.K)=O. 
7 RTY(I,J,K)=O. 
7 RTltI,J,K)=O. 
3 bOO CONTINUE 
7 RETURN 
1 ENO 
1 SU8RGUTINE INITW 
1 CCHMON/VB/lO,DX,HLID,JN,J~,KN,INN,J~M.K~N,D~, DT.NITER,IP,RR,PS 
7 CO"'~ON/VA.R l/Cl( ~(). 111 ,f.,. XC 3C, 111 ,R") (30 I 111 IF..,y (30,1 U ,RWY'3 C, 111 
7 COMMON/CAlGOl/f (30,ll},F)lW (3C,11),fY'" '~O,ll),RXk (30,111, 
b lRYW C30,l1),FZWX 130tl1),F2kY (3e,l1) 
1 C~MMON/CVELTY/VX.~Y 

7 Nl=IN*JM*5 
1 CAll CLEARIcr,NII 
7 UO J J~4,8 

5 3 REAOt5,lOO"CT( l,JI,1*Z.71 
1 DO 1 J=4,8 
1 DO 1 1=2,1 
7 IFtCT(t.JI.EQ.O •• GO TO 1 
1 RWX(I,J)=I. 
7 RWYII,J'=I. 
5 1 CONTINUE 
3 100 FOR~AT(6flO.O) 
7 RETURN 
7 END 
7 SUBROUTINE UPOOWNIOX,OY,IN,JM,INN,J~M,DT.~ITERI 
7 COH!'tON/~AR l/el( 30, lU ,FiIIIX130, 11 J. RW)I( 30.111. f.,V (10,1 U, RillY (3 C, 111 
1 COMHON/CAlGOI/F (30,IIJ.FX~ (30,ll'.fY~ (30,llJ,RXk '30,11), 
6 lRYW C30,11),f2WX 130,ll).F2~~ ()e,11) 
1 COMMON/CVElTY/VX,vy 
1 ~2=7.[N.JM 

1 CALL Cl£AR(F,N21 
1 C 
1 C 
1 C CALCULATE StG~AS. px, ANO p~ 
1 C 
1 OQ 501 1= 2, INN 
1 DO 500 J= 2.JMM 
1 JFttT(I,J'.EQ.O.OE-uO , GOTe ~OO 
7 SIGMAX= VX .CT lOX 
7 SIGMA~= VY .OT loy 
7 If(SIGMAX.EQ.O.1 GC TC 90 
7 SIGNX=SIGMAX/ABS(SIGMAXI 
7 GO TO 92 
4 qO SIGNX = 1 .. 
4 q2 IFCSIGHAY.EQ.O.) GO TO 94 
7 SIGNY = SIGMAY/ABS(SIGMAYI 
7 GO TO 96 
4 -;4 SlGNY=l. 
4 qb CON TI NUE 
7 If (SIG-'AX.GT.O.I GOTO 100 
7 PI JX~ C -z. *( FWXC I ,J~"5 IG~A)I~ +Ph)l f I ,oJ '-I.e) 112. C.pwx I 1,J) ) 
7 GOTO 110 
3 100 PIJX:>:(2.0*(fWXCI,J'''SIGMAX)+R\'XII,J)-I.I/(2.0.RWX(I,J') 
1 110 IF(SIGHAY.GT.O •• GO TC 120 
7 PIJY·'-2.0.(F~Y",JJ+SIGHAY).AhYI],J)-I.O)1 '2.0*RWY(I,J)' 
7 GOTO 130 
3 120 PIJY~C2.0.(F"Y'I,J'+~IG"'AY).~"YCt.J'-1.0'/'2.C.~WYCl,JII 
3 130 CONTINUE 
1 C 
1 C 
1 C NOR"AL el"on tONS 
1 C 
1 C IF P)(,P'f(O Oft PX,P'OI "'CDIFICATIC~S ARE ",ACE 
1 C 
7 NCUUNT=O 
1 IftPIJX.GEeO.OCOl.AND.PtJX.LE.O.q~q~) G( 10 150 
1 NCDUNT=l 
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14 lOB 
lHOI 
14202 
14203 
14204 
14205 
14200 
14201 
14208 
14]01 
14]02 
lit )03 
14304 
1"-]05 
IIt]06-
14]01 
lHOB 
14401 
[ .... 02 
14,,03 
11t404 
14405 
14406 
1~407 

H40B 
14501 
14502 
14503 
14501t 
14505 
1 .. 506 
14507 
1450B 
14601 
14602 
lit 60 3 
lit-bOlt 
14605 
1..,.606-
llt601 
U·608 
14101 
1~702 
1 .. 103 
14 70~ 
H705 
(%706 
14107 
1 .. 708 
16t 80 I 
14802 
1480_3 
14804 
14805 
14806 
14801 
148G8 
IltQOI 
14QOl 
\4Q03 
14904 
1490S 
14Q06 
14901 
\1t9C8 
1500 I 
15002 
15003 
15004 
15005 
15000 



7 
7 
J 
7 
7 
7 
3 
7 
7 
1 
7 
7 
1 
I 
7 
7 
7 
7 
I 
7 
1 
7 
7 
I 
I 
7 
1 
1 
7 

C 

C 

C 
C 

I C 
1 
1 
7 
1 
1 
1 
1 

1 
I C 
7 
1 
1 
7 
1 
1 
1 
1 
I C 
I C 
7 
1 
1 
1 
I C 
1 
1 
1 
1 
1 
1 
1 
1 
I C 
I C 
I C 
7 
1 
1 
1 
I C 

150 

16{; 

IFIPIJX.lT.O.UUCl. PI JX=O .. O 
IftPIJX.GT.O.qq~G) ?lJX=\.O 
JF(PIJV.GE.O.JuCl.A~D.PIJY.LE.O.qqq~1 

NCDUNT=l 
IfIPiJY.LT.O.OUOll PIJY=O.O 
IF(PIJy.GT.v.'7QC;QI PI JY=l.O 
L,.WHINUE 
IFISIGI'IAX.GT.O.CI 11=1+1 
If(S,tGMAX.EQ.\.I.) 11'" I 
JFCSIGMAX.LT.O.Cl 11=1-1 
IF(SIGMAY.GT.O.C) Jl~J+l 

IFISIGMAY.F.Q.O.) Jl '" J 
IF(SIGMAY.lT.O.C) Jl=J-l 

Cl =CT' I.J,*PIJX'" I.O-PI JY J 
Cl =CTCI,JJ.Cl.)-PIJX)·P1JY 
(3 =-CHI,JJ*PIJxII'PIJY' 
C4 :.(TCI,J"Cl.o-PIJX).' 1.-PJJy) 

f 
F 
F 
f 

I 11, J ):.f 

U,Jl}=F 
CIl,Jlt=F 
( (,JI =F 

tll,J)+Cl 
(I,Jl)+£:2 
(I1,J1)+() 
(I,J'+C4 

FIX -=(PIJX*RWX( (,JI-I.OJ/2.C*SlCf\X 

G( TO 160 

F l'f =( 1.O-R",y ( 1 ,J'.' 1 .. a-p (JY 11/2.0 *s IGNY 
F2X =( I.G-Rwxt 1 ,J) f' I.O-PI JX) ,/l.O*SIGr-.X 
FlY =IPIJY*Rh'YII,JJ-1.O,12.0*SIGNY 

FXW (Il,J).::-FJ(1JI IIl,J)+FIX *(1 
FYW CII,J)=fYW (Il,J.+FlY *Cl 
FXW {J ,JU=FXiII (I,J1)+F2X .Cl 
fYW tI,JlI ... FYlIj tI,J1I + F2Y *C2 
FXW ClI,JlJ=fXW (Il,Jll+FLX *(3 
FYW IlbJU.: FY,j 'I1,J() + F2Y *'3 
foX" (1,J) = f,(~ ,I,JI + F2X "C4 
FYW (I,J) = FYt- (I,J) + Fl'f $-Cit 

F2WX 
f2\oiY' 
F1WX 
f2WY 
f2WX 
f2WY 
F2WX 
F2WY 

111,JI F2.x Ill,J, + FIX *Fl) -,I 
(ll,J) = f2~Y CIl,J) + FlY _FlY .CI 
IItJlI = Fl.X n,Jl) + F2X *f2) f,2 
(I,J1I = f2wY' II,Jl) + FlY .FZY .,2 
(1I,Jll .::- F2k4X II1,J1I + Flx .FIX 'C3 
tll,Jl) :. fl • .,. (ll,JlJ'4o f2'( -F2Y *C3 
(I,Jl = F2~x (l,J'+ F2X _f2X *(4 
(I,J'= F2WY (I,JJ+flY -flY "4 

klX =(PIJX*iHiX( I,J)).*Z 
RIY =«1.O-PIJY)*RwYII,JI)'.2 
R2X =(tl.o-PlJX).RWXlt,J'1 •• 2 
R2Y =IPIJY*RWYI1,J)).'1 

RXW (Il,JI=RX'" ([l,J)+ Rl)l; • (I 
RYW CIl,J)=RYW Ill,J)+ Rll • Cl 
RXW (I.JU=RXW ([,JI)+ Po2X * (1 
RYioi (l,Jll=ItYW ([,JII+ RZY * (2 
RX~ Ill,Jl'=RXW Ill.Jll~RlX .(3 
RYW (ll,Jl)=RY~ (ll.Jl)~R2Y -(3 
RXW fl,J) = RXW ir,J'+ R2X .C~ 

RYW (l,J)=RYW Il.J)+RIV *'4 

IF 'NC.OUf\lT .Ea.OJ ~c TC 500 
SIGHX = SIGMAX+FwX'I,J) 
SIGMy = SIGMAY + F~'Y' l,J) 
IF(PIJX.GT.O.JOC1' GO TO 490 
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ISOOl 
15008 
15101 
15102 
151~3 
151\l4 
15 10 ~ 
15106 
15101 
15108 
15201 
15202 
152oJ3 
15204 
15205 
15206 
15201 
15208 
15301 
15302 
15303 
15304 
15305 
1530b 
153e1 
15308 
15401 
15402 
15403 
15404 
\5405 
15406 
15401 
15"08 
15501 
15502 
15503 
15504 
15505 
15506 
15501 
15508 
15601 
15602 
15603 
15604 
15605 
1560b 
\5&01 
15608 
15701 
15102 
15703 
15704 
15705 
15106 
15707 
15708 
15801 
15802 
15803 
15804· 
15805 
15806 
15807 
1580B 
lSQCl 
15902 
15903 
1590'" 



• FIX 
• FIX tF IX 

.CF2X - SIGJIlXI 
•• F2X tF2)t -SIGIOtSIGMX' 

• FIX 
• FIX -FIX 

7 
7 
7 
7 
7 
7 
7 
7 
1 
7 
3 
7 
1 
7 
6 

fXW CIl,J) ~ FX. tIl,J} - (1 
f2WX 'Il.Jj~f2W.c lIltJI-Cl 
FX" I1.JU:: FXW C1,JU - C2 
f2wX «1,Jl)= F2WX (1,JU-C2 
fXW Ctl,Jl'=FXW Ill,JlI-C3 
F2WX tll,JlI.cFZlillk (Il,JlI-C3 
fXW II,J): FXW tl,JI - (4 *IFZ)I - HGJIIX, 

: 

4.0 

c 

FZWX (J ,J' = F2wX 'J,JI-C", 

GO TO 492 
IFIPIJX.LT.O.99QQ'GO 10 492 
F)(W (ll,Jl.= FX~ Cl1,J'- C1 

f2WX (ll,J'-=f2WX Ill.J'-Cl 
ItSlGNX'··ZI 

*IF2X 'F2) -SIGMX'SIGM)1 

7 FXW II,JlI:: FX. ll,Jl) - C2 • F2); 
1 f2WX Il,Jl,=F2W( (I,J11-CZ • F2x *F2)( 
1 C 
1 FXW Ill.JlJ = FXiIi (Il,JU - (3 .'FIX - SIGMX +l •• StG~)l1 
1 F2W)C (Il,Jl):;:F2~X Itl,JU-C3 .'FIX tFIX -(516"X -1. 
o ItSIGNX' •• ZI 
7 fXW (I,JI"" F'(Pi II,JI - (4 • FlX 
7 F2WX (t,J)-=f2~X tl,JI-C4 • F2X tF2X 
1 4q2 IFIPIJY.GE.O.OOOU GO to 49" 
1 C 
7 FYW lll,JI = FV. (Il,JI - 'I .(flY - StGMY) 
1 F2_Y (tl.J) '>= r21J1V (Il.JJ - CI -nlY -flY -SIGM"I'4SIGf"U 
1 f-YW (J.Jl)": FV", II.JlI - Cl • flY 
7 F2WV II.JU:& F2_V Il,JlI - (2 .. FlY _FlV 
7 FVIoI 1l1,Jl)'" FYIiI Ill,JlI - C3 _ FlV 
1 F2WY IlltJU = F,2k\' III,JIl - (3 • F"Y .F2Y 
1 f-YW (I,JJ=FYW IltJJ-C4 -(FLY -SIGfI'Y) 
7 F2wY IJ.JI:f2WY (I.JI-(4 .'FLY .Fl't -StCP'V.SIGMVI 
1 GO TO 500 
3 4~4 If(PIJY.ll.O.99QQJGC Te 500 
1 FYW (Il,JI": FYlII II1,JJ - (1 • Fn 
1 F2WY (Il.JI:F2WY (ll,JJ-CI -IFI) .FIY I 
1 FV", Cl,JlI = FYIfII (l,JlJ - (2 -(F2Y - SlG~Y +1.tSIGNY) 
7 F2WY II,Jl):F2WY (t.JIJ-tZ .(FlY .F~Y -(SIG~Y -I. 
o I*SlGNY) •• ll 
1 C 
7 fYw Ill,Jl'=FYI'Ii IU.JIJ-C) -(f2Y -SIG",V +1 .. -S1GNY) 
1 F2wY (Il.JlI:F2WY IIl.JlJ-C3 .,F2Y -F2Y -(S"~MV -1. 
b I-SIG~YJ-*2J 
1 FYW Il,Jj"'FVW Il,JI-Clt -Fa 
1 F2_V It.JI:F1WV II.JI-C4 - Fly -FlY 
J 500 CONrrNUf 
) 501 C~NTINUE 
1 C 
1 C CQU?LI~~ bETWEEN BeROER ~~c eUlK 
1 : 
1 DO 551 1=I,IN 
7 00 550 J=l,JM 
7 IFtl.EQ.l.0R.I.EQ.I~1 GO TO 557 
7 IF(J.EQ.l.OP.J.[~.J~' GO TO 5~8 
1 GO TO 550 
3 557 IFIJ.EQ.1.0R.J.E;;.J~1 GO TO 550 
7 SIGMAX = YX -OT lOX 
7 SJGMAY = VY .OT lor 
7 ifl SIGMAX.EQ.O.) GC Te 5'52 
7 SIGNX = SIGMAX/ABS(SIGMAXI 
7 GO TO 55~ 
] 552 SIGNX = 1. 
3 554 IF( SIGMAY.EQ.O.' GG TO 5!:3 
7 SIGNY = SIGMAY/ABS( 51 GMAY' 
7 GO TO 556 
, 553 SIGNY = I. 
355611=1+1 
7 Jl = J + 1 
1 IFISIGHAX.LT .. O.I Il -= 1-1 
7 IfISIGMAY.lT.O. J Jl • J-1 
1 IFCIl.LE.l.0R.11.GE.U,,) GO TG 550 
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15905 
15906 
15907 
15908 
16001 
16002 
16003 
16004 
16005 
16006 
16007 
16008 
16101 
\6102 
\6103 
Ib 104 
16105 
1610b 
16107 
16108 
16201 
16202 
16203 
16204 
1620') 
16206 
16207 
16208 
16301 
16301 
16303 
16304 
1&305 
1630b 
163lH 
16.108 
16401 
16402 
tb40J 
16404 
16405 
16406 
Ib407 
1&408 
16501 
16502 
16503 
16504 
16505 
1650b 
16507 
16508 
16601 
16602 
16603 
1660"" 
16605 
1660b 
16607 
16608 
16701 
16702 
16703 
\6704 
16705 
Ib706 
16107 
16708 
16801 
\6802 
16803 
16804 



7 
3 
7 
1 
7 
7 
1 
2 
2 
1 
7 
2 
2 
7 
1 
1 
1 
3 
7 
7 
1 
I 
1 
1 
7 
7 
I 
1 
1 
7 
1 
7 
7 
7 
1 
I 
7 
7 
1 
7 
7 
~I 

7 
1 
I 
7 
7 
7 
1 
7 
7 
7 
1 
3 
3 
I 
I 
I 
1 
1 
1 
7 
1 
7 
7 
; 
3 
7 
7 
3 
3 
7 

c 

c 

c 
" C 

55R 

")5Z0 
5540 

5530 
5560 

559 

550 
551 

562 
564 

50 
566 

GO TO 559 
IflI.lE.l.(:P.J.GE.Il\, GO TO !i~O 
SIGMAX= Vx *OT lOX 
~IGMA.Y :: 'VY .CT lOY 
IFfSIGMAX.EQ.O.) GC Te 5520 
SlGNX= SIGHAX/AeSCSIGMAX) 
GO TO 5540 
SIGf'.oX :: L. 
ifISIGMAY.EQ.O. I GO TO 5!30 
StGNY = SIGM4~/ABSCSIGHAY) 
GO TO 5560 
SIGNY = 1. 
11= 1 ... 1 
Jl = J+l 
If( SIGMAX.lT .0 .. ) 11=1-1 
IFISIGMAY.lT.O .. ) Jl" J-l 
IFIJl.LE.l.OR.Jl.GE.JM) GO TO 550 
Cl CTII,J)*A&SISIGMAX).Cl.-AeStSltMAY)) 
cz CT(I,J).AdS'S[GMAVI.'1.-A8S'SIG~A))) 
L3 :: CT(I,J).A~SISIGMAX).A8StSIG~AYJ 
L4 = CT11,JI.(1.-ABSISIGMAX)).(1.-AES(SIG~AY)1 
F 

• 
F 

II1,J'=F 
(I,JU=F 

(l1,J) + (.1 
(I,JiJ + (2 

CIl,JlJ + C3 
tl.J) + C4 

(I1,JlI F 
F (I.J'=F 

FXW 
no 
FXW 
FYW 
no 
FY. 
.XW 
FyW 

tl1.JJ FXW 111,J) + (SIGMAX/2.-C.!*SIG~).C1 
111,J' ~ FY. Ill,J) +ISIGMAY/Z.'.C! 
(I,Jl) ~ fX~ II,Jl. +ISIGMAX/Z.)*C2 
11,J1) = FV. tl.JI) + 'SIGMAY/2.-C.~.SIGN~1.t2 
Cll,JlJ = FX .. I Il,JlI + CSIGIII,UIZ.-C.S*SIGNX).C3 
111,J11 = FY~ 111,Jl) + ISIGMIV/2.-0.!*SIGNY).C3 
II,J' = FXW II,J) +(SIGMAX/2.'.C4 
II,J' * FV" (l,J) +(SIG"AY/2 .. ).C4 

F2WX 
F2WY 
f2WX 
F2~'t' 

f}MiX 
F2\ojy 
f2wX 
f2'oo1" 

C 11 ,J' 
I 1 1, J • 
, I, J1 » 
( I, JlI 
(Il,JiJ 
(ll,J1) 
( 1 ,J J 
\ I , J) 

RXW (I1,JI 
Ryjoj (I1,JI 
R)t'W CI, JlI 
RYw (I,JII 
RX", (Il,J1. 
RYloi 'Jl,JlJ 
RXIt. (I,J. 
Ry," (I,J) 
(;otjT INUF 
CONTINUE 

FZWX «'1,J. + (SIGIIIAX/2.-C.S.SIGNx) •• Z*CI 
F2wy (11,J' + CSIGMAV •• 2/4.).C1 
FZ.X II,Jl) +CSIGMA)**2/~ .. )*c2 
F2~Y II,Jl) + ISlt~A~/2.-C.~.SlGNV' •• 2.~2 

= f1 .... x II1.J1I + ISIGMAX/2.-C.S*SIGN)lI •• 2*C3 
= F2~Y 111,J1) + ISIG~AV/1.-C.5.S1GNY' •• 2*C3 
F2111ix (I,JI +(SIG~AX •• 2/4.J.C4 
F2wY (I,J} .(SIGMAV •• Z/~.I.(4 .x. 
.v. 
RX. 
'Yo 

= RXw 
= RVW 
RXW 
RY" 

(ll,JI + AeS(StG~Ax) •• 2.(1 
(tl,JI + C1.-ABSISJGMA~)I •• 2.Cl 
'l,JlI + (l.-ABSCSIG"A)I' ) •• Z.C2 
II,Jl. + ,eS(SlG~AY) •• ~.(l 
(I1,J1) • ABS(SIG~'X ••• 2.C3 
Ill,JLJ + ABS(SIGJIIAV) •• Z*C3 

(I,J) + 1l.-.oBS(SIGHA)t" ' •• 1*C4 
(l.J) + (1.-.8S(SlG~A"l •• Z.(4 

THE FOUR C(R~ERS ARE ~CW TPEATED: 

D(J 5bl t=1,IN,I~N 
DC 560 J=l,JH,J",.M 
SIGMAX = VX .OT lOX 
SIGMAY = VY *01 IDV 
IfISIGHAX.EQ .. O.J GO TO 562 
SIGNX = ABS(SlG~AX}/SIGMAX 
G(.! 10 564 
SIGNX = 1. 
IFISIGMAY.EQ.O.I GO TO 563 
SIGNY = ABS'SJL~AY'/SIGMAY 
GCJ 10 566 
SIGNY • 1. 
I 1 I + I 
J 1 = J+ 1 
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1680~ 
1680b 
16801 
14808 
16901 
16902 
16903 
1690 .. 
Ib905 
16906 
16907 
16908 
17001 
17002 
11003 
17004 
17005 
1100b 
11001 
11008 
17101 
11102 
17103 
17104 
17105 
17106 
11101 
17108 
17201 
17202 
11203 
11204 
11205 
17206 
17207 
11208 
11301 
17302 
11303 
11301t 
17305 
17306 
17307 
11308 
17401 
170\02 
17"03 
17404 
17405 
17406 
17407 
17408 
17501 
17502 
17503 
17504 
17505 
\1506 
11501 
1750B 
17601 
17602 
17603 
17eU4 
17605 
17606 
11601 
17608 
17101 
17102 
l7703 
11104 



7 lFtSlGMAX.lT.O •• 11 c 1-1 
7 IfISIGMAY.lT.O.I Jl c J-l 
8 IF(1I.NE.2.AND.1I.hE.1NN I G( Tr. 5H 
8 IfIJL.~E.2.4ND.Jl.~e.JMM J GC Te 560 
1 C 
1 C3 = CTIJ,JI.ASSISIGH.XI.ABS(SIC~A~} 
7 f Ill,Jll ~ F (tl,JLI + (3 
7 FXW 1I1,JlJ = FX~ Ill,HI" tSIGM~XI2.-C.5.SIGNXI~3 
7 fYW tI1,JU = FY", Ill,JU + (SICft':AY/2.-C.5.SIGN~I.C3 
7 f2WX (Il,Jll = F2WX (Il,Jl) .. tSIGMAX/2.-C.5tSIGN)I).'Z.C3 
7 f2wY (ll,Jll = F2wV (ll.J11 + (SIG~A~/2.-C.!.SIGNYJ.'2tC3 
7 kXW (ll,Jl) R~N t Il,J11 + ABS(SIG~AXI •• 2.C3 
7 RYW (Il,Jll '" RVW Ill,JlJ + A8SISIC.fIIA'Y,.tZ.C) 
3 560 CONTINUE 
3 561 (LNTINUE 
1 C 
1 , VALU[S AT NEXT TIME STfP ARE CAlCUlA1EO 
1 C 
7 DC bOl 1=1, It. 
7 DO 600 J=L,JM 
7 CTtl,J) = F tl,J) 
7 CTREPl '" F Il,JI 
7 IfICTREPl.EQ.O.CE-CO, GO TO 5~~ 
7 fWX(J ,J) = FX. (I,JI/CTREPl 
1 fWYII,JI c fYW (I,JI/CTREPl 
1 C 
1 C WIDTH CORRECTICN 
1 C 
1 FX=FwXlltJI 
1 FY=FWY(I,JI 
7 RXHAX ~ ABStFX-O.51*Z. 
7 RXHIN = ABSlfX+O.5)tZ. 
1 IFIRXMIN.GT.RXHAX IRX~l~.PX~AX 
7 RYHAX = ABStfY-O.Slt2. 
1 RYMIN % ABStfY+O.5)*Z. 
7 IF(RYMIN.Gf.RYMAX IB~~I~.FY~AX 
7 HA=RXW {I,J)fCTREPL+ll.*(-fX*fX+F2h_ II,JI/C1REPL) 

19 RwXl1 ,.;J=SQRT UeS(t1A)>> 
7 HB=RYW II,JJ/CTREPL+12.*(-fV.FY+Fl~~ (I,JI/CTREPl) 

19 RWYC.,JJ=SQR1IAeSIHBIJ 
7 IF(RWX( I ,JJ.,;r.RXlitI" JRh'Xfl,J)=RXMI~ 
1 IFIRWYII,J).~T.RY"I~ )R"Yll.JI"RYM(~ 
1 GO 10 bOO 
1 599 FhXII,JJ O. 
1 fWYII,J. O. 
7 RWX(I.J' O. 
7 RWYII.JI O. 
3 .00 ~C~T1NUE 
3 .01 CO~T1NUE 
7 RETURN 
7 END 
7 SUSROUTINE SCAVEG 
7 C.OMMON/VBllO.DXtt1lID,IN,JM,lC",ll'\p.;,J,"~."~"',O~, DT,NITER.IP,RR,,",S 
7 ~OMMON/MA1RXI/U(30t11,BI,V'30,11.81 ,~130,11,e ),C(30,11,81 ,KXX( 
b $ B),KYYI BI,KIZI PI 
I C 
1 C THIS RCl11NE CALeUt_rES O~ERAlL .. A SHOLl SCAVENGING 
1 
1 PSI= Z.OE-04*'RR ••• 8) 
7 KNNN=KNN-L 
7 DO 1 K=3,KNNN 
7 00 1 1=2, INN 
7 00 1 J*2,JMM 
1 IFIClI,J,K).LT. L.eE-lOlCO rc 1 
7 t'l,J.KJ=C{I,J,Klt'l.-PSI.OT) 
5 CCNTINUE 
7 RETURN 
7 ENO 
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177J5 
1710b 
17707 
17708 
178Cl 
17802 
17803 
17804 
11805 
1780. 
11807 
17808 
17901 
17902 
11903 
17904 
17905 
17906 
l1c;107 
17908 
\8001 
18002 
18003 
18004 
18005 
1800. 
lBC07 
18008 
18101 
18102 
18103 
18104 
18105 
1810. 
18107 
18108 
18201 
18202 
18203 
18204 
18205 
18206 
18207 
18208 
18301 
18302 
1£1303 
18304 
18305 
1830. 
18307 
18308 
1840 I 
18402 
18403 
18404 
181tO~ 
1840. 
18407 
18,.08 
Ie 501 
18502 
18503 
18504 
18505 
18506 
18507 
18508 
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1 
1 
1 
1 
1 
7 
1 C 
1 
1 
1 
7 
1 C 
7 
7 
7 
7 
1 C 
1 C 
7 
7 
7 
7 
1 : 
7 
1 

7 
7 
7 
1 
1 
7 
I C 
1 

1 
7 
7 
1 
1 
7 
7 
1 C 
1 C 
7 
7 
7 
1 
1 C 
1 
1 
7 
1 
1 
1 
1 
1 
I C 
I C 
I C 
7 
1 
1 
7 
1 C 
7 
1 
7 
7 
7 
1 
1 
1 
1 C 
7 

IFtSIGMAX.GT.O.C» 11=1+1 
1F'~IG""AX.EQ.O.) 11 = 1 
IFISIGMAX.lT.O.CI 11=1-1 
IFCSIGMAY.Gl.O.O) Jl=J+l 
IFISIGMAY.EQ.D.I Jl = J 
If(SlGMAY.lT.Q.O) Jl=J-l 

Cl =CV(l,JI.PIJ~.(l.O-PIJ~) 
(2 =CVC],J'*Cl.O-PIJX'.PIJY 
(3 =CVlt,J'.PIJX*PIJY 
tit =CVI1,J'.11.O-PIJX'.'1.-PIJY) 

FV 
FV 
FV 
FV 

,11 t J I~FV 
(ItJl)~fV 

CIl,Jl)=FV 
, I.J. =-FV 

([I.JI+(1 
II,Jl)·C2 
(I1,J1I+(3 
(I,J'+C4 

FIX =CPIJX*RVX(I.JI-1.OI/2.C.SIGNX 
FlY =(1.O-RVy(],JI.'1.o-PIJYIJ/2.0.SICNY 
f-2X =( i.O-RVx( [.J'.( 1.O-PIJ,.',/Z.O*SIGfliX 
F2Y *(PIJY.RVY(I,J)~I.JI/2.0.SIG~Y , 
F"V CII,JI:FXV "l.JI+flX *(1 
FYY 11),J)=fYV fll,J)+FlY .Cl 
F"1V tl,JI'=FXV C I,Jlh·f2X -C2 
F-YV (f,JI) = fYV (l,JlJ + f2Y *C2 
FXV Ill,JlI = F)I~ (Il,JU + FIX -(3 
fYV (Jl,JlJ = FYV (Il,JlI • fly *(3 
FXV (t,J) = fXy I.,JJ + F2X .C4 
F- YV I I ,J) .: f'( V I I t J) + F 1'V .C4 

F2\JX Ill,JI:::: F2V.< Ill,JI + FlX .FIX -Cl 
f2VY IIl,JI F21J'( Ol,JI + fly .flr 4Cl 
F2VX II,JI) = ,F2VX Cl,JIJ. f2X .f2X "C2 
FlVY «I ,JlI = F2~Y tl,JU + Fly -FlY "(2 
f2VX IIl,JU = F.2vX Ill,JU + FIX -FIX *C3 
F2VY IIl,JI) = flVY fJI,JU + F2Y .F2Y -e3 
FlVX (I,JI ::>. rZ~X (I,JI+ F2)( *F2X *(4 
Fl.VY II,JI= FlVY (I,JJ+Fl'V *FlY .C"" 

RlX =(PIJX*RVXII,JI) •• Z 
RIY =lll.O-PIJYI*ft'IJY(I,JJIUZ 
R2X =It I.O-PIJX).i{I/X(J,J))""Z 
RZY =IPIJY.RVYII,J))""Z 

RXV Ill,J'=RXV (tl,J). RI) .. (1 
RYV Ill,JI=~YV (ll,J). RlV - CI 
KXV (l,JlJ=KXV (I,JIJ+ RZX • (2 
R'VV Il,Jl)=K'VV IJ,Jl). RZY * (2 
FtXV (ll,JII=RXV CIl,Jll+RlX *(3 
RYV (ll,JU=~YV (Il.Jl)+R2Y *C3 
PXV (l,JI c ~XIJ (J,J)~ R2X *C4 
RYV tl,J)=RYV (I,JJ+RIY .,4 

IF(NCOUNT.EO.Ol GC TO 500 
SJGMX ~ SJGMAX+FVXfJ,J) 
SIGHY = SIGMAY • F'lJYII,J. 
IF(PtJ~.GT.O.OOOll GO TO 490 

IIl,JJ = FXV lIl.J) - (1 • Fl); HV 
F2VX 
'XV 
t-lVX 
'XV 
F2VX 
FXV 
F2VX 

C Il,JJ=rl'v'X 1l1.JJ-C1 
tt,.Jt) = FX'J (l,Jl) - C2 

• FIX "F1X 

(I,Jl)= FZ'IX C •• JU-C2 
(Il,Jl'=fXV (ll,J1J-C3 
nl,JU=F2~X fll,Jl)-CJ 

II,J'= FXV (I,JI - C4 
CI,J' = fZiX Il.J)-C4 

GO TO 49l 

"Cf2X - SIGMXI 
.'f2X tF2X -SIGMX.SIG~XI 

" F 1)1 * fiX HIX 
.,f2X - 5IGM)) 

*CF2X -F~)I -StGMX'SIGMX' 
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9.8 
l(i .1 
10.2 
10.3 
10.~ 
10.5 
10.6 
10.1 
10.8 
II. I 
11.2 
11.3 
II. ~ 
I I. 5 
11.6 
11.1 
11.8 
12. I 
12.2 
12.3 
1 Z.1t 
12.5 
12.6 
12.1 
12.8 
I 3. I 
13.2 
13.3 
1 J. 4 
13. ~ 
13.6 
1 3 .. 7 
13.~ 

I 4 .. 1 
14.2 
14.3 
1 ~.4 
14.5 
14.6 
14.1 
14. B 
15. 1 
I ~ •. Z 
15.3 
15.4 
15.5 
1 S. 6 
1 5. 7 
1 5 .. tI 
16. 1 
1 6 .. 2 
16.3 
16.4 
1 b. 5 
16.6 
} 6 .. 7 
16.6 
11. I 
11.2 
17.3 
17.1t 
11.5 
11.6 
17.7 
17.8 
18. 1 
18.2 
18.3 
18.4 
18.5 
18.6 
18.1 
18.8 



, 
7 
I 
1 

• 7 
7 
I 
7 
7 
b 

7 
7 , 
I 
7 
7 
7 
7 
7 
7 
7 
7 
7 
3 
1 
1 
1 
1 

• 
I 
7 
1 

• 
7 
7 
3 , 
I 
I 
I 
1 
1 
1 
7 ., , 
7 
1 
7 
7 
7 , 
3 
1 
1 , 
3 
1 
7 ., 
1 
7 , 
1 
1 
7 
1 
~ 
l 
2 
7 

c 

c 

c 

c 

c 
c 
c 

4~O IF(PIJX.lT.C.~~S~)GC 10 4q2 
FXV Ill.JJ" fXV 'Il,J'- Cl 

f2VX lll,J)=F2VX (ll,JI-Cl tlfl" .flX -(SJGHX -1. 
1*SlGNX) •• 21 

Fltl/ Il,JU ="XI/ U,JlJ - (2 • F2X 
F2VX IJ,Jl'=F2VX (I,Jl'-C2 • F2X *F2X 

FXV (J 1,JU := FXV 'Il,JU - (3 t(FIX - SIGHX +l.*SIGN)' 
F2VX 'll,Jl'=F2VX 11l,JU-C3 *CFU _FlX -tSIG,,",X -1. 

l*SlGNX}.·Zl 
FXV (l,JI = f-XV tI,JI - Cit • F2lC 
F2VX II,JJ=F2VX Cl,J)-C4 • F2X *f2X 

4q2 IFIPIJY.Gf.O.OOOll GC TO 494 

FyI/ IIl,JI" FlV 111,JI - (1 .Ifl~ - SIGHl) 
F2VY IIltJ)::: FZ\OY tlL,JI - (1 .lflY -FlY -SIGMY*SIGWYI 
fVV (1,411 = FYV tl,Jll - C2 • f2Y 
F2VY II,JlI == F2VY (I,JIJ - C2 .. F2Y .F2Y 
FYV 1I 1,JU .. FVI/ (Il,JU - (3 • F2Y 
F2VY (Il,JU =- F2'VV IIl,JlI - (3 • F~Y -FZY 
FyI/ II,J'=FYV Il,JI-t4 .tFl't -Sit"''''' 
F2VY (JfJI=F2V~ (J,JI-C4 _(flY -FlY -SIG~Y.SIGMYI 
GO TG 500 

4qtt If(PtJV.L't .. a.QgG'1IGC lC 500 
FY'", IIl,J) -= fY~ ClI.JI - CI - flY 
F2VY IIl.Jt=flVY (ll,J)-CI -(flY *F1'r ) 
fYV (l,Jl) = FY\t II,JlJ - (2 t(F2Y - SIG"'Y +l.*SlGNY' 
f2VV (l,JU=f2VV Il,Jl)-C2 .'F2Y "f;t.'f -\SIGWf -1. 

I'SIGNV)"*2) 

FVV tll,Jll=fVV tll,JlJ-C3 .,F2Y -SIG~Y +l.*SIGNVI 
f-2VY Ill,JU .. f2VY tIl,JU-(3 .,f2Y .. FLY -tSIGHY -1. 

l*SIGNYI.·21 
FYV (I,JI = fYV (l,JJ - (0\ .. FlY 
fZVY CI,JJ=F2VY II.J)-C4 .. Fl'r ·FlIt 

500 LONTINUE 
501 CONTI NuE 

COUPLING eET~EEN B(PDE~ 'Nt SULK 

DO 551 1=1. IN 
00 550 J=I,JM 
IFII.EQ.I.0R.J.EC.I~) GO TO 551 
IFIJ.EQ.I.0R.J.EQ.JM, GO TU 5~e 
GO 1"U 550 

557 IF(J.EQ.l.GR.J.EC.J~) GO TO 550 
S IGMAX := I/X 'DT lOX 
SIGMAY '=' IIY '01 lOY 
IFISIGMAX.EQ.O.I GD Te 552 
S]GNX = SIGMAXIA8SISiGMAX) 
GO TO 554 

':>52 S tGNX = \. 
554 1FISIGMAY.EQ.O.J GC TO 5~3 

SlGN~ = SIGMAY/ABSISIGHAVI 
GU TO 556 

553 SIGNY = 1. 
55611=1+1 

J 1 '" J ... I 
If(SlGM~X.lT .. U.1 11 = 1-1 
(fISIGMAY.LT.O.) Jl = J-l 
IFIIL.lf.l.OK.II.GE.INJ GO TO 550 
GO TO 559 

"'i,)A IHl.lE.l.r:JR.I.GE.IN) GO TO 5~O 
SIGMAX", VX .CT IDX 
SIGMAY = IIY 'el lOY 
IF'SIC"",6,X.FQ.O.l GC TC' 55.20 
SlGI'IX= SIGMAX/AeSISIG""A.I() 
vu TO ~S40 

551.0 SIGNX = 1. 
5540 IFI SIG~AY.EQ.O.) GC T C 55lQ 

SIGNY = ~lG~AY/AOS(~]GM~V~ 
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19.1 
19.2 
19.3 
19.0\ 
19.5 
19.6 
19.1 
19.8 
20.1 
zo.z 
zo., 
20.4 
ZO.5 
20.6 
20.1 
20.8 
Z I. I 
2 1.2 
2\.' 
21.4 
21.5 
21.6 
21.7 

·21.8 
. 22. I 

22.2 
22.' 
22.4 
U.S 
ZZ.6 
22.7 
22.8 
23.1 
23.2 
23.3 
23.~ 

23.5 
23.6 
23.7 
23.8 
Hol 
20\.2 
24 .. 1 
21t.4 
20\.5 
24.6 
24.1 
20\.8 
25.1 
25 .. 2 
25.' 
25.4 
25.5 
25.6 
2"i.7 
25.8 
26.\ 
26.2 
26.3 
26.4 
2b.5 
26.6 
26.7 
26.8 
21.1 
21.2 
21. j 

Z7.4 
7.1.5 
21. iJ 
21.7 
21.8 



7 
2 
2 
7 
7 
7 
7 
3 
7 
7 
7 
1 
7 
7 
7 
7 
1 
7 
7 
7 
7 
7 
7 
7 

7 
1 
7 
7 
7 
7 
1 
7 
1 
7 
1 
1 
7 
7 
7 
7 
7 
7 
7 
3 
3 
1 
1 
1 
7 
7 
7 
7 
7 
7 
7 
3 
3 
1 
1 
3 
3 
7 
7 

7 
B 
8 

7 

7 
1 
7 
1 

c 

C 

C 

C 
C 
C 

5530 
5560 

550 
551 

56< 
564 

'563 
5bb 

(,U TO "560 
SIGN ... = 1. 
lL::: I + 1 
J 1 ::: J+ 1 
IFtSlGMAX.LI.u.)lL=I-L 
If(51G~AY.lT.O.1 Jl ~ J-L 
H(Jl.lE.l.0R.Jl.GE.JM' GO Te 550 
II CV(l,J).ABS(SluMAX'.(l.-AeS(SI(~A"'" 
L2 CVtI,J).ABS(SIGMAY).(l.-,eS(SIG~AAI) 
(3 = eve I ,J,*ABSCSIGMIUhABSCSIC,.AV, 
(4 = CV(I,JJ.(1.-A8S(SIGHAXJJ.Cl.-~fSISlG~AY)) 
FV 
FV 
FV 
FV 

«ll,JI -= FV C IltJ) ... (1 
(I,Jll ::: rV ((,JU'" C2 
fJl,J1) ::: fV tll.Jl) ... C3 
II,J' ~ FV (l,J' + C4 

FXV 
FYV 
FXV 
FVV 
FXV 
FVV 
F xv 

Ill, Jl 
ell ,J) 
(l,JU 
tl,Jl) 
(ll,JlJ 
tll,JU 
C I , J J 

z FX'J (ll,J). 'SIGM"X/2.-C.~.SIGN"J.Cl 
F't\I (Il,J •• (SIG,."AY/l.t:tCI 
FX'J (I,JU +ISIGMAX/2.UC2 
FY'J II,Jl) + 'SlGMA'/2.-C.~.SIfNY}*C2 

= FXV tIl,Jl)" (SIGMAX/2.-C.'5*SIGNX)*C3 
= Fvv CIl,Jll + CSIGJiI.6V/2.-C.5*SIGNVJ.C3 
FXV (I,JJ +(SIG"AX/2.J.C4 

Fyy II,J) = FVY II.JI +(5IG.,.6Y/2.1*'4 

FlYX II1.JI = F2vx IIl,J)" (SlGMA)l/~.-C.5*5IGNX) •• 2.Cl 
fZY'; (ll,J) = f2VY Cll,JI" 151GHAY'.2/4."'1 
F2V,,- CI.JlI = F2\dC Il,JlI .. CSIGf/lAX •• ,21It.I.C2 
F2V'; (I,Jl. f2YY II,Jl)" (SIGMAY/2.-C.~.SIGNYI*'2'C2 
f2YX Ill,Jll = F2VX Ill,Jl)" C5IGMAX/2.-C.StSlGNX'.'Z*C3 
fZVV (ll,JII = f2vY 11I,Jl)" (SIG~Ar/Z.-O.5.SIGNYI •• Z.C3 
f2VX «I,JI F1V)! 11,J) +ISI(;M,U,'.11".)'C4 
F2VY II,J) F2VY ,t,JI "(SIGMAY.'2/1t.'*C4 

RXV 111,J) 
RYV IIl,J) 
POXY (I,JlJ 
RYY II,Jl' 

RXy 111,J, + Ae515IG~A~)"2'Cl 
RY~ (11,J. + Cl.-ABS'SIG~A')J.'2.Cl 
RXV II,Jll" Il.-A8SISIG~A)lI'.'2'C2 
RYV II,Jll" AeSCSIG~AY"'~'C2 

RJ(V 111,J1I 
RYV (Il,Jli 
RXV It,J' 

= RXV Ill,Jl' .. A8S(SIGMAX".2.C3 
= RVV (ll,Jl' + ABSISIGMAV'.*2*C3 
RXV II,JI + (l.-A8SISIGMAX" •• 2tC4 

RYV (l,J' 
CUNTINUE 
CONTINUE 

.. RYV CI,J' + Cl.-A8SISIGMAV')'.2tC4 

THE fUUR CC~NERS ARE NOW T~EATED: 

00 561 l=l,rN,I~N 
00 5bO J=I,J~tJ"M 
SIGMAX : IIX .GT lOX 
S lCMAY .. VY tel lOY 
IflSIGHAX.EO.o.1 .C TC 562 
SIGNX = ABSISIGMAXI/SIGMAX 
GU TO 564 
SIGNX = 1. 
IFISIG"AV.EO.o.1 GC TO 563 
SlGNV .. ABS(Sl~MAY'/SIG~AY 
GO TO 566 
SIGNV • 1. 
II ::; 1+1 
J 1 = J" 1 
IF(SIGMAX.lT.O. I II::; I-I 
IFtSIGHAY.lT.O.) Jl ::; J-l 
IFlll.NE.2.ANJ.ll.NE.INN I GC TC 5~O 
If(JI.NE.Z.AND.Jl.NE.J~~ J GC TO 560 

~3 = CV(I.J).ABStS1GMAX).ABS'SIG~AVI 
FV (11,Jll: FV Ill,Jl). C3 
fXV 111.JU::= Fxv Ill.JU .. ISIGMA.)I/2.-C.S.SIGNX).C3 
fYV (ll,JlI::; Fyy I Il,JlI .. IStG""'f/2.-C.~'SIGNY).C3 
F2VX Ill,JlI" F2Y,( IIl,JI). ISIGMAX/?.-C.5.SIGNXI"Z*C3 
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2B.l 
28.2 
28.1 
28.4 
28.~ 
28.b 
2B.7 
28.8 
29.1 
29.< 
29.) 
2'9.4 
2q.5 
ZQ.6 
2'9.1 
2"1.8 
30.1 
30.l 
30.3 
30.4 
30.5 
30.6 
30.1 
30.8 
31.1 
31.< 
31.3 
.3 L.4 
31.5 
H.6 
3107 
31.8 
'32.1 
32.2 
32.3 
32." 
32.5 
'32 .. 6 
32.7 
32.8 
33.1 
:3 3. 2 
33.3 
33.4 
33.5 
33 .. 6 
33 .. 7 
33.8 
]It.1 
34.2 
34.3 
34.4 
34 .. 5 
34.6 
34.1 
34.8 
35.1 
35.2 
35.3 
35.1t 
35.5 
35.6 
35.7 
35.8 
36.1 
36.2 
36.3 
36.4 
36.5 
36.6 
36.1 
36.8 



1 F2VV ttl,Jl) = F.2~Y (1i,JIJ + (SH"A"12.-C.~·Sl('NYI··2.C3 
1 RXV tIl,JlJ RXV t Il,Jl1 + ABStSIGM'X'.·Z*C3 
1 KYV 111,JU = RW'V (IlfJlJ + ABS(SIGJl'A'fJ •• Z.C3 
3 560 (.(iNT INUE 
3 ')61 CUNT INUE 
I C 
L C VAlUlS AT NEXT TIME STEP ~RE CAl(UlAi~D 
I C 
7 UU 601 l:l,IN 
7 DO baa J==I,JH 
1 (VII,JI = FV (l,JI 
"1 l.TREPl: FII tI,JI 
1 lFICTREPl.EQ.U.CE-CQ' GO TO S99 
1 fVXI1,JI :: Fxv {l,JI/CTREPl 
7 fVVI(,J) :' FYV tI,JJ/CTREPl 

I C 
1 C wIDTH C()RR~CTlur.; 
I c 
1 FJ( = FVX(i,JI 
1 FY:: FVYtI,J) 
"1 RxMAX ::. AI:)S(f~-C.S'.Z. 

1 PXMIN:::: ABS(FX+C.5J*2. 
7 IF(kXMIt .• GT .RXMI\X ) ~)I~I"'=f:lX"AX 
7 RYMAX = ABStFY-C.5).Z. 
7 R¥HIN = ABSCFY+C.5. t Z. 
1 IFtRVMIN.GT.RY,"1AX IP'l''''I~=~Y'''A'' 
7 HA=RX\I (I.JJ/CTR[?l+ 12. *C-f)(tfX+F1VX (l • .JI/CTREPl» 

19 KV)(I1,";'=SQRTlA8SCHA'I 
1 HB=RYV I I ,J 1/(, TREPl+ 12. *C-FytFY+F1V'Y C I ,J I/CTREPLI 

19 k\lYll,J'=SQRTlAeSCHSll 
7 IFIJ..VXII.JI.GT.RXMII'\ 'R~X(I,J'=RXMI~ 
1 IHRVVC I,JI.GT.RYHIN JRVYIl,Jlcfl'tMIN 
7 GO TO 600 
~ ~qq FVX(I,J. o. 
1 fVY(I,JI o. 
1 RVXII.J) o. 
7 RV'Y(I,J) o. 
3 600 CUNTINUE 
3 6Cl CUNTINUE 
1 RETURN 
7 END 
7 SU8KUUTINE INIT~ 
1 ~OM~ON/VB/zn,OK,HLIO,I~tJH.KN,lNN,J~H.K~N,t'ft DT,NITER,lP,RR,PS 
1 COMHON/VARU/CU' 30, III ,FUll 30,11 J. fl:U)lI)O, 11) ,FIJY (30,11), RUVI 3 C, 11) 
7 COM,",O~/CALGOU/FU ()O,lll,F)lU (3C.II),FVl (;!O.U),RXU (30,111, 
b LRYU C30,III,FlUX (30.11J,F2LY (3e,lll 
7 COM""ON/CVElTV/VX.VY 
7 td=IN*JM*5 
1 N2~(N*JM.1 
1 tAll ClfARCCU.NU 
1 C.All tLfARffU,N21 
7 DO 3 J=4,e 
7 00 3 1=3.1 
5 3 CU(I,JI=16.-flOATIJ)).S.O 
7 00 1 J=4,B 
7 DO 1 1:3,1 
7 IfCCUCI.JI.E'-!.O.IGC Te 1 
1 HUX(I,J)=I. 
1 RUYCItJ'=l. 
5 CONTINUE 
1 RETURN 
1 ENO 
7 SUBROUTINE lUNGTUICX,OV,l~,JM,JN~.JMM,tT,~ITER. 
1 COHMUN/VARU/CU(30,IIJ ,FUX(30,11),RU)(30,11J.FUYI30,11),RUY'3C,IIJ 
1 COM40N/(AlGOU/fU (30,11),FXU 130,1l1.FYIJ ()O,ll),RXU ()O,II). 
b lRVU 130,l1l,FZI.,,;X (}C,111,F2lY nO.IlI 
7 CuMMON/CVElTV/VX,VY 
1 N2=7*lN*JM 
7 CAll elf ARC FU,N21 
I C 
I C 
1 C LAllUlATE SIGMAh PX, AND PY 
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31.2 
31.3 
37.4 
31.5 
31.6 
31.1 
31.8 
3R.l 
3 A. 2 
38.3 
38.4 
38.5 
38.6 
38.1 
~ 8.8 
~q.l 

3q. £ 
39.j 
3 '1. 4 
3q.5 
)9.6 
3q.1 
3q.8 
40.1 
40.2 
It O. 3 
40.4 
40.5 
40.6 
40.1 
40.8 
41.1 
41.2 
41.3 
41.4 
41.5 
41.6 
41.7 
-41.8 
42.1 
42.2 
42.3 
42.4 
42.5 
42.6 
42.1 
42.8 
~3.1 

43.2 
43.3 
43.4 
43.5 
43.b 
43.1 
43.8 
..... 1 
-44.2 
H.3 
4".4 
40\.5 
4~.6 

4~.7 

44.8 
45.1 
"5.2 
45.3 
45.4 
-45.5 
45.6 
45.1 
45.8 



7 
7 
7 
7 
1 
7 
1 
7 
4 
4 
7 
1 
4 
4 
1 
1 
1 
3 
3 
7 
1 
3 
3 

1 
1 
1 
1 
1 
1 
7 
7 
7 
7 
1 
3 
7 
7 
7 
3 
1 
1 
7 
1 

7 
7 
1 
7 
7 
7 
1 
1 
7 
7 
1 

7 
1 
1 
7 
7 
7 
7 
1 
1 
7 
7 
7 
7 
7 
7 
7 
1 

c 

C 
C 
C 
C 
C 
C 

c 

C 
C 

c 

c 

00 501 1-= 2,lNN 
DO 500 J= 2,JHI1 
IFltU(I,J).EQ .. O.OE-OO ) GOTD 500 
SlG!4AX= VX *OT IDX 
StGMAY= VY *OT 101 
IF(SIGMAX.EQ.O.1 GO TO 90 
SIGNX=SlGHAX/AbSCSIGMAX' 
GO TO 92 

qO SIGNX • 1. 
qZ I~ISIGMAV.EQ.O.l GC TC q4 

SIGNV • SIGMAV/ABSISIGMAVI 
GO TO 96 

94 SIGNY=l. 
96 CONT INUE 

IF ISIGHAX.GT.O.I GCT( 1~0 
PI JX= (- 2 ... , fUX ( 1, J I +S 1 GMAX I +~lIX I I ,J )-1.0. J( 2 .. O*RUX , I ,J ) ) 
GOrD 110 

lCO PIJX=12.0*'FUXI 1,JI+SIGMAX)+~lX(1,JJ-1.1/12.0.~UX'I,J» 
110 IFISIG"AV.GT.O.I GO TO 120 

PIJY=(-2.0.(FUY((,J)+SIGMAYI+~UYII,J'-1.~11 C2.C*Ru'Cl,J)' 
Guru 130 

120 PIJY= (2.0., FUYI I,J I +S IGMAY J *RlIV( I, J '-1.0'" 2. C*flUvt I ,JI , 
1'30 CONTINUE 

lOu 

NORMAL CC.OITIONS 

IFUPX,PVCC CR Pl,P"). M[CIFI(~T IC~S ARE MADE 

NCOUNT=O 
If(PIJX.G~.O.OOOl.AND.PIJX.lE.C.qqqq) G( It 150 
NCOUNT-= 1 
IfIPIJX.lT.O.v001) PIJX~O.O 
IF(PIJX.GT.O.~q~~~ PIJx:l.O 
IF'PIJY.GE.O.~OOl.A~D.PIJV.lE.C.qGG~) CC It ItO 
NCllUNT=l 
(FIPIJY.LT.O.LUC1J PIJY=O.O 
IF(PIJY.GT.O.9S1C;91 pIJY=l.Q 
CONTINUE 
IFISIGMAX.GT.O.C) 11=1+1 
IFISIGMAX.EQ.O.) Jl = I 
IFISIGMAX.LT.O.CI 11=1-1 
lFISIG"IAY.GT.O.O} Jl=J+l 
IfiSIGMAY.EQ.O.) Jl = J 
IftSlGMAY.LT.O.C) Jl=J-l 

tl =CUI I ,J).PIJX.'l.O-PIJY» 
t.2 =CVII,JI*Cl.O-PIJX'.PIJY 
t3 :lUII,J).P1JX.PIJV 
t4 =CU(I,JI*(1.O-fIJXI.t1.-PIJ~1 

Fu 
>u 
FU 
>U 

IIl,JI=FU 
(I,J1)=FU 
(11, J U=FU 
{ I I J I =fU 

(11,J'+(1 
tl,Jl'+C2 
IIl,JlI+C3 
( I, J 1 +C4 

~lX =(PIJX*RUXIl,J)-1.OI/2.0*SIGN) 
fLY =(1 .. o-RU'J(I,JI*{l.O-PIJ~11/2.0.SIG"'Y 
f--2X = (1. O-RUX( I, J '*' 1. a-PI JX 1 liZ. Of HGN): 
FlY =tPIJY*RUY( I,JI-l.OII2.0.SIGI\" 

fXU (ll,J)=fXU {11,JI+FIX -Cl 
FYu (11,J)=FYU tll,JI+FlY _e1 
FXU (I,JLJ=FXU (ltJ1J+flX fez 
fYU (I,J11 = FYU (I,J11 + F2'J -e2 
FXU (11,J1) = FXL 111,Jll + fiX *(3 
f-YU Ill,J11=FYU (I1,J[)+F2Y *C3 
FXU CI,JI FXU Il,JI + F2X *C4 
FYlJ ([,JI = ftC (f,JI + FIt' *(4 
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46.1 
4t.2 
46.3 
46.4 
46.5 
46.6 
46.1 
46.8 
41.1 
41.2 
41.3 
41.4 
41.5 
It 7.6 
47.1 
41.8 
48.1 
... 0.2 
48.3 
48.4 
48.5 
48.6 
48.7 
48.8 
49.1 
49.2 
4q.3 
49.4 
49.5 
49.6 
4q.l 
4q. B 
50.1 
Ij 0.2 
50.3 
50.4 
5 C. 5 
SO.6 
50.7 
50.8 
5 1 • 1 
51.Z 
51. j 
~ 1. It 
Cj 1. 5 
')1.6 
51.1 
51.8 
52.1 
52.Z 
52.3 
52.4 
52.5 
52.6 
52.7 
52.8 
53.1 
53.2 
53.3 
53.4 
53.5 
53.6 
53.7 
53.8 
54.1 
54.2 
54.3 
54.4 
54.5 
54.6 
54.7 
54.8 



1 
1 
7 
7 
7 
7 
7 
7 
1 
I 
7 
1 
1 
7 
I 
1 
1 
7 
7 
7 
7 
7 
1 
I 
I 
I 
7 
7 
7 
1 
1 
7 
7 
1 
7 
7 
7 
7 
7 
I 
1 
3 
7 
I 
1 
6 
7 
1 
I 
1 
1 
6 
7 
1 
3 

~ 
1 
1 
1 
1 
7 
1 
7 
1 
7 
3 
7 
1 ., 
7 
6 

c 
c 

c 

c 
c 
c 

c 

c 

c 

c 

c 

4QO 

flUX 
FlUY 
FlUX 
FlUY 
Flux 
FlUY 
F2UX 
rZUy 

(ll,Jl fZLx lll,JI + Fix *FlX *el 
Ill,JJ F2~Y (11,J). FLY -FlY *el 
I I.JII F21.X CI, J 11 + F2)1: tF2X *e2 
(I,J1) FlUY (J,JU. FlY -F2Y 'e2 
111,J11 = F21.X 111,Jl) + FIX -fIX -(3 
(Il,JlJ = F2LY 111,Jl) + FlY .f2Y *C3 
'I,J) == F2UX I I,JI. F2X *fLX *C4 
'I,J'= f2U' (I,J'+FIY -flY *C4 

"IX 
RlY 
R2X 
R2Y 

:IPIJX*RUXII,JJI'*Z 
=((1.G-PIJY1*RUV'1.J'I'·Z 
-.=1 «l.O-P IJX» tRlJX( I ,JI 1'*2 
=IPIJV*RUYII,J.)"Z 

'll,J'=lUU 111,J). RIX 
IIl,JI=RYU 111,J)+ RIY 
(l,JU=RXU lI,JlJ+ RZ)' 
([,Jl)=RYU 11,Jll. R2Y 
(I1,Jl)=RXC (Il,JLJ+RIX 
Ill,Jll=RYU IIl,Jl}+R2Y 
11,J) = Pxu II,JI+ R2X 

o Cl 
o CI 
• C2 
* C2 
00 
*C3 

*C4 

OXU 
f<_VU 
OXU 
RYU 
"XU 
RYU 
"XU 
KYU (I,J)=RYU (l,Jl+RlY 'C~ 

lrINCOUNT.EQ.~) GC 10 500 
SIG~X == SIGMAX+FLXII,JI 
SIGMY = SIGMAY .. FUY( I,J) 
If{plJX.GT .. O .. JOOL} GO TO 4qO 

FXU 
.. 2UX 
FXU 
FZUX 
F XU 
FlUX 
FXU 
F2UX 

(ll,J) = FXU Ill,J) - (I 
Ill,JI=F2UX 111.J)-(1 

11,Jl) = fX\' tl,Jl) - (2 
II,Jll=f2UX tI,JIJ-C2 

(ll,Jll=FXU (ll,Jl)-(3 
Cll,Jl)=F21.X (U.Jll-C3 

(I.J)= fXU (I,J) - Cit 
t I ,JI .=: f2LX I I,J.-(4 

GO TO 4QZ 
If(PIJX.lT.O.~~~q)G( IG 4QZ 
FXU (ll,J) = FXU (J I,JJ- (I 

• FD 
• FIX .FIX 

.CfZx - SICI'';\ 
*(F~X *F2X -SIGM).SIGMX. 

• F 1) 

• FIX -FIX 
.CF2)1 - HGM») 
*CF2X .F~x -SIGHX*SIGHXJ 

_, F IX -SIGMX +i.-SIGNX) 

f2UX l11,J)=f2UX tIl.J)-('l .(F1X _fU -(SIGMX -i. 
l*SIGNX)·.lJ 

fXU (I,JI) = fX~ II,JII - (2 - Fl)l 
F2UX CI,Jl)=F2UX ",Jl)~2 • F2x .F~X 

FxU 1(1,JII = FXU (Il,JlJ - C3 .(fIX - SIGMX +I •• SIGNXI 
t-2U'< (Il,Jl)=f2UX IIl,JU-C3 -(FiX -FIX -(SIGfilX -1. 

\*Sl&NX l**H 
FXU (I,J) = f-xU (f,JI - Cit - F,2X 
t-2UX C1,J)=tlUX (I,J)-(4 .. F2X *f2X 
IF(PIJY.GE.O.0001) GG TO 494 

FYU (ll,J) = fYU (IltJ) - (1 -(Fl't - SIGMY) 
F2UY (ll,J) = F2UY 111,JI - (I -'flY -FlY -SIGMY_SI(;M't) 
FYu (l,JIJ = FYU ll t JIJ - (2 - FlY 
f2UY II,J11 = fZlY (I,JII - (2 • F2Y -FZY 
FYU fJl,JlJ = FYU 10,Jl) - (3 • FzY 
F2UY (ll,JlJ = FlUY 111,J1) - C3 _ F2' _FZY 
FYu 11,J)=F'tU n,J.-Cit .'flY -$lGftYt 
F2UY II,JI=f2U," II,JJ-C4 .IFt' .flV -SIG"'V*SIGM'1'J 
GU TV 500 
IF(PJJY.lT.J.9Q~QJGC TO 500 
fVU (11,JI = FYU 111,J) - Cl 
FlUY {Il,JI=F2LY II1.JI-tl 
f,\,u tI,Jil=f-YU (I,J1)-(.2 
flUY {1.JlI=f21..Y (I,Jli-(2 

l·SIGNYI··ZI 

.. Fly 
*,fn .FIY ) 

.(F2Y - SJG~Y +I.*SJGNY) 
_tF2Y 'F~Y -'SI~~Y -1. 
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55.1 
55.2 
55.3 
55.4 
55.5 
55.6 
55.7 
55.8 
56.1 
56.2 
56.3 
56.4 
56.5 
56.6 
56.7 
56.8 
51.1 
51.2 
51.3 
51.4 
57.5 
51.6 
51.7 
57.8 
5801 
58.2 
5@.3 
58.It 
58.5 
58.6 
58.7 
S8.8 
SQ.l 
SQ .. 2 
59.3 
5CJ." 
59.5 
Sq.b 
SQ.l 
5Q.8 
60.1 
60.2 
60.3 
60.4 
60.5 
60.6 
60.1 
60.8 
61.1 
61.l 
61.3 
61.4 
61.5 
61.6 
l.o 1. 1 
61.8 
62.1 
62.2 
62.3 
t.2.4 
62.5 
6l.6 
62.7 
62.8 
63.1 
63.2 
&3.3 
63.4 
63.5 
63.6 
63.1 



1 
7 
7 
6 
7 
7 
3 
3 
1 
I 
1 
7 
7 
7 
7 
7 
) 

1 
1 
7 
7 
7 
3 
3 
7 

7 
3 
3 
7 
7 
7 
7 
7 
3 
7 
7 
7 
7 
7 
2 
2 
7 
7 
2 
2 
7 
7 
7 
7 
3 
7 
7 
7 
1 
7 
7 
7 
7 
1 
7 
7 
7 
7 
7 
7 
7 
7 
1 
7 
7 
7 
7 
7 

c 

c 
,; 
c 

c 

c 

C 

5eD 
5Cl 

557 

55? 
5,4 

553 
556 

558 

5520 
554{l 

5530 
5560 

55q 

fYU (ll,Jl)=I-Yt,: (ll,Jl)-C3 .(f2Y -sJC~Y +l ... SlGJlly) 
f2U) Ill,JU=f2I...Y IIl,JU-(.3 -(FlY *f2Y -(SIGMY -1. 

l*SIGNY)··ZI 
F'rLJ (I,J) = FYu Il,J) - (It • Fl"t 
f2UY ft,JJ=f2UY IJ,J'-t4 • fl' -FlY 
(.GNTINUE 
CONTINUE 

CUUPLING BETWEEN eCRO(R A~D eUlK 

00 ~"l I=L,IN 
DU 550 J=l,JH 
IFII.EQ.I.0R.I.EQ.I") GO TO 557 
IF(J.£Q.l.OR.J.EQ.J~) GO TO 55e 
GU TO 550 
IFIJ.EQ.\.OR.J.E'.J') GO 10 550 
SIGHAX == vx tel lOX 
SIGMAV "=: VY tel lOY 
IfISIGMAK.EO.O.l GC Tc 552 
SlGNX = SIGMAX/ABSISI(~AXI 
GO TO 554 
SIGNX :: 1. 
If(SI(JMAY.EQ.O .. ' GC TO 5~3 
SIGNY ~ SIGMAY/ABSIS1GMAY) 
Gl> TC 556 
SIGNY • 1. 
11 ': 1+1 
Jl .::: J ... 1 
IFISIGMAX.LT.O.) Il = l-l 
IFISIGMAY.lT.O.) Jl = J-l 
IFI1l.lE.l.0R.11.GE.I~' GO TC 550 
GO TO 55q 
IFtl.lf.l.OR.I.GE.IN' GO TO 550 
SIGHA)(: V)( *OT lOX 
S IGMAY =- V'I .£:T IOV 
IfISIGMAX.EO.O.) G( T( 5520 
SIGNX= SIGMAX/AeSISIGMAX, 
GO TO 5540 
SIGNX • I. 
tFISIGMAY.EQ.O.) Ge TC 5~30 
SIGNY = SIGMAY/AeSIS1(;MAY) 
GO TO 5560 
SIGNY • I. 
11=1 +1 
J 1 = J+ 1 
IFISIGMAX.LT.O.)II·I-I 
IFISIGMAY.LT.O.) Jl ~ J-l 
l~IJl.LE.I.O~.Jl.GE.J~) GC Tt 55e 
(1 CUII,J)*ABSISIGMAX).'I.-AeSISIGMAV)) 
l2 CU(I,J).ABSISIGMAY'.II.-_eSISI(~AXJ) 
(3 = ClJll,J'*ABS(SIGI"AX)*A8SCSIGMAYJ 
(4 = CUll,J,*U.-AeSISIGHAX').U.-JeStSIG"A ... , 1 

FU Ill,Jl = FU Ill,J) + Cl 
fU (I,Jll = FU II,Jl) + (2 

FU 1I1,JlI = FU (Il.JlJ + (3 
FU CI,JI = fU Il.J) + C~ 

fXU 
fYU 
fKU 
FYU 
FKU 
FYU 
FXU 
fYU 

F2UX 
f2UY 
F2UX 
f.!UY 
F2UX 

Ill.J) fXL Ill,J). (SIG~AX/2.-0.5.S'(NXI*CI 
tlt,J, FYU (Il •• " +ISIGMAY/2.)*Cl 
II.JIJ FXU II,Jl) +'SIGMA~/2.).(2 
(J,Jl) ~ fYU (I,JtJ'" (SfGMAY/2.-0.~.SIG~YI.'2 
(Il,JlJ = FXU (II.JU. (SIGI'(.A.12.-C.S*SIGNX)*C3 
(tl,Jl) = fY~ {ll,JIJ. CSIG'.V/2.-C.5*SlGNYI.C3 
(I,J' = FXU Il,J) +(SfG"'AX/2.'.C~ 
tl,JI = fYU (f,JI .tSIGMAV/2.'.C4 

'll,J' f21.X 
(ll.J) F2UY 
(J,Jl) F2~)I 

(I,JI) '" f2UY 
111,Jl) = F2UJ( 

Ill.J. + CSIG~JX/2.-C.5.SIGNXJ •• 2.Cl 
tIl,J) • ISIGM ...... 21~.'.Cl 
(f,Jl) +(SIG~AX •• 2/4.).C2 
(I.JlI + ISIG".6Y/2.-C.~.SIGN't) •• 2.(2 

I 11.JIJ • ISIG"~X/2.-C.5'SIGNXJ"2'C3 
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61. tI 
64 .. 1 
64.2 
b4 .. 3 
64.4 
64.5 
64.6 
64.7 
64.8 
05.1 
65.2 
65.3 
65.4 
65.5 
65.6 
65.1 
65.8 
66.1 
66.2 
66.3 
66.4 
66.5 
66.6 
66 • .1 
66.8 
61.1 
67.2 
61.3 
61.4 
67.5 
67.6 
61.1 
67.8 
68.1 
68.2 
68.3 
68.4 
68.5 
68.6 
68.7 
68.8 
69.1 
6q.2 
6q.3 
6q.4 
69.5 
69.6 
69.1 
6q.8 
70.1 
70.2 
10.3 
70.4 
70.5 
70.6 
70.1 
10.8 
11.1 
11.2 
71.3 
11.4 
11.5 
71.6 
71.7 
71.8 
72.1 
12.2 
72.3 
72 •• 
12.5 
72.6 
72.1 
12.8 

J 



7 
7 
7 
I 
7 
7 
7 
1 
7 
7 
7 
1 
1 
3 
I 
I 
I 
7 
1 
7 
1 
7 
7 
7 
3 
3 
7 
7 
1 
3 
7 
7 
7 
8 
8 
I 
1 
7 
1 
7 
1 
7 
7 
7 
3 
3 
I 
I 
I 
7 
1 
1 
1 
7 
1 
7 
I 
1 
I 
7 
7 
7 
1 
1 
1 
1 
1 
1 

19 
1 

19 

c 

c 
c 
c 

c 

c 
c 
c 

c 
c 
c 

550 
< 51 

5h? 
5", 

5b3 
5bb 

S60 
561 

F2UY' 
F-2UX 
F7UY 

(ll,Jl) 
( I ,J) 
lIt J I 

~ F2L~ tll,Jl) + ISlt~.~J2.-C.~·SlCN~)··2.t3 
F2LX Il,J) +'SIG~AX.'2/~.)·C4 
f2~Y C J,JI +'SIGMAY.·2/~.)·C4 

RXU (Il.J) RXL; fll,J. -+ AfSCSICJlA.X)'*2*tl 
RYIJ I Il,J) RYU III,JI + (1.-A8SISIG~Al)J.'2·Cl 

RXU litJ!) 
k'tU t I .. J U 

RXU ClfJlI + O.-ABSCSI(;MA))) •• 2'C2 
RYU (I,J\' -+ ABS(StG~A~I.·2·(2 

RXU Ill,Jll = AXU 111,JlI + ABS(Sf(;MA)I) •• 2*CJ 
RYJ II1,J1) 
KXU CI,J' 

= PYU (l1,JU + ABSCSJGI1AYJU'2*C3 
RXU (I,J) + U.-ABSCSIGfoIAJl"··ZfC4 

RYU II,J) RYU (1, J) + 'l.-AS'H S IG"AV» ) •• 2 .C .. 
CONTINUE 
t.ONlINUE 

THE FOVR CCRNERS AR~ ~cw TPEAlEC: 

DC 561 I=l,lN,I~~ 

DU ~60 J=l,JK,J"',~ 
SIGMAX : VX .[1 lOX 
SIGMAY : VY *01 lOY 
IF(SIGMAX.EQ.O.J GC Te 562 
SIGNX = AbSISJ&~AX)/SIGMAX 
GU Te 564 
SIGt-tX = 1. 
If(SILMAY#EQ.O.J GC TO 563 
SIGNY = AaS(SI~~AYI/SIGMAY 
GO TO 566 
S(GN\' -= I. 
II $- 1+1 
Jl ::;: J+I 
IFISIGMAX.LT.v.1 11 -= I-I 
IF(SIGMAY.lT.O.) Jl -= J-l 

IF(ll.NE.2.ANO.11.hE#lNN ) GO TO 5tO 
JFCJ1.NF.2.ANU.Jl.~E.JMM ) GC TC 5tO 

(3::;: (UII,JI*ABS(SIGMAX).ABSISIGMAY) 
t-u (Il,JlI = FV (Il,Jl) + (3 
FX.U tI1,JIJ:::: fXIJ (Il.JU + ISIGMAJII/.i:.-C.!*SIGNX'.C3 
fYU Ill.JU -= fYU C Il,JU + (SIG,U,Y/2.-C.S·SIGNY1-.cJ 
FZUX (11,Jll -= F2UX (llyJl' + (SIG~AX'2.-0.'·SlGNXI··2*C3 
F2UY I Il,Jl) = F21.Y IIl,JU + ISlGlfAY/2.-C.5*SltiNY).*2*C3 
RXU IIl,JlI flXU IIl,Jll + ABSISIGMAX1**.i*C3 
RYU IIl,JlI = PYl. (Jl,JU + ABSISIG/IIAYJ tt 2*C3 
CONTINUE 
CONfINUE 

VALUES A1 ~ExT TIME STEP ARE (AlC~lA1ED 

00 bOl' ]=1, IN 
00 600 J=I,JM 
C.U(I.J) = fU 11,JJ 
(.TRfPl -= fJ (I,J) 
IF(CTREPL.EQ~o.oe-O~1 GO TO 5~q 
fUXII,J) := FXU (I,J)/CTREPL 
fUYCI,JI := FYU tl,J)/CTREPl 

WIDTH CORRECT WI\ 

fX = FUX' ('JJ 
FY:;::. FUY{1.JJ 
kXMAX = A8S(fX-O.5).2# 
RX~lN = A6S(FX+C.5'*Z .. 
IF(RXMIN.GT.RXMAX 'FI)OU~"'FI)("A)( 
RYMAX = ABSCFY-C .. 5J*2. 
RYMIN = ABSlfY+C .. 51.2. 
IFIRYMIN.Gl.RYMA~ )~Y~lhaF'~A) 
HA=RXU (I,JJ/LTREPL+12.t(-FX.FX+F2LX (I.J)/CTREPLf 

~~X'I,J'=SQRT(AeS(HA'1 
HH=KYU Il,J)/C1REPl+12.*(-FY~FY+F2LY (I.J)/CTREPLJ 

RUYCI,JJ-=SORTIAESI~B)J 
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13 .. \ 
13.2 
13.3 
73.4 
73.5 
13.6 
13.7 
13.8 
7~.1 

14.2 
74.3 
l1ft.-'t 
14.5 
74.6 
74.7 
74.8 
15.1 
15.2 
715.3 
715.4 
15.5 
15.6 
15.1 
75.8 
76.1 
16.2 
76.3 
16.4 
76.5 
76.6 
16.1 
76.8 
17.1 
11.2 
77.3 
77.4 
77.5 
17.6 
71.7 
17.8 
18.1 
78.2 
18.3 
78.~ 
78.5 
18.6 
18.1 
78.8 
19.1 
79.2 
79.3 
"Tq.Ift 
79.5 
79.6 
19.1 
lq.8 
80.1 
80.2 
eO.3 
80.4 
80.5 
80.6 
80.1 
80.8 
81.1 
81.2 
81.3 
81.4 
81.5 
81.6 
tH.7 



1 
1 
1 
3 
1 
1 
7 
3 
3 
7 
1 

ll-!RUX( I.J) • LoT .RXI'I" 
It(RUY(ltJJ.~l.RV~IN 

GO Tll 600 
5Gq FUXtl,J) = O. 

FUYtl,J) = O. 
RUXCl,J) "'" O. 
RUY{l,Jt o. 

600 (,ONT I NU E 
HI CONTI NUE 

RETURN 
END 
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)"UX( t,J t"RXMlh 
)Pl.Y{ 1,J)=RVMIN 

e 1. 8 
82.1 
82.2 
B2.3 
82.4 
82.5 
82.6 
82.1 
82.8 
83. L 
83.2 



7 
7 
7 
7 
7 
7 
1 
1 
1 
1 
7 
7 

1 
7 
1 2 
1 
1 
7 
1 ) 
1 
1 4 
1 
1 
1 
2 liJ 
7 
1 
1 
1 
7 
7 
7 
1 
7 
7 

1 
7 
7 
7 
7 
7 
1 
7 
1 
1 
7 
7 
7 

7 
1 
1 
1 
7 
7 
7 
7 
7 
2 5 
7 
2 30 
7 
7 
7 

SUdKOUTINE V(LIR(x,~.~,~,~V~G) 
UJMtNSILN X',~,NI,Y'M,NJtYYMG'M,N) 
lOMMO~ IverRI TI~f 

DATA PMINJO.1~/rPOlF/.8'i1 
CNTINT=I.O 
VMIN ::: l.E-l0 
IJMi\X =-l .. ElO 
Or: 101 = I,M 
OU LOJ = I,N 
IHARSDI I,JII .LT. l.t-lli) G(lC 1 
X2X=X(I,JI«Xll,JI 
&LTt: 2 
CLJNTINUE 
X2X"'O.O 
t,.UNTINUE: 
IF{ABSI'rII,JJI .LT. 1 • .1::-1')) GCTC: :3 
~2Y=Y(I~J'.Y(I.JI 
GOlD 4 
CllNTlNUE 
Y2Y=O.O 
UNTIt:Uf 
VVMG(J~JI = !>QRTP2X+Y1VI 
IF(VMJN.GT.VVt-IGI(.JII VMI~ \t\lfo'Glr,JI 
If(VMA~.li.IJIJMG(l,JIJ IJMAX = ~~MG("JI 
llNTINUE 
VUI F=I/MAX-VMlt-l 
I F( Yo(f .EQ.O .. OI VOH=Yfo'4X 
XIi1=M 
YJr"=N 
XPttY$==(; .15 
YPHVS=O.15 
LALl AXESS(XIN,YJ'.ITITlE,XAXIS,Y~XI~1 
XSTP=flOAl(MI-l. 
YSTP=FLOA.l(NI-i .. 
X,.lAX=H:)AHMI 
YMAX=t-lUAT IN) 
CALL ~HysrR(XPHYSrYP~jYSI 
LAll TITLEI' '.ITITLf,O,U,v,C,):AX1S,..,AXIS) 
CALL G~Afl l.,XSTF,XMAX,l.,~SlF,YMAX J 
DO 30 J = l,t.. 
Yl :: FlL1AH J ) 
Dr 30 1 :- I,M 
H1VVMG(1,J).f:lJ.C.) GC T.J 30 
lq = flCAT( 1 I 
PlFt.. =' (PMIN+PDIF*(\lV,..CI!,J'-""J""/VOIF.I\lVI"C;(I,J' 
X2 = :n + Plf.~*XII,J' 
Y2 = VI + PLEN*Y(I,J) 
XPL 1 XPOSN( Xl, Y 1 

YPOI YPCSN( Xl,Yl 
XP02 XPOSN( x2 ,Y 2 
YPU2 YPOSNI ~2,Y2 

DX=XPO!-XP02 
DY=YPOI-YP02 
DP=SQRTIOX.OA+OY*OV) 
IF(DP.LE.O.03} ceTC ~ 
CALL VECTOR' XPCl,VP(1,XP02,"PC2,Cl~1 
GLTU 3D 
CONTINUE 
~All YfLTUFl' XPCl,YPO,XP02,'fPC2,OCOC J 
(.CNTINUE 
CALL ENOGR(OI 
RETURN 
tMl 
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SR 

SR 

SR 

SR 

101 
102 
103 
la, 
105 
I\)6 
107 
lOB 
201 
202 
20' 
204 
205 
200 
207 
20a 
3U 1 
.102 
]OJ 
3v4 
305 
306 
307 
308 
401 
402 
403 
404 
405 
406 
407 
40B 
Sal 
-;02 
503 
504 
505 
SOb 
507 
SOB 
<>01 
602 
603 
604 
605 
606 
b07 
608 
101 
702 
703 
704 
70S 
70b 
707 
70B 
BOI 
802 
803 
80' 
805 
80b 
807 



R 

8 
8 
8 
e 
8 
8 
6 
8 
8 
8 
S 

• 
8 
e 
• 8 
6 
S 
S 
2 

• 
8 
8 

SU6ROU11~E RANerI IX,Y,f",N,I'r) 
X(N c ,. 

YJM := I'll 
XPHVS",O.75 
l'PHV5=O.15 
CAll AXESS CUNf"J~,JTtTLE ,XAXIS,YAXISI 
XSTP=flOAT{ MJ-l. 
YS TP=FLOATI« ,- 1. 
XMAX=FlCATOU 
YHAX .... FlOAT (lid 
CALL PHYSORtXPHl'S,l'PhVS. 
CALL TITLEt' ·,nlTlE,Q,U,C,C,)tA.ltlS.'tAxtH 
CALL GPAf(1.,XSTP,)M4X,1.,YSTP,YM4)1 
00 1 (:0:1,30 
OX= RANOU (IV I 
DY'" RANOU (IYI 
XI = )(+ox 
YJ .: Y+OY 
CALL htlGHT (0.04) 
CAll RlHESS C'.'tl.XI,YJI 
CONTINUE 
CALL ENOGR(OI 
RE TURN 
END 
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1.1 
l.i 
1. J 
1 •• 
1. ~ 
1.0 
1.7 
1.8 
2.1 
2.2 
2.3 
1.4 
1.5 
2.0 
2.7 
2.8 
3.1 
3.2 
3.3 
3 .. 4 
3.5 
3 •• 
3.7 
3.8 



7 
I C 
I C 
1 C 
7 
7 
7 
7 
7 
7 
7 
1 
7 
7 
7 
I 
7 
7 
5 

• 7 
6 
7 

• 
6 
7 
7 
1 , 
7 
7 
5 
7 
7 
5 
7 
7 
6 

• 
7 
7 
7 
5 
7 
1 
5 
1 
7 

~ueROUTINc SECSIT'P,IN,J~,V). 101 
102 

CAlCUlATI~N Uf SEeTCR AVE~AGE (CNCE~l~ATl(~ FP(~ pl. OF RElE'Sf 103 
10. 

CGMMON/SEC/A(lo ,51 105 
DIMENSION P(IN,J~I 106 
CALL ClEAR(A,801 le7 
IfIVX.GE.2.0.ANO.VX.Ll.7.0ICALL SECSI6CP,Ih,J"" 108 
If(VX.~[.1.0.A~D.~X.lE.IO.OICALL SECS13(P,(~tJ~1 101 
IfIVX.GT.IO.O.ANO.'V)!.lE.IZ.5JCALl SfCSI5IF,lN,JM) 202 
IFIVX.GT.IZ.5.AND.VX.lE.l5.CIGO TC 1 203 
IfCVX.Gl.15.0.ANC.V)!.lE.ll.CICALl SECSI~CP,IN,J~) 204 
IftVX.Gl.17.0.A~D.V~.lE.20.C)t~ll StCSIl(P,lN,J~) 205 
IFeVX.GT.20.U.ANC.VX.lE.24.0ICAlL SfCSI7(P,IN,J~J 206 
JF(VX.GT.24.0.ANO.VX.LE.21.0ICAll SECSI2CF,IN.J~) 201 
IFCVX.GJ.21.0.ANO.VX.LE.31.0ICALL SfCSJ8'F,[N,J~1 208 
IFIYX.EQ.O •• RE:TURN 301 
GO TO 100 302 

1 A(3.21=PCl,11 •• PIZ,111+PC3,1IJ •• 7*P(4,111+.3*FC5,11J+O.OS*P(6,IIJ 303 
, •• 9*P t I, lOl+.b*P( 2 ,10 J+.25*P( 3,101+. I-PC I,e; J 30ft 
Alb,2J=Pll,II+P(2,1)+P(3,11 •• 1.PC4,l'+.3*P(S,1) •• 05*PC6,1) •• ~*P(1, 305 

$2 J+.6*P« 2,2 ".2 5.P( ~,2J+.l*P( I, 31 306 
A(4,2)=.~5.Plb,11).P(1,11J •• l*P(1,ICJ •• 4*PC2,10)+.75.P(3,10) •• 3* 307 
$P(4,11)+.1*P(~,11'+.2*p(a,Ll'+.4.P(8,lOJ •• 6.P(8,9)+.8.P(8,8)._9* 308 
$P(8,7) •• ~*P(I,9J 401 

SUM=O. 1t02 
DU It 1=1,7 403 
DO 4 J=?,8 40~ 

4 SUfr1.=SUM+Plt,JI it05 
SUH1:z:0. 406 
DO 5 1=1,8 407 

5 SUMl=SUl'll+.5*Pll ,6' 408 
SUH2::z:0. 501 
DU 6 1=2,7 502 

6 SUM2=SUH2.Ptl,91 503 
A(4,2'=AI4,2HSUro'+SUM1+SUM2 504 
AI5,2)=.~5.PI6,1'+P(7,l'+.I.P(I,2) •• 4.PI2,2)+.15.PI3,21+.3.P(4,l) 505 

$+.7*PI5,11 •• 2*Ple,II+.4*P(8,21+.6*P(S,31+.S*P(S,4J+.9.PIS,5'. 506 
S.q.PII,]) 507 

SUM=O. 508 
DO 1 [=1,7 601 
00 7 J=4,5 602 

1 SUM=SUM+Pll,J) 603 
SUM2=0. 604 
00 9 1=2,7 605 

9 SUHZ=SUMZ+PII.3) 606 
A(5,2l=Af5.Zl+SLM.SlMI+SUH2 b07 
AI4, 31=. a*PI 8 ,II 1+.6*PI 8, lO 1+ .4.P C ~ ,9 )+. 2 .P( 8. E 1+.I*Pla, 1 )+. t:* 60S 

• • 7 
7 
7 

• 
7 
7 

• 7 
7 

• 
6 
7 
7 
1 
4 
7 
7 

• 6 
7 
7 
7 

$pl 16,11)+.Q.Pl16,IC)+PfI6,9'.PI16.SJ+Pll6,7'+.I.Pll1,Q) •• 15. 701 
SPlll,8~+.2:0*P(11,11 ... 1.P(11,61 702 

SUM=O. 703 
DO 10 1=-9,15 704 
00 10 J",7, II 7e5 

10 SUM=SUM+Pt 1, J) 106 
SUMl=O. 707 
DO II 1=9,16 70S 

11 SUI'H=SUP-1I+PCl.6) •• 5 aOI 
A(4.3'=~(4,3J+SC~+SUMI 802 
A(s,3,=.a*p(S,l,+.t.P(6,2,+.4.p(a,3) •• 2.pca.41 •• 1*PC8,51+.6* S03 

$PI16, 11+ .9*PC 16 ,2' .P( 16,3 J+P( I6.~ J .PlI6.5 )+.I.PI 11,3)+ .. 15*PI 17,4 J 804 
h.20*P(l7,Sh.1.P(11,6J 805 

SW4=O. S06 
DO 12 J:=9,15 807 
00 12 J=I,5 8C8 

12 SUM=SllM-tP{l,Jl 901 
AI5,31=A(5,31+SCM.5lMI 902 
A 14,41 = .4 *p 1 17, 6 , •• 4 *p ( 16,111+. I*P ( 16, 1 C I •• c;. P ( 17, rq -t. f, 5. p I 1 j, 8 J. 903 
$.8.PI17t7J+.d.P(24,11)+.q5.PI24,lO)+P(2~,~J.P'Z~.SJ+P1]4.7'+.05* 904 
$P.l~, 10) +. t*p( 215,9)+. 2*P( 25, e 1-+ .2'}*PI25, 1 h .1S*P( 25,61 90'::1 

SUM::::O _ Cle6 
DO 14 1:::18,23 ';07 
00 14 J=ltll coca 

A-35 



• 
1 
1 

• 1 
1 

• • 1 
1 
1 
4 
1 
1 

• 1 
1 
1 

• 1 
1 

• 1 
1 

b 
1 
7 
7 
4 
7 
3 
1 
7 
1 
4 

• • 1 C 
1 t 
1 t 
1 t 
3 
3 

• 7 
1 
1 
1 
1 
1 
1 
1 

• 
1 
7 
7 

• 
1 
7 
4 
1 
1 

• 1 
7 
1 

• 7 
1 

• • 1 

14 SUM=SUfHPO.J) 
SUM 1= C. 
00 15 1= 18,24 

15 SUMl=SUHl+.S*P( 1,6) 
A(4.4J=A(4,4J.SL~.SLMl 
A' 5,4 )=.4 *p ( 17,0 J •• 4*P« 16, 1 ) + .,*P ( t t, 2 ,.. c;. PC 11.31 +. £5* P ( 17, "h 

'.8.P(11,51+.8.Pt24,1) •• q5.~(24,2)+PC24,3).PI24.4)+PC24.5'+.C~. 
SP(25,2.+.1·P(25,31+.Z·P(2~.41 •• 25·P(Z5,~I •• lS.P(Z5,fl 

5UMz:O. 
00 16 1=18,23 
DO 16 J=1,5 

16 SUM=SUM+PI',JI 
AI5.4'=A(S,41+SLM+SLMl 
A'4,51=.35.P(25,fl+.2.P(24,111+.05.P(24,lO)+.~S.PI25,1OI+.~·PI25. 

S~J+.8.PI25.8J+.15.F(25,71 
SUM=:.O. 
DU 11 1=26,1u 
DO 1.7 J=7.11 

11 SUM=SUM+P(I,JJ 
SUM1:0. 
00 18 1=26,30 

18 SU'H=$UPIIl+.5.P( 1,1:, 
AI4.5l=AI4,5)+5UM+5UMl 
A(5,51=.35.PI25,61+.2.PI24.11+.05.PI24,2) •• ~5.PCl5.2)+.q.PI2~,3) 
$+.S.P(Z5.4J+.75-F(25,51 

5UM=O. 
DO 19 I=-Uu"30 
OL 19 J=-I.5 

19 5U~=SUM+Pfl,J) 
AI5.5)=At5,51+SU~+SLMI 

leo PRINT l05,VX 
PRINT 104 
PRINT IOl.II,I=l,ltl 
DO 41 J e 1,5 

41 WRlTEt6,102HAI ),J)'I=1,16) 
lCI fORMATtlX,16(16,2X») 
102 fORMAT(ZX,16tlPE2.1JI 

00 oft? J= 1, 5 
42 WRITE(1,IQ3)tA'I,J),1=-1.8J 

DO 1t3 J= 1.5 
1t3 WRlTEC1,I03J1AII,JI,1=9.l6J 

103 FOR~ATIBI1PEIO.311 
104 fORMATIIHO,IOX. 'SECTOR ~ALUES FRCM SllE l~ 10 Ml JNCRE~[~TS·.//I 
105 FORMATe lHO,5X.' TRAr-tSLATJONAl ~eLOCI1Y = ',F!l.1,111 

RETURN 
ENO 
SUSROUTlhE SECSII'P,l~,JH) 
COMMON/SEC/AIlb,5) 
UIMENSION PIIN,J~J 
AI],2J=.25.Pll,111+.05·P(2,11J 
A(6,2'=.ZS*PCl,l'+.05*PIZ,l' 
A14,2 1=. 75.P( 1, 11 ) •• ~5.PI2, llhP( 3, Ill".4~.PI It,61+. ".PI 4, 7 h .S

IPI4,81+.6_PI4,9J+.45*PI4,101+.15*PI4,lll 
SU!1=O. 
DO zo J=1,3 
DO ZO J=1,10 

20 SUM=5UM+Ptl,J) 
SUMI=O. 
DO 21 1=1,3 

21 SUMl=5UM1+PI1,61 •• 5 
A(4,2J=-Atlt.Z)+SUM+5UHl 
A« 5.Z 1=. 75.P ( 1, l)+.95*P( 2,1)+P 13,11+. 45*P C4.6)+ .9_P (4, 51+. e. Fe 4 ,4 J 
'+.6.PI4,31+.45.PC~,21 •• 15*P'~,lJ 

SUM=O. 
00 22 1=1,3 
DO 22 J=2,5 

22 SUM=SU"+PCI,JI 
A I 5,2) = A ( 5,. 2 J +5 Uf!lt SUM 1 
A(4,3J=.05.PI4t61+.1.P,~,7It.2.p'4,e)+.~.p(4.qJ+.55.PI~,luJt.85. 

IPC4.111 •• 7.P'12.11J+.~.P(lZtlOJ+P'12.q)+PI12,el.p(12.1)t.OS.FlI3. 
191+.1.P 113,S )+.lStPI13, 1 '+.l.P t 13,6 J 

SUM=O. 
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1001 
1002 
1003 
1004 
1005 
IDOL 
1007 
1008 
1101 
1102 
1103 
1 ] Olt 
1105 
110b 
1107 
1108 
1201 
1202 
1203 
lZ04 
1205 
1206 
1207 
1208 

UtI 
1302 
130' 
1304 
1305 
130. 
1307 
1306 
1401 
1402 
1403 
1404 
1405 
1406 
14e1 
1~08 
1501 
1502 
1503 
150' 
1505 
1506 
1501 
1508 
1601 
16C2 
1603 
1601t 
1605 
1606 
16Cl 
1608 
1101 
1102 
1103 
1104-
1705 
1106 
17C1 
170B 
1801 
1802 
lB03 
1 A04 
1 Re5 
lS06 
1807 
180R 



7 DO 23 1=5,11 1901 
7 DO 21 J=7 til 1902 , 23 SUM=SUM+Pt I ,J) 1903 

7 SU~l~O. 
\ CJi.)4 

7 DO 2' 1=5.12 lQ05 , 24 SU~lsSUMl+P'I,b) •• 5 190b 

7 AI4.1'=A(4,3J+SUM.SUMl 1 ge7 

1 ~{5,lt=.05.P(4,6'+.1.P(4.51+.2.Pt4.4' •• 4.F(4,3)+.S5.P(4,21+.f5- 19CR 

6 SP« 4, 1 1+ .. 1.P ( 12, 1" .. 9* PI 12,2» +P 112 , 3) +p I 12 ,4 '+P ( 12,5 1+.05* p I 13,3 » ZOOI 

6 S+.1.P(13,41~.lS.Pll~,5'+.1.P(13,6) 2002 

1 !>UI1=O. le03 

7 DO 25 1=5, II 20!,)4 

7 ou 25 J= 1,5 2 cco;. , 25 SU"1=SUM+PC I ,JI 200b 

7 AI5r')=A(5,3'+SU~.SUMl ZOu7 

7 Alit ,41=.4.PI13. 6)+.S5 +P( 13, q) +.q*PI13 ,81+ .e~.p (13.1 Jt. 3*P( 12,11) 200H 

6 $+.l.P(l2,10}+.H5.P(20,llJ+.~5.PI20,lO)+.C~.P(21,10)+P(ZQ,Q)+.l* 2101 

6 SP 121 ,91 +PI20,S) +.1 !4P 121,8' +P 120, 7) •• 24P I a ,ll+.i f PC 21,6 J 21u2 

7 SUM=D. 2103 

7 DU 26 1=14.19 2104 

7 00 26 J~7,11 ZiD!,. 

4 26 SUM=$UM+PC1,J) 210b 

7 $U,.,I::::0. 2107 

1 00 21 1=14,20 2108 , 27 SUHl::::$UMl+PII,6) •• 5 2201 

7 At4,4'=A(4t4 •• $C~+SUMl 2202 
7 A(4,51=.4*PC13,6,+.S5-PI13,JI+.q.Pi13,41 •• €5.PCI3,51 •• 3*PI12,ll 22C3 

6 l+.I*PCtZ.21+.SS*P(20,11+.0S*PC20.21+.0S*PI21.21+P{ZO,31+.1*P(Zl,3J 2104 

b $+P(20.41 •• 1S*Pl21.4J.P(ZO,5) •• Z*P(21.51+.1.PIZI.bl 2205 

7 $LIH=O. 2206 

7 DO 28 1=14,19 2207 

7 00 28 J= 1.5 2208 , 2" SUM""SUM+P( I ,JI 2301 

7 AI4.5J=AC4,5J+S~~.SLMl 2302 

7 AI5,41=.4*PI21,6J+.15*PI20,11J+.05.PI2C.lOJ+.~5.PI21.l01 •• ~.PI2l,9 2)03 

6 ll+.85.P(21,8J+.8*P(Zl,7J+P{21,11J+.Z5*P(Z~,61+.5.P(29,1)+.4e.PCZ9, 2304 

6 $81+.45*PI1S,9 J+.-4C.P( 29,10) •• 35*P( ~"i, 11 J 2305 
7 SU ..... o. 2306 

7 DD Z9 J=22,28 2301 

1 DO ,9 J=1,11 2308 

4 2Q $UM=SUM+PC I ,JI 2401 

7 SUM1"'0. 2402 

7 DO }O 1=12,28 2403 

4 30 SUMl=SUM1+P(I.ol*.5 2404 
7 A(S,4)=A(5,41+$L~+SUM1 2405 

7 A(5,5J=.4*P(21t~J •• lS*PC20,1) •• OS.P(20,2) •• ~5.P(Zl,2)+.~.P(21.]) 2406 

6 S+.SS*P(11,41+.8.Pt21,SI+P(ZI,lJ+.Z5*P(Z9,t) •• S*P(Z9,SJ+.48*PIZ9,41 2401 
6 S+.4S*P(29,3'+.40-PC29,2)+.3~·P(29,11 2408 

7 SUM=O· 7.~Ol 

7 00 31 1=22.28 2502 

7 DO 31 J: 1,5 2503 

~ 31 SUM=SUM.Pt I ,J) 2504 

7 At5,5)=A(5,51+SU~+SUH1 2505 

7 RETUPf\o 2506 

7 END 2501 

7 SUBKOUTINE SECSI2(P,I~,JM) 2508 

7 COMMON/SEC/A(16,~) 2601 

7 DIMEKS10N PtlN,JM' 2602 

7 A(4,2 )=.4S*P( 1,6)+ .. f*PC I, 71 +.1-PC 1, 8h. '55*PI1 ,'9 )+.4*PI1. lO) + .1- 2603 

6 SPtl,ll) 2604 

7 A(5,21=.4S*Pll,6, •• a*PIl,5,+.1.PI1,4,+ .. 55tPCl,31+.4.PI1,2)+.1* 2605 

6 SPU,I) 2606 

7 A(4.3)=.05.P'1,oJ+.Z*P(l,1) •• 3'Pll.8) •• ~S.PI1,9)+.b.PI l,lO,+.q* 26t1 

6 SPIl,lll •• l*PI lO,~J •• 15*P'lO,1J+.l.p(lO,eJ •• OS*P(10,~I+.95.PC~,10 2608 

6 SI •• 65.Plq.lll+P(~,~J.Pt9,al+PI9,11 2701 

7 SUH=O. 2702 

1 00 32 l:.2.,B 2703 

7 DO H J=1,ll 2704 

4 32 SUM=SUM+PII,JJ 2705 

7 SlR11=O. 2706 

7 00 33 I=-2,Q 27C1 
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33 SUML;$UM1.PIl,b".5 
A(4,3)=AI4,3J+S~~+SU~1 

A(5.3)=.05.P'1,6J+.2'P'l.~J+.3.P(1,~) •• ~5.PClt3'+.6'PI1,21 •• ~.Pll, 
$1)+.L.P(lO,6'+.lS.P'lO,5J •• l.P'lO,~I+.C5.F(lOt3)+.q5'P(q,Z) •• 6S* 
SPlq,11+P(q,3J+P(~.~I+PCq,5. 

SUH=O. 
DO l4 1=2,8 
DO 34 J::l,5 

34 SUM=SUM+P{I,JI 
A(S,3J=AI5,3J+SlM+SLMl 
AI4,4 J= .It-PI la, 61+. ES'P, La. 11 +.Cj'P I tetE 1+.Cj~'P( 10.9 I •• OS.PI q ,10 I 
$+.45'P,q,111+P(11.71+P(11t8J+P(17,9J+.~5.f'17,lO'+.lS.PCl7.))'. 
$.OS.PI18 ,9'+. i-PI ie ,8)+. Z$Pt 1 S, 71+.1*P( 18 ,6) 
Sl.Jr4~a. 

00 3, 1=1l,16 
00 35 J=l,ll 

35 SUM=SU~+P(I,JI 
SU~I=O. 
00 36 J = 11 .17 

36 SUt41=SUMl+PII,bl*.5 
AI4,4J=AI4,4)+SWM+SLMl 
A'4tSJ=.4'P(lOt61 •• E5'P(lO,5I •• q'P(1094' •• S~.Ptl0.3)+.O~.P(~,2'. 
S.45.Pt9,11+PI17,5'+P(17,4'+P(17r3'+.~5.Pll1,2'+.T5.Pt17,1' •• (5. 
SP C 18,3) +. I-PI 18,~,. .2.PI lE, 5' +.l*P( 18,6) 
SU~=O. 

DO 31 1=11,16 
00 31 J=1,5 

315UM:SUf'l+PCI,JI 
AI4,S'=A(4,5).SUM+SUMl 
At5,~'=.~*PI18.6) •• e.PllS,1)+.q.Pt18,e.t.~5-p'le,9) •• OS.Plll,lOI. 

S.25.P(ll,l11+.5.P(26,7)+.48.pc26.e) •• ~5.Pl26,q' •• ~O.P(26,10'i.35 
S*PI26,111 •• 2S.Pt26.6' 

SUM=O. 
OU 38 1=lG,25 
OU .38 J.:l,ll 

38 SUH=SUH+PII,JI 
SUHl=O. 
00 39 1=19,25 

39 SUMl=SUM1+PtI,bl-.5 
A[5,4':A(5,4)+SC'.SL~1 
.(S,51=.4*P(18,6J+.a.p(13,5J •• q.P(18,~J+.~S.P(18,3J+.QS-P(11,2t. 

.S.l5*PCll,1) •• S*PC2t,S)+.48.P(26.~)+.~5*F(26,3)+.4U.P(26,2) •• 35. 
SP12b,1) •• 2S*PC26.!1 

SUM=O. 
00 40 ]=19,25 
OU 40 J=l,S 

40 5UM=SUM+P(I,J) 
A' 5, 5 J=A (5, 5'''SU''- .. SlrH 1 
RETURN 
ENO 
SUBROUTINE SECSl:!IG,JN,JMI 
COMMON/SEC/A(16,SI 
DIMENSION G(IN,J~),P(11,301 

VX==8.04 M/SEC 

DC 1 l=ltlN 
uo 1 J= 1, JM 
P(J,ll=GII,JI 
A(2,1.~O.5.Ptll,I) 

A(7.1'=0.S*PI1.l1 
A(3,11=0.S*Pl1l,11+.e*PCll.21+PllC,lJ'PtIO.2J •• 6*PC10,3J+PC~.lJ 

C +.9.P(9,2'+.S.PI9.3J+.31.pce,I'+.l f P(B,Z' 
.Cb,11=O.S*Pll,lJ+.e*PCl,2J+PI2,1,tFI2.2'+.6*PI2,3 •• Pt3,1 ••• ~-P(3, 
C2h.5tPIJ,3)+.33.PI~, 1I+.1.PI~,2' 
AC~.I)=.07.PI9.21+.!.Pt9.11+.1.Ptqt~)i.t.F,e,II •• 9l-P'8.2)+PI8,~). 

C. 3*PC 8.4)+P{ 7, 1 I +D' 7, 2) +P{7 ,31 •• 5.P 17, .. )+ .S_' Ft6,II.P(6 ,2)iP Ib, ~ II 
C+.25*PCb.41 

• (5,1'"". 07*P("3, 21 •• S*PC 1, 3" .I.PI 3, It Ii .t-PC~, 11' .cntPI 4,2)+P U.3)' 
C.3*P(4,4}+P{5.1t+P{5,2'''PI5.3) ... 5.PI5,~) •• 5.'Pf6,1).Pf6,2J+PI6,3)J 
C+.25*Plb,lt' 

At 3,21=. lZ*P( 11,2» +.~ S.P( 11, 3 t+P 111,~ I+P Ill,S J.Plil, 61 •• 9.P( 11, 7) + 
C.S*P{11,81+.1tPCII,9) •• S-PllO,3'+PIIO,4)'.8tPIIO,51 •• 3*PC10,el~.05 
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3306 
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C·PIIO.1)+.2·P,q.~1 
A(6.l. ).::.12*P{ I, 2)+.CfS*P( 1.))+PCl,41+P( 1 ,SI+PC 1.61+.CjJ.P( 1, 1)+.5"PI 1 
C,81+.1.P(l,ql+.5.PI2,3)+P12,4)+.8.P(2.5)+.1~C2.6)+.tS.PtZ,ll+.2tp 

C(3,41 
.(4,21=. i-PI 11, 7H. S*p( 11,8h.~.P' 11 ,t;).+p (ll, 10 H. S-PC 11,11) +.2 fPC 

CIO,S}+.7.P(lO,61+.95*P1IO.71+PIIO,81+P(lO,t;}+PCIO, lO)+.S*PCIO,ll 
CJ+.8.P(q,4)+P(9,5).PI9,6).P'9,1)+Plt;.8).Pt~,9)+Ptq,lCI+PCQ,111+.1* 
CP,qt121+.7.PI8,4J.P'B,5).PI8.6)+Ple,1)+PIE,el+PC8,~)+PI8,lO.+Pce,1 
Cll+.Z.P(8.1Z)+.5.P(1.4'+PI1,5}+PI7,6'+PC1,lJ+PC7,81+P'1,~)+P'11101 
C+PI7,111+.3.P(1,12)+.2.P(i,~I+.5.(P(6,51+PC6,6I+PC6,1)+PI6,SI+P(6, 
C91+PI6,lOI+PI6,11)+.Z*PI6,12) 
A(S.ZI=.1.Pll,7)+.5.P(I,8'+.9.Pll,9)+Pll,JOI+.5*PI1,llJ+.2*P'2,~J 

(+.7*P(2tbJ+.95.P(2,7,+p(z.al+p'z,~'+PC2.1CJ+.B~P'2,11)+.S*P(3.41+ 
(P(3,S)+P(1,bJ+PC3,7J+PI],BI+Pt3,9J+f(3.101+PI3.11J+.1*PI],12)+.1. 
(PI4,~'+PI4,5)+PI4,6l+PI4.1)+P(4.8)+F(4tq).P\4,lO'+Pt4.tt'+.2.P(~,t 
(2) •• 5.P(5,4J.PIS,~.+P(5,b)+PC5,7J+PC5,S)+F'5,~)+P(5,10)+P(5.11)+.] 
C·P(S.LZ'+.Z*Pt6,4'+.S.'PI6.5,+F(6,61+P(6,1)+Plt,SI.F(6,~ )+P(6,10. 
(+PI 6,1111+. 2*P( 6,121 

A(4,3 I='. 5*P( 11, Ill.p, 11. 12'+Pll1, 131+P' U, 1 .. ) +p (1.1, 15'.P' 11" 16) 
(+PI 11,11) .Plll, if 1+.9.PI11, 19 ,+.2*P IIC. 111+P( H),lZ)+PC 7 .13 .... PI7 ,lit 
CJ+P(7,15)+P(1,16)+P(1,17).p(1,le)+PI1,1~) •• 1.PI1,20)+.]-P(6,12J •• 5 
(*'PI6.13)+P(6.14)+P(6,15)+PI6,16'+PI6,11)+PI6,lS'+PI6,19))+.~*P(6, 
(20) 

AI5,31==. S*P( 1tll )+P( 1,12 '+Pll, 1).P 11,11,)+PI 1,1 S'+P (1, 161.P t 1, 111+ 
( Pll,lSI+.9*Pll,19J •• 2*PI2,11).P(Z,12)+P'~.13'+P(2,14).PI2,1!). 
C P(Z,161+P(Z,171+P(2.18).PI2.19)+.1.F(2.2C'+.9.P(3.12).P(),13'+ 
( Pt3,14'+Pt3,15'+P(3,16)+P'l,171+PC3,18)+P(3,19)+.1.P\3.20' •• 8.P(4 
C ,lZI+P(4,lJ'.PI4.14)+PI4.15'+PI4,16J.P(4.111+P(4.1BJ+P(4,19)+.5* 
CP(4,ZO)+.1*P(S,121+P(5,13J+PI~,1~J+P(5,151.P(5,161+P(5.11'.P(5,18, 
C+P(5,19'+.1*PI5.20)+.3.PC6,IZJ+.S*IP(6,13)+PC6.14)+PIb,lSI+P(6,16) 
C+Plb,IT)+P(6.18'+Plb.1Q" •• 4_Ptb,20) 

A(4,41::.1*Pll1, lfi J.P( 11,201 .PI ll,ll hP( 11,22) +P (11, 23)+Plll, 24). 
CP(11,25J+P(11,26J+PCl1,21'+.Z.PCll,2B'+.9tP(lQ,20J+P(10,21)+PIIC. 
(22) +P ( la, Z3) +P( lC, 241 +P( 10,25. +PC 10 ,26 I+P (10,27 h.4.P( 10,28 1 •• 7' 
CPC9.20).Pt9.2l)+PC~,22)+P(q,2l)+P(q,2~1 +P(~,2~'+P(S.2b)+Ptq.211+ 
C.7.PC9.Z8' •• 5*PI8.20)+Pca,21,.p(e.Z2J+PI8,Z31+P(8.241.p,e,Z~I+p(8, 
C26J+P(B.Z7J+.l*P(B.;SI •• 3.P(1.20).PC1,ZII.PC1,22J+P(7,Z31+P(1,24'+ 
(PI7,25.+Pt7,261.Ptl,21J+.S.P(1.281+.1*P(6.20J •• S*'P(6,21).P(6.2Z). 
CPlb,23'+Plb,24.+Ptb.251+Plb.2b)+Plb,21),+.4*P(6,Z8' 

AI 5.4 J==. I*P( 1,19).P( 1, 20HP( 1,21)+P( 1,221 +Pll ,231+P( 1.24) +PC 1,25). 
CP(I.26J+Pll,27)+.2.Pll,28J+.9.PIZ.ZOJ+PIZ,~I).P(2.22).Pt2.23J+PI2, 
C24J+PI2,Z5'+~12.261+P(Z.Z7' •• 4*P(2.ZS)+.1.PC3,201+P(3.211.P(!,221+ 
CPI3,23)+P13,l4).Ptl,251+PI3,26)+PI3,211 •• 1*P\3,28i+.5.P(4,20'+P(~, 
CZIJ+PI~,Z2)+P(4,23)+P(4.24)+P'4,25)+P.1t11~I+P(4,27J+.7*P(4,2E'+.3* 
CP(~,ZO'+P(S,Zl).P(S.2Z'.~C5,23)+P(5,2~J+P'S,25J.Pt5,261+PI5.21' •• 8 
C*PI5,28'+.1*PI6,ZO, •• 5.'P(6.Z1)+P(6,22J+PC6.23)+P(6,Z4)+P(6,251+ 
CPI6,Z6).P(b,21))+.4*Plb,28) 

A14, s)::. a*p ( 11, 28) +PI 11,29' +P, 11,30 I +.6*P( 10, 28 )+P' 10,Z9) +P 110, 30 J 
C+.3.P(q,Z81+PCq,2~)+Ptq.10)+.3*p(e,~A).p(8.29).PI8,301 •• ~.P(1.28)+ 
CP(1.29'+Pll.30J+.l t P(6,2d)+.S*'P(6,29J+Ptt.30JJ 
AI5,51=.B*p(I.2al+PCl,29).P(I,30)+.~.p'2,4e)+PI2,29)+Pt2,3t)+.3. 

CPC3,28J.Pt3.29)+PI3,30'+.3·P(4,ZB)+f(4,2q'+PI~,30J+.2.P(5,28'+P(S, 
C29'.PI~,301+.1.P(6,28)+.5.IP(6.291.PCt,~0)) 

RETURN 
END 
SUS~OUTINE S~(S14(G,I~,J~) 
COM~ON/SEl/AIL6,SI 

DIMENSION GIH.,JMI ,PI 11.]01 

VX=lb.5 M/SEC 

00 1 1==1. IN 
DO 1 J"" 1, JM 
P(J,I1 .... GII.J) 
A( ),2 )~P( 11, 1 J+ .15tp( 11, l )+.2S*PC 11,3 )+.IStP( 10,1) 
At6t2'~P(1,1) •• 75tP(I,21 •• 25.P(lr31+.15·PI2,1) 
A(4,2)=.25.P'11,2J •• 1S.P'11.)+Plll,4) •• 9.Ptll,~) •• t~.PI10,i). 

(PI 10,2' +PIIO,3' +PI lO,4I+P( 10,5 1+.2*P, 10,6 '.PI ~t IhPI9.2 '+PIS,31 + 
CP(9,41+P(9,5)+.5.Pt~.bl+P18,l).PIS,2).F'8,3'+P(B.4)+P(8.~J+.15*PIO 
C, 61 +PC 7,1 J.Pll, lJ +P( 1 ,:31 +PC 7,4 '+P I 7 ,~H •• S-PO ,t 1+.S*'Plb, 1) +p 16.2 J 
C + P (b, 3' + P (6. It) + P (6 ,!i) l+. 4.P I 6,6 I 

AI 5,2 1=. 2~*P( 1,2 I •• -;5*P~ 1,31.P t 1 ,4)+.C;.P( 1, ~J •• es*p 12, I)+P(.2 ,2) + 
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4303 
4304 
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4405 
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CP (2 .3'I+PC 2,4 hP (2, ~)+ ... ,..PCZ ,6 '.PC 3, U+P I 3,2 l+P 13,] J +Pt 3 ,4'.P H, 5)" 
C.5.PI3,o}+Pt4,lJ.PI4.21+P,~,31"P(4.4) .. P(4,5)+.1.PI4,6I+Pt5,IJ+PIS. 
e21.p (5, 3' +-PC 5,41 .. PC!:, 5)+. a.Pls,ol •• StlPC ~ t II.PI ttl)+-P' 6.])+P Ib, 4)+ 
(Plb,S) J+.4.PI6,6' 

A(4, 3'= .1.P( 11. 5hP(ll ,61 +-PI Ll,lhP 111 ,8IfPtll. q,.P( 11. lOhP ell, 11 
CJ+PIll.lZ)+PI11,13) •• 3*PC 11.14J+.S*PCIO.6J+PCIO,ll+PIIO.81+PtlO,9' 
C+PIIO.I01+PIIQ,11)+PIIO.12)tFtlC,13J+.6.PllQ,14) •• StP(9.6).PI~.1)+ 
CP(9.81+PI9,91+P(9,lOI+P(9,11)+PI9,l2)+P(Q,131 •• 8S*P(9.14'+.2S.PI8, 
C61+PI8,7)+PI8,B)+PIE,9)+PI8,lO'+PIB,ll)+Ple.lZI+PI8.l31+Ple.14)+.Z 
,.PI1.6) +p (1, n .PC 1,8' +-PC 1,9) +PC7 ,101 .PI1, 11 )+P(1.12 J.p, 7. 131+P( 7,1 
'~)+.15·P'1,151+.1tP(6,61 •• 5tIP(6,1)+P(6,8)+P(t.~I+P(6,10)+P(6,11)+ 
CPI6,12'+PC6,13)+P(ttl~)+.I.P(6,15) 

AI5,31=.1.P(l,5)+~ll,6)+Pll.l)+p(1,al+p(l,q)+P(I.l01.P11.III+P(l,1 
C2'+P(1,13J •• 3.P(l,I~I •• 8.P{1,61.P{Z.71+P'i.6J+P(1.~'+P(Z,IO)+P(Z,l 
CII.P(2,12'+P(2.13) •• 6tP(2,1~)+.5tP(3,61+P(3,7).P(3,S'.P(],q,+PI3.1 
CO)+P( 3.11 hP( 3, 12) fPC 3,131+. E-':*PC 3, 14)+.2-':*P( ott.6).P 14. 11.P(1t ,8. + 
CP(4,91+P(4.10J+P(4.11 I+P(4,12)+P(4.1;)+PI~,14) •• 2.P'5.6)+P(5.1)+ 
CP'5,B)+P(S,9)+P(5,101+P'5,1IJ.P(5,12)+P(5,131+P(5,1~1+.lStP(~,15)+ 

C.l*P'6,6J+.S.'PI6.ll+P{6.61+P{6.Q)+PI6.10.+Plf,lL.+Pt6.121+Plb,131 
C+P(6,11t.I+.I·PI6.15) 

A (It, 4. == • 7*P I 11. lit) + PIll • 151 +P (11 , 16 ) +F III • 111 +p It L , 18) + P ell. 19) + 
CPI 11 .ZO) +P( 11.211 +.l'>tP (11.22 .+.lttP (lO.l~'+P( 10.15) +P( Ie, 16) +Pl 10, 
C l1l+P( 10, tal+P( 10,lq, +1'( Ie, ZOJ+P(lC.21'+.c;tPC 10,22 J+.lS-fiP(9, J4J + 
CP'9.l51+P(9,16)+P(~,111+PI9,lS)+P(q,19J+PC9.Z0)+PCq.211+PI9,~Z)+ 

CP(8.IS'+P(8t16J+F'6.l1)+p'8tlel~Pla,I~.+PC8,20.+PC8.21.+P(8,42'+ 
C.l*PI8.23'+.85.P(1.15,+P(7,16)+Pll,11'+P(1.18J+PI1,19)+PI7,20)+ 
CP(7,ZIJ+P(7rZZ' •• 2tP'1r23)+.~tPf6,1~)+.5.'P'6,1~J.PI6,17'+PC6,18'+ 
CP(6,19J+PI6,20)+P(6,21'+P'6,22'1+.I~P'~.231 

A(S.lt)= .1tp( 1, 1-4) +P( 1, 1SI+Pt 1, 161+PI1,11) +P(l .18hP' I tl q, +P( 1,20'+ 
CPCl.211+.1S*Pl1,2Z)+.4tP(2,14)+P(2,lSI+P(2 t I6J+PI2,11I+PI2,lEI+ 
CP(2,19)+PI2,ZO)+P(2.21)+.q*P(Z,Z2'+.lS.PC~.11t).P'3.15)+P(3,161+ 

CP'3.lll+PI3,18)+P(3,lq'+P(3,20)+P(3,~1)+P(~,Z2'+PI4,151+P(It,16'+ 
CP(4.17'+PI4,181+PI4.191+P(4,20J+PClt.21'+PI~.22)+.ltPI4,231+.E5t 
CPI5,IS'+PCS,16J+PC5.111+PI5,181+PC5,19'+PC5,201+P(5.21)+PI5,~21+.2 
C·Pt5.Z31+.4*P(6,1!J+.St(PI6,161+PI6,171+Plt,lE).Pl6.19J+PI6'4CI+ 
CPl6,211+Pt6r22)1~.1.PI6,23J 

A«4,5J~.25.Ptll,~21+Plll.2J).P'II.24)+Plll.25'+PII1.26J+PIll.21'+ 
tP« II, 28) +Plll,29)+P Ill. 301+. ItPC 10. 22 hP 110.2:3) +P( lO • .llt J.P, lC,2 5' + 
CPIIO,26)+P(IO,17'.PIlO,2S'+P(10.291+P'IC,~01+Plq.23t+PI9,Z~)+P(9.2 
~5J+P'9,26I+Pl9.l1)+Plq.28)+P'9,2ql+P(9.30)+.9.PI8.23J+Pt8.Z~'. 
CPI8,Z5J+P'8.26)+Pl8.27)+Pl8.28)+PC8.2~)+Pt8,3CI+.8.P(7,23'+Pl7.Z41 
C+Pll.251+P(7,2b)+P(7,21.+P(7,28I+P(1.291+F(1.~O' •• ~.p16,23'+.5*' 
CPI6.ZItJ+Pl6.251+PC6,Z6'.P'6,21)+P(6.281+Pt6,Z~)+PC6,30'. 

A(5,51=.ZS*Pll,22'+Ptl,23)+PI1,Z41+PI1,25.+PI 1,26)+PI1.271+P(1.28. 
C.Pll,29)+Pll,30)+.I.P(2.22J.P'2,23)+P'2,2~'+Pf2.251+P12,26J+Ft2.Z7 
C)+P(Z,ZB)+P(2t2q)+PC2,lOI+P'3,2J)+P(3.2~).P(3,251+P(3.261+PI!.211+ 
CP(),28'+P(3,Z9'+P(3,30J •• 9.PI~.231+PI~,Z4J+F(-4.251+P(4,Z6'+P(4,21) 
C+PI4,281+P'4,Z9)+P'4.30)+.8.P'5,231+P'5.2~J+PC5.25)+P15,26).P(S.Zl 
C)+PI5,Z8)+PI5,291+PC5,30J+.It.P(6.231+.5.(FIE.2~J+P(6.25J+P(6,26J+ 
CPI6.271+Pt6.28J+P(6,29)+PI6,3C)) 

RETURN 
END 
SUBROUTINE. SEtSIS(G,IN.JI11 
CUHHON/SECIAI16,SJ 
OIMENSION GIIN,JMJ.P(11,301 

VELOCITY IS 1l.6C ~/SEC 

00 1 l=l.lN 
00 1 J=l,JM 

I PIJ,I)==GCl.J) 
AI 3, 1 )-=.l.PI 10. 1)+.25 tPI 9, 1. 
At6.1J=.1.PI2.1)+.2~·P(3,1) 
AC4,1)~.3.P(9.1)+.S.P(8.1)+P(1.1J+.StP(6.1J 

At5.ll=.3*P(l,IJ+.StP(4.11+Pl5.1J+.StPtE.lJ 
AI3.2'=PlIl,1.+PlI1,Z'.PI11,3J+PfI1.1t)+.lS.PC11.51+.25.P(11.t'+.9t 

CPtlO,l,+.q.PI10.4J+.6 t pI10.3J+.Z.Pl10.4'+.2 t PI9,11+.l.PCQ,2J 
AI6,2 , = PI 1, 1 • +P ( 1, 2 ) + P ( I, 3' + P ( I, It J + .15 tP, 1,5' + • 25. P t 1, 6 It. qt P I 2.1 ) 

C+.9.PIZ,Z'+.6.PI2.3'+.2*PIZ.4'+.Z.Pt3,11+.l t PC3,2' 
A'It, 2)= .25." 11, SJ+ .15.P( 11 ,td +PC 11, 1)+P( 11 ,8' •• 9+. 1.P( 10.2 ~ +.4t 

(P(10.l'+.StPtl0.1t)+PtIQ.5)+PtIO.6)+PtlO.1).PIlO,81+.2.PI10.91+.Z5t 
CP(9,lJ •• q.P(q,2'+Pl~t]J+PI9,~'+PI~.!).P(9,6'+P,qf7).Pt9,8'+.t.Pf9, 

A-40 

4601 
4602 
4603 
4604 
4605 
4bu6 
4601 
4608 
4101 
4702 
41u3 
4704 
41115 
4706 
41tl1 
4708 
48C1l 
4802 
H03 
4S04 
4805 
4806 
4807 
4808 
4901 
4Q02 
1t903 
4904 
4905 
4906 
1t901 
"908 
5001 
5002 
50C3 
5004 
5005 
500b 
5007 
5008 
5101 
5102 
5103 
5104 
5105 
5106 
5107 
5108 
5201 
5202 
5203 
5204 
5205 
520. 
5207 
5208 
5301 
5302 
5]03 
S 301t 
5305 
5306 
5301 
5308 
5401 
5402 
5403 
5401t 
5405 
5406 
5407 
S408 



" " " 7 
6 
b 

" " " 7 
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" 7 
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" " b 

" " " 7 
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; 

" 1 

" 6 

" " 1 
6 

" " " 1 
1 
7 
7 
7 
1 C 
1 C 
1 C 
1 
1 
S 
7 
1 
1 
6 

" 7 

" 6 
7 

" 

l 

r 4 1 •• 1 .p t 8, 11 .. p I B ,21 .. p , Ii, J ) .. P ( Eo, 4 I .. Fie. 5 ) .. p« Pi, 6 J +P ( 8 ,7 J .. P ( e, e I" .. e. 
c.P' B,q) +p t -r, 1 )·W (1 ,3'+P( l,4)+P (1,51 .. PI 1,61 .P(7 ,71+1'11,81 +.qtp (1, 9) + 
c.. 5*, P 16, 2 't-Plb, 3 IfP (6 ,4) +PC f, ~ j+P( 6 ,f: I.PI t, 7) +P (b, 8) +P It ,9) I 

A ( '5.21 = .. 2 5*P ( 1, 5 h. 15.P ( 1 ,6 If- P (1 ,7,.. C;. F( J ,8,... ltp« 2,2 I " .. " tp (2, 3) .. 
C.8.PI2t4l+P(l.5)+P'2,~)+P'211)+P'2,f.' ... 2.P(2,q'+.l5.P(3,tl+.~.PI3, 
(2 hp 13, 31 +PI3,1t J .P{3, 5) .PI 3 It) .PIJ. 1 J .PI 3 ,e I •• o"'Pt 3 ,91+ .ltP, 'i, l}+ 
CP(4,ZI+P(4,31+P(4,~I+P(4.5J+P(4t61+P(4.71+PI4,8J+.8.P14,91+P(S.2)+ 

CP''5,3J+PI~,4)+PI5,51+PI5,o)+PI5tl)+Pt5,El+.~.PI~tql+.St(PIL,2'+P(& 
C ,3) +P (6 ,4 ,t-Plb. 51.p (6,6) .. PC 6,1) .Plb,e J.PC 6,<;" 

A (4,31=. itPI 11,81 •• C;5.PC 11 ,C;, .P( Ll, 10).P( 11 ,121.PI L 1 ,13 HPt 11, 14 J+ 
CP III t 15) .p ( t 1 ,Ito 1 •• 4. P ( I I t I 1 J +. -, tp lie t C; ). P' 10,1 C).P t 10, III +P ( 10,12 
(J +PI 10,1 ll.P, lU, 14'+P' 10,15 hP 110,161+. 7.P( 10 .17I-+.4*P( C;,q I+PC 9, 10 
CJ+PI9,11)+P(q,IZ)+P(~,13)+P(~,141.PIC;,15)+P(9,16J+.S5tP(9,171+.1St 

CP , 8,9) + p ( ~, 10 J .. PI !J, 11 J+p C 8, 12 J +P ( 8, 13 )+P 1 e f 14 )+ P 18, 15h P I fI, Hd.P I e 
C, 171+.1.PI7,91+Pll, 10 )+P( 7, 1l1.P'1, 12)+F( 1, 13 I.PO, 14)+P(1, 15'+P( 7 
C, l(d +P( 7, 17 1t-.ltP( 7,1 Bh. 5., P 16,101 +F (6,11) +P 16, 12 I+PI b, l.H +PCb, 14 
(I +?16, 1!l).P (0,16) +P (6,17' )+.l.P 16, 1 e) 

AI 5, 3)=.l.PII,8)+"C;~*PI1,9)+P( 1, IO)+PI 1 ,I 1) .PC I,ll )+P( 1 ,131+Fe 1,14 
e'+PCl ,151+P( 1, L61+.4*P( 1, lll+ .. 7tP(Z,9 hP(~, 10 )+Pll, IlJ+PI 2, 12'. 
CP (l., 131 +PI Z ,1"-"' .PI 2 ,15) .Pl2, 16 )+.1tP( 2, 17 , •• 4tP(3,9 I+PI 3, to) .PI], 1 
CI )+PI 3, 121+P( 3, 1~) .PI 3,14hPt 3. IS'+P( 3,16 }-+ .. Bljtp(3 ,17)+ .. IStP(4,S)+ 
CP(4,\O) +P{4, ll) +Pt4, 1 Z\+P(4, 13 )+P(4, l41+P(4,15) +P(4,16J +PI4, 11) + .. 1 
C*PIS,9' +P( 5,10) +P( 5.11)+P(5 ,12) +PIS ,13'+P(5,11t).P(5,151 +P{5, 161. 
cPt 5, 17) +.I.PI S, 18 h .. S tl PI 6, IOI+PI 6, IlJ +PI i, 12 '+PC6, 13)+P{ 6, IIt)+P( 6 
C, IS)+Ptb, 16}.Pt Or 11)) +.l*P{ 6. 18' 

A' 4,4 J= • 6*P I II, 17) + P I II, 1 a I + P , 11 , I q) + p, 11 ,20 I +P (11 ,21 I + P ( 11,22) + 
CP ( 11 , ,n J + PI lL, 14 J+ • 8. P« II ,25 ) + .. 3*P I 10, 111 +P ( 1 C, 18) +PC 10, 1 q} + P ( 1 C, 2 
CO)+P(IO,21)+P(10,22)+PII~,23).PtlO,2~) •• ~~.F{ lO,2S)+.15~Ptq,ll'+ 
CP 19, 18)+P( 9, 19) +Ptc;, 20) +P (9,21 J +P C C; ,22 J +P(9 ,23 J .PI q ,24' +PIC;, 2!:iJ + 
C~05*PI9,26)+P(8.L81+P(8,19)+P(8,20)+P(B,211+P(8,22J+P18,23J+Fla,24 

C, +P 18,25) +. IS.P (8,26) +.q. PI 7, 18}+F 11,19 )+f 0, 20 )+Pt?21) .PC 1,22 h 
CP (7,23) +P (7 ,t!.4J .PI1,Z 5 J+. 2*P11 ,26 J+ .1t*P I t ,1 B)". 5.1 PC6. 1 C;, +P 16,20) + 
CP'", ,2iJ +Plb ,2.2) +Plt ,7 3J+P 10,24) +P 16, 2SI'+PI!, 2t 1 •• 1 

A( 5,41=. 6*P( 1, 17)+FI 1,18 I+P (1. lli).P (1,201 .p (l ,21)+11 n ,22) +PI 1.23) + 
CP tl ,241 +.8*Pll, 251+.3 .PI2, 1 7 )+PI 2,1 E!)"P 12, 191"P 12, 2C)+P C 2, 21 ,.P 12. 
C121+PIZ,231+PI2,24,+ .. Q'.PI2,2S.+.IStPC3,11J"PC3,lB'''PC3,191+P'3,20 
C'+P(3,211+D (3,l2J+P(3.23J+P(3,21t)+P(3,2SI+.CS*PC3.26)+PI4.1BJ+PC;, 
CL9J+PI.4,20'+PI4,21JtPC4,221+PC4,23'fPI4,24).PC4,25'".lS.P(4.26J+ 
C.4.P<~,181+PlS,lq'+P(5,20)+P(St211+P(S,2ZJ.PC5.Z31+PI5,24J.P(;,2SJ 

C+PIS, 26 ' •• Z+.4f'PI6, 18 1+.5.1 PC t, 1'5' .Pll:, 20 I+PI f, 21, +pet-, 221+P (6, 21 J 
(+PI6,24)+PC6,2~)' •• ltP(6,26) 

,.,'4, 5'~.2.P( 11, 2!d+Pt llt2fl+P t 11 ,27 Hf< 11 .28) .. P (11 ,29) +PC 11,30)" 
C .. 05.P( LOr l51 +PC Ie, Zl:J +Pll 0, 27J+P( 10,281 +P (10, 2~ I+PC 1 0,3(' I ... C;~*P (9. 
C2bl+P(9,271.PI9,2e,.p(1,2ql+PI~,3CJ ... 85.p,e,2l:)tPIB,211+PCS,28)+ 
CP(8,29)+PI8,JO)+.S.PI1,26)+P(1,21)+fll,281"Pt1,Z91+P(7,30J+.It.P(6, 
C26J+.5 t (PI6,27)+Plf,28J+Plb,29)+PI6,3CII 

A{S,SJ=.2*PII,2SJ+P(1,261+P(1,271tP(I,ZE!I+PII,]GJ+PII,301+ .. C~tP(2, 
(21j)+PI?,26)+PI2,2?I+Pt2,2al+p(2,2q}+Ptt,3CJ~ .. ~S.Pt3,2bl+P(3,211+ 
CP().2BJ+PI3,Z9).P(3,3C)+ .. 8S.P(4,26J+PI4,211.P(It,281.PC4,29J+F(4,30 
CJ+.8*P(S,26J+P(5,271.P(5,281+P(S,Zql.P(5,30) •• 4 tP(6,26.~ .. S·IP(6,27 
C) +P (6 ,28' +Plb ,29' +PI£' ,30' I 

RElJRN 

"'0 
SUBPOUTIN~ SECS(6(C,(N,JM) 
CLMMO~JSEC/A(16,SJ 
DIMENSl(,~ GIH-/tJpt',PI 11.:JOI 

VEllCITy IS 4.DC ... ,SEC 

:;0 1 1=1.1,\1 
DU 1 J= 1 , JM 
PlJ,I)=-G(ltH 
AI 2, 11 =P 111 ,U+PI 11,21+ .. S*p 1 11,31 +P (10,11 f.StP( 10, 21 •• S.P(t;I, lJ 
~ 17, Il=P lit 1) +P ( 1 • .;: 1+. 5t~( 1,3 hP(Z. U+.stP(Z, 2 J .~5*P(3, 1) 
AI j, 1)=. S*Pt H, 31 •• f.S*Pt 11.,4 l •• ll'P (L l,~ ' •• Ij*P( to, ll+P( 10,1t )+ .. 6. 

CPI10.SI •• S.PI9,II+PI9.l1+PIQ,JJ+.94tP(9,4'+ .. 6.P(9,SI+P(f,I)+ .. 7St 
CPIB,21+.4.P(8,3J".ltPIO,4)+.3t P(7,11 

A(6,I'=.StPll,31+.aE!tPll,4) ... lZ_Pll,51 •• S_P12,21+Pl2,3'+P(2,~1+.~* 
CPI 2.SI+.StPI],l) +po, 21+PI3,31+.94 t F(3,o\'+.6.P( ~,S)+P(4 ,1 1+. 75. 
ep (4,2 t+ .. 4.PI 4,31 •• IfP 14,41+. 3*P (Ij, 1 J 
A(4,l)=.I.~(9,41+ .. 4.PI9,5)+.2.Pl9,6' •• 25*F1B,2) •• &.P18,3) •• Q.P1B,4 

C I +PI $;,5) +. 3S.PI e, 6 1+. lS.P( 7 .1l+P I 1 ,2) +PI 7 ,)I+PI 1,4 I tPC 7 ,SI+.6f'P( 7, 

A-41 

5 SO 1 
0;502 
550·j 
5504 
5'5:)5 
5506 
5507 
S 508 
5601 
S602 
5603 
'ib04 
5605 
5606 
5bU 7 
560B 
5101 
57112 
510J 
57J4 
'57J'5 
570b 
'i 707 
'i 70S 
5 eo 1 
S 802 
5803 
'j 804 
5 e05 
58C6 
5ea1 
S 8U8 
5'901 
sQ02. 
5903 
5904 
S905 
'590t. 
SQo7 
S906 
60tH 
61,)02 
6003 
6004 
6005 
l. OOb 
6007 
6008 
6101 
6102 
6103 
6104 
6105 
blOb 
6107 
6108 
6201 
6202 
6203 
6204 
620S 
blab 
6707 
6208 
6301 
630Z 
6103 
6104 
6305 
6306 
6301 
6308 



6 
I 
b 
6 
I 
b 
6 
I 
b 
I 

• 
6 
6 
b 
6 
6 
I 

• 
b 
6 

• 
b 
b 
I 
b 
b 
b 
6 
b 
b 
b 
1 

• • 
b 
b 
b 
b 
b 
1 
0 
0 

h 

6 

6 
b 
6 
1 
b 
6 
6 
b 
b 

b 
0 
1 
b 
1 
b 
I 
1 
7 

7 
1 
1 c 
1 C 
1 C 
1 
1 
5 
1 
0 

CbJ •• 5.Plb.l) •• 5"P(6,2)~~(6,3J.P'6,~).P(6,~)I •• ~'PI6,61 
AtSrll=.1'P'3,4I+.4'PI3t51+.2'P(3,6I+.25'f(4t2'+.6.P'~,)'+.9tP(4,4 

C'+P'4,51+.35·PI4,tl •• 1S'P(5tl)+P'5.21+P(5,3)~P(~,41+PIS,S.+.o'PIS. 
C6)+.5'PI6,1} •• 5'(PI6,Z)+P(6,3)+P(6.~)+P'6,5)J+.3'P(~,6. 
A(3,2J=.lZ*Ptll,41+Plll,SI+PI11,6'+P(11,71+.9'Plll.BJ+.S*PIll.9,. 

C.lS*Plll,lO)+.4'PllO,51+PClC.61 •• a*p(lO,1J+.4*PllO,SJ+.1*PIIC.9)+ 
C.2')'P(9,6J 

A (6.z.=. 12*Pt 1,4 jtP( L, 5) .PC I. t I+P( 1 , 1,. .q .. P( 1 ,e H. SotP( 1 ,f1h. IS-P( 1 
C,lOJ •• 4*Ptl,S)+PI2.6J+.e*PI2,1J+.4,p(2.e.+.l*ptl.91+.2S*P(3.tl 
Al4,ZI=.1*PIll,9)+.S*Ptll,lOI •• S'P(11,11J+PI11.121+.S*P(11,1~1+.25 

C *p, }(\, 7 j +. 66*Pf 1 C, E ) ... q*PI 1 C, C;) +P f 1 ( , lC h F I 10 , 1 J.).p 110, 12) + .. e.p I 1 0 
Ct13)+.66*Plq,6)+P(~,1'+P(~,8)+P(9,9)+P(q. lO)+PI~,lll.Plq,12'+P(q,1 
C3)+. 25*P I G, 14' •• 5tPI8 ,ob '+P( 8 ,1'+PC 8 ,8' +P( 8,C;' +P (8, lOI+P 1 8, 111+ 
CPIB, 12l.P 18, 13)" .l3"Pt 8, 14) +.33*PC1.6'+P(.7,7' +P 11. el+P( 7.91 .. PH ,10 
C'+PI7.1l)+P(7,12'.P(1,i31+.S"PI7,141".Z.Pt6.61+.S*IP(6,1)+Ptt.8)+ 
CP(6.ql+P'6,lO).P(~,11'+P'6.12'+PC6,13')+.2S*P(6,14J 

At 5 ,2 )= • 1 .P' 1.9 1 +. S"P I 1 • 10) +. e*p I 1, 11 J+P' 1, 11 ) + .5* P ( it 13 I ... 2 ~* 
CP(Z,1J+.66*p(Z,a, ... s*p(Z,9J+P(2,lOI+P(1,1IJ+P(2,lZJ+.S*P(Z,131+.66 
C*P 13,6) +P (l.n+p,~, f: I +P( 3,9' tp( 3, 10hPI ~, 1l1+P 13, lll+P(~, 13) +.25. 
(PI3,1~1+.5*P'4,6J+PI4,11+p(4,e)"p(4tql+p(4,10)+P(4,ll)+P(4,1~'+ 
CP{.,lJ)~.33*P(.,1~'+.3l*PI5,6J+P(5,1J+P'5,8)~PI5,9)+P15,lOJ+f(5,11 
C'+P(5,12)+P'~.i3'''.~.P(,,14J+.1.PI6,6'+.5_'P(6,71+PI6,81+P(6,Q,+ 
CPI6,10)+Pt6,li)+PI6,11'+P'6,13"+.25.PI6,1~) 

At 4,3 , =. • 4.P ( ll, U hP ( 11 ,t 41 +P ( 11,15) + P Cil ,16) +P (} 1 ,11) + P ( 11 • 18 I • 
CPIII, lQ )+Pt lI,2e) HI Il,211+.c.PCIC, Il'''Ft lC, 141 .. PI 10,15 ).PI 1(,16). 
CPI 10, 171+PI 10,1 8J .PI 10, lGl '+PI lO,2e} +PI10,21 1+.2 s.p (10,22' .. is.p It;! t 

C14)+P 19, IIj'+PI9, 16HP (9,171 .Plfi,l E 1 .PIC;, 1<; I.P (17 ,20)+P( q ,21'" .4-
CP(Q,221".66.PI8,14) .P( C,1")"P (8,16) "Pte, ii,.f' 18,18 '+PIB, l'1)+"IB,20 
( I +P t B ,(' 1 ) ... oo*P ( C t 4. ~ ) ... 6* PI 7, 14 J +P ( 7, IS )+ Ft 7 t It:: ) +? t 7,1 1 1+ P ( 7 .18 , ... 
CP 11,19) +P (1, 201 +PI 2,; Ih. 1S.P (1,22)" .2!: *p It, 14' +.5*, Pll .. , 15 l+fto. 16 
CI +P{b, 11f+P(6,18hP(b ,lQ'+P{6 ,20'.P(t':,211 I+.3!*P(6,221 

A ( 5,3 , ='. 4*P I 1,1 31. P U , (4) +P 11 .. 5) + P I 1, 16 HP tl ,1 7J +p 11 tl c )t P I 1,1 <; , .. 
CP 11 ,20) + P { I,ll J +.2. P« 2, 13 ,. F 12, 14 , + P ( 2 I 15 ,..p t 2, 16 J +P ( 2" 11, +P U, 18 ) 
C+Pf2,19)+Pf2,20)+Pf~,211+.25.P'2,12)+.75.PI3,J4)+PI3, 15'+PI),!b'+ 
CP (3,171 +Pl.l,lB) +Pl3,lQ) +PO,20 ,+P 13 ,21 J+.ii4PI1. 72) t.6o-P(4, 1~1+ 
CP (4,14) +P(4, 15) +P(4,16' +PI4, 11) tP (4,18) +P (4,1 G I +PI 4, 20).P (4,.2l) + 
C _b6.P 14, 22)+. o*PI ~, 141 +P I~, 151 +PI 5, It "PI~, 17)-t P(!l, IBhH 5, 1 ~J+ 
CP(S,201 +PI 5,ll 1 +.lS.P (S,22) +.2S*P(b,14 J ... ~.(P If: ,15)+Ptt: ,16) .. r:(b, 17 
C) +PI 6, 18) tP(6,IQ'tP 16 ,lO)+P 16 ,21) l+Flt ,22)*.:n 

A (4,4 I::: • 1 .p I 11, 211 + F, 11, 22) .. P ( 11,23 J+ PIli, 24) iP III ,25 J+ P' 11 t i6) .P I 
C 11, 27,+P III .28 I +PI 11, 24 .... 33*F t 11, 3CJ+.15"P( 1 (,221 +PIIO ,23) +PI 1 a, 2 
Cltl+PII0, 15)+PI LO,261+P( 10.1 71*P( lO,ZH'.P( lO,Z9)+.5*PII0 ,3)'+ .6*FI q 
~,22'+P(q,23)"P(q,241+P(9,2S)+Pt~,261.P(~,~1)+P(~,2ql+P(~,3C)'.66. 

C-34*PIB,22'~P'B,2~I+P(8,24J+P(6,25)+P(8,2c}.p(e,271+pIB,28J+P(B,29 
C) +.lr;.p (8,30) +.25,. P ( 7, Z2» +P (7 ,1H +P 17,2ft'.P (7,2 5hPI 7,lt) +P' 7,21) + 
CP(7,28»+PI1.29)".9*PI7,30)+.15.P(6,22)+.54'P(~,231+P(6,24)+P(b,25) 
C+Plb,26)+P(6,27)"PI6,2B)+Plb,29}}+.4.PCt,~0' 

At 'j ,4 1= • 1.P I 1.2 11+P ( 1 ,22) +P { 1,23 I + P ( 1 t 2 41 'I P 11 ,2 5'" P , 1, £ to , +P ( 1,271 + 
(1-'11,281 +P( ,,2QI".~3*PC 1 .30' +. 75.P(2,22'+P(2 ,23) +P( 2,24, .. P(Z, 25)+ 
CP(1,Z6'+P(2,l7)"PI2,2B}+PI2t1~)+.5*F{2,30)".6*PI3,22)+P(3,23'''P(3. 
(241 +PC 3,2SI+1>1 .~.2t HP (3,27) .PI 3,28) +P(3,2t; )+.H:*PI3,301 +. 34.PI4,£1 
C)+PI4,Z3)+PI4,2~) .. PI4.25)+P(4,261*P{4t271.PC4,281+P(4,291+.1!*P(~, 
r30'+.25·Pt5t22)+P(5,2~)+?(5t2~J+P(5,25'+PI5,261+PIS,27J+P(5,lBI+ 
CP(5,Z~J+.8.P(5,]O'+.15.P{6tllJ+.5f(P(6,23J+P(l,14J+P(6,~5JfP(6,£6J 
c ... p, 6, 21) +PI 6 .18) +P (6 t 29' 1+. l*P (6,]0» 

A 14, '51 ; • b 1* P ( 1l ,30 J •• 5" P( 10, ]0» +. 34. P' Ii, 3 C, .... 25 .Pt !\. '0) .... 2. P (7, 3C ) 
C .... !.Plb,301 
A(S,5J=.67.P(I,301 ... 5.P(Z,30J+.3~*PI3,30) •• ~5tP(4,30J+.;.P[~t3G)" 

Cel*P(6,30) 
RETURN 
EN" 
SU8RCUTINF. SECS11(G.l~,JMJ 
cmH.ONI ~fc/ A (16,5 I 
DI~E:""SI('N G(IN,..:MI ,PI 11,301 

\lX=22.0 M/SEC 

DO 1 l=l, IN 
DC 1 J=l,J.'" 
P(J, I ,=GII,JJ 
t" 4,2 I = j.' tIL, 1 ) •• 4. P , ll, 2 ) +P , 10, 1 ) +.15.P I 1 C, 21 .p (q, 1 ) +P I ~, 2'" P { 8, 1 I 

( .. P I 8, 21 ... (. P ( 8,31 + PI 7 ,11 + P { 7 ,2 I +.25. P ( 7 , 3 ) + .. 5 _P C 6, 1 ,...5 *p (6, "J + • 2" 
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6401 
641)2 
640) 
6404 
6405 
641.l6 
6407 
64G8 
6501 
b 502 
6503 
6504 
6505 
tl506 
6507 
6508 
6601 
6602 
660j 
6604 
6605 
0606 
66e1 
6606 
670 1 
£,7'J2 
to 71.)3 
&704 
6100;. 
67Jo 
() "'u7 
67Un 
b8..;1 
6802 
6SGl 
{,8')4 

68u5 
{,Ih.iu 

fl $U 7 
(>f)0 R 

6<;01 
6902 
£'9Qj 

60;U4 
6GO~ 

6906 
6907 
6 C;08 
1eOl 
7002 
7e03 
7C04 
1CO~ 
7CJ6 
7e01 
ICuB 
7101 
1102 
71G] 
7104 
7l0') 
7106 
1107 
7ll)B 
1201 
7202 
72i)) 
7204 
1205 
7206 

2 1201 
1208 



l 

b 
7 
b 
b 

7 

• 
b 

" b 
b 

• 
7 
b 
b 
6 
b 
b 
b 
7 
h 

b 

• 
6 
b 
b 
6 
7 
6 
b 
b 
6 
b 
6 
6 
7 
b 
& 
6 
6 
b 
6 
b 
7 
b 
b 
6 

b 
b 

" b 
7 
1 
1 
I 
I 
1 

" 6 

6 
6 
b 
7 

b 

b 
b 

b 
7 
6 

b 

& 
6 
b 

CP{tl.,3) 
A(5,21=P( 1, IJ+.4.P( 1, 2'+P(Z, 1 , .... 75.PI2,Z,.pn, 1 '+P(3,2 '.Pl4, tHPI4 

':,2 ,+. Z*p, 4, 3) +p (5, !'.PI 5, lJ +.25*P IS ,3 J+. 5-' PI it ll.P I b,21 )+ .. l.P( 6, 3 
C I 

A, ( 4, 3) = .. o*p I !l , 2) .. F U 1,3) .. p ( 11,4 )+P ( 11 t 5 J t P (11 , 6)" P U •• 11 +P ( 11, P) .. 
CPI 11,9, +P 111,10 , •• c;+. 25.P11 C, ZJ+PC 1 C, 31 .. PliO, 4).PI 10,5) .PI 10 ,6)" 
CPt lO,7) .Pt 10 ,8) "PI lO,Q} .PIIO, 101+ .1.P IIC, 11 ,+P( 1i,3) +P(9,4J+P(9,!:) .. 
CPI9,6J+P(Q,71+PIc;,EI+P(9,9'+PI9.10)+.3*P(9,111+.S.P(8,31+PI8,4)+ 
CP 18,~I"P( B,b).P« 6,7 ,.P( 8,8) +P (at Ii) "'PIB, 10 ) •• s.p 18, 111+. lS*PI 7,3'. 
(P(1,41+P(7,5J+P(7,61+fI7,lJ+Pll,8)+P(7,Q'+PI7,lO)+.6;.PI1,11) •• 3-
CPI~,31+.5.(P(6,41+P(6,51+P(6,tl+P(6,1)+Plt,~)+Plb,lO))+.3.Pl~,11) 

A ( 'i t3 )=. 6*P I 1,2 J+ P 11, 3) +P 11 ,4 ) +P, 1, 5) +p I 1 ,t 1+ P 1 1, n +P I 1 ,8' + PO, c; ) + 
C.q*P(1,lO)+.25*PI2,Z)+P'2,3J+P(2.~ltFI2.5)+P(Z,tl+P'2,71+P(Z,8J. 
CPt2,QltP(}.lOJ+.l.Pf2.11)+P(3,3)+PI3.4J+PI3,5)+PI),tl+Pl3,1)+P'3,8 
C)+P(1,9)+P(].10)+.3.P(3,11J+.e.p(4,]ltPC4,~J.PI4,5)+P1~,6'+P.~r71+ 
C~(4,~J+P(4.91+PI4,10)+.5*PI4.11J+.15.P(5.3)+PI5.4'+P(5,~)+P(5,61+ 

CP'5,71+P(5,8)+PI5,~J.P«5,10)+.65.PI5.11)+.~.Pt6,3)+.5.(P(b,4l+Plb, 
C5)+P(6,61+PI6,1)+P'(6,~).P(6.C;J+Pt6,IOIJ+.~.P(6,ll. 

A ( 4.4 )=. l*P I 11, 10) + P, 11, 1 U +P ( II , 1 Z J+ P ( 11 • U I +P ( 11 • (4) + F ( 11 , lSI + 
ep(11,161+P(11,17)tPtl1.18)+.2.Ptl\,1~)+.~.PllO,11)+P(10,IZ)+F(lC,1 

C::' ,.PI 10, 14).P' 1 at 15 It PI 1 J,16) +PC 10, 171 +PI 10.1a, +.4*PC 10, 19)+.7. 
CP 19, II I +P(9, III +PI C;, 13) +PI 9, 14 HPC Ii, 15 I +P ((jl ,16) +PI 9,11) +P( 9, IS '+.6 
C*P(9,19)+.5.PI8,11'+Pt8,12.+PtB.13.tPtB,14,.p,a,lS'+p(o,161+p(a~11 
C)+P(8,18)+.7*Pl8,1~)+.3~*Pll,111+P(7,121+f(1,13)+PI7,14)+P(lrl~)+ 

CP(1,161+P(1,111+p(7,la)+.8*p(7.191+.2*PC6,11'+.S*'PI6,12'.Plf,131+ 
CP lb,14)+Plb,lSI+Plt,16)+Plt,ll'+Pt6,lf)'+.1.P(6,lQ) 
A(5,4'=.1*P( 1, lol+P( 1,1 L)+P (1. 121+P' l,lJ'+Ptl, 14)+PIl, 15J+PII.16)+ 

<.:P 11,17) +PC l,IBJ+PII ,1c;)*.1+.Q.PCZ, 11 )tPI 2,12)+Pf2, IJ)+P 12, 14 )+P(2, 
C15l+Pt2,lbl+P'l,11l+PI2.1BI+.4.P(Z,lQl+.l.PI3.1LJ+P(3,12J+P(3.13'+ 
CP (3,14, +PI 3,151 +Pt~, 16) +PU, 1 7HP13, 18H. f.PI ~,19)+.S*P(4, II J+P' 4, 
el2)+PI4,131+P(4,14J+P(4,151+P.4,16IfPIlt,17'+PI4.181+.7*PI4r1~1+.3S 

C*P{S,11'+P(5)ll)+PI5.13)+P(5.1~t+fl5,15)+F(5,16J+~'5.l71+P(S,18)+ 
e. b*PI5, Iq )+.Z*P I 6, 11 )+.5.' PIt, 121+P 16.13J+P(6,14J+P(6, 15)f'P' 6,16) + 
CPlb,171+P(6,18J )+.lfP(6,191 

A14, 5 1=. S*P( ll, lq~.P( tl.ZOI +P (IL,2ll+P( 11 ,22) +P( II ,231+ F (11,24) + 
CP III ,25 I +PI 11 ,26) +.S.P( 11,27 '+.lHPII0,19J +PC lC, 20) +P' 10, 21 J + FI lC ,1 
el) +PI 10 ,231+Pll O,141+P( 10,15) +PI 10,2U+ .85~F( 10,27 tt.4fP 19, IIj) f' 
CPlq,2CI+P(q,llJ+P(9t22'.P(q,231+P(~,24)+Plq,25)+PI9,16)+.9*F(~,27) 
C+.3*p(a,lq'+Pla,20'+PC8,11'+PCB,22J+Pla,1=)+p{8fl~)+P(a,25)+FC8,16 

C) •• q5.Pla,17.+.2*P(1,lq)+P'1.101+P(1.211+F'1f22)+~(l,231+PI7,14)+ 
tP(1,251+P{7,261+.95.P{1,27J+.4.PI6,1~'+.5f(P{t,ZO)+P(6,21'+P(6,11J 
C+P(b,23)+PI6,14'+P(6,25)+P(6.26J+Plt,271) 
AI5,51=.S*P(1.19)+P(I,10J+Pll,ZlJ+PCI,ZZ)+PI1,13'+PC1.14).PI 1,Z~)+ 

CP(I,26J+.a*Ptl,17J+.6*r(Z,19J+P(2,2CJ+P(Z,211+P(Z,221+PI1,Z)+P'Z, 
(24)+P(2,25J.PI2,2t)+.E5.P(2,11J+.4.FI3,lq)~P(3,2~I+P'3,21J+P(3,22J 

C+J.l11, 23) +P( 3, Z~)tPI 3, 2'5 I .PI 3, it '+.CJ fF '3 ,21 J +. 3*PI4, j<;)+P 14, lC If" 
CP(4,21,+P(4,12'+PI4,13,+PI4,24)+PI4,25)+P(4,Z6)+.95*P14,17)+.2* 
CPe 5, 19) +P( 5,20) tpI 5 ,2ll.P( 5 ,12) +P {'5 ,13 )+P C~,24 J "PI 5, 251 +P (5,26) + 
(.y.,*PIS,271+.oC,.P (!:, 19) +. 5 f ' PI E:., 10' +PH, 21 HF (l;, 211 +PI6, "- 3 '+P 16, 24 I 
e+p(~,2~J+r(6,26)+PI6,271) 

kETURN 
fND 
~U~KOUTINE SEC~IBIP,I~,J~J 
CC,", .,UN/SEC/A 116,5 J 
UI~FNSICN P(IN.J~' 

A(4,3)=P( 1,11)+PI2,11)+P(~,11J+?(4,11J.P(':.:,ll )+.3*PI6,J.l,+P( 1,10)+ 
.J.' (2, 1 0) +P (j, Ivl .pI 4, 101 +P (S, Ie I+.S.Plb, 10 '+PI 1, S,+P (2,9' .Pt 3 ,'it + 
*P(4,9) +PI '),91+. SHI6. C::I "PCl ,a)+p( 2,e '+P13 ,8 J+f(4.BI +PIS,S). 
*.9.P(6, B)+Pll.7 J+P( 2,7) +PI3, 7 I+P(4, l)tP 15 ,ll+PI f,l) •• l.PC 1, 7 J+ 
*. !)*PC 1,6) + • .,.PI 1,6) t. S.P I 3, 6) +.5.P lit ,6) •• !: .. Pt 5, f: '+.5*Pt f.; ,6)" 
*.I*P(7,td 

At", 31=. S*PII ,6) + .5fP 12.61+. !:fP( 3, 6 J+. 5*P 14 ,6)+ .s*p I?, (" 1+ .. <J.PC 0,61 
*+.I.Pt 7 ,61 +PI 1, '5» +P{ 2, 'it +P13, 5) .. P (4, -:) .P\ ':: ,~} +P I 0, 'H •• l .. Pt 1, ~) ... 
*p (1 ,41+PI 2,4)+P (~, 41 .. P(4, 4) +PIS,4)+.9*PI6 ,4)+P( 1,3 )tP12 ,3J+P (3, 3' + 
*p 14,3'+P( 5, lIt. S*P(6, 3) +P(l,2 J+PI2, 2 I.P (3.2J+P(It,l ,+PI 5, 2)+ 
*. 5*P( b.2)+PC1 tl) +PI2, l) .PD ,1) +Pt4,l )+P(S ,\ )+.3.P(6,11 

A, 4,4) = • 1*P ( 6, 1 II + P ( 1 , 1 1 J+P IE, 11 ) +P I C; I 11 ) .. P ( 1 C , 11 It P (J 1 , 11 ) + 
II< P ( lo?, 1 I 1 + P ( IJ, 1 1 ) +.1* P ( 14,111+.5* P ( t., 10 ) +P 11, Ie ).p CSt 1 0 ) .. P ( 9 , Ie) + 
.PI la, 10l +PI 11, l C) .P\ 12, lO)+Pt 13 t \0 H'. s*pc 14 ,lC) +.2*P (6, G ) .. p ("lrQ l+ 
.p (8, 9) +PI <:l,9J.P 110, '7) +Plll. 9)tP( 12,~)+P 11 ~ ,~) fPC l4,e; 1+. 1fP It ,8). 
.Pll,Rl +P (B,B)+P (9,a) +PI I'J,al+p( 11, B).P( 12,a)+p( 13, al+PI14. e J+ 
".lto?t 15,e)+ .. 9.p t 7,H+?( B,n +'i' (Q,ll+F( 10,1l+f( II ,1l+PlLl, ll+p tn. 7 J 
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l301 
730l 
7303 
7304 
1)05 
73()6 
73(,7 
1)08 
7401 
1402 
l' 403 
7404 
7405 
7oC,06 
7407 
7408 
1501 
1502 
1503 
750lt 
7505 
7506 
1507 
750B 
7601 
7602 
7603 
16U4 
7605 
7606 
16C7 
7606 
770\ 
1702 
711]3 
7704 
17J5 
77u6 
7707 
7708 
7 alJ1 
1802 
1803 
7a04 
7805 
78(16 
7807 
"1808 
7<;01 
7Q02 
IG'l:3 
7QC4 
79.:15 
19;;'6 
1907 
7908 
8(!vl 
RCOl 
~I)03 

8C.~4 

B005 
BO\Jb 
RC07 
H fJ!) S 
8101 
811J2 
8103 
Bl.A 
fJ lOS 
f< tub 
B l()7 
8108 



( 

b 
b , 
b 
b 
b 
b 
b 
b 
b 
1 
b 
b 
b 
6 
b 
b 
b 
6 
1 
b 
b 
6 
b 

6 
6 
b 
6 
1 
1 

•• P( 14, 1 ' •• I.P(1S,7 J+.~.p 11,61+.S*PI Eft: '+. ~.p, 1],61+. S*PI 10,6'. 
t. S*p III ,6 1+. S*P 112 ,6 It.l)tP, 13 ,6'+. StP (14, t; )+. ttPI 15,61 
A(;,41~.4.PI7.6)+.~.PI8,bl+.5.Ptq,61+.5.P(lO,t)+.5.P(11.61+ 

*.5*PIIZ,6'+.S*PI13,b)+.StP( 14,61+.1.P'15tt)+.~·P(1.51+Pla,5J. 
tPIIO.51+P(11,51+P(lZ.5J+P(13,51+PC14,51+.ltP(15,51+P( 13,11+ 
•• q.P(1,41+P(8,4).P(q.41+P'10.~I+Plll,4J.P(12,~'.P'13,1t).PI}4,4). 
t.I.P( 15,4 ' •• ztp (t, 31+Pt 1, JI tP 18, 3) +P ,q. 3) .PIIO, 3'+P (11, 31+P( H, 31" 
tPI Li,3).P( lit, 3) +.~.p, 6, 2)+P( 1,2J+PIBt'21+P (Q,2)+PtlO .21.PI L 1,2). 
tp 112 , 2) .. p, 13.21 ... 8 tP, lit, 2 )+.:! tp , 6 , 1 J+p ( 1 r 1) tp , E , U +P' q, 1 ) .. p t 10. 1) .. 

tPI 11, 11 +PI12t11 .PIB, l,t-.ltp, llt,ll +P IQ,51 
At4,5 )=. 3*PI 14, IU+P( 15, lU.P( 16, 11 )+PI 17 ,Ill +P·118, II) + PI lQ, ll) +

ePIZVt 11) +PI ZI.ll )+P(2 i, lll+.Z.PI23. 11 h.Z"P( lit, 101 +-Plt5. 10 I + 
*PI Ib, 10. H>( 17,1 C} +PI18. lO)+PI19, 10) +-PI2C, 10 I+Fe 21, Ie )+-p 122 r le)+ 
*. 3*P 123, IO,.P( IS,91+-P lib, 91 +-PI17,9 I +-PIIS,e;» +-P 11 <;,9)+Pll C, <;} + 
.PIZlt9J+pr22,91 •• 1.P'2}~9J •• 9.PI15,E).Pllt.f)+Pf17.8J+Pll~,EI+ 
*PII9,BI+P(20,S)+PI21,e,+p(Z2,E)+.3.P(23,SI+.8.PC15,71+PtI6,11+ 
.put, 71 +-PIIS,7'.P' 19,1) +PIlO.l ,+Plll.1 )+P(22, 1 '+.4*PI23, 1,+ 
*.4*PIIS,b.+-.S*PIlb,6'+.S*PI17,6'+.54PC18,flt.S*PI19,6)+.S*P('O,t)+ 
*.S*PIZ1,b.+.S·PI22,tl+.Z*PI23,61 

A(S.S,=.4*PI15,41+.S*Pllb,6 )+.sePI17,6,+.S*PI18,61+.S.P 119,6). 
*.5.Pt20,b)+.5*PI21,b'+.S.PI22,b)~.2*P(23,6)+.e*Plls,5)+P(i6.5). 
.~(17,51+P(18,5IfP(19,51+P'ZOt5)+Pt21.5).P(22,~I+.~.P(23,5)+ 
*.q.PI15,4).Pllb,41+PC 17,41+P(18,41+P(19,41+PI20,4)+PIZI,41+Pt22,4) 
* •• 3ep(23,4)+Pll~,31+P'16.3l+P(17,31+p(le,3.+p(19,3)+-PC20,3). 
.P'21,3'.P'22,3) •• J.Pt23,]1+.2.PI14,2 •• P(15,~J+P(16,21+P(17,2)+ 
.Pt18,2)+PC 19,2.+P(2),2).P(21.2J+PC22,2)+.3.P(23.2)+.3*P(14,ll+ 
ePI 15tll.PI16, I) .Plll, I .. P( 18, II+Pt 1~.II+P(2C, I)+PI21,1 I+P( 2~ ,11. 
•• 2*P ( 23 , 1 ) 

RETURN 
END 
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e 204 
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8301 
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8408 
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850b 



7 
1 
1 
7 
7 
7 
1 
I 
1 
7 
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7 
7 
1 
1 
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7 
6 
1 
1 
I 
1 
I 
7 
7 
7 
1 
7 
7 
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b 
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& 
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• r 
• 
b 
1 
1 
1 
r ,. 
r 
1 , 
h 

1 

• r 
u 

b 
r 
I. 
7 
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c 
c 

( 

c 
c 

c 
c 

SUBRLUTINf ScCTCRlf,l~tJM' 
CAlCUlATICN uf SECTOR-AVERAGE GM-SEC/M •• 3 A~O GM/M •• l 

uIMfNSIGN A'16tlJ),PII~,JMI 
;;';=1./16. 
(.ALL CLEAR( A.206' 

f.JRST 22.5 

ACltll=( .. S+PU,6 HPU , 7 n*G 
AIl,21=(5.Z*PJl.7 hP(l,B )Ite 
A(lt31=7.2tP(L,B )*G 
All,4',:lll.7.PI1.CJ 1+2.S.PCl,8 '+FC2,9 ".C 
AIl,51=(12.3tPI1,lO )+4.Z*P(Z,lO l.4.~.Pll,~ 
A'l,bt=(4.3*Pll,lC '.S.2.PII,It )+3.C.p(2,Ll 
A(1,71"'18.Z*Pll,ll l+ll.3tP(2,1l J+./ttP(3,11 

SH.O"'O 22.'51 

AI2dl=IPfl,b '+eb-PH,7 .,.c 
AtZ,Z'=(b.l*vtt,l )+.1*PI2,7 IJ*C 

)+Z.Z*P(2,C; II*C 
'+5.2*PC2,lC ))tG 
utc 

A'Z,3'=1 .. 2*P(1,7 '.2.1.p(I,e J+5.1*PI:t.E J+l.7*PIZ,7 I)te. 
A(Z,41=(Q.l*PI2,d '.'t.]-PI2,e; )+1.StPI3,e II-e 
A(Z.51=IT.Z*P(2,Q t.Z e lt.P(2,LO )+LO.StPI3,Q '+.4'PI3,S 
All,oJ=tll.Q.PI3,LO .+3.4tP(2,lO )~3.S'P'3,~ )+l •• PI4,9 

$1.7.PI4,lO II*G 
A(2,1,t(,U .. ltP(:,1l •• 3 ... 4*P(ltlC )+B.Q'PI4,lO )+2.1'P(4t11 )J*G 
AI2,S)=(lZ.SfPI4,LL l+l.ZtPI3,11 1+5.~tF'5,11 )+1.Z*PI5,1( 

h.6.PC4,lO l,*G 
Atl,qlt(b.q.P'~)ll 

AI2,lO'=.3fPl6,Ll 

SIXTH 22.5 

A(6,1'=Cl.'9.PCl,t 1+.lfPtl,S 'ItC 
A.(b,2.):ct2.*P(1t~ )+.5'PIl,6 1+3.3'Pt2,S l)tG 
Alb,4''''ll.Z*PIZ,4 h8.fPIJ,4 ,+5.8tP(),5 ,,*G 
Alb,3'=lb.4*P(Z,'5 .+.StPIZ,4 1+.6'P(3,~ I)'G 
Atb,'j)"'(C).'StP'l,4 l+2.'P'~J3 hPt ... ,~ ,+Q.lfPt'ei,4 )+.q*P(4.5 U*G 
At6,bJ=CQ.BtP(4,) )+'j.Z'PC~,4 )+1.q.P(5,4 )+.5tP(S,~ )" 
~(b,7J:(2.6*PC4,3 '.Z.4*PI4,2 )+13.StPC!,3 1+3.8tPC5.2 1+4.3' 

'Pt5,4 )+1.2tPlb,4 ,+.S*PI6,3 ))t~ 

AC6,I1J=(lO.5.P(~,~ I+I.ltPI5,1 '+S.2'P(t,2 '+I."HPI5.3 '+13.1* 
SP(b,3 1f'l.UP(6,4 )+.Z'P(7d 11'( 
At6,9)=,1.5*Pt5,1 )+U.Z*P(6,1 '.lC.2'F(~,l 1+L.S'P(6.3 )+~.t 

SPI7,) )+4.Q'PI7,2 ) J'1i 
AIS,LO}=I'5.7t"(6d )+Q.l.Pt1t1 HIO .. S-P(1,Z '+2.!I'P(1,3 J+3.~. 
'~(8,2 )+3.*Pl8,3 )).~ 

A(b,LlJ=lfJ.2tPI7,1 J+IZ.Z*P(!::,2 Jn~.l-PC~,,, 1+6.1tP(lC,-, J+ 
i.8 .. P lll,2 )+14.b'PCll,1 )+B.ltpI12,1 J+2.*P(1.3,L 1+.3'PIG,3 
"*Gt"P(B,l )+PI<;,1 )+PUO,1 

hJIJfoI.T H 22.5 

A(4,1'=2. t Pll,o ).Ij 
AI4,l'=( 1.6tPll,6 h4. HP( 2,t 
AI4,JJ=Il.1*PU.1. J+L.StPI2,1 
A(4,4'=(4.9.Plj,~ 1+6.Q.P{3.7 
A' 4, '5 I =- t .,. f *p , It • 6 J+ 1 • 7 *p t !: ,t. 

~Plj,l l,tG 

)+.?-PI2.1 
)+1.G.Pt1.1 
'+2.4*P(4,1 
l+l~.~-P(,l 

I I'G 
hl.l:t?l3,t 
J+2.2 t F(4,t 
)+.i t FI4,e 

AI4,6J~'.2'P(4, 7 )+.6*P(4,8 1+6.'H5,6 IH:!.4*P{S,7 1+3.2-
,.,,'5,8 IJ*G 

A(f,,71=C .. 3'PI~,6 )+7.b.PC~,1 )+).~*PI~d )t5 .. 4*Plb,E. )+11.2. 
IoP(6,7 Ht.7-PIf..t }It:; 
A(4,f"'=CLo.A*P(6,7 l+l.'ltPt6,f. )+1.8tPlt,t h5.4*PI7,€ )t.2t 
'~I7,Q l+e.S-PI7,1 '+5. t Pll.6 I}'C 
AC4,QI=t3 •• PI7.t )+7.5'PI7,7 '+lC.t.'Pf7,e J+:l.2tPC1,~ 1+;.1. 

'PPI,A h5.6t,..,e,1 '+3.6.P(E,6 lJ.G 
fl.:tdOI=(4 .. 4*P(E,6 '+lO.lttPI8,l )+U •• PI8,e ' .. 7.Z .... U:,'1 H."* 
~P",Q J+.4.P(q,~ 1+2.1tP(<;,1 '+2.tPC<;,t I he:; 
Ahtlll=(.3 t Ptb,d '+3.rl t P(8.G ,+l".l.PC<;fC; '+2.4tP(<1tlO ,+q.c;t 
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I. I 
1.2 
1.3 
1.4 

I.' 
I. b 
1.7 
1.8 
201 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.1 
3.8 
4.1 
4.2 
4.3 
4.4 
4.5 
4 •• 
~.7 
4.8 
5. I 
5.2 
'.3 5.' '.5 
5 •• 
5.1 
5.8 
6. I 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.6 
1. I 
7.2 
1.3 
7. , 
7.5 
7.b 
7.1 
7.& 
8.1 
R.2 
I:'I.J "., 
e.5 
8.b 
B.l 
A.8 
q. 1 
q.2 
9.3 
<.4 
q.,> 

q." 
q. r 



b 

o 
& , 
b 

b 
& 

• • 7 

• 
& 
7 
7 
1 

5 
7 , 
7 
7 

• 7 
7 
5 
7 
7 
5 
7 
7 
I C 
I C 
I C 
1 
7 
7 
7 
7 
1 
& 
7 
I C 
I C 
I C 
1 
1 
1 
7 
7 
7 
& 
I 
1 
7 
7 
I C 
I C 
I C 
1 
7 
7 
7 
7 
7 
7 
& 
7 
& 
7 
b 
7 

" 7 
& 

"'llu,llJ I+B.2+PUldO hl.4.Plll,l1 )+1.9tPI12,l1 )+l4 ... PI13, 
Hl )+15.6.Pt9,B '+11.l*P(C;,7 J+b •• PtC; .. t lH .. 6*Ptlb,1I )+9 •• 
'PIlt..,lO I+IZ.4+P(1Q,q 1+15 •• P(lb,€ '+.3.P(11,6 )+.2.P(11,7 
UB.*PILt),b hd.-petttt) he.*PI12,t: )+B •• Ftl3,b }+6 •• P(14,6 
1+8.*PI15,6 1+8.*P( 16,6 I).G.P( 14. 11 ).PI15,11 '.PI 12. La )+ 
'P(l~,lO I+PI14,LJ I+PI15,10 I+P{lO,Cj1 l+F(ll,q I+P(lZ,<; ,. 
SP(l3,Q I+PCl4,9 "P(15,9 '.Pllo,e )+Plll.e )+Pl11,6 "PH3. 
'b hPCl4,8 ).PUS,8 '+-PIlG.1 )+PI11,7 )+PI12,1 )+PID,l I 
f"PI14,1 '+-PI15,7 )+Pf 16,7 ) 
AI4,121=IZ •• P(l5.8 1+3.tJJt25,1 l+l.8.P(~5,6 '.11.4.PI16,11 1+ 

S7.*P(lb,lO )+3.6"P(16,9 )+PI16,8 )+7.1.P(17,6· '+h.e*PI17.1 
'+11.2·P(2~,ll )+14.*P(Z4,lC )+15.1.P(24,9 1+.l.PI2~,~ II.G 
SU~.:O.O 

DC 1 (:::17,23 
DO 1 J:::0,ll 
SUM=SUM+PIJ,J 
OU 2. 1"'18.Z4 

2 ~u'-t =Su~ +Pt[,8 Hill 1,1 )+.5.P(I,~ 
A14tll,=A(4,LZ.tSUMtPC\l,8) 
t,(4,13,=(It.S*P(ZIt,ll )+2.tP(24.10 1+.3*1'(21t,9 )+15.4.P(Z5,9J 

S+14 •• P(25,B )+13.tPl25,1 )t~.2.P{<5,t )).e 
SUH=O.O 
vo 3 J"'2b,JN 

~ SU~=SUMt.5*PtI,6 
00 4 I=26,IN 
DO 4 J=1.JI'1 

~ SUM=SUH+P(I.J » 
SUM=SUM+P(Z5,10 '+P(Z~.ll 
Atlt.ll)=Allt,ll)+SUM 

EIGHTH 22.5 

AI8.11·I.stpIl,b J+PIl,5 
AIS,2J~15.2.PI1,5 ItP(l,4 
AC8,3'=1.Z*P(1.4 )tG 
AIB,It):.( ll.7tP' 1.3 )+l.S.PIl,1t 
Ale,5) ... 112.)tPll,Z )+4.2*PI2,2 
AC8.6)=1 't.l*PIl,2 )+8.Z*Ptl,1 

$G 

S[VE:t\TH 22.5 

I+P(2,~ )).G 
'+It.lttPC 1.3 '.z.z*P( 2,3 
It3.0tP(~.1 )t5.Z*PIZ,2 

A(7,11=(PIl,6 1+.6tP(1,5 l,tG 
AI7,ZI=(6.1.Ptl,5 '+.3.PI2,S II.e 

) I·e. 
II-

All.31=I.2 t Pll,S J+Z.7.P(1,4 )+5.1.PI2,4 l+l.1*PI2,5 )'fG 
A(1.4J=IQ.ltP(2.4 1+4.3.PI1,3 J+l.StPI3,4 1)*G 
A(7,5J=(7.Z.P(Z,3J+Z.4 t P(Z,ZI+lo.e.p(],21+.4t P(3.411*u 
AI7.61=(ll.9.PC3.2J+3.4.PC2,2)+3.5.P(3.)'.2 •• PI~.3)+ 

U.1*PI4.21ItG 
.ll.11.(ll.1.PI3,11+3.4.P(3,~)+B.9'PI41~)+2.74P(4.l)J.G 
A(7.e)=(12.S.P(4.11+3.2*P(3.1'+5.~.P(5,lltl.2'P(5.2'+.6fP(4,~').G 
All.ql=(b.9*P(~.1If.74P(6,l.'.G 
AI7.l01=.3.P(6.1)'C 

THIRD 22.5 

AI1.l'=(l.Q'PI1.6 1 •• I.PIl.7 }ItC 
AI),2'=11.*PI1,7 )t.5'PIl.6 '+3.3tPI2.1 fl*C 
AD.4J-=ll.2*P(2,B 1+8.tP(3,B )+s.e'Pt3,1 IltC 
A(3.3'=16.4tPIZ.7 )+.StPtZ.8 )+.b.PI3,7 )I.C 
AI1.5'-=15.S.P(3.8 )+2.*PIJ.9 )+PI4,~ )+9.1tPf4,8 J+.9*Pt4,7 J).G 
A(3,61=19.8.PI4,Q 1+~.2tP(4.e '+3.~.p(5.a 1+.S.P(S,9 ))*G 
AD,1)=12.6tpI4.9 1+2.4.P(t.,lO '+13.e*PI~,C; h).StP(StlO 1+4. 

$o3 t Pes.s Hl.2*P(b,8 '+.8tPI6,9 lIte 
A(3.8)=llO.5*PI5,lO l+l.l*P(~,ll J+5.2.P(6,lO ltl.3*f1(S,t; I+IJ 
~.1·P(6,9 I+I.I'Plb.S '+.Z'P(1.9 IltC 

AI3,C)I=( 1.StP(5,11 )+8.Z'PIf...ll Itl0.2*Flt,lC '+1.8*foI6,1i J+ 
~~.*P'7r~ ).4.9.P(7,lO JJ*G 
ADtlOI=IS.7 t P(6,1l 1+~.l*Pt1,ll )+10.S*PC1,lC 1+2.5'PI7,~ 1+3 

$.6*"18,10 1+3.tPIE,Q II*G 
A(3,11)=(6.2*P{1,11 )+IZ.2*PIB,lO "13.t.P(~,IO )+t..l*P( H,la 

U+ .a.PllldO h14.6*P(lldl I+A.l*PllZ.JJ JtZ.tPIl3,1l ' •• If 
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9.~ 

I O. I 
10.2 
10.3 
10.4 
10.5 
10.6 

10 .. "' 
10 .. B 
11.1 
I 1.2 
11 • .3 
1 1.4 
11.5 
1 1 • b 

1 1.1 
t 1.8 
I 2. I 
12.2 
12.3 
12.4 
12.5 
12.6 
12.7 
12.8 
13. I 
1.3.2 
1~.3 

13.4 
13.5 
\3.' 
1 3.1 
l3.8 
14.1 
14.2 
14.3 

\ 4.'" 
14.50 
1 It.6 
14.7 
11t.8 
I 5. I 
15.2 
l5.3 
15.4 
15.5 
15.& 
15.7 
15.8 
16.1 
16.2 
1&.3 
16.4 
16.5 
16.6 
1&.1 
Ib.8 
L 7.1 
17.2 
17.3 
17."-
17.5 
17.6 
17.1 
11.8 
18.1 
18.2 
18.3 
18.4 
I R. 5 
l R.b 
lA.1 
1If-6 



b ,p,~,o "*G ... PIs,l1 I+P(9.l1 )+p,lt,ll 
1 l 
1 C fJFTH 22.5 
1 : 
1 AI5,11=2.*P(1,Q I*G 
7 A(S,z)=(1.6*Pll,t. )+4.7*P(2,t: )+.2*P(2,S )J*G 
7 At5,3}=t).3.PI2,~ ).1.~.Pt2,S )+1.q.P{3,S ).3.1.P(3,L )14G 
7 A(S,41=(4.~.P(j,6 1+6.QtP(3.5 1+2.4 t Ft4,5 ).2.Z t PC4,t: ),4G 
7 A'5,S)~{5.e.p'4,6 l+l.1tP(5,6 )+12.6tP(~,5 1+.2.P'~,~ '+.b· 
b 'PIS,S ,'tG 
7 A(S,b):::(.2.P(4,S )+.6.PI4,~ ).6.*PC5,6 ).L3.4*P(S,5 , ... 1.2* 
b $P(S,4 )I.G 
1 At5,11=t.3.Pt5,b )+2.~.Pt5,S 1+3.!.P(S,4 1.S.4*P(6,4 ).11.2· 
b SP(f},S j+6.2*Plt ... 6 J )*G 
7 AI5,8)=I4.R*P(6,S )+l.9*P(6,6 ).1.S t P(6,4 ).S.4tP(7,4 )·.2 t 

b $P(1,3 HB.5.P(1,5 '+5.*PP,6 "tG 
7 AI5,Q)=IJ.tP'1,6 J.1.StPI1,S ).10.6I11P(7,4 h:3.2tP{7,3 )+2.7t 
b U(3,4 J+5.b*P(S,5 J+3.6*P(S,o ')tG 
1 A(5.10l=(4.4*Ple,6 ).lJ~4tP(8tS )+13.tP(8,4 }+7.Z t PCB,J 1 •• St 
t: SP(7,3 )+.4tP(9,4 )+Z.StPI'1,S I+Z.tPC~,{ "tG 
7 A,5,li'=(.3*PIS,4 '.3.atpte,l )+15.1tPI~,3 )~2.4.P(~,Z ).q.~* 
to $P(Lo,Z l+l'5 • .l*P(ll,.l )+1.4*PILl,1 J+7.~.FIl2,l '+l4 •• PH]") 
b hL5.6*V(9,4 )+13.2.PCQ,5 )+6 •• PIS,6 J+~.6.P' 16,1 ,+s.· 
b SPllo,2 '+i2.4.PCI6,J )+15 •• PI16,4 ) •• JtPIL1,6 )+.2*P(llt~ » 
b S+8.*P(10,b 1+8 •• P( 11,6 J+e.tPIlZ,E; J+e. t PI13,6 1+8.*PIl4,6 , 
b S+8.*PI15,6 )+S.*PIl6,6 ,,*G+PIl4,t ).Pli5.t '+P(l2,Z H 
b 'P(l~,Z )+P(l4,Z )+P(l5,2 J+PIIO,3 )+POl,3 hP(12,3 J+ 
b 'p(lJ,3 '.P04,3 '.P(lS,] )+PIIO,4 '.PIll,4 '+PUZ,4 J.P(l'), 
6 S4 )+P(l4,4 )+PCl5,4 '+PIIO,S ).P(l1,5 '+PII2,5 )-+pn3.~ } 
Q '+P( 14,5 )+PC i5,5 )+P(lo,5 ) 
7 AI5rl2J=(2 •• P'2~,4 ,.3.*"(25,5 )+1.e*p(2~,6 1+l1.4tP(16,1 ,+ 
b S7.*P(lb,2 )+3.6.P(lb,3 )+PIl6,4 )+7.7*FI11,b "·ls.e$Ptll,1;J. 
b S+1l.2*PIZ4,l )+14 •• PtZ4,Z H1S.7*PI24,3 1+.LtPll5,] )Ite 

7 su·"""o.o 
1 00 5 1=11,23 
1 on5J=1,3 
5 '5 SlJ-t=SUM+P (I,J 
7 DO b 1=18,24 
'5 6 ~U." =SUfoI .Pll,4 J+P(I,5 )+.s.p(J,l: 
7 AtS,iZ)=A(S,12J+SUJII.P(i1,41 
1 At'5,l3)=l4.8*Pt2~,l )+2.*P{24,Z )+.3.P(,~,3 1+15.q·P(2'5.31 
b Hi't.*P(2'J,4 )+ll.*PIZ'5,':i '+l::.ZtPI25,l: I)IIG 
1 SUM-=O.O 
7 DO 1 1=l6.1N 
~ 1 sWt=SU~+.5.P(I,6 

7 DO )-) 1=Z6,It-. 
1 DC 8 J=l,S 
5 8 5UM=SUM.PII,J 

7 SU~=SUM+P(2'J,2 •• PIZ5,l 
7 A1S.l)=AIS,1))t5UM 
1 L 
1 C PKl~T SECTOR AVERAGES 
1 C 
1 PRINT lUO,II.I=1,16) 
1 UO ? J=I,13 
5 q fiRlTE.(b,10l\(Alt,J.,1=1,161 
3 lOu FOR"4ATlIX,16(16,ZXII 
~ 101 F()R.'''ATI2X,161 IPEe.l)) 
1 C 00 LO J=t,t3 
1 C 1e ",RITEC7r102IlA( [,J),I=I,S) 
1 C no 11 J=I,13 
1 r. 11 IOjRITU7.l02ltA{(,JI,1=9,l6} 
3 102 tOR~AT(8( IPE10.!)l 
1 RETtJRN 
1 [NO 

A-47 

L9 .. 1 
tc~. 2 
1~ • .3 
1 Q .. 4 
19.5 
1 Q .. 6 
lq.7 
1 q. 8 
70.1 
20.Z 
20.3 
20.4 
20.5 
20.6 
2C .. 7 
20.8 
21.1 
21.2 
71.3 
Z l.4 
21.5 
21.6 
21.1 
21.8 
22.1 
22.2 
2Z.3 
22.4 
22.5 
22.6 
22.1 
22.8 
Z 3.1 
23.2 
23. :3 
23.4 
23.5 
23 .. 6 
23.7 
23.6 
Z 4.1 
24.2 
24.3 
l4.~ 

24.5 
Z4.6 
2~.1 
24.8 
25.1 
25.2 
25.3 
Z 5." 
25.5 
2 S.6 
25.1 
75.8 
26.1 
26.2 
26.3 
26.1t 
16.0; 
26.6 
2b.l 
Z6.8 
77.1 



r SL~PG~TIN[ ISLPT~((,I~,JM,~~,DElTX,f~TI 
1 ~ THIS IS THE: MAIN PRCGRAM FOR I..SINC n-[ ".C~A CO·TOUR PR(,GRA~ 
1 ~ ((~hSIOlRAilLY SI~IPlllS PLeT SETUPI. 

(CUluCCI,} 
f}O(\ lOOOO 
aOO,locao 

I INPUT PARAMfTEPS F(P ISOPH~ ... ·I(.h IS Hf HJ<~Al (.All fOIt CLt-I1lJURlfliC004uOOO 
1 L ANY ~lElCl THAT IS $PACEC fVF.r~L't 11'\ THE lC A"'[ 'f rIRECIICfI"S ~UT 0)1 ~·C:T 
I' C P'l:E:CESARiLY EQUAL T(J [;'1'. TI-E C(](jRC. 11,1) IS l((~TEO IN 
1 ~ lH[ lU~ER lffT HA~O l(~"'fR OF TbE PllT. 

c 
C 
C 

t>AP4METE:RS AR£.: 

L DEl T X 
c 
c 
c 

CONTOUR If'.!TERVAl. IF Sf.T = TO c.o TbEI\ (,C~TCuR INTfR\lAl 
IS lAKEN AS 'AX \Al~E CF lhE ARR~V,C ~~rSE CIHE~TIO~S A~[ 
IN 6Y JM, MJNLS H·E MINI~ .... II VALUE [F lI-F ~HRAY CIVHEC E''' 
8, THUS ~ILL BE ASSURED [f GElTII\G 1 ((l\leURS 

C C THIS IS THE: .6RJ(j\'V 10 BE lC~TauREt. ,hCSf r.lfilENT ICNS .6RH 
Co IN l1V JM THE ARRAV Clto-H'Tl(','oI$ 

C F'" 

: 

: 

t.OtfTOLJR, LAIHl \r..I-ICH IJEFit,[S T ... E FlPfiAT A~ FCLL\'n~s: 
fMT) 0.0 IMPLIES USE OF F flELDI fMT=7.l ~E.6NS F7.2 
FMT(1.0 IMPLIES LSE Jf E FIELe. ~ ~~lLE L~ -10.3 MEA~S 
0.( OR = FMT< CR = 1.0 I~PLIES I,.,TEGEp FO~~AT. 

E 10.3 

t S A ~OFKSPAC!: 
TH[ CCNTOURI~G 

M,6INTAtNED. 

AkRAY DIM[I\TIC~EC (ft1 lE.6$T IN BY J~l U~E[ B~ 

PR.(.GRtl.M S( THAT T~E ORIGINAL VALUES If ( tRE. 

IF THE FIELD ( HAS VERY LARGE 
MAGNITUDE) THEI\ ~AY (~lY ~ANT 
THIS $lrUATlr~ IS ACCCMPLISfD 

GRAr.IE~TS ,SAY SEV(RAl C~uEPS OF 
TC (C~TOUR EVE~ PO"ERS (F TEN 
ev CAllHG ISCLOG Io-HOSt CAll IS 

(J0050QOD 
CC060COO 
v001aooo 
00080000 
QQD9(JCUO 
JOLODOUO 
00110000 
C0120-000 
00L30000 
COL4QCCO 
001'50000 
00160 CfJO 
C011)000 
"CIBOCOC 
00190000 
C02 oocoe 
OOllOOOO 
00220000 
00230000 
00240000 
CC2'iGCCO 
e02600(;0 
00270C(;0 
002800UO 
C029JOl,)0 
Or.~OOOOO 

C0310CCO 
C03200CO 
00330000 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
I 
I 
I 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

THE 
.'2 
SET 

ARRAYS ARE T~~ SA~E, EXCEPT ~~~D T~r ~CRKSPACES, ~Kl ~NO CC340CCC 
EOTH UF WhCSE OIMEN11C~S ARE It- 1:'1' J~. FMT IS AUTC""AT IlAll'1'0035000D 
Tf' f}.5, ""hIe.- ~EA~S AI>. I"TEGfR ('C"T(LR L.!IBEl. 00)60000 

1 
7 
7 
1 
7 
7 

7 
7 
2 
7 
7 
7 
7 
1 
7 
1 
7 
7 
1 
7 
7 
1 
7 
7 
1 
7 
1 
1 
7 

C 
C 

IF f>,jE[r Ta CHAf>,jGF G~t.) ARRAY (THAT IS TI-E Clf-IENT ICN~ CF ( A~C 
THE ~Of.-K SPACE( S)I THEPIj /'I,LST CALL RHC~ {~( ARGUMENTS) Tl-lS: 

"VEL TA=OELTX 
Ol-'ENSILN wk(ll'll,J""l, ctIN,JMI 
VH4X I.E-Iv 
V~t>.I 1.E+10 
uOt.I=l,IN 
00 6 J = 1, JM 

JF4VMAX .LT. (.f I,JJ 
IF(VMh .GT. (( I,JJ 
CONTINUE 
x I~= IN 
VJM=JM 
XPH'1'S=O.15 
VPHYS=O.lS 

ClJ,J) 
(tl ,J) 

CALL AlCESS(XIN,'1' ... fiI,1T JTlE,XA,XIS,'1'AXISI 
IFI~ELTA.lE.U.OI OflTA=WlOCRD(C.t~,J~1 
XSTE:p=fLOATf Ih-l) 
YS TEP=f LOA J( JM-ll 
ITT=ITITLE 
XAS=XAXIS 
~XS=YAXIS 
CALL PHYSlIR( XPH'1'S. '1'PH't'SJ 
CALL TiTLEI' 'tiTT ,o,o,o,C.X)(S ,Y)lS 
tALL GRAPHIO •• XSIEP,O.,YSTEPI 
(.AlL FRAME 
CAll HEIGHT1J.IO) 
AlENG=XMESSI'MIN ',~I 
~ALl MESSAGI '~l~ ,,~,a.,-.4~J 
(ALL R~~lNGI ~~~,lG~,.6lENG,-C.45J 

Xl=~.OO 

A-48 

OC310CCO 
OO::'BJOUO 
00390 CCO 
00400000 
00410000 
00420000 
CC430coa 
(044)000 
C0450COO 
00460 000 
C0410000 
(0480000 
OC490000 
00500000 
00510000 
00520000 
CO'5JOOOO 
00540000 
00550000 
C0560C02 
0057nooo 
CC580C02 
00590002 
00600002 
C0610001 
0062000 L 
00630000 
GOb40000 
00650000 
00660000 
CCb10COO 
00680000 
OC69o,)OOO 
00100000 
00-' LOaD L 

•• 
•• 
•• •• 
• • 

• 



7 
7 
7 

7 
7 
7 
1 , 
7 
7 

7 
7 
B 
7 
7 
7 
7 
7 
7 
7 
7 

2 
7 
7 
7 

< 2 
7 
7 
7 
7 

1 
7 

7 
7 

7 
7 
1 
7 
7 
7 

7 
7 
7 
7 
1 
7 
7 
7 
7 
1 
7 
7 
1 
7 
1 
1 
7 
7 
2 
7 
1 
1 
1 
7 
7 
l 
7 
7 
2 
7 
1 
1 
7 
1 
7 

, 

4 

2 

AlEt-..G=HESS".(;(X.ll' ,It) 
CAll MESSAG( 'Z' tl,Xl+AlE~G,-O.45) 
AlENG~X¥ESS' 'MAX ',~) 
CALL MESSAG( 'MAX ',~,6.0,-0.45) 

tAll REAlNOI V~A~tl05,6.0+Alt~G,-a.4~) 

LAlL CASH 
(All CC~lA6IU.IJ,F~1 ,J.rO.,O •• C.,I.C) 
CALL CUhTURIL,JNtJ~,k~,I~r J~,CElTA' 
~ALL R[SfTI'GASH" 
LAll ENDPlIO} 
I<.Erj~N 

END 
~UNCTIL~ ~LDCRO(ftP~~y,l,~) 

OI~[~SI(N ARKA~IL,~I 
AR"1AX=-1.E .. 5Q 
AFtMIN=+J .E+5u 
1I1J 1 1 == Itl 
on 1 J .: 1 , M 
IFIAPMA)i;.lT.ARRAYII,JII ~RMA).=APP"'YII,J) 

IFIAKHH,.GT.ARkAYII,J)1 ARMlt.=AP.RAYII,J) 
C{.t~TINUE 

IF(A~MAX.EQ.A~MI~) GlTD 2 
ftlDCRO=IAR~AX-AR~I~)/IO. 

iH. TUPN 
CONT INUE 

hL:J(.RD=l. 
RETUI-IN 
EI'.U 
FU\lCTIC'f'> ISGL'J~tl,II,JJ,I'IKl,hK2J 
p~OGRAM TO TU PLLT LuG cor-;Tl::uf<S OF lotH P~SSfC I"l (.(ll,JJI 
IF THE~f: ~~E Z£IH. 'VAlUf;S OR tH-:(' VAlL[~ HI C HEY Lt-,ll.l SF SoH 
Tli THE MIN VALUE. (f<EATfR THA~ ZERC I,., (L~', Dl,W1 ".Ill bl cr,.,ll,REC 
wITH CUNTOUP INHRVAl OF 1.J (THUS P(loi(:RS OF TEr'" 
O[~tljSI(,t.; CCll,JJ), WKJ(11,JJJ,IoKi'ltI,JJJ 
(MIN=I.l +~o 
:JC 3 1=1,11 
OC :3 J=I,JJ 
Ifl~(l.J) .L~.C.O) GLl( 3 
iF((tl,JI .LT.C~I"J CMI~;CII,J) 
l • .':H\jT INUE 
Ir(CMI~.LE.O.O) C~lN=l.O 
~~IN=AlllGIO(lMIN) 
JUl.t=l,II 
LJ02J=1,JJ 
~Klt1,J) = (I'll" 
IFICII,JI .LE.C.e) GCT(1 2 
nKltl,J) =ALOLIO(C(I",dl 
(.J'H INUE 
LALl ISr.PTH(~Kl.lI,JJ,~K~,I.C,C.51 
[<ETURN 
END 
SUBRUUll~E AX[SS'XI~,~J~t~llllE,~AXlS,~~XlSI 

XAXIS==7.0 
VA)(IS~7.0 

ITlTU:=l 
KAT=YJM/ )tIN 
IHRAT-1.J 1,2,3 
C.OIHINUE 
KAT < \.0 QR XA,KlS ) ~AXlS 

1 TlTU:-=·-1 
XAXIS",9.5 
C(JHINlJE 
'JAXIS:=RAT*XAXIS 
IFIYAXIS-1.0) 2,2,1t 
lONTI NU E 
RA.l H,lt SIC; fOR )l.AXlS l'l 7 0 C 
)l,AXIS"'XAXIS-C1.';) 
("JTO b 
IF(XAXIS .. lT.0.5' .II.,A):IS=O.5 
If(~A~IS.lT.J.5) VA):IS=G.5 
K ETURN 
CONTINUE 
YA.q S'="'RAT *):A;( 1 S 
IF('fAXIS-'1.5J 2,~,~ 
COHINUE 
XAXIS==).AXI5-u.5 
GOlD 3 
ENO 

A-49 

(C1Z0COO 
00730000 
C01400CO 
(015000(; 
C0760000 
OQ770000 
CC130COU 
OQ190QOU 
(ceo 1000 
CCB lrjCOO 
C0820000 
00810000 
(CBItOOaU 
GCB50Q(!O 
C086000J 
('Cs1oJCOO 
00881')000,) 
CCB<WCCO 
GcqOQOCO 
CO'11O DuO 
CC92JCOJ 
OO':l3CJOQC 
i.lOQ4000U 
8CQ5I.JCC,O 
u-OQbOCOO 
CC910CCU 
CC9ROCOO 
~C990000 

CIOO)r.OO 
l..lOIJOUO 
G10lOOUD 
C1(,3')(C(.. 

lil04()OCO 
t}105:l00u 
OIOhJCGJ 
CI070C('U 
(IJ~lGCU 

qlU9CC(;(,i 
CllO)C':;u 
0111')OVO 
C1l2GOuO 
Oll'"300CO 
o llltU COU 
0115,)COO 
OllboJCCO 
011 7,)OCC 
G118(1001,) 
01190DvO 
012000CO 
C12l0CQO 
0122JJuO 
C 12300C2 
0124000U 
012 5'J coo 
C126tlCCO 
01210000 
012'30000 
C12900JO 
DUDaOOa 
01310000 
0132'1,JOJ 
01330000 
Cn40CCO 
01350000 
01360000 
el3l0DOO 
01380000 
01390000 
0140000J 
0141COOO 
01420COO 
Cllt300DO 
01440000 
( 145')000 
01460000 
0141!)COO 
014~tJaCa 
C14900GO 

•• 


