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ABSTRACT

A collection of models developed to simulate atmospheric transport of
local fallout from nuclear detonations is described. These models com-
prise the Transport Module of the Department of Defense Land Fallout Pre-
diction System (acronym DELFIC). Details of the physical bases of the
models as well as the Transport Module computer programs are presented.
The programs provide for temporal and three-dimensional spatial variation
of the wind field. Wind-field construction from input data can be accom-
plished by one of several preprogrammed methods that may be selected on
the basis of the type and quantity of available data. Submodels for special
local circulation systems can be superposed on the macrowind system. A
capability to simulate highly variable topography is included. The com-
puter programs are essentially open ended with regard to capacity for par-

ticle, wind field, and topography data.
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INTRODUCTION

The purpose of the Transport Module is to accept a list of fallout particle prop-
erties and positions at the end of the cloud rise and mathematically transport these
particles through a temporally and spatially varying wind velocity field until they
land on the ground or until the researcher's interests are otherwise satisfied. This
module can be characterized by the terms atomistic, deterministic, and discrete.
It is atomistic because the basic element of the module calculations is the fallout
particle and, at least in concept, the end results of the model are based on the
summation of the effects of individual particles. It is deterministic because the
trajectories of individual particles falling through the atmosphere are uniquely de-
termined by particle and atmospheric properties. It is discrete since the distribu-
tions of particles in space, particle size, and radioactivity are divided into discrete
parts, the effects of which are associated with representative central particles.

The macroscale atmospheric description used within the Transport Module is also
discrete in that the atmospheric volume of interest during a given time period is
divided into subvolumes (cells). Everywhere within a cell the atmospheric prop-
erties are considered to be uniform. Thus, the Transport Module is discrete in

space, time, and particle size.

A set of fallout particles chosen as representative of the contents of cloud sub-
divisions is prepared by the Cloud Rise-Transport Interface program of the Cloud
Rise Module. The generation of this input is described in detail in Volume III of
this documentation; here we review only its essential highlights. Figure 1(a) depicts
the particle cloud resulting from the rise and growth of the nuclear cloud before ac-
counting for wind drift during cloud rise. A region of space that includes the cloud
is subdivided, as shown in Figure 1(b), and a particle content is defined for each
subdivision., In general, the contents of each cloud subdivision are unique. Each
subdivision depicted in Figure 1(b) may be further subdivided into a large number
of spatial subdivisions. Furthermore, each of these spatial subdivisions will be
represented by a number of different central particles — one for each size class
that is actually represented within the original cloud subdivision. Figure 1(c) de-
picts the location of the subdivisions representing a particular size range after the

effect of wind drift during cloud rise has been accounted for,
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(c) Adjust Positions of Wafer Centers to
Account for Winds During Cloud Rise

Figure 1. Operations of the Cloud Rise ~ Transport Interface
Module

The Transport Module takes as input the coordinates of the center of each sub-
division, at which position it assumes residence of a representative central par-
ticle of given mass and size. The time of input of the central particle to the Trans-
port Module also is given. A diagrammatic representation of a cloud subdivision
and its defining parameters as accepted by the Transport Module are shown in

Figure 2. Within the Transport Module the trajectory of each cloud subdivision
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Figure 2. The Elementary Cloud Subdivision and Its Characterization
(B is the dimension of all cloud subdivisions at the time of their definition.)

(represented by its central particle) is determined independently of all others and

transport ceases when the central particle lands on the topography.

Within the Transport Module there are two systems for the description of at-
mospheric flow: the primary, or "macro, " system; and the secondary, or "local,"
system. The use of these systems of description, however, is merely suggestive
of but not restricted to the macrometeorological and local meteorological scales.
In the macroscale description relatively large cells may be employed, and the
totality of cells may include a vast volume of atmosphere perhaps on a macromete-~
orological scale. In the local atmospheric system cells more freedom is allowed
in the mode of circulation description. Within each local circulation system unique
particle transport procedures can apply. For practical reasons the DELFIC sys-
tem restricts the researcher to use, at any one time, only a small number of local
circulation systems that are defined within specified boundaries. Where "local”
and "macro" description systems overlap, the former take precedence since they

are capable of greater precision.




PHYSICAL AND MATHEMATICAL MODELS

Fallout Particle Kinematics

Relationship Between Wind Field and Particle Velocity

The fundamental equations that describe the motion of fallout particles (which
are typically greater than 10u in diameter) in the wind field are the momentum

equation

dv
-2 = - { ¥, - yw[yt),t]} ¢><lyp- wa> + G (1)

and the displacement equation

dr,

_t_=zp , (2)

where pr and 'Yw are the particle and wind velocity respectively, G = -Gk where G
is the gravitational constant and X is a unit vector which points in the positive z

direction, r is the particle's position, and ¢(1V_ - Yw [) is a friction function de-

p
fined so that the frictional force per unit mass between the particle and the wind is

given by*

F=-(yp-zw>¢<lyp—zwl) : (3)

*
A commonly used expression for ¢ in the pressure flow regime is

°p

m

pA |V | = K|y .

©
]
Do

-V -V
p ~w p ~w

while in the Stokes law regime ¢ is a constant.




We have shown in Appendix A of Ref. 1 that for all but the most extreme con-
ditions of airflow, for example, tornadoes, the components of particle velocity

are given by

Vpx =U , “4)
=V , 5
Py ®)
and
sz = -VF + W, (6)

where U, V, and W are the X, y, and z components of the wind velocity, respec-

tively, and V_, is the still-air particle settling rate. In effect we have been able

F
to solve the momentum equation for the fallout particle, thus reducing the dynamics

of the transport problem to the solution of the position equation,

Particle Settling Rates

We have performed a comprehensive survey of the methods used for comput-
ing particle settling rates as given both in the open literature and in the literature
on fallout prediction methods. ! On the basis of this survey, we have concluded .
that the equations of Davies2 for sphereé are most appropriate for use in the DOD
Land Fallout Prediction System. The following procedure is used in computing

particle settling rates:

1. The dimensionless quantity CDRZ, where CD is the drag coefficient and
R is the Reynolds number, is evaluated by the equation

3
4Gpp_d
CLR® = —2 @
3n

where G is the acceleration of gravity, p and pp are the densities of air
and particle, d is the particle diameter, and 7n is the dynamic viscosity

of the air.




2. The Reynolds number is evaluated from the Davies polynomials:

2
CDR

2
R= -2 _2333x10% <CDR2>

-6 N3

2. + 2.0154 x 10 <CDRd>
(8)
- 6.9105 x 1072 <c R2>4 C.RZ < 140
: D » Cp

or

2
log,, R = -1.29536 + 0.986 <10g10 CDR2> - 0.046677 <1og10 CDR2>

(9)

3
+ 0.0011235 <10g10 CDR2> , 100 < CDR2 <4.5x10° .

3. The settling velocity V, is computed from

F

- Bn
Ve = o - 10)
4. For small particles at high altitudes, the settling velocity must be multi-

plied by a drag slip correction, f, where

2.33x10°%
+ ——— e

f=1 do )

(11)

and d and p are in microns and grams per cubic centimeter, respectively.

We have concluded1 that methods commonly used in the past to correct particle
fall rates for shape effects in fallout prediction calculations are incorrect. Appar-
ently it is true that irregularity of shape can have a significant influence on settling
rate; however, the only precise information of a general nature that seems to be
available is that a particle of spherical shape falls at a rate that is a maximum for

particles of equivalent volume of all shapes. In addition, irregularity of shape can

6

a e ax @




cause deviation of particle trajectories from the vertical in still air. It is known
that both of these effects become more pronounced with increase in Reynolds
number, Unfortunately, so little experimental work has been done for particles
in the pressure flow range (i.e., for large Reynolds numbers) that the importance
of these effects to fallout prediction calculations cannot be precisely determined.

Additional studies of these effects should be performed to resolve the issue.

Appendix B of Ref. 1 presents the details of our study and a comparison of

particle settling rate computation methods.

Effect of Atmospheric Diffusion on Particle Transport

In our model of cloud subdivision transport a segment of cloud volume of

height AZ and lateral dimensions 2XO, 2Y0 (see Figure 3) is assumed to move

Figure 3. Segment of Cloud Volume

through the atmosphere as a rigid body if turbulent diffusion is absent. To be
sure, it is assumed (still neglecting diffusion) that the initial extent of the cloud
subdivision is small enough so that the equation of motion of a hypothetical par-
ticle located at the periphery will not differ from that at the center. The motion
of the center is determined from the conventional transport equations as previ-

ously developed (i.e., Eqgs. (4)-(6)).




In reality, the cloud subdivision represents a group of particles (of a par-
ticular size range) whose total number is N and whose initial uniform lateral

density* is

<partic1es - m—2> . (12)

o) 4Y X
oo

During transport, turbulent diffusion tends to disperse the particles of the cloud

subdivision so that by the time the subdivision reaches the ground, its shape will

have changed and its particle density, o, will have decreased and become nonuniform.

The increase in lateral area is due to the cumulative effect of diffusion of all
the particles contained in the slice. If the origin is established at the center of the

slice, the lateral density of particles, P(x,y,t), at a time t is given by

+X +Y
0 (o]
Pyt =0, | | ox-xy-yoew e, (13)
X -¥
(0] (o]

where the diffusion kernel G(x - x’,y - y,t) is given by

G = @t ! exp {_ [(x -x)2 + (y - y')z:I/ZDt} , (14)

~

with D being the diffusion constant. Consideration of Eqs. (13) and (14) show that
P(x, y,t) is defined over the entire x, y plane, but as an approximation to the theo-
retical result for computational pufposes we have chosen to construct an equivalent
rectangular segment of uniform surface density o with dimensions defined as X, Y.

These equivalent dimensions are determined by requiring that the mean-square

*
The term lateral density is used to refer to the surface density
(particle/unit area) that would result if the particles represented by a cloud
subdivision were deposited vertically onto a horizontal plane.




displacements x2, y2 of the rectangular segment be the same as those computed

from the exact probability distribution P(x,y,t).

It is easy to show that for a uniform distribu’cion,x2 and y2 are related to the

limiting dimensions via the formulas:
x% = 1/3%%; y% = 1/3Y% . (15)
On the other hand, we have
+ 00 400

S y x2P(x,y,t) dx dy

-0 ~00

pol

»
it
Il

2
1o X ¥ Dt + 1/3XO ,
0o o

and (16)

+ 00 4 00

g g y2 P(x,y,t) dx dy

—00 ~00

tol

B
il
[

2
XY —Dt+1/3Y0
0“0 0

The equivalent dimensions of the slice at time t are thus given by

x% = x2%+ 3Dt ,
o
and (7)
% = v2 + 3Dt
)
with corresponding lateral density
N
0= IXY (18)

The user is referred to Pasquill's "Atmospheric Diffusion" 3 for a discussion on

reasonable estimates of D.




Wind-Field Description

As previously mentioned, there are two complementary and simultaneously
compatible modes for describing the wind field: (1) the macrowind description sys-
tem which makes use of a numerical approximation to a complete three dimensional
wind field derived from observed data and is of greatest general utility; and 2) the
local circulation description system which makes use of analytical representations
of special atmospheric situations (e.g., sea breezes or mountain winds). These
local systems also are three dimensional and can coexist with a macrowind field,
in which case they override the macrowind field within the volume of space common
to both. These modes of wind-field description are described in detail in the sub-

sequent sections.

Macrowind Fields

The macrowind-field descriptions are accomplished as follows. A Cartesian
coordinate system that encompasses the region of close-in fallout is established
with arbitrary origin. With reference to this coordinate system, grid square arrays
are specified on horizontal planes at arbitrarily spaced intervals in the vertical di-
rection. Figure 4 illustrates how such a set of strata is used to fill the volume of
atmosphere of interest. Each stratum is further subdivided into a number of wind

cells in a regular manner as is shown in Figure 5.

To assign vectors to wind cells, the user must first specify as input a data set
of wind vectors and vector positions.. This data set can be arbitrary in number and
distributed in an arbitrary manner throughout the atmospheric volume of interest.
The program then determines and associates a wind vector with each wind cell in
the volume of interest, These wind cell vectors are based on the input data, and
there are three interpolation-extrapoiation computational methods available for use

in determining them.

In the first option the program assigns to each wind cell the (iata vector nearest
the cell's center. The second option uses a weighted average of nearest data vectors,
where the user is free to specify both the number and the distances of the vectors to
be considered. The third option uses a statistically derived three dimensional linear
model of the atmosphere based on the N nearest data vectors to perform the required

interpolation or extrapolation for each cell. The method to be used in any particular

10
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The Closest Datum Method. In this method the velocity at the grid point is

assumed to be the same as that of the closest datum point. This will probably be a
good approximation if the location of a measurement is sufficiently close to the ar-

bitrary point.

The Preferential-Weighting Method. In the preferential weighting method V o

is computed as a weighted average of the velocities from observations that lie within
distance R from the grid point in the horizontal plane and distance @ from the grid
point in the vertical direction. Specifically, the relationship between Yo and Yi

is given by

N
v, = Zfi yi , (19)

=1

e

where

N
Z fo= 1 . (20)
i=1

A weighting method described by Cressman4 has bees used in deriving an expression

for fi in the form

21)

The parameters o, #, and N are specified by the use~, o and g have tie physical

. —
case must be determined on the basis of the quantity and quality of the data available,

The notation vsed in the explanation of the three methods is as follows:

Bi = position of ith observed wind velocity vector relative to the

wind-field-array grid point R o

; = measured wind velocity at position Bi

o wind velocity at a wind-field-array grid point Bow zo is to

be determined from Bi and Yi‘

significances described previously. The calculations of the fi are performed '
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so that whenever a factor in Eq. (21) is found to be negative, its value is replaced
with zero. If N is specified to be less than the total number of observations, only

the N observations closest to the grid point are considered in the calculations.

The Least-Squares Method. Here, we assume that each velocity component is

an analytic function of position. Since the wind velocity in the macrowind field will
not undergo very great spatial variations in a short distance, it becomes possible
to approximate each component of the wind velocity by the first few terms of the
Taylor expansion taken about the grid point as origin. We can then write

u=u+ (Vu_ R,

o o

v = V0+ (VV)O'_B ) (22)

and

w=w_+ (Vw) R |
o o ~

where uss Vo and w, are the x, y, and z components of the wind velocity at the
origin. By least-squares fitting of Eq. (22) to the data points, we can determine
the twelve unknown constants u , v, w_, (Vu)_ =A, (Vv) =B, and (Vw)_=C,
o’ o "o o~ ~ o ~ o =
Actually, the computation breaks down into three separate parts involving (uo, A),
(vo, B), and (wo, C). To illustrate the procedure, we shall outline the method for
computing u. If Ui denotes the x component of wind velocity at the ith sounding

station, the ith residual is given by
§i=Ui—ui = Ui - (uo + AXXi + Ayyi + Azzi> . 23)

The constants uo, Ax’ Ay’ and AZ are determine~ by the least-squares method by

minimizing the functional

N
F (uo, Q) = z glz (24)
i=1

13




with respect to these four parameters. The four linear equations so deduced are

BF _ o Ny Y
ou " T LU (YRR (25)
OF _ o - _ .
oA~ 0= z U + § (%o "2 By)x o (26)
8F _ . _ .
aa. = 0= ? Uy * E (Yt ARy o (27)
y

and
oF . _ _ _
2 - 0= ?Uizi+§ (%o + 4 B;) 7 - (28)

Introducing the averaged quantities,

=<1ﬁ> Ui”z=<lﬁ>zxi’3—’=<§>zyi ’

SOENONTE OIS

N}

and
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gives the following matrix equation for u, and A:

o
e

1
(6]
X A ux
X
= (30)
- A -
y y y
z A uz
VA

By use of conventional matrix inversicn techniques, Eq. (30) can be solved for u-

We have
Uy = Vgl F YUK + YUY + Y,z (31)
where
st
1 X L
B:]
Sb -1
(32)
o
3 sl
and
, =B41
4 g
15




in which |B] denotes the determinant of the matrix Eq. (30). The quantities Bkl

are the cofactors which equal (-1)l+k times the complementary minor of the matrix

element Bki' It is easy to show that the y and z components of velocity are given by
AP A A AL + Y3V MR AL (33)

and
LR T Y gWX + YWY YWz, (34)

where the averaged quantities in Eqs. (33) and (34) are of the same nature as those

shown in Eq. (29) with the replacement of Ui with Vi and Wi'

Some reflection shows that the determinant of the matrix can equal zero when
the measured points lie on the same plane or on a line. (For example: if z = z¥is
the same for all stations, then the fourth column of B is z* times the first and fBl
vanishes.) This is 2 manifestation of the impossibility of passing a different plane
through the N points. We have provided for these degenerate cases in the computer
program. When the determinant of B is very small, we revert back to the prefer-

ential-weighting method.

Local Circulation Systems

Provision_has been made to incorporate local circulation systems in the com-
puter program to afford prediction of the wind velocity in regions where (1) direct
measurements of the wind velocity are not readily available and (2) the density of
measuring stations is not adequate to account for rapid spatial changes in the wind
field. At present, two such local circulation systems are available: the orographic

and sea-breeze systems,

The regions controlled by these models are bounded by planes perpendicular to
the coordinate axes. Inside these regions, wind vectors are computed for specific
circulation model parameters. Figure 6 represents three of these local circulation
cells as they may be superimposed upon the macrostratum and wind cell structure,
The important physical features of these local circulation systems, as they pertain
to user application, are now discussed, although the details of the theory in each

case are presented in Appendixes A and B, respectively.
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Figure 6. Wind-Field Volume with Superimposed Local
Circulation System Cells

Orographic Effects. The theoretical model of orographic flow is intended for

use in regions where suitable meteorological data are not readily available. Spe-
cifically, the model assumes that in the absence of the variable terrain region under
consideration, a certain uniform steady velocity field would exist. The mountains
and valleys then cause the assumed flow to change, and it is the resulting wind field
which is computed by the model. It is possible to compute the wind field in a region
" which contains several orographic features by first computing the wind field due to

a single one and then summing up the effects. This procedure works as follows:

Let u, be the velocity of the unperturbed flow (i.e. the flow that would exist in
the absence of the mountains and valleys). Now orient the coordinate system so
that the x direction points along us and let the y axis be perpendicular to u, and
the z axis point in the direction of the zenith. The functions u(x,y, z), vi{x,y, z), and

w(X,y, z) denote the X,y, and z components of the wind velocity respectively.
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We have found that a suitable mathematical representation for a single moun-

tain is

haS
a
z = f(X, Y) = 3/2 ’ (35)

<a2 + I‘2>

where z is the elevation of the mountain, expressed as a function of

1/2
r=(x%+y%) / , (36)

the horizontal distance from the center of the mountain; h is the maximum elevation
of the mountain as can be seen by setting r = 0 in Eq. (35); and a is a characteristic
width of the mountain (when r = a the elevation z = 0,35h). The components of wind
velocity resulting from the mountain whose vertical position with distance is given

by Eq. (35) is given by:

«[. 2 (y.?. + }\2 - 2x2>
ux,y,z) = uo% 1+ (a h) 573 , (37)
t (2.2
i &r + A >
i
v(X,y,2) = ~3uo(a2h> Xy 573 (38)
(x%+2%)
and
wx,y,z) = -3uo<a2h> AX 572 (39)
(% +2%)
where
A= (z+a), (40)
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Obviously, the foregoing expressions for the components of wind velocity are

applicable for
z > f(x,y) (41)

(i.e. for those points which lie above the ground). Equations (37)-(39)can be used
to describe the flow of wind over a valley whose mathematical description is like
that of an inverted mountain, For this situation we merely replace h by -h, the

maximum depression of the mountain.

Another important obstacle to be considered is a mountain ridge whose crest-
line makes an arbitrary angle v with respect to the direction of the unperturbed

flow u,- The pertinent geometric details are shown in Figure 7.

Ay

xl
y —
j /
S Y > x =
~ Direction of
Unperturbed
. } — Flow
Crestline
of Mountain *

Figure 7. Mountain Ridge Not Perpendicular to Flow
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The mathematical description of the elevation of the mountain ridge when

viewed along the y’ axis is given by the expression

*
z =———h——— , (42)

1+ (x'/a)2

where h is the maximum elevation of the ridge; a, in this case, is the half width
(z = 0.5h when x’ = a); and the x and y coordinates are related to X’ and y by the

equations

X =X cosy -~y siny , X' = Xxcosy + ysiny ;
{43)
y = X' siny + ¥ cosvy, y = -xsiny + ycosy
The wind velocity components referred to the x, y, z coordinates are given by
2  (xcosy + ysin )2->\2 '
u=u_ -u (ah)cos”y yrysiy 5 (44)
l:(x cosy + y sin —y)2 + 7\2} '
(X cosy + y sin -y)2 - )\2
v = -u_(ah) cosy siny 5 (45)
. 2 2
xcosy + ysiny) + A
and
w = -ZuO(ah) A cosvy (xcosy * y siny) 5 s (46) .
[(x cos y + y sin 7)2 + xzjl .
where
A=2+a .
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It should be carefully noted that u, v, and w do not depend on y’, as can be seen
from the substitution X’ = x cosy + y siny in Eqs. (44)-(46), so that the origin of
the mountain ridge can be located anywhere along the crestline. Equations (44)-(46)
can also be applied to a valley ridge whose shape is that of an inverted mountain

ridge, with the replacement of h by -h,

In summary then, we can compute the wind field due a mountain, inverted moun-
tain (valley), mountain ridge, and inverted mountain ridge (valley ridge). For the
single mountain (valley) the expressions for the velocity are referred to the center

of the mountain whose coordinates can be denoted by

()

That is, if x, y and z denote the point in question, then the components of the wind

field due to the mountain in question that are computed at this point are given by

ui(x,y, z) = u(x - XY - yi,z> s

vi(x,y, z) = V(X - XLy - yi, z> , 47)
and

wi(x,y,z) = w(x-xi,y—yi,z) ,

where u(x - X,¥ - Y z), v(x - X Y- ¥o z), and w(x - XY - ¥ z) are obtained
from Egs. (37)-(39) with the replacement of x by x - X, andy by y - Y- As in Eq.
(41), the inequality

z > z;‘ = fi(x —xi,y—yi> (48)

must also be satisfied.

Precisely the same considerations concerning the calculation of the wind field
apply for the mountain (valley) ridge. That is, Eqs. (44)-(46) give the velocity of
the wind field when x and y are replaced by x - X and y - Yy where X, and y; are

the coordinates of the center of the ridge and z lies above the ground.
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As demonstrated in Appendix A, the theory shows that the principle of super-
position of ground disturbances is applicable under most conditions, the exceptions
to which are subsequently discussed. What this means is that in a region where

the topography can be described by the equation
£ N
zp = fi<x-xi,y—yi) , (49)
i

where fi(x - X, ¥ - yi) is the mathematical description of a particular orographic
feature (referred to a suitable origin whose coordinates are X yi), the resulting

velocity field can be written as

Y

u(x,y, z) =L ui<x—xi,y—yi,z> ,
i

V(X,y,z) =§ Vi<x‘xi’Y'yi,Z> ’ (50)
i
and

w(X,¥, z) =§wi<x - X,y —yi,Z> )

1

where ui(x - XY oY z), vi(x XLy -V z), and wi(x “XLY o Vg z) are the contri-
butions to the velocity field resulting from the orographic feature whose mathe-
matical description is given by fi(x -X, Y- yi). To be sure, we have assumed in
this model that the topographical description can be resolved into combinations of
mountains, valleys, and mountain and valley ridges whose individual mathematical
description is given by Eqs. (35) or (42) with h either positive or negative. In the
event that this is not feasible, or satisfactory, the user can use the general tech-
nique as outlined in Appendix A to compute the wind field for an arbitrary topograph-

ical description.
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Thus at this time the user is obliged to represent the topography through com-
binations of the four features just discussed. The point to be carefully noted is
that the resulting analytical expression for the topography, which will be of form
given by Eq. (49), should as closely as possible resemble the terrain. Suppose
there are two mountain ridges each of half width a separated by a distance lll, as

shown in Figure 8(a).

RESULTING SHAPE

! () 2 ()

Figure 8. Mountain Ridge Separations

If Zl is large compared to a, then with good approximation the topography can be

represented by the equation

Z = 2 + 2 2 ’ (51)

because when 2 is evaluated in the vicinity of the second mountain ridge (i.e.,

T

X~ X,) the contribution from the first term is negligible. Evaluating z;, at x=x,

gives
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which if 0,1 >> a approximately equals h, the contribution from the second ridge
only. Now consider the same ridges, but this time separated by a smaller dis-

%k
tance 0.2 (Figure 8(b)). Equation (51) will no longer be adequate because zT(x = x2)

becomes

*

h
z X =X =
T< 2> 1+ <Z§ /a2>

+h ,

which can be significantly greater than h if !,7,2 is not very much larger than a.
Thus the dashed line shown in Figure 8(b) might be the resulting topographical
shape if Eq. (51) were used. A possible method for circumventing problems of

this type is to use an expression of the form

* h’ h’
Z = + ’

1+ (x-x1>2/a'2 1+ (x—x2>2 /a’2

where b’ and a’ are "adjusted" parameters, deduced by developing a best fit ap-

proximation to the actual terrain,

In brief, the resulting analytic expression for the topography should be de-

duced by a "best fit" procedure.

As mentioned earlier, there are certain limitations of the model which the
user should be aware of. These restrictions are basically of two types and are
concerned with the extent or actual size of the orographic flow of the 1ocal circula-
tion system, and the shape of the terrain. These aspects of the problem are dis-
cussed in detail in Appendix A; however, a summary of the major conclusions is

as follows:

1. Size Limitations

The theoretical model is based upon a perturbation treatment of
the usual hydrodynamic-thermodynamic equations under the assump-
tion that an adiabatic atmosphere prevails. The relationship between

24
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the change in the wind field A v(x, y, z) and the curvature of the terrain
is deduced by first expressing the three components of Ay (namely
Avi(x, ¥, z)) in a spatial Fourier transform representation,

svmyn = | A e Bk,

and then solving for the Ai(k~). The solution for the Ai(‘i) involves the
derivation of the dispersion relationship for the system, which basically
connects the vertical attenuation constant of the velocity field to the

periodicity of the terrain. This relationship is of the form

kz = kz<kx,ky> ,
and becomes greatly simplified for (1) short wavelengths and (2) when
the Coriolis effect is neglected. It is in fact these simplifications of the
dispersion relationship which yield the relatively simple forms of the
wind fields. The short wavelength restriction requires that the area
designated as a local circulation region be no greater than 50 mi in one
direction. On the other hand, the neglect of the Coriolis effect requires
that the extent of the local circulation system, L, be no greater than

d = 24 Um (52)

m
where Uom is the unperturbed wind velocity expressed in miles per hour.

The condition for which

L<d=24 Uom
is not really a limitation on the applicability of the theory for fallout pre-
diction. If uom is small, the perturbed wind velocity will also be small
(as shown in the analysis) and terrain effects will not be important since

the motion of the fallout particle will be essentially vertical. Thus, the




expressions derived for the wind field by applying the calculation for
short horizontal wavelengths and neglecting the Coriolis effect are entirely
justified from the local circulation viewpoint. For all practical purposes

the requirement
L < 50 mi

is sufficient.

Shape Limitations

The first-order perturbation theory solution is only approximate and
gives increasingly better results as the change in velocity, Av, as com-
pared to u, diminishes. As shown in the analysis, Ay increases with a
corresponding increase of curvature or slope of the terrain; consequently,
we can expect uncertainties between the unknown exact solution and the
results computed from the first-order perturbation theory to also increase
with an increase in slope. Roughly speaking, these uncertainties are of
the order |8| 2, where S is the slope of the terrain. Clearly then, the
model should not be used when S is very large, although the question of
"how large" is not yet resolved. We have been able to partly compensate
for the inadequacies of the calculation for the case of a mountain ridge
whose crestline is perpendicular to the airflow, and we suggest that the

conclusions drawn from this investigation be extended to all cases.

Fundamentally, we have found that the first-order perturbation theory
underestimates the vertical lift in the case of the aforementioned mountain
ridge (see Appendix A). This was demonstrated by showing that the cal-
culated surface wind trajectory (which for the exact solution should be
identical with the contour of the mountain ridge) actually intersected the
ridge. The discrepancies between the exact and calculated surface trajec-
tories increase with a corresponding increase in ridge slope, as given by

the ratio of the maximum elevation, h, to the half width, a.

S = (h/a)

A e e




Slope S

However, by performing the calculations with a larger slope,

S = h'/a ,

where Iv is larger than h, it becomes possible to make the calculated
surface trajectory follow the mountain ridge contour. Figure 9 shows the
relationship between the actual slope S and the required slope 8 whose
use will partially compensate for the limitations of the first-order per-
turbation theory. Thus, if [hl is the actual height of the mountain

(valley) ridge, the calculations should be performed with an b’ given by

| = [nl@/9) , (53)

where the ratio $'/S is evaluated by first determining S (e.g. point A) and
then finding the corresponding value of 8’ (point B). We suggest that the
modification in mountain ridge height, as given by Eq. (53), be extended

to single mountains (valleys), although calculations supporting this
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Figure 9. Slope Compensation




conjecture have not been rendered. The modification of elevation does not
alleviate the shortcomings of first-order perturbation theory; consequently,
we further suggest and, moreover, stipulate in the program itself that

§ <0.6.

It should also be noted in passing that the orographic effects extend
indefinitely in altitude as can be seen by examining the mathematical ex~
pressions for the components of wind velocity. However, we have decided
(based on a few sample calculations) to limit vertical consideration of an
orographic region to three times the height of the highest obstacle in the

region.

The Sea Breeze. The linearized model of the sea breeze as developed by Defant

has been selected as the most suitable model for the sea breeze for two reasons:

(1) it gives good agreement with experimental observation, and (2) the resulting
analytical expressions for the components of the sea breeze are relatively simple
from a computational standpoint. Defant5 approaches the sea-breeze circulation
problem in the sense of Lord Rayleigh's convection theory, the dynamics of which
are governed by the continuity equation, the three momentum equations, the equa-
tion of state, and the heat-diffusion equation, By neglecting density variations in

the continuity equation, and including them in the momentum equations since they
modify the action of gravity, it becomes possible to construct a vorticity function
from which the components of velocity in a plane perpendicular to the coast can be
determined. Included in Defant's model is the assumption of an infinitely long coast-
line which points in the y direction; variations of the meteorological variables in this
direction are neglected. The x axis is perpendicular to the coast and positive inland,

while the z axis denotes the vertical.

Figure 10 shows the typical circulation pattern after sunrise when viewed along
the direction of the coastline (positive y axis). In addition to the x-z circulation
there is an accompanying y component of velocity which is related to the other com-

ponents in a determined way, but is not shown in the figure. The driving force is

28




Circulation

y oo e = - - P —
4 , ~

-
-__.7

’
\~-—-..__----._ ————— -.-—'

7 axis W Land —_— & X axis
Sca 4l I
‘ 1/2 L‘ ‘ 1/2 L‘

Figure 10. Sea-Breeze Circulation

of course the potential temperature differential at the surface, whose behavior with

x and t is assumed to be given by
f(x,z = 0,t) = sin XXT(t) , (54)

where A= (n/ 2L.) and T(t) is a function of time alone. The circulation pattern shown
in Figure 10 occurs when the land temperature is higher than the water temperature
(discounting the 1hr or so lag time due to the inertia of the system). A positive value

of T(t) corresponds to the surface temperature differential profile shown in Figure 11.

0(x.z=0.1)

T

Figure 11, Temperature Differential Profile
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According to the theory T(t) is expressible as a Fourier series in multiples of the

sidereal day frequency, . That is

T emQt

T(t) = N

, (55)

18

where

2n/Q
-inQt

- -1 "
T = Q(2m) g T(t) e dt = TFe

ir
n (56)

is in general a complex quantity with amplitude' T; and phase Th In addition to
specifying the extent of the sea breeze, Lx’ and T(t), it is necessary to specify the
other characteristic physical parameters of the sea breeze which include: o, the
Guldberg-Mohn friction parameter; K, the thermal eddy diffusivity; 00, the average
ground temperature; I" = (d6 o/ dz), the initial unperturbed temperature gradient;
and sin ¢, where ¢ is the latitude at which the sea breeze is occurring. (A more
comprehensive discussion of these physical parameters and their relationship to

the overall structure of the sea-breeze circulation is available in Appendix B.)

The expansion of T(t) in a Fourier series results in the following expansion of

the components of the wind field:

u(x,y, z,t) =E u x,y,2,t) (57)

v{X,y,z,t) =E V& ¥z, t) (58)
and

w(x,y,z,t) =Ewn(x,y,z,t) , (59)
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where w Vo and w, are the partial contributions to the x, y, and z components
of the wind field respectively from the nth harmonic. These quantities are essen-
tially given by Eqs. (B.59), (B.60), and (B.61) of Appendix B, but can be simplified

to the following form:

k [z
w_ = sin AxJ [en1 cos<n9t+z z+¢)
nz nl n
(60)
knzz
-e cos <th + an + ¢n) ,
4 kn1Z
u_ = cos 7\xJnX Knl e cos (th + l’,nlz + ¢>n + 'nn1>
(61)
z
o n2
—ane cos (n-Qt+ 8n22+ ¢n+ nn2>] ,
and
_ knlz
v, = cos AXJny Knl e cos <th + anz + qbn gt vn>
(62)
_ knzz
-K o€ cos (th AU NS P vn>

The constants J__, J__, and J_ _ are each proportional to T*, the magnitude of the
nz’ nx ny n

nth temperature harmonic, and like all the mode-dependent constants appearing in
Eqs. (60)-(62) are dependent on the physical parameters of the sea breeze. The

nl’ znl’ knz’ Enz’ Knl’ an’ M1’ "n2’
ent of Tn orT, while ¢n =a + "rn where o is mode-dependent but otherwise in-

constants k and v, are completely independ-

*
dependent of Tn or T .
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Since knl and kn2 are negative, all the components of the sea breeze will decay
with altitude. The sea breeze does not have a precisely defined height but an ef-
fective height can clearly be related to the exponential decay constant. Because the
first harmonic will always be the predominating term, we have decided to define
the height of the sea breeze as twice the reciprocal of the minimum of lkul or
[klzl . Thus HS, the height of the sea breeze, is calculated internally and the user

need not concern himself with its specification.

It is appreciated that situations can arise where information regarding the
internal structure of the predicted sea breeze may be required. For this reason
provision has been made to have the program print out the important mode-dependent

constants and Hs .

We shall now briefly discuss the availability of the physical parameters of the

sea breeze. A summary of suggested parameter values is given in Table 3 (p. 110).

Lx’ the total extent of the sea breeze, is twice the inland or seaward extent of

the sea breeze (in our sea-breeze model it is assumed that the inland and seaward
extent of the sea breeze, as measured from the coasiline, are equal). The dimen-

sions of Lx are assumed to be available,

K, the thermal eddy diffusivity, is taken to be a space-independent quantity and

as such its precise numerical value is not well defined. Measurements of K can,
however, be made, and from them a suitable average value deduced, characteristic

of a particular situation,

0o the average ground temperature, can be determined by standard techniques.

Although ¢, the Guldberg-Mohn parameter, does describe the effect of viscosity

on damping the sea breeze, it is in some respects a device for incorporating friction
in a simplified way — the reason being that it leads to relatively simple mathematical
descriptions of circulation systems which appear to be in agreement with experiment.
By increasing the values of o we shorten the time lag between the maximum tem-
perature and the maximum wind intensity of the sea breeze and also decrease the
intensity per unit of temperature differential. For instance, in calculations per-
formed by Defant,6 it was shown that holding all other parameters fixed and in-

creasing o from 0 to 2.5 x 10~% sec™! shortened the time lag between maximum




temperature differential and the maximum wind velocity from 6.7 to 1.4 hr. Con-
currently, for the same temperature differential, a factor of 3 decrease in wind
velocity occurred. The value of o to be used in a given situation must be based upon
past observations; that is, the sea-breeze circulation must be matched with the
mathematical model by adjustment of 0. There are to our knowledge no known ex-
perimental methods which yield o; however, suggested values are given in Table 3
(p. 110).

T, the vertical temperature gradient of the unperturbed atmosphere, is as-

sumed as is done in all models of the sea breeze,to be positive.

T;: and o the amplitude and phases of the temperature harmonics, are input

quantities calculated from the following formulas. Defining certain quantities 6y

and An by the equations

27/
5, = 2n e § T(t) cos (nft) dt (63)
0
and

2n/Q
A = enta S T(t) sin (nQ) dt , (64)

(=

where the time integration extends over 24 hr beginning at 1200 (noon) local time,

gives
1/2
* _ 2 2
77 = (o3 a2) (©5)
and
_ -1
Ty = tan (An/én) . (66)

It is assumed that the meteorologist who is using the sea-breeze program can iden-

tify those measurements which can lead to the designation of the temporal behavior
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of the temporal differential T(t). It should be understood that the time.t, used in

the sea-breeze calculations is always relative to local noon time.

Besides the inherent physical parameters just described, there is one other
parameter, related to the compatibility of the geometric description of the sea-
breeze coastline to the computer program grid structure requirements, which must
be discussed. It is anticipated that in any real situation a well-defined coastline
length Ly will exist for the sea breeze., Thus, Lx’ Ly, and §, the angle describing
the orientation of the sea-breeze coastline with respect to the y-grid axis, Yg’ es-
tablish the horizontal configuration of the sea breeze.

For computational purposes it is necessary to render the sea-breeze geometry
compatible with the (Xg, Yg) grid structure. This necessitates redefining the extent
of the sea breeze over the area bounded by the dashed lines (in Figure 12) with maxi-
mum and minimum values given by Ymax’ Ymin’ Xmax’ and Xmin’ which are deter-
mined by ert2hlishing the geometric center of the sea breeze, Lx, Ly, and y. How-
ever, the c~lc.iated values of the wind field are strictly defined over the domain of
sea breeze as determined by LX and Ly and x-y coordinate system, Thus, we must
extrapolate the calculations into the stipled and hatched areas. Since the shore-
line is assumed infinite in extent, it is theoretically permissible to use the cal-
culated results, as they are, to determine the wind field in the stipled area. On
the other hand, the extrapolation of the results for values of ]xl > (L )/ 2) is not im-
mediately obvious, but nevertheless can be achieved by interpreting the sea breeze
as a circulation cell located in a continuous chain of circulation cells. However,
this is only an approximation, arising from lack of a better method for attacking
the problem. The degree to which this approximation may be meaningful is un-
resolved, although there is evidence to suggest that compensating air currents flow
in regions adjacent to the sea breeze. If the sea breeze were really a single cell in
a chain of circulating cells, then the sea-breeze equations as already derived would
suffice to determine the wind field beyond |x| > (L x/ 2) because of the x periodicity
of the system. To incorporate the idea of the circulation cells, and at the same
time provide enough flexibility to account for departures from the idealiztion, we
have decided to define the wind field in the hatched region by the relationship

Yix,y,2,t) = ¥, (x,¥,2,t) exp {-ka[lxi - (L)/z )]} ,
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Figure 12. Geometric Considerations Related to the Sea Breeze

where zc is the calculated wind field in vector form whose x, y, and z components
are given by Eqs. (60)-(62), and ka is an attenuation factor. The case ka = (0 cor-
responds to the idealized circulation cell system, whereas large values of ka cor-
respond to attenuated adjacent circulation cells. The computer program is con-

structed so that the present method of extrapolation can be changed at a later date.

ka is an input parameter which must be specified by the user.
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Transport in a Macrowind Cell

Particle velocity for all particle transport is assumed to be given by the wind
velocity (three dimensional) at the particle position minus the still-air particle
settling rate. Within macrocells, particle trajectories are taken as straight lines;
therefore, particles can be moved from one boundary to the next in one computa-
tional step. Such boundary-to-boundary transport is illustrated in two dimensions
in Figure 13, which also shows the boundaries of one local cell superimposed on
the macrostructure. In more detail, when a particle intercepts the boundary of a
macrocell, the computations proceed as follows. We obtain the particle velocity
components normal to the boundary planes of the wind cell. We then compute the
time at which a boundary intercept would occur in each of the (three) component
directions. The earliest of these (three) intercepts indicates the time of exit and

the coordinates of the exit point are computed, Transport of a single particle

B
i

L/

Figure 13. Boundary-to-Boundary Transport and a Mountain
Wind Cell
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through the compartmented macrowind field is merely an iteration on this s'ngle
particle — single cell logic. During a calculation, complete trajectories are com-
puted serially for individual particles between major time, or topography boundaries,

or both. The exact natures of these boundaries are discussed later.

Transport in a Local Circulation System

When a particle passes into a local circulation system cell the mode of trajec-
tory calculation changes from that used in the macrowind-field cells. Within local
circulation system cells it is possible to calculate unique wind field velocities at all
points. For this reason particle trajectories are computed from the particle veloc-
ity equations using point-slope numerical integration with a constant time step. The

method is as follows. Suppose after n time steps the particle is at location (xn, Yy zn)

and has velocity (Vx, o Vy, o’ VZ, n). Then to determine the position of the particles

at the n + 1th time step, for example, in the x direction, we perform the computa-
tion X 1= % " Y nAt (it is repeated for the other directions). The magnitude of
At is determined by the user. The point-slope method of integration, including re-

striction on values of At, is discussed by Milne. 7

Temporal Variation of the Wind Field

Temporal variation of the wind field is achieved by periodically replacing the
entire wind field description data set. The period of data replacement is variable

and each replacement interval is specified by the user.

Topography Description

Three different methods of specification are available, First, the user can
specify a planar deposition surface at any altitude for use in areas not covered by
local circulation cells. Alternatively, a system has been provided to allow the
user to specify the topography in a piecewise-planar manner such as that illustrated
in Figure 14. A grid system that can be subdivided indefinitely to yield any desired
resolution of detail is used to achieve the desired resolution without the excessive
redundancy of a strictly regular grid. Within local circulation cells other topo-

graphic descriptions must be used. For instance, the topography of mountains
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Figure 14, Piecewise-Planar Topography Specification Below the
Macrowind-Field Volume (numbers are surface heights; vertical
scale is exaggerated)

covered by a mountain wind model ce.i is described by an analytical mountain shape
function. There is no provision in the model to account for shielding effects of
highly variable terrain, Additional details are given in the User Information

section (p. 133 ff) and in Appendix C.
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COMPUTER PROGRAM OUTLINE

Description

In its initial form the DELFIC system is designed for execution on the IBM
7094 computer via the IBSYS-IBJOB processor, and the "overlay” feature is used
to control the input sequence of major sections of the system. To facilitate dis-
cussions of the programs, we have assigned the executive programs of each major
section the names LINK1, LINK2, ... , which are more-or-less indicative of their
positions in the computation flow sequence. The Transport Module essentially con-

sists of three such major program sections:
LINK5 Initialization and control
LINK6 Wind-field description
LINK7 Particle transport.

Figure 15 shows the arrangement in which the computa ions required during
the transport period are grouped for execution. Note that final exit from LINKS5,
the transport executive, is made to a program called LINK8 — the output processor.
Figure 16(a) is a flow chart of the general program logic of the Transport Module.
This simplified representation shows in some detail the hierarchy of computation
loops that make up the transport logic. A simpler representation of this hierarchy
is given in (b) of Figure 16, which shows a nested set of five loops. In the outer-
most loop, there is a test to determine if the specified temporal extent of the trans-
port has been achieved; if not, an updated version of the wind-field description is
computed. In the next lower hierarchy level a part of a multipart wind field de-
scription is brought into the computer (if a multipart description is in use) in order
to transport particles which have gone beyond the in-core part of the description.

In the third level of the hierarchy the topographic description is treated like the
multipart wind description (if required). In the particles aloft list loop individual
particle descriptions are given sequential attention, and in the actual transport code
the individual fallout particle is transported until it reaches either the ground or

some boundary at which in-core data are insufficient to move it further.
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Figure 17 represents schematically the flow of information from secondary (tape)
memory to primary (core) memory and back during an extensive run of the trans-
port program. Using Figure 17 as a guide, let us consider the sequence of data

flows.

Initially, only the particles (input) and topography tapes contain any information,
and only the transport codes themselves are in primary memory. The initialization
and control program (LINKS5) reads identification information from the particles
(input) tape, writes comments on the system output tape. and then, if required,
loads the topography arrays from a previously prepared topography tape. * At this
point the wind-field description program (LINKS6) is called and a wind-field descrip-
tion is generated. This description is generated directly (and completely) into the
wind arrays in primary memory by the current versions of LINK6, However, if
future requirements warrant, a modified version of LINK6 can produce a more
extensive description of the wind field and be forced to store part of it on tape. In
either case, when LINKS6 is completed, the wind arrays are loaded and a "map" of

the wind tape (if any) has been produced and stored in primary memory.

Next, we enter LINK7, the actual transport program. and read a part of the
particles (input) tape into primary memory. The particle descriptions are then
transported one at a time until one of five possible conditions arises. These

conditions, which may be thought of as boundaries, are.

1 The particle drifts beyond the area for which a topographic height
has been specified in core. Inthis case the particle's description

is marked so that it will be eventually written onto the off-topo tape

2. The particle drifts beyond the region for which the wind velocity field
has been specified in core. In this case the description is marked

to go on the out-of-wind-field tape.

X

A special program has been written to aid the researcher in preparing topo-
graphy tapes from topographic maps or other sources (see Appendix C). The user
may, however specify a planar topography and bypass the use of a detailed topo-
graphic tape.
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3. The particle encounters neither of the previously mentioned
boundaries and is still aloft at the time when the wind-field
description must be updated to achieve discrete temporal
variability of the wind field. In this case the description is

marked to go on the time boundary tape.

4. The particle becomes grounded on the topography. In this
case the particle description is marked so that it eventually
is written on the program output tape which is used as an

input to the output processor.

5. The particle drifts beyond the entire secondary as well as
primary memory region of specification for either topography
or winds In this case the particle is labeled as a "lost

particle™ and it is removed from the transport process.

When the entire block of descriptions has been read into memory and processed the
next block of particle descriptions is read into memory and processed. After all
particle descriptions on the original input tape have been processed treatment of
the data (if any) on the three recirculation tapes begins. First, if any descriptions
were written on the off-topo tape, a new block of topographic data is read in and
the off-topo tape is put into the position (symbolically) of the original particles
input tape. Processing continues as before, and eventually the condition will ob~
tain that at the end of a pass no descriptions will be found on the off-topo tape
Under this condition we next consider the out-of-wind-field tape in a manner
analogous to "off-topo. " The treatment given to the time boundary tape is similar,
but when all particles that are still aloft are on the time boundary tape, a new
description of the wind field must be computed. Before each call of the wind-field
program (LINKS6) a check is made to see if the transport time limit has been
exceeded, and if it has been, a termination procedure is executed to record the

final status of memory.

Table 1 is a summary of the 11 programs of the Transport Module, Detailed

discussions of these programs are given in the next section.
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TABLE 1

A SYNOPSIS OF THE PROGRAMS OF THE TRANSPORT MODULE

Name

Called By

Purpose

LINKS5

Executive Program M3*

Transport initialization and control.

RDTOPO

LINKS5 and LINK7

Reads a block of topographic data into core memory.

LINK6

Executive Program M3*

Calls subroutine MKWIND

DUMPP

LINK5 and LINK7

Makes room in the particle array for a block of N new
particle descriptions by writing a set of particle
descriptions onto some memory or ourput tape,

MKWIND

LINKS5

Updates entire wind field description directly into the
common wind field arrays of the Transport Module, It
accepts many wind vector data and computes a spatially
variant wind field description by a number of different
methods such as:

1. Assign to the wind grid point the vector
at the nearest data points

2, Assign to the wind grid point a distance
weighted average of the vectors at the N
nearest data points

3. Fit a linear model to the N nearest data
points by least squares and use that model
to assign the vector to the grid point

Provision has been made throughout the programming for
the eventual inclusion of a system for the use of a volumi-
nous wind field description recorded on and retrieved from
a secondary memory system such as magnetic tape or disk.

RDCIRS

MKWIND

Reads data which describe any local circulation system
which may exist. These data state the size and location of
each local circulation cell and identify the computation
program which is to be used within each cell,

LINK7

Executive Program M3

Transports all input particle descriptions through the
specified wind field,

FALRAT

LINK?

Computes settling rate for a particle as a function of
particle size and altitude,

HEIGHT

LINK7

Retrieves the height of the topography for the position of
the current particle from the topographic data arrays.

LOTRAN

LINK7?

Transports a particle within or above a local circulation
system cell.

MTWND1

LINK7 and LOTRAN

A dual purpose subroutine which (1) reads the data that is
needed by the MTWND1 (mountain wind) program

and carries out those computations that are invariant with
position, or (2) computes wind vectors at specified positions
within the MTWNDI1 cell,

RGWND1

LINK7 and LOTRAN

Like MTWNDI1 but for the analytical ridge wind
model.

CBREZ1

LINK7 and LOTRAN

Like MTWNDI1 but for the analytical sea breeze wind
model.

_(-}ETWND

LINK?7 and LOTRAN

Retrieves the appropriate wind vectors from the macro-
wind-field description arrays.

‘See DASA-1800-VII (Operator's Manual).
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Program Discussion

In this section we present a detailed description of each of the executive
P
programs and subroutines of the Transport Module Each program description

is headed by the program name, its call list (if any). and flow chart (FC) number.

Subroutine FALRAT (ALT, PSIZE, FV, ATEMP, RHO. FROG, ISOUT}(FC-1)

This subroutine computes the settling rate of a particle at height ALT in an
atmosphere for which the density and dynamic viscosity are tabulated in arrays
RHO and ATEMP respectively. These tabulations must be for 200 m intervals
starting from 1000 m below MSL, T Fall rate equations derived by Davies2 are
used All units are in the meter-kilogram-second {mks) system except for PSIZE,
the diameter of the particle, which is in microns, and FROG, which is the pre-
computed product 4/ 3*g*ROPART*10_8 where ROPART is the density of fallout
particles (mks) and g is the acceleration of gravity (mks).

The Davies equations which are functions of the quantity CDR2 are valid over
separate ranges of CDRZ. The separation occurs at CDR =140. An overall
upper limit of CDR2 =4,7Xx 107 is imposed by Davies for the validity of his
equations. However, for lack of an appropriate substitute for use in computing the
settling rate for particles which exceed this limit, we have chosen to use Davies
equation for cases where CDR2 >4.7Xx 107A The program will record an indication
that the limit was exceeded for each case encountered

The computation proceeds in the following manner. After locating the particle

T

intermediate parameters Next CDRR is tested to determine which expression is

in one of the atmospheric layers, ' the program computes CDRR(CDRz) and several
to be used for the terminal velocity.. If the upper range is used, a check is made

to determine if CDRR > ¢ 7 x '107. If this is so, the printout "DAVIES EQUATIONS
ARE INACCURATE FOR PSIZE MICRONS AT ALT METERS" is made PSIZE
refers to particle diameter in microns and ALT refers to particle altitude in meters
Then, the settling rate of the particle, FV, is computed Finally, a drag slip
correction in the form of Cunningham's factor (see Appendix B of Ref. 1) is applied

to FV and control is returned to the calling program.

*
There are numerous error checks throughout the programs that result in

calls to subroutine ERROR when termination is required A full description of
subroutine ERROR is included in DASA-1800-VII (Operator's Manual)

¥ The atmosphere structure defined for the cloud-rise computations is used
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Subroutine DUMPP (FC-2 and FC-3)

This subroutine along with parts of the main programs of LINKS5 and LINK7
manages the system of primary (core) and secondary (tape) memory that is used to
record descriptions of particles (central particles of cloud subdivisions) during
transport, DUMPP serves to select and write one or more of the subsets of the
particle descriptions (defined in Table 2) in primary memory onto some secondary
memory or output tape and thus to make room available in primary memory. As
one of its inputs DUMPP accepts the number (N) of particle descriptions for which
room must be prepared in primary memory. It does not return until at least N
blank lines have been made available in the top (low-numbered end) of the particle
description arrays. DUMPP begins by selecting for dumping onto tape that set of
particles which is considered best from the point of view of machine efficiency. In
general, the largest set is considered to be best to dump because of the time re-
quired to put a tape drive into motion. However, an exception is made for the class
of grounded particles, since they will be written on the transport-output tape
(IPOUT) and will never be recirculated into the primary memory; therefore, when-
ever dumping the set of grounded particles would make sufficient room available
(counting those lines that are already blank) for N incoming particle descriptions,
the set of grounded particles is dumped, Before the actual dumping occurs, the
particle description in core storage is reordered so that all descriptions to be
dumped are located in a solid block beginning at the top of the particle descriptions
array, and all particle descriptions that are to remain in core are moved below
this block. The dumping operation then is executed, and finally a block of blanks
(empty spaces) large enough to receive the incoming particles is prepared at the

top of the particle descriptions array.

The main transport loop (in LINK7) passes sequentially across the list of
particle descriptions which consist, for the Jth particle, of three spatial
coordinates XP(J), YP(J), and ZP(J); a time coordinate TP(J); a particle size
PS(J); and a mass per unit area FMAS(J). At the end of its pass the main transport
will have marked each of the descriptions to indicate its membership in one of
the five classes listed in Table 2. To avoid the use of another array of data, the
sign bit of FMAS(J) and the sign and magnitude of the time coordinate TP(J) are
used to record the class of the description as indicated in Table 2,
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Referring to the general
and the deailed flow charts of
subroutine DUMPP (FC-2,

TABLE 2

PARTICLE CLASSIFICATION IDENTIFIERS USED BY DUMPP

Cl F .
ass MASW) TPO) | JTESTL  and FC-3, respectively), we
Blank 0 Not Used shall next consider its opera-
Grounded particles -FMAS(J) -TP) 1 tion, First by comparing N,
Lost particles. These are particles -FMAS(J) TLIMIT 2

that have gone beyond the complete the number of inc ommg partl—

wind field or topographic description s .
cle descriptions, with NFREE,
Topography boundary particles. +FMAS(J) -TP(J) 3

These are particles at the limit of the current number of blank
the in-core topography

lines in the arrays, we can

Time boundary particles. These are +FMAS(J) ENDTIM 4
rticles at the time limit for the N . .
D oo wind freld ' immediately determine whether
Wind-field boundary particles. These -FMAS(J) +TP() 5 any descriptions must be
are particles at the spatial limit of the
in-core wind field dumped. If none need be

dumped, we set JTEST =0 to
indicate that no blanks are known to already be at the top of the particle arrays and
then transfer to 152 where the needed number of blank lines are brought to the top
of the arrays from wherever they may be within them, If some particles must be
dumped, we transfer to 151 to determine which set to dump.

At 151 we determine if the number of particles in the grounded set plus the
number of blank lines in total provide enough space for the block of N particles
which are to come in. If they do, we set the parameters JTEST =1 and JTEST = NG
to indicate respectively the class of particles to be dumped and the size of that class.
Then a transfer is made to 18 where other preparations are made to carry out the
dump. If a larger dump is required to yield N empty spaces, the set with the largest
membership is selected and JTEST1 (see Table 2) and JTEST are set appropriately.

At 18 a safety test leading to an error stop is carried out followed by a thres-
hold test on the size of the set to be dumped. Because a limit exists on the size of
any particle block read by the output processor (see DASA-1800-VI), and also be-
cause we must impose block size control to allow for recirculation of data during
transport itself, a maximum block size is defined within the LINK5 program. No
block larger than NBMAX will be written by DUMPP,
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At 181 the program branches, on the basis of the class of particles to be
dumped (JTEST1), to a code that appropriately sets a group of assigned go-to
statements and tape name parameters for use within the code that iactually selects
particle descriptions, Also at these points, the appropriate class count (NG,
NLOST, NTO, NTI, or NW) is decreased in accordance with the number of des-

criptions about to be dumped.

At 99 a one-line summary printout of information on the particle block to be
dumped and of the particle counts is executed, Specifically. this output consists
of the following data in order of printing from left to right: JTEST, JTEST1, and
the current (predump) values of the in-core counts for blanks, grounded particles,
lost particles, topography boundary particles, time boundary particles, and wind-
field boundary particles. Then we set certain parameters that are used within the
loop that actually sorts the particles to be dumped into the top of the particles array.
That loop, beginning at 98, first classifies a line in the particle array into one of
three classes: blank, to be dumped. or not to be dumped Classification is done by
a set of assigned go-to statements. After this three-way classification, various
actions occur in such a way to provide the needed sort into a contiguous block with
something close to the theoietically minimum number of word movements. The
particle classification and sorting code is logically complex and should be modified

only with great caution.

At 1102 the sort is completed and all class indicator signs are set positive in
preparation for actual dumping. In the case that lost particlés are to be dumped,
the control parameter IC(8) is tested to determine if printed listings of lost parti-
cles are requested. If IC(8) = 0, the lost particle count and particle descriptions
(XP, YP, ZP, TP, PS, and FMAS) for the complete block are written on the IBSYS
output tape for printing, If IC(8) # 0, this printing is deleted In any case, no further
dumping action is required for lost particles. For all other classifications of parti-
cles, the block of particle descriptions is written on the appropriate binary auxiliary

tape following its block count.

At 154 additional sorting is done, if necessary, to prepare a solid block of blanks
at the top of the particles description array that is large enough to receive the incom-
ing block of particle descriptions This is done by interchanging locations of particles
that lie above the block boundary with blanks that lie below it.
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INITIALIZE FOR
BLOCKING SORT
IRSET = 0
ICON = 0
JB = NALOFT
JT=1 J=JB

WRITE OUT A
NUMP SUMMARY
RECORD

BRANCH
ON FMAS(J)

BRANCH ON
TP@) - TLIMIT

BRANCH ON

BRANCH ON
TP(J) + ENDTIM

TPW) - ENDTIM

003'1"0 BLANK
DUMPED BE DUMPED
()
FC-3. (Continued) Detailed Flow Charts for Subroutine DUMPP
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NO

REPLACE STORED
PARTICLE IN
BLANK LINE

JBL

()

RESET KEYS
(OF ALL PARTICLES]
TO BE DUMPED

RITE SELECTED TAPE
OUTPUT TAPE BINARY
TO BE USED?
ITEST
NTAP = 1S0UT? XP@)... J=1,JTEST

PRINT: OUTPUT
APPROPRIATE TITLE
FOLLOWED BY

XPW)... J=1,JTEST

NFREE =
NFREE + JTEST

FMAS(J) =0
FOR

J =1, JTEST

N = JTEST

CONSOLIDATE
BLANKS IN PARTICLE
ARRAYS FROM
LINE JTEST TO
LINE N

(e)
FC-3. (Continued) Detailed Flow Chart for Subroutine DUMPP
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Subroutine RDTOPO (no flow chart)

This subroutine is used by both LINKS5 and LINK7 to read topographic data
from: the topographic data tape IHTOPO. The contents of tape IHTOPO are
described in detail in the User Information section, and the FORTRAN variables

referred to below are defined there.

For each block of topography data to be read, subroutine RDTOPO checks the
values of II, JJ, and KK to determine whether they are within the prescribed
range of values to avoid the possibility of an overflow in core storage beyond the
space reserved for the arrays. If an error is found, the comment —INCORRECT
TOPO TABLE OI' CONTENTS — is made and execution of the run is terminated.
If satisfactory values of II, JJ, and KK are found, the arrays S and SUBSID are
read into core memory from tape IHTOPO, and control is returned to the calling

program,

Subroutine LINK5 (FC-4 and FC-5)

This program acts as an initializer and controller for the Transport Module.
Upon the first entrance to LINK5 it initializes parameters and reads the following
information from the IBSYS input tape: a transport identifier, transport control
data (array IC(J)), and thc transport time limit (TLIMIT). Based on the control
data LINK5 next rewinds only those tapes that may be used during transport. If
a piecewise-planar topography tape is to be used, its identifier is next read and
checked. If the wrong tape has been mounted, a comment is written and the
program awaits operator action before trying again. Next, the tape of particles,
IPARIN, ' ready for transport is checked in a manner similar to that used on the
topography tape. When found to be correct the program next reads from this tape
(IPARIN) a number of data sets that are needed by either transport or the output
processor, or both. Included in these data sets are: detonation parameters; the Cloud
Rise-Transport Interface Module run identifier;the cloud-rise identifier; the detondtion
identifier; the fallout particle density; tabulated distributions of particle mass,
activity (optional), and surface-to-volume ratio as functions of particle diameter;
and a tabulated atmospheric description that consists of viscosity and density

versus altitude.

*Tape IPARIN has heen prepared by the Cloud Rise-Transport Interface Module,
See DASA-1800-111.
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Next, a parameter (FROG) is computed that is required by the particle setting
rate computations (subroutine FALRAT). Then if a piecewise-planar topography
tape is not to be used, a height is read and stored for use as the height of a fully
planar topography and a transfer is made to statement 205 where wind data are read.
On the other hand, if a piecewise-planar topography is to be used, its identifier and
table of contents are read from the tape IHTOPO. The parameter HTOPO is set at
the highest topographic height on the whole tape and the first topo data block is read
by calling subroutine RDTOPO,

At 205 the program reads a wind-field data set identifier from the system in-
put tape and transfers to the transport output tape IPOUT) all identifiers and
descriptive tables required by the output processor. Next LINK5 prints a title page
for the transport run including identifiers and atmospheric data and then transfers

to 200 where the transport executive begins,

Statement 200 is the place to which control is immediately transferred upon
any entrance to LINK5 except for the first, At 200 TLIMIT and ENDTIM are
compared to determine if the processing of the Transport Module has been com-
pleted. Note that transport is considered to be unfinished so long as ENDTIM, the
time at which the current wind field must be updated is not greater {later) than the
user-specified time of transport cutoff (TLIMIT), (ENDTIM is initialized to 0.0 on
the first pass through LINK5, It is assigned its true value by the wind description
program MKWIND which is called by LINK6, subsequent to LINK5, when LINKS5 has
set IEXEC = 1 at statement number 400, )

When transport has been completed, LINKS5 sets N = NALOFT and calls DUMPP
to dispose of any particle -descriptions that may remain within core memory. Next,
if any particles remain on the time boundary tape they are read in and printed as
lost particles for the benefit of the user. Finally at 501 the terminating zero is
written on the transport output tape IPOUT), the comment — TRANSPORT IS
COMPLETED, etc., —is written and the executive control word IEXEC is set to

zero to cause a transfer to LINKS8 of the Output Processor Module (see DASA-
1800-VI.)
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NO

IS THIS THE
FIRST ENTRY TO
LINK5?

INITIALIZE
REWIND TAPES
READ CONTROL DATA
CHECK TAPE IDENTITIES

READ PARTICLE AND

ATMOSPHERIC DATA
PREPARE FIRST PART OF TRANSPORT
INTERMEDIATE OUTPUT TAPE (IPOUT)

ANY MORE TIME YES
INTERVALS TO BE | IEXEC =1 RETURN
DEALT WITH ? ]

T

RETURN TO GET OR COMPUTE
A NEW WIND FIELD

MAKE FINAL TRANSPORT

COMMENTS TO USER
AND OPERATOR

IEXEC = 0

RETURN TO CALL OUTPUT
L PROCESSOR OR STOP RETURN

FC-4. General Flow Chart for Subroutine LINK5

59




FIRST PASS?

P
JFTOPO =0
INITIALIZE p————p IBYPAS = 918273 MXTOPO = 4
IPARIN= 11 DTLOC = 10,0
IOTOPO =4 DTMAC =10.0
IOWIND =3 NALOFT = 200
HTOPO =10 NBMAX = 150
IPOUT =9 NFREE = NALOFT
IPAROT =1 NLOST =0
JTOPL =0 NSTRAT =70
JWINDL =0 NW=20
JTIMEL =0 NTO=0
ENDTIM =0 NG=0
JDONE =0 ILIM =10
JLIM =10
KLIM = 400
N
J=1
CLEAR ARRAY >
FMAS Y
-~ FMAS(J) = 0.0
el J=Jd+1
NO
YES

READ TRANSPORT IDENTIFICATION CARD,
(TID), J = 1,12)
Y
READ CONTROL INTEGER ARRAY
(ICw@), J=1,18)

/
C{EAD TRANSPORT TIME LIMIT

(T LIMIT)

GO TO

@)
FC-5. Detailed Flow Charts for Subroutine LINK5
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REWIND
} IHTOPN

. 5
™
w

ES

O

REWIND
IOTOPO

REWIND ALL TAPES
INVOLVED IN
TRANSPORT

il
5]
w

N\
OB

Z

¢}
v
]
I3

:
3

IPAROT

REWIND IPARIN

REWIND IPOUT

REWIND
THTOPO

CHECK IDENTIFICATION ON
TOPOGRAPHY TAPE

PAUSE

REWIND
IPARIN

CHECK [DENTIFICATION ON
PARTICLES INPUT TAPE

WRONG

ID_ {PRINT ON-LINE
COMMENT

()
FC-5. (Continued) Detailed Flow Charts for Subroutine LINK5
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DETONATION PARAMETERS \
READ FROM IPARIN: FW, SSAM. SLDTMP, TMSD, SIGMA, SPARFI,
TW, HOB, NSP, XGZ, YGZ, TGZ, BZ, NCL, RADMAX

INTERFACE IDENTIFIER
ED@), J =1, 12

CLOUD RISE IDENTIFIER
CRID@), J =1, 12

DETONATION IDENTIFIER
DETID@), J =1, 1
FALLOUT PARTICLE DENSITY
NUMBER OF PARTICLE SIZE RANGES
- N3

PARTICLE SIZE, MASS IN RANGE, PARTICLE ACTIVITY

M%myp ~T0- %M
@, VYD, VZ@, VX@), I=1,

NUMBER OF ATMOSPHERIC STRATA

ATMOSPHERIC VISCOSITY AND DENSITY
TEMP(J), , Jwl,

FROG = 1, 306666 7E - 17° RUPART

PRECOMPUTE A CONSTANT
FOR FALL RATE CALCULATIOR

READ A SINGLE
TOPO HEIGHT
FROM SYSTEM
INPUT TAPE
AND RECORD
IT IN TTOPO

READ TOPO IDENTIFIER FROM
IHTOPO
(TOPIDY), J =1, 12)

( READ TOPO TABLE OF

CONTENTS FROM IHTOPO
ARRAYS TOPOLM AND ITOPLM

HTOPO = 0.0
I=1

FIND HIGHEST TOPO |
HEIGHT ’ R
HTOPO - TOPOLM4. J)

_HTOPO - TOPOLM{4.J)
0, +
JaJ+1 &
NO
YES
GO TO

(c) |
FC-5. (Continued) Detailed Flow Charts for Subroutine LINKS
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[TAD TOPO DATA BLOCK >

CALL RDTOPO(1)

READ A WIND FIELD IDENTIFIER
FROM SYSTEM INPUT TAPE
WID@), d= 1, 12

WRITE ON TRANSPORT INTERMEDIATE OUTPUT TAPE (IPOUT)

A HEADING, DETONATION PARAMETERS, ALL IDENTIFIERS, PARTICLE
DISTRIBUTION DATA, AND ATMOSPHERIC PROPERTIES. THIS INCLUDES
EITHER THE TOPO IDENTIFIER FROM TAPE OR MERELY THE
TOPO HEIGHT IN THE EVENT THAT A FULLY PLANAR

TOPOGRAPHY WAS USED

~

PRINT A TITLE PAGE INCLUDING ALL
IDENTIFIERS AND ATMOSPHERIC DATA

RETURN TO GET OR
PRODUCE NEXT TIME
INTERVAL'S WIND FIELD

!

ANY MORE TIME INTERVALS * NTI =0
TO BE DEALT WITH? > IEXEC = 1 RETURN
YES TO 400

N = NALOFT

|

WRITE REMAINING
PARTICLES OUT OF CALL DUMPP
MEMORY

RITE A FINAL ZERO BLOCK COUNT AND
AN EOF ON THE TRANSPORT
INTERMEDIATE OUTPUT TAPE (IPOUT)

DO
{fN THE TIME BOUNDARY (————Pp~

REWIND TPOUT

ANY PARTICLES REMAIN!

TAPE (IPAROT)? Y

PriNT ON LINE AND OFF:
TRANSPORT IS COMPLETED. ...

REMAINING WINDFIE LD

TO OUTPUT PROCESSOR

RETURN TO TRANSFER
OR STOP

(d)
FC-5. (Continued) Detailed Flow Charts for Subroutine LINKS5
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%(})2)

700 |

Y

7
! WRITE A TERMINAL
ZERO ON IPAROT

; REWIND >
IPAROT

PRINT TITLE
FOR PARTICLES
LOST AT THE FINAL

TIME BOUNDARY

READ N
FROM IPAROT

N>0

YES

NO

READ N PARTICLE
DESCRIPTIONS
FROM IPAROT

PRINT N
PARTICLE
DESCRIPTIONS

FC-5.

(Continued) Detailed Flow Charts for Subroutine LINK5
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Subroutine LINK6 (no flow chart)

This program merely calls subroutine MKWIND, the wind-field description
subroutine, It has been left as a separate subroutine in anticipation of its use as a

branch point to select the desired program to be used for the wind-field description,

Subroutine RDCIRS (FC-6)

The purpose of this subroutine is to read a set of data which describes the
geographical limits of the area covered by each of the local circulation systems
that are to be used within the transport, Also, the identification number (NCRTYP (K))
for the computation code (local circulation model) applicable within each of the local
circulation cells is read. At thé time of this writing only three types of local cir-

culation systems are used:

Identification

__Number Program to be Used Model
1 MTWND1 Mountain wind
2 RGWND1 Ridge wind
3 . CBREZ1 Sea breeze

The data are read from the IBSYS input tape,one card image at a time, with
all data pertaining to the Kth local circulation area appearing on the same card. A
count of card images read is accumulated in variable K and reading is terminated
whenever a blank card (NCRTYP(K)= 0) is encountered. At this time the number of
local cells for which data have been read is stored in NLOCIR and a return is made
to the calling program. An error stop occurs whenever a circulation code identifier

(NCRTYP(K)) which is either negative or greater than 5 is encountered.

Subroutine MKWIND (FC-7 and FC-8)

This subroutine forms and stores in core a horizontally and vertically variant
wind description on the basis of inputs from the IBSYS input tape. Inputs are as

follows:
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120 Jt

DATA STATING THE
COORDINATE LIMITS
AND COMPUTATION TYPE
OF ONE LOCAL CELT.

K=K+1

READ FROM INPUT TAPE CRMINX(K), CRMAXX(K)
CRMINY(K), CRMAXY(K), NCRTYP(K)

NCIR = NCRTYP(K)

o @ IRROR = 122
0 +

YES

NCIR > 5 @ | IRROR = 124

-
NO (parm*: LOCAL cmcumno»)

CODE (NCIR) IS NOT
AVAILABLE

NLOCIR=K -1 PROGRM = RDCIRS
(BCD)

CALL
ERROR

FC-6. Flow Chart for Subroutine RDCIRS
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1. Control variables ENDTIM, which gives the time at which
wind field to be constructed from the following data ceases
to be valid; ALPHA and BETA, which are weighting param-
eters to be applied to vertical and horizontal distances (see
Eq (21) ff. ); NN, which specifies the number of nearest
vectors to be used in estimating the wind vector at a grid
point; and NCODE, which identifies the desired computational

option,

2. Specifications for constructing the wind-field grid for the
Jth vertical stratum in the form BOTHIT{J), WGRINT(J),
WLLX(J), WLLYJ), WURX(J), and WURY (J); BOTHIT(J)
is the height of the bottom of the Jth stratum, WGRINT (J)
is the grid interval to be used in the Jth stratum, and
WLLX(J), WLLY({J), WURX(J). WURY(J) are lower left
corner and upper right corner limit coordinates. Note that
each stratum specification is independent of all others. The
specification input is terminated when a value BOTHIT(J) >
999999, 0 is encountered.

3. Wind vector data from which the wind field is to be constructed:
ZS(K), X8(K), YS(K), SX(K), SY(K), and SZ (K); ZS(K) is the
height of the Kth vector, XS is the east-west coordinate of
the Kth vector, YS is the north-south coordinate of the Kth
vector, SX(K) is the eastward component of the Kth vector,
SY(K) is the northward component of the Kth vector, and
SZ (K) is the upward component of the Kth vector. The
vector reading operation is terminated when a value
ZS(K) > 999999. 0 is encountered.

A wind-field tape IS NOT WRITTEN by this program, Flowchart FC-7 is a
functional flow chart of this program that shows how the four available computation
options are arranged to use much of the same code. Flow chart FC-8 presents

the details of the subroutine and may be used to follow the ensuing discussion.
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LOOP TO SELECT

SET UP LOOP
FOR LOADING
GRID POINTS

COMPUTE DISTANCE
BETWEEN GRID

POI AND
ALL DATA VECTORS

SELECT THE
NN NEAREST
DATA VECTORS

LEAST SQUARES
NCODE = 4

No

COMPUTE WEIGHTING
FACTORS FOR
THE NN NEAREST
DATA VECTORS

COMPUTE VECTOR
ESTIMATE FOR
CURRENT GRID

POINT

START

READ CONTROL DATA WIND VECTOR DATA
AND SPECIFICATIONS OF THE DESIRED
MACRO WIND FIELD GRIDE

BRANCH
ON THE
COMPUTATION
METHOD NUMBER,
NCODE.

NN « JTOPV,
NN =1 THE TOTAL
NUMBER OF DATA
VECTORS
‘r

f WEIGHTED LEAST SQUARES

,:‘éaﬁgg AVERAGE OF ON NEAREST
ALL DATA NN DATA

COMPUTE LEAST

YES SQUARES PLANAR

MODEL PARAMETERS
FOR GRID POINT

l

COMPUTE VECTOR
ESTIMATE FOR
CURRENT GRID

POINT

NO

68

FINISHED
WITH ALL GRID
POINTS?

YES

PRINT ALL INPUTS

AND OUTPUTS
READ LOCAL
Aky)  4—— cELL LiMITS
AND TYPES
CALL FOR
RETURN] 4——] TRANSPORT
PROGRAM

FC-7, Organizational Flow Chart for Subroutine
MKWIND

WRITE: COMPUTATION

METHOD (NCODE)
1S NOT
AVAILABLE

PROGRM = MKWIND
{BCD)

CALL
ERROR




SORT STRATU'M

SPECIFICATIONS INTO
ORDER OF INCREASING ;’

ALTITUDE

/ READ ENDTIM (THF TIME FOR THE NEXT
UPDATING OF THE WIND FIELD) AND ALPHA
{A WEIGHTING FACTOR FO" "ERTICAL DISTANCES)
D BETA (A WEIGHTING FACT! OR HORIZONTAL DISTANCES)

|

t
READ XN (THE NUMBER OF NEAREST DATA POIN )
USED IN MAKING GRID POINT VECTOR ESTIMATES) AND NCODE
N Vﬂ'li”)" TFICATION OF T "OMPUTATION METHOD To BE USED)

READ
CONTROL
DATA

PROGRM =

TRROR = 1034 MKWIND

;

READ SPECIFICATION
OF DESIRED GRID
AND STRATA

ARRANGEMENT

! \MP DOWN CALL
&FCTOR DATA ERROR

PRINT: ENCOUNTERED
TWO WIND GRID LAYER
REQUESTS FOR THE
SAME ALTITUDE

BOTHIT (J)-
BOTHIT (J-1)

SWAP THE J-TH SPECIFICATION
FOR TH -iTH
SPECIFICATION AXND SET
KS-1

VECTOR COMPONENTS SX()), \HY)

READ DATA
VECTORS

HROR - 100

(@)
FC-8. Detailed Flow Charts for Subroutine MKWIND
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SET JTOPV, THE
COUNT OF
DATA VECTOR'S

PRINT: NN WAS REDUCE
TO (ITOPY)

NN = JTOPV

CHECK THE
COMPUTATION
CODE NUMBER

PRINT: INADEQUATE
CONTROL DATA
COMPUTATION METHOD
| WILL BE USED

1
NN = JTOPV
ALL VECTORS PRINT: COMPUTATION
ARE TO BE TREOR = 11 METHOD INCODE) IS
USED NOT AVAILABLE
J {RROR = 121
//

= WGRINT(W)/ 2 ¢
— TLOIW) - (WURXAIW) - WLLXAGW))/WGRINTLIW) - 1 0
IBADD(Y = 1 (WURYUW)  WLLYTWH/WGRINTUWY - 1 0
K=o WORINTEIW) /2 0
o WLEXGW) - Wiz
= WLLYMIW) - We
(X =1 LY =1

SET COUNTS OF
X AND Y GRID

1 SQUARES

+

LY

L oy POTHITLTS) ,",‘;”””"'v'\ "J Zi = BOTHITEIW)

R

)
FC-%. (Continucd) Detailed Flow Charts for Subroutine MKWIND
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'—---—-----

T1 = (28(J) - 2G
Tl=T1*T1~
T2 = ALPHAS - T2

Tl = {X8(J) ~ X
= ((BETA2 - Tl) /(BETAZ + TI})) * DZ2(J)

G) * (XS(J) - XG) + DY2(J)

D2ty =

FC-8.

BIG

COMPUTE SQUARE
OF WEIGHTED
DISTANCE BETWEEN

JTH VECTOR AND POINT

‘COMPUTE SQUARE
OF DISTANCE
BETWEEN J-TH
_VECTOR AND GRID POINT

COMPUTE SQUARE OF
DIAGONAL DISTANCE
BETWEEN VECTOR

AND GRID POINT

NE,
NN DATA VECTORS
RECORD DISTANCE IN
DM AND INDEX IN NADT

SCAN TO LOCATE ANY
VECTOR NEARER THAN
THE MOST REMOTE OF
THE NEAREST NN

RESET DM AND NADT
TO INDICATE THE
MOST REMOTE OF THE

NEAREST NN
VECTORS

INCREMENT INDEX
FOR STORING
COMPUTED VECTORS

WEIGHTED
AVERAGE

MP = NADW)

NAD(J) = NAD(NADT)

'\"\D{\ADT) = NTEMP
= DKL)

g

KL = NAD(KKK)

DM = D2(KKK)
NADT = KKK

ARE WE USING
LEAST SQUARES
METHOD”

LEAST SQUARES

(d)
(Continued) Detailed Flow Charts for Subroutine MKWIND
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NS

SDYZ
SAU

SNN = NN SDzZ2=0 SAV =0 SVX =0
SDX = 0 SDXY = 0 SAW = 0 SVY =10
8DXZ = 0 SUX =10 8Vz =0

0 SUY =0 SWX =0
0 SUz=0 SWY =10

KL = NAD(J)

T1
TZ

7S(KL) - ZG

XS(KL) - XG TY = YS(KL) - YG

SDX = SDX + T1
SDX2 = SDX2 + T1 » Tl
SDXY = SDXV + Tl #« TY

SDY = SDY + TY
SDY2 = SDY2 + DY2(KL)
SDXZ = SDXZ + T1 » TZ

SDZ = SDZ « TZ
SDZ2 = SDZ2 - DZ2(KL)
8DYZ = SDYZ + TY » TZ

SAU = SAU + SX(KL)
SUX = SUX ¢ Tl  SX(KL)
SVX = SVX + T1 » SY(KL)

SAV = SAV + SY(KL)
SUY = SUY ¢ TY » SX(KL)
SVY = SVY + TY » SY(KL)

SAW = SAW + SZ(KL)
SUZ = SUZ + TZ * SXKL)
SVZ = SVZ + TZ » SY(KL)

SWX = SWX + T1 » SZ{KL)

SWY = SWY + TY  S2(KL)

SWZ = SWZ + TZ & SZ(KL)

SAUGL = SDY2 » SDZ2 - SDYZ « SDYZ
SAUG2 = SDXY # SDZ2 - SDYZ + SDXZ
SAUG3 = SDXY » SDYZ - SDY2 » SDX2Z
SAUGH = SDX2 » SDYZ - SDXY * SDXZ

I

B11 = SDX2 * SAUGI - SDXY ¢ SAUG2 + SDXZ » SAUG3

B21 = SDX « SAUGI - SDY » SAUG2 + SDZ « SAUG3

B31 = SDX * SAUGZ - SDY » (SDX2 # SDZ2 - SDXZ » SDXZ) + SDZ » SAUG4
B4l = SDX » SAUG3 - SDY « SAUG4 - SDZ e (SDX2 * SDY2 - SDXY » SDXY)

1

[BB- AMAX1 (|SNN » B111, |SDX » B21], |5DY » B31[,|SDZ « m1r)l

ﬁL\'T:AN EXCESSIVE NUMBER OF SIGNIFICANT FIGURES ARE LO!
IN THE LEAST SQUARES CALCULATION. THE DATA POINTS GO TO
APPROACH A LINE OR PLANE. THE WEIGHTED VECTOR 2UR0
METHOD IS USED FOR GRID POINT (XG, YG, ZG)

TEST FOR
LOSsS OF
SIGNIFICANCE

VX(K) ~ (B11  SAU - B21 « SUX . B31 ¢ SUY - B41 + SUZ)/BBB
VY(K) = (B11 # SAV - Bzl & SVX - B3l « SVY - B4l » SVZ)/BBH
VZ({K) = (B11 ¢« SAW - B2l « SWX + Bl » WY - B41 « SW7)/BBB

G T

X

(e)
FC-8., (Continued) Detailed Flow Charts of Subroutine MKWIND

72




it

INCREMENT AND
TEST

COORDINATE OF

GRID POINT

2Ome

SUM =0
J-1

L = NADW)

D2 (L = 1.0/D2{L)
SIM = SUM+ D2(L)

PRINT: NO VECTORS LIE WITHIN
THE SPECIFIED WEIGHTING REGION.
A RANDOM SELECTION OF NN
VECTORS ARE EQUALLY WEIGHTED
FOR GRID PUINT (XG. YG, ZG).

ARE NO
VECTORS WITHIN
THE WEIGHTING
REGION

VZ(K) = VZ(K) - SZ(L) « D2(L)
J=d 1

CYIK)  VYK)SS1
VZIK) = VZIK)/SUM

5

Xf; = NGO - WORINTOWY
LN - LX)

ON THIRD

@)
FC-8. (Continued) Detailed Flow Charts of Subroutine MKWIND
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INCREMENT AND )
TEST Y
COORDINATE OF
GRTD POINT

XG = WLLX(JW)
YG = YG + WGRINT(JW)
LY=LY + 1 LX =1

(  ON THIRD

INCREMENT ANDw
TEST STRATUM
INDEX JW

PAGE OF
THIS FIGURE

JW=JW + 1

74

PRINT

RESULTS

‘ NO JT=JW -1
IBADD(JW) = IBADD(JT) +
(IL(IT) + 1) (JLEIT)
YES

PRINT: TITLE AND
) ALL INPUT PARAMETERS
AND VECTOR AND

STRATUM DATA
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In the beginning the parameters ENDTIM, ALPHA, BETA, NN, and NCODE
are read from the IBSYS input tape. If NN is zero or negative, an error stop is
printed and the program terminates;* with NN positive, the program transfers con-
trol to 2041 where it begins reading the deck of data in which the user specifies the
wind-field subdivision structure that he wishes the program to use. This reading
operation continues until a card having the value 999999. 0 in the field BOTHIT(J) is
encountered. If such a card is not encountered before more than NSTRAT (speci-
fied in LINK6) cards have been read, an error comment will be written and
processing will be continued. When the deck ending card (BOTHIT(J) = 999999. 0)
is encountered, the variable JTOPJ is set to the number of stratum specifications
that have been read. At statement 1054 the data just read are arranged into ascend-
ing order of stratum base altitude (BOTHIT(J)) by a pair comparison replacement
sort, If during the sort two specifications are found for the same altitude, a comment

is printed and an error stop occurs.

When the program reaches statement number 1055 the sort of stratum speci-
fications is complete and the program begins to read a deck of wind vector data,
This read operation is of the same form as the read of stratum specifications, but
the count of data veétors is recorded in the variable JTOPV. If at the end of the
vector-read operation the number of vectors read does not exceed NN, the speci-
fied number of nearest data vectors to be used in the computation of each wind cell
vector, NN is reset to JTOPV and the computations will continue after a comment

is written.

*The use of NN with the preferential weighting method is somewhat redundant
in that the weighting procedure automatically limits consideration to only those
observations that lie within specified distances, horizontal and vertical distances
being specified independently of the wind-field grid points. Normally one should
specify NN to equal the total number of input wind vector observations when the pre-
ferential weighting method is used. In any case, only the NN wind vectors closest
to each grid point will be used in determining each wind field vector.
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Continuing from statement 106, the program determines if 0 < NCODE < 6 and,
if so, branches on NCODE to make preparations for further processing by the
chosen computation method (see flow chart FC-9 and Table 8). After all transfers
are made to an available computation method via NCCDE, control eventually returns

to statement 115,

At 115 initializations are made for a loop that will fill in sequentially all of the
wind cells of the specified strata and will record the vector values in the arrays
VX{J), VY({J), and VZ(J). The storage index of the first entry in the wind-field
description arrays for the first stratum is set at 1 (i.e., IBADD(1) = 1), the stratum
index JW is set at 1 to designate the first and lowest stratum, and the vector

storage index, K, is initialized at 0.

At 1151 IL(@W) and JL(JW), the number of wind cells in stratum JW in the X
and Y directions, respectively, are computed. The constant 0. 9999999 is added
before truncation of the floating point value to an integer to insure that the cells
will always cover the complete area specified by the user. Next, further initial-
ization occurs and the grid point coordinates XG, YG, and ZG are set at the center
of the first cell of the stratum. Note that special treatment must be given to the Z

coordinate of both the top and bottom strata.

At 1158 the program begins to set up the array NAD, which is used to store ad-
“ress indices of wind data vectors that are nearest neighbors to a particular wind
field grid point. It first sets all NAD(J) =J, J =1, JTOPV, to provide indices for
the full set of data points and to provide an initial set of nearest data points. Note
that in the beginning the NAD do not reference data vectors in order of increasing
distance from the grid point (XG, YG, ZG), but merely provide an initial input to a
sort procedure that will provide such an ordering. Initially, we set NADT, the
index of the NAD representing the data vector which is the most remote (from the
grid point) of the nearest NN vectors, at 1, since prior to the first pass through the
distance sorter all NN data vectors are equally likely to be the most remote of the

set.

Next, in three DO loops ending at 199, 201, and 202 we compute weighting
factors related to the vertical and horizontal distances between the current grid

point and each data vector point, and store the result as a measure of remoteness
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in the array D2(J) which is parallel to the data vector arrays. We attempt to
minimize computation by keeping weighting factor components in parallel arrays

DY2 and DZ2 during the evaluation of a wind field.

After 202 we find the address of and distance to the most remote point (from the
grid point) of the currently specified NN "nearest" data points. (These are the
points whose addresses (indices) are given by NAD(1) through NAD(NN). This
maximum distance is stored in the word DM and NADT is set such that DM =
D2(NAD(NADT)).

At 2072 we may scan the data vectors that are not within the set of nearest
NN to ascertain that there is no vector nearer than the most remote of the nearest
NN. If one is found, its address must be inserted in the place of the most remote
and adjustments made to NADT and DM. (This somewhat obscure procedure is in-
tended to achieve efficiency by making extensive use of the strong correlation that
will exist between the interpoint distances in the array D2 as the calculation
progresses from one grid point evaluation to the next.) At the end of this pro-
cedure (after 2073) the nearest NN data vectors have been located and their addresses
are recorded in NAD(J), J =1, NN,

The grid data storage index K is next incremented and a second branch is made
on the basis of NCODE,

If NCODE = 4, we branch to the least-squares method which uses the NN near-
est data points under the restraint that NN > 4. Rectilinear coordinates of the points
are determined with respect to the grid point at which we wish to calculate the wind
field. Next, the elements of the normal equations matrix are computed and the
complementary minors B11, B21, B31, and B41 are determined. If BB, the

absolute value of the largest of the four products of the cofactors times their

corresponding matrix elements, is not less than 10_20, the determinant BBB is
computed and the ratio ]]33% is found. If BB is less than 10—20 or the ratio
}%% is less than 1077, an excessive number of significant figures are lost in the

least-squares calculation for this particular grid point (i.e., the normal equations

matrix is essentially singular), and the code prints this information and then branches
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to the preferential weighting method (as though NCODE = 1), If neither of these

cases occurs, the wind velocity vectors are computed and stored using index K,

If the preferential weighting method is to be used (NCODE = 1), a transfer is
made to 2080 where weighting factors are computed and summed for the NN near-
est data vectors, Next (after 214), the three vector components are computed as
a weighted average of the vectors at the NN nearest data points and the results are
stored in the arrays VX, VY, and VZ under the index K.

The least squares and preferential weighting methods converge again at
statement 2090 where the indexing and control scheme begins. First, the X
coordinate of the current grid point is incremented, and if the new grid point is
still within the desired wind field, the program returns to 2011 to begin the evalua-
tion of its vector, If the new X coordinate is beyond the wind-field range, X is
reset and Y is incremented and tested. If both X and Y end up beyond the range of
interest, the program moves on to the next higher stratum. When all strata have
been evaluated in full the program branches to 130 where all input data are printed,
and if desired (IC(7) = 1), all computed wind cell vectors are also printed, Finally
at 109 a call is made to subroutine RDCIRS which reads a set of data describing
the limits of all local circulation cells and the types of circulation systems within
them, Upon return from RDCIRS, MKWIND returns to the monitor so that trans-

port may be continued using the newly updated wind field description,

Subroutine LINK7 (FC-9 and FC-10)

This subroutine is the primary transport program, It accepts a tape of trans-
portable particles and transports them, stopping only when it has no more particles
to transport or when a new version of the wind-field description must be prepared.
The fivst action of LINK7 is to interrogate the input parameter IC(6) (see Table 6)
to ascertain whether the transport traces have been requested. If IC(6) < 1, no
traces are printed, If IC(6) =1, the complete in-core particle arrays are printed
after each block of new particles is read in from tape IPARIN, Each line of this
output consists of XP, YP, ZP, TP, PS, and FMAS., If IC(6) > 1, at the beginning

of the main transport 1oop this same information is printed for each particle in
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turn, and in addition after each transport increment the quantities XP, YP, ZP, TP,
TSM, NTI, NG, NTO, NW, NLOST, and IR (see the LINKS5 glossary for definition
of these quantities) are printed for each particle. In the execution of the Transport
Module LINK?7 is always preceded by a call to LINK6, the wind-field description
generator program, Since the data peculiar to each existing local circulation sys-
tem (as defined by RDCIRS which is called by LINK6) must also be updated before
transport begins, LINKY7 first transfers to each of the required local circulation
codes to cause them to read their data. If there are no local circulation systems
in use, or after reading the data for the required local circulation codes, LINK?7
continues at statement number 510. There, assignments are made for parameters
IT and ITT according to the value of IC(1) to control the transport of particles as

they approach the topography (see Table 6),

Next, at 1000 the program makes preparations to enter the main transport
loop. IS and IF are set for use as particle index limits of the main transport loop.
If JTIME1 is zero a regular entrance is being made, but if JTIME1 is negative,
there may be transportable particles in the particle arrays left over from the pre-
ceding pass (prior to the most recent updating of the wind field). In the latter case
the main transport loop is entered with index limits set to cover the full particle

array so that all left-over transportable particles will be dealt with.

If JTIMEL1 is zero or positive (no particles remain at the time boundary), the
program at statement 1112 begins processing transportable particles from tape
IPARIN. Note that the logical tape number recorded in parameter IPARIN is not
always the number of the unit on which the data was originally received from LINK4.
IPARIN always identifies a tape containing transportable particles, but these may
be either the original input from LINK4 or a recirculation of particles that were
written onto some one of the secondary memory units IPAROT, IOWIND, or IOTOPO.
At 1112 LINKY7 reads a block count, N, from IPARIN; if N is positive and N particle
descriptions can fit into the particle arrays, subroutine DUMPP is called to prepare
a place for the N particles. The loop index limits are reset to cause processing of
the incoming N particles and the N particles are read from IPARIN. Finally,
NFREE, the count of empty spaces in the particle arrays, is decreased by N and

control is transferred to 1001 where the main transport loop begins. In the event
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that the block count was zero, the end of the set of transportable particles on IPARIN
has been reached and a transfer is made to 100 where preparations are made to
either recirculate data from secondary memory tapes or transfer to the transport
executive (LINKS5). At this point LINK5 will either call for updating of the wind

field or for the Output Processor Module.

Continuing this explanation at statement 100 we see that if off-topo particles
exist (JTOP1£0), the program selects the next needed topo file, fetches it from
IHTOPO, and subsequently returns to the main transport loop (1001) to make use of

the newly acquired topo data.

At 104 a similar treatment is given to particles that may have gone beyond the
in-core wind field. However, since currently existing wind field programs do not
make use of a tape wind field file, the code beginning at statement 130 will not be

executed,

At 200 preparations are made to return to the transport executive where a

call is provided for either the output processor or the wind-field program.

The main transport loop (between statement numbers 1001 and 160) uses the
index J to identify the current particle description. It begins by determining if the
current (Jth) particle is to be transported. To be transportable it must be identified
by a positive FMAS(J) and O < TP{J) < TLIMIT; the program avoids all untrans-
portable particles by transferring immediately to the loop control point at 160 when-

ever one is encountered,

At 195 NLOCIR, the number of local circulation systems in use, is tested. If
any are in use, the Jth particle is tested to see if it is within or above any local
cell, but if there are none in use, this test is avoided. If a particle is found to be
in or above any local cell, LOTRAN is called to transport the particle until it passes
beyond the cell's vertical boundary planes. Since a particle may pass out of one
local cell and immediately into another, control cannot be returned to the main
body of the transport loop (at 1950) until it has been ascertained that the particle

is no longer within or above any of the local cells.
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At 1950 arguments are set for a call to subroutine GETWND at 1961, GETWND
gets the macrowind-field vector that applies at the point whose coordinates are in
arguments XX, YY, ZZ. If upon return the index JWAD is set negative, the needed
macrowind data is not available and the particle must be considered lost to the
computation. However, if JWAD is positive, a correct retrieval has been accom-

plished and the program continues to 196,

At 196 the particle settling rate is computed for the current particle by the call
to FALRAT and VPZ is set as the net vertical particle velocity component. Next,
distances are computed from the particle position to each of the vertical planes that
bound the macrowind cell containing the particle. Time of flight is then computed to
the north-south and east-west boundary planes and also to the horizontal plane which

would be first encountered.

At 1711 the time of flight to the first intersection with a local circulation cell is
computed, but note that if NLOCIR (the number of local cells in use) is zero much
code is avoided and a transfer is made directly to 172, In the event that inter-
sections with local cells must be sought, a DO loop sequentially computes the time
of intersection to each of the defined cells keeping track of the time of flight to the

first intersection (if there is one) in variable CIRMIN,

At 172 the program selects the time of flight to the first of all intersections with
boundary planes; if that time of flight is excessively small, special steps must be
taken (at 1811) to assure that program efficiency is not lost. Asymptotic approaches
to boundaries are avoided by never using a time step smaller than EPSIL. Oscilla-
tions at boundaries are avoided by treating the occurrence of two sequential, exces-
sively small time steps as a sign of oscillation and by subsequently avoiding move-

ments to or from the plane of oscillation.

Continuing at 3067 a comparison of particle altitude and maximum topo height is
made and if the particle is above TTOPO, simple linear transport occurs. How-
ever, if particle altitude is below TTOPO, a special loop beginning at 1814 is used
to transport the particle by constant time steps (DTMAC) for the interval TSM or

until impact on topography occurs. It should be notec that the main transport loop

81




never moves any particle descriptions within the particle arrays. It does, however,
mark the status of particles within the arrays using the sign of parameter FMAS(J)
and the sign and value of TP(J) in accordance with the conventions described in
Table 2.

Subroutine GETWND(XX, YY, ZZ, JWAD, JW) (FC-11)

The purpose of this program is to determine the index to be used for retrieving
the macrowind vector that applies at a particle position point XX, YY, ZZ. The
desired index is stored in the argument JWAD upon return, JWAD is set negative
in the event that the point XX, YY, ZZ is outside the volume for which the macrowind

field has been specified.

The computation of index JWAD consists of two parts: first, the computation of
JW, the index of the wind stratum containing the point; and second, the actual
computation of the retrieval index JWAD using information describing the data
structure of the JWth stratum. In the event that it is known that the value of the JW
last computed is still valid, the computation of JW can be avoided. The calling
program must only set the sign of the valid JW negative to cause GETWND to avoid

recomputing it.

The execution of GETWND begins by testing the sign of argument JW, I the
sign is negative, it is set positive and a transfer is made to statement 270 where
JW is used to compute JWAD. If JW is nonnegative, a two-boundaried binary search
is used to set JW. In that search JT is initidlized as the index of the top wind layer
and JW is initialized as the index of the bottom wind layer of the whole macrowind
field. A test index (JTEST) is computed as the (truncated) mean between JT and
JW and the program determines whether the point is above or below the bottom height
(BOTHIT(JTEST)) of the test index's wind layer. If the particle is above the bottom
of layer JTEST, the hottom index JW is reset equal to JTEST to indicate that the
particle has been found to lie in some layer from JTEST (W) through JT. Had the
particle been below the test layer, the top index would have been reset to equal the
test index. The algorithm proceeds by converging iteratively on the layer containing
the particle and exits when JT and JW are separated by unity at which point the
particle must be within the JWth layer.
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1hn )4*—\———¥7 - -

HANSPORT Lo
RETIR

i
|
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Next, at statement number 270 a check is made to see that the particle is with-
in the bounds of the macrowind field. If it is not, JWAD is set -1 to indicate the
problem to the calling program and GETWND returns. If the particle is in a satis-
factory position, JWAD is computed to locate the desired vector and then GETWND

returns control to the calling program,

Subroutine LOTRAN(J, K) (FC-12)

The purpose of this subroutine is to transport a particle when it is either with-
in or above a local circulation system cell. This program is called from only one
place in the main transport program (LINK7). The call is made from within the
main transport loop but only when it is known that the particle being transported is
either within or above the Kth local circulation cell In the actual execution of
LOTRAN, first an assignment is made on the basis of the type (CIRTYP(K)) of
circulation program that is applicable within the Kth local cell. The purpose of
this assignment is to allow efficient branching to the desired program within the
actual local transport loop. After making the assignment the program branches

to statement number 120.

At statement 120 the particle settling rate for the current particle is computed
and stored in variable FV. Then by comparing the particle Z coordinate (ZP(J))
and the height of the top of the Kth local cell we determine whether the particle is
above or within the local cell. If the particle is above the cell, we wish to transport
the particle making use of the macrowind-field specification. Thus, we call sub-
routine GETWND to retrieve the macrowind vector for the particle position, Then
the vertical particle velocity is computed as the sum of the settling rate, FV, and
the vertical wind component. In order to be able to move the particle as far as
possible in the next step, we must next compute the time of flight to all applicable
boundaries and select the first intercept. These boundaries are an X-boundary plane,
a Y-boundary plane, a plane forming a horizontal boundary between layers of the

macrowind-field description, and the plane forming the top of the local cell,

Having selccted the earliest intercept time, the particle is simply transported
for that increment in one step making use of the macrowind vectors. At this point

the particle will either be going into the local cell through its top, going out of the
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local transport volunie, or resting at a macrowind layer boundary or the time

boundary. In any case, a transfer is made to statement number 131,

At 131 the program determines whether the particle is still in or above the
local cell If it is not, the program is finished and returns. If the particle is still
in or above the local cell, the time boundary is checked and if not violated a return

is made to the top of the loop at statement 120.

If the particle was originally or is now within the local cell, an ASSIGNED GO
TO is used to transfer to a subroutine CALL statement which transfers control to a
local circulation system subroutine (either MTWNDI, RGWNDI, or CBREZ1). With-
in the local circulation system subroutine the three wind velocity vector components
are computed at the position of the particle and control then is returned to LOTRAN,
The wind vector component is used to transport the particle over one (small) time
step by point-slope integration (see p. 37). Particles within the local cell iterate
through the transport loop procedure until they either leave the cell or become

grounded.

Subroutine MTWND1 (J, K, AX, AY, AZ) (FC-13)

This subroutine, used for the Kth local cell, consists of two logical rou 3s that
serve the purpose of (1) reading mountain wind data and (2) computing the m« . ntain
wind components for the Jth particle at location XP(J), YP(J), ZP(J) after fir ;t
checking for impact on the ground. If impact is sensed, the wind velocity is a.:signed
a large downward velocity component, AZ = -108. The read route, entered when the
sign of the argument J is negative, also serves to precompute constant geometrical
relationships between the unperturbed wind, mountains, and macrosystem so as to
facilitate computation on the compute route. The co.npute route is entered during
actual particle transport when J, now positive, is the argument of the particular

particle being moved.

In the rcad route, first the coordinates XM @), YM(I), height H(I), and half-
width A(I) of the Ith mountain are read for each of the I mountains with I ranging
from 1 to NMT, the maximum number of mountains Each mountain is checked
for the ratio, HI)/A(), and location within the Kth local cell boundaries of north
(CRMAXY (K)), south (CRMINY(K)), east (CRMAXX(K)), and west (CRMINX(K)).
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The height CRUHT:!K.. of the Kth cuil 1s delined 28 three times the height of the
tallest mountain The error subroutine is called if a mountain ratio exceeds 0. 6.
if a mountain does not lie within the boundaries of the Kth local cell, or if the

rumber of mountains exceeds the maximum of iwelve mountains allowed in the
Kth cell.

Next the read route compuies the geometric center (XX. YY, ZZ) of the Kth
local cell and calls the subroutine GETWND to retrieve the index JWAD of the un-
perturped wind vector at that (XX YY ZZ) location within the macrowind field. A
nonpositive JWAD index will call the ERROR subroutine, Using the stored wind
components indexed on JWAD the magnitude of the unperturbed wind vector.

UO(K) and its direction in the macrowind {ield are computed Constant parameters

used 1p the compute route are also computed and stored. The local cell identification,

the mountains. the unperturbed wind vector and the boundaries of the local cell are

printed out. This ends the read route.

The computing route first determines the distance of the Jth particle from the
Ith mountain in tcrms of a component paralle] and a component perpendicular to the
direction of the unperturbed wind The analytical height of the ith mountain at this
particle location is also determined Then. the perturbed wind components parallel,
horizontally perpendicuiar . and vertically perpendicular to the unperturbed wind
vector are calculated. The height and perturbed wind components due to each
mountain are summed. and DZ . the total analytic height of the mountain, is checked
against ZP(J). the height of the particle. to determine impact. If DZ is greater than
ZP(J). the velocity 0.0. _108) is assigned to the wind However. if the particle
is still aloft. the unperturbed wind vector 1s added to the summed perturbed
components the resulting influence of ali the mountains and the wind-field vector
is rotated back into the macrowind-field coordinate system  This ends the compute

route with the desired wind components stoted 1n variables AX. AY. and AZ.

Subroutine RGCWND1. K.AX AY AZ) ((JC-14y

This subroutine for the Kth local cell consists of two logical routes that serve
the purpose of reading ridge wind data and computing the ridge wind components for

the Jth particle at location XPuJ+. YP¢Js ZPeJy alter f1rst checking for impact on
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NMT=J-1

l

XX = (CRMAXX(K) + CRMINX(K))/2.0
YY = (CRMAXY (K) + CRMINY (X))/2.0
Z7Z = CRUHT(K)/2.0

CALL GETWND(XX,
YY, ZZ, JWAD, JW)
@e 0 JWAD = 1044
+
R = 1043 1/2 IRROR =1
IRRO vox) =[(vxawm»‘°‘ + mgwm»?] = 1044
SN(K) = VY @WAD)/UO @)
CS(K) = VXUWAD)/UO(K)

GO TO
7134 TN

J=1
IAZH() = A2{J) » H() » anq
J=J+ 1
NO
YES
PRINT: K

PRINT: @, H{D), AQ), XM@), YM@), J=1, NMT)
PRINT: CRMAXY(K), CRMINY(K), CRMAXX(K),
CRMINX(K), CRUHT(K)

.- o b G a5 y 3 U G N T S W S =

)
FC-13. (Continued) Flow Charts for Subroutine MTWND1
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THIS IS THE
@ COMPUTATION
ROUTE

AX=0.0
AY =0.0
AZ =0.0
DZ =0.0

DELX = XP(J) - XM()

DELY = YP(J) - YM()

DSX = DELX * CS(K) + DELY # SN(K)
DSY = - DELX » SN(K) + DELY » CS(K)

|

X2 = DSX » DSX
Y2 = DSY « DSY
R2=X2+ Y2

A3HM)

(A2() + R2) « VAZ() + RZ
AMBDA = ZP@) + A()

AMBDA2 = AMBDA * AMBDA
DENOM = (R2 + AMBDA2) # (R2 + AMBDA2) « VR2 + AMBDAZ
Q = A2H( # 3.0 » DSX/DENOM

DZ =DZ +

AX = AX+ A2H{I) » (Y2 + AMBDA2 - 2.0 * X2)/DENOM
AY = AY - Q » DSY
AZ = AZ - Q « AMBDA

AZ = -10° DELX = AX + UO(K)
AX =0.0 AX = DELX * CS(K) - AY » SN(K)
AY =0.0 AY =DELX » SN(K) + AY = CS{))

©)
FC-13. (Continued) Flow Charts for Subroutine MTWND1
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the ground. If impact is sensed, the wind velocity is assigned a large downward
velocity component. The read route, entered when the sign of argument J is minus,
serves to pre-compute constant geometrical relationships between the ridges, un-
perturbed wind, and macrosystem to facilitate computation during the compute route,
The compute route is entered during actual particle transport when J, now positive,

is the argument of the particular particle being moved.

In the read route, first the coordinates XM(), YM(), height H(), halfwidth
A(), and orientation B(l) of the Ith ridge are read for I ranging from 1 to NRG, the
maximum number of ridges. The orientation, B(I), of a ridge is defined as the
clockwise rotation of the ridge in radians, where zero radians indicates a ridge
oriented north-south. Each ridge is checked for the ridge ratio, H{I)/A(), and for
location within the Kth local cell boundaries of north (CRMAXY (K)), south
(CRMINY (K)), east (CRMAXX(K)) and west (CRMINX(K)). The height, CRUHT(K),
of the Kth cell is defined as three times the height of the tallest ridge. The error
subroutine is called if: a ridge ratio exceeds 0. 6, a ridge does not lie within the
boundaries of the Kth cell, or the number of ridges exceeds the maximum of twelve

ridges allowed in the Kth cell,

Next, the read route computes the geometric center (XX, YY, ZZ) of the Kth
local cell and calls the subroutine GETWND to retrieve JWAD, the index of the
unperturbed wind vector at that (XX, YY, ZZ) location within the macrowind field.

A nonpositive JWAD index will lead to the ERROR subroutine. Using the stored
wind components indexed on JWAD, the magnitude of the unperturbed wind vector,
UO(K), and its direction in the macrowind field are computed. Constant geometrical
relationships between wind vector components (UO(K})), the macrowind field, and

the orientation and location of the ridges are computed and stored for use in the
compute route. The local cell identification, the ridges, the retrieved unperturbed
wind vector, and the boundaries of the local cell are printed out. This ends the

read route.

The computing route first determines the perpendicular distance of the Jth

particle from the Ith ridge. The analytical height of the ground and the parallel,

horizontally perpendicular, and vertically perpendicular perturbed wind components

with respect to the unperturbed wind, UO(K), are now computed at this particle
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position, The results for each ridge are summed with the succeeding ridges to
yield total height and perturbed wind vectors due to all the ridges at this point.
Next, the particle height, ZP(J), is checked against the total analytical ground
height, DZ, to determine impact; upon which, the velocity (0, 0, -108) msec—1

is assigned to the wind, However, if the particle is still aloft, the unperturbed
wind vector is added to the summed perturbed components and the result is rotated
back into the macrowind field coordinate system, This ends the compute route

with th2 desired wind components stored in variables AX, AY, and AZ,

Subroutine CBREZ1(J, K, AX, AY, AZ) (FC-15)

Before attempting to use the sea-breeze local circulation system, the reader
is advised to obtain a thorough understanding of the model by studying the presenta-
tions in the Physical and Mathematical Models section and in Appendix B.

The CBREZ1 subroutine serves the dual purpose of reading the sea-breeze data
and computing the sea-breeze velocity components for the Jth particle at location
XPJ), YP(J), ZP{J) and time TP(J), after first checking for particle impact at
sea level. The programming of CBREZ1 is divided into two mutually exclusive
chains of logic that will be referred to as the read route and the compute route.

The read route, entered at statement number 100 when the sign of the argument J
is negative, also serves to pre-compute constant sea breeze parameters to
facilitate computation during the compute route. The compute route is entered
during actual particle transport when J, now positive, is the index of the particular

particle being moved.

The read route starts by reading from the system input tape values for param-
eters B, GRAD, NN and the pairs DELTX(N) and TAUX(N) for N ranging from 1
to NN. The maximum value of NN is nine (see Table 3). N represents the order
of the harmonic described by DELTX(N) and TAUX(N). These parameters serve to
calculate OMGX(N), AJZX(N), AJXX(N), AJY(N), R1IRX(N), R1IX(N), R2ZRX(N),
R2IX(N), ESQ1, ESQ2, AN1, AN2, FAX(N), T1, DELTX(@N), and TAUX(N), for each
Nth harmonic, and are printed out as the respective symbols: OMGN(N), AJZ(N),
AJX(N), AJY(N), AKN1(N), ALN1(N), AKN2(N), ALN2(N), BLOW1(N), BLOW2(N),
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XX = [CRMAXX(K) + CRMINX(Kf} /2.0
YY = [CRMAXY(K) + CRMINY(K)]/2.0
ZZ = CRUHT(X)/2.0

CALL GETWND (XX, YY,
ZZ, JWAD, JW)

1043 [

IRROR = 1043

&

FC-14.

UO(K) = [VXWAD) # VXGWAD) + VYUWAD) s VY@EWADj] /2
SN(K) = VY JWAD), UO(K)
CS(K) = VX(WAD)/ UOK)

\

SSG = CS(K) » D) + SN(K) * C(J)
CCG = CS(K) * C{) - SN(K) + D)

AH@) = - A@J) » H(J) » UO(K) #+ CCG s CCG
SG() = SSG/CCG

CG(J) = 2.0/CCG

J=J+1
NO
YES

PRINT: K

PRINT: (J, H{), AW), XM{J), YM{J), B{), I =1, NRG)

PRINT: CRMAXY(K), CRMINY(K), CRMAXX(K),
CRMIMX(K)., CRUHT(K)

&

(b)
(Continued) Flow Charts for Subroutine RGWND1

TRROR = 1044

&
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COMPUTATION
ROUTE

AX =00
AY =0.0
AZ =0.0
DZ =0.0

I=1

y

DSX = (XP(J) - XM{)) * C{) - (YPE) - YM(D)) « DM

[

X2 = DSX » DSX
AMBDA = ZP{) + AQ)
AMBDAZ = AMBDA s AMBDA

[

AZH(@
Az() + X2

l

AHCD = AHQ)/(X2 + AMBDA2)?
AMBDAZ2 = X2 - AMBDA2

1

AX = AHCD & AMBDA2 + AX
AY = AHCD & SG{) s AMBDA2 + AY
AZ = AHCD s CG({) « AMBDA » DSX + AZ

DZ = DZ +

NO

I > NRG

8 DSX = AX + UO(K)
A7 = -10 AY. = DSX * CS(K) - AY » SN(K)
:;(’g-g AY = DSX » SN(K) + AY » CS(K)

(c)
FC-14. (Contined) Flow Charts for Subroutine RGWND1
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ANN1(N), ANNI(N), PHIN(N). ENU(N), DELTX(N), and TAUX(N). Correspondences
of these mnemonics with the symbols defined in the Physical and Mathematical

Models section are given in Tables 3 and 4

During the computation of these constants checks are made to ensure that SGMA,
the Guldberg-Mohn friction parameter, and AKY the thermal eddy diffusivity, are

not zero. If either one of these constants is zero, subroutine ERROR is called

Also calculated in the read route are the height, CRUHT(K), of the sea-breeze
cell and geometrical constants to rotate the particle coordinates and wind vectors
in and out of the sea-breeze system  The angle of rotation, B, is zero when the
sea lies on the west side of a shore line parallel to the north-south axis. The shore
line is defined to run through the center, (XCB, YCB), of the area bounded by the
north (CRMAXY (K)), south (CRMINY (K)), east (CRMAXX(K)), and west (CRMINX(K))
vertical sides of the sea-breeze cell The printout from the read route sequentially
consists of the local cell identification. the cell boundaries, the input parameters,

and the harmonic parameters.

The compute route first checks particle altitude, ZP(J), against sea level. It
assigns the wind vector (0, 0, —108) for negative altitudes and returns to the calling
program. The coordinates of the particles nonnegative altitude are rotated into the
sea-breeze coordinate system If the horizontal distance between the particle and
the shore line (measured perpendicular to the shore line) is greater than the half
width of the sea-breeze cell. an exponential attenuation based on the perpendicular
distance from the edge of this primary cell is used No attenuation is used within

the primary cell.

The wind-field constants tor each harmonic mode are now calculated. The verti-
cal (AZ) and the horizontally parallel (AY) and perpendicular (AZ)(with respect to
the shore line) wind vectors are computed from Eqs. (¢0). (61), and (62) and summed
over all the harmonic modes The resultant wind vectors are next rotated back in-
to macrowind-field coordinates and subroutine CBREZ1 returns control to the

calling program,

To aid the user in evaluating the properties of the sea-breeze circulation sys-
tem generated from the input data, an "interpretative output” of key model param-

eters is provided. This output is described in Table 4 These parameters are
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TABLE 3
INPUT QUANTITIES FOR THE SEA BREEZE
Physical Quantity Text Program Dimension Typical Values and Comments
Designation Designation Units

Number of L. :rmonics n NN Approximately two or three

Total extent of sea Lx ELX m Less than 105m

breeze

Sine of latitude sin ¢ SNPHI -l<sing <+ 1

Angle of coastline ¥ B

relative to y axis of

grid

Wind field extrapola- k ww m-1 0<k < =™

tion attenuation con~ a -2

stant

Guldberg-Mohn o SGMA sec—1 A value of zero is not allowed;

friction parameter typical values 0.5x 10'45 o
<2,5x1074

Average ground 90 THET ok Expressed in degrees Kelvin:

temperature 6,= 2000K

Unperturbed temper- Fﬂ(doo/ dz) GRAD % m'l A ~onstant z-independent positive

ature gradient valuc must be used; typical values
4x1073¢ r< 7.5x10-3

Thermal eddy diffu- K AKY m sec'l A constant z-independent value

sivity must be used; typical values
25<K< 7

* . .

Magnitude of nth tem- T DELTX(N) o First harmonic will generally be

perature differential n less than 109K, with subsequent har-
monics decreasing in magnitude

Phase of nth tempera- ™ TAUX(N) Phase of first harmonic should

ture differential correspond to about 1 hr, or
T~ 2 B.6) x 10% = 0.26

Lag time hetween sea- Atq ELAG sec

breeze local time and )

Greenwich time
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TABLE 4

INTERPRETATIVE OUTPUT DESCRIPTION

Output Designation

Text Designation

Interpretative Output
Description Designation

OMGN(N)
AJZ (N)
ATX(N)
AJY (N)
AKN1(N)
ALNI1(N)
AKN2 (N)
ALN2 (N)
BLOW1(N)
BLOW2 (N)
ANNI(N)

ANN2 (N)
PHIN(N)

ENU(N)

nf2

n$

%
-TnL/B

A ls
nz

GJ
nx
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are sufficient to calculate the wind velocity components W Ups and v, as given by
Egs. 80), (61), and (62). Column 1 of Table 4 gives the parameter designation in
the computer output and column 2 gives the parameter designations in the text. In
order that the user may be able to understand in detail the computations required
for evaluation of these parameters, a path through the calculation is presented in
the paragraphs to follow. Column 3 of Tahle 4 gives the expressions, in terms of
the fundamental quantities used in the following calculation description, used to

calculate the parameters in column 2,

After reading the input data, the machine computes the constants:

f=2Qsing ,
A= @n/L)
o= g/GO

At this point the selection of the harmonic mode takes place. Since all the physical
*
guantities with the exception of the input parameters Tn and Ta depend on the mode

only through their dependence on nfl, we now set
Q = nf

When the foregoing substitution is made it becomes possible to drop the subscript n,
it being understood that we are dealing with the nth mode. This permits many of
the dummy analytical variables subsequently defined to bear a one-to-one corres-
pondence with the mode-dependent variables. For instance, defined quantities such

as q, a, b, and €1 correspond to q, an, bn’ €1n°

The next group of calculations is:

16 2 _2\/? -1
q=0+iQ =Ae ,A1=<0 +Q> , 6, =tan Q/o) ;
i0
2 199 2 _
q —Aze ,A2-—A1, 02—291 :
2+ f2 = A 103 A -—<< 2+f2 92)2+ 492 2) 2 0., =t g (L -
q T A3 AT \0 ) 7 SC IR IRy
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We next turn our attention to the coefficients a, b, ¢. and d:

.9 »
_22,(2 2\ . Y4 o/ 2 _ .
a=q )\/(q +f )-Ae ,A4-—<A2>\/A3>,04—92-63 ;

4
2 2,2 ih 2
b=qa®/ (+2)=LelP, L=<A1ax /A3>, h=0, -0, ;
¢ = (I/K) =A.;
d=1i@/K) =iAg, Ag = @/K) .

At this point the roots of the dispersion relationship are calculated. First we have:

Iy
_a+td R _ . _ 1
[ +2—Cl+1D1—Ele ,
1y
_a+d R _ . _ 2
ko = 35 -—Z—Cz+1D2—E2e .

(@+d)?-4@a+be)) V2 = Be™ |

R =
where
' (a+d)=A4cose4+ 1(A4sm64+ A6)
= g+ g,
1/2 .
2 _ . _ 2 iB
(a+d) —4(ad+bc)—B1+1B2—— <B1+B2> e,
» and
B, =t2-f -4(LA cosh-A,A, sin6
178 7 (A a6 S0 0y)

B, =2g1§2—4(A4A6005 04+LA7 sinh) ,

g =tan! (Bo/By)-
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We define

m = B/2
Using the foregoing expressions, .Cl’ Dl’ Cz, Dz, El’ E2, Y10 and Yy are then
calculated. ‘
C =-1— A,cos 8 + Bcosm| ;D =1 A ,sinfé,+ A, + Bsinm | ;
1 2 4 4 S T/ 4 4 6 ’
C =1 A cos g, -Bcosm] ;D =1 A ,sing, + A, - Bsinm ;
2 2 4 4 T2 2 4 4 6 ’

v = tan! (D1/01)'; Yo = tan”! <D2/02> ;

1/2 1/2
(2 2 ' (2. .2
E, —<Cl+D1> ; E, —<C2+D2)

The attenuation constants for the nth mode (symbolized here by o, and az) are

given by
@ =* (K )1/2 B €1Uleinl =kl
@p T ("‘2>1/2 - erzeinz =l ik,
where
U1=E}/2’ U2=E;/2’”1= /2 M= vy/2
k. =

1 elUlcos 0 21=e1U1 sinn, ,

k2 = €2U2 COS Ny , wg = €2U2 sin Ny

and € and e, are chosen so that ¢, cos 0y and €, COS 7, are both negative

2 1
(€1=:!: 1, ez=:i:1),
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Next, the following quantities are calculated:

where

At this point all the mode-dependent constants necessary to describe the nth mode

"wind field have been computed.

Subroutine HEIGHT (X, Y, H) (FC-16)

Subroutine HEIGHT puts into argument H the topographic height at horizontal
position X, Y. It makes use of the in-core topographic data block in arrays S(I, J)
and SUBSID (K), and data from the topographic table of contents as transferred to
block limit words BXLL, BYLL, BXLU, and BYLU, as well as the block grid
interval as found in GRINT and the overall topography coordinate limits TXLL,
TYLL, TXLU, and TYLU. (See the discussion of the topography data input in the

User Information section.)

Upon entrance, the particle coordinates X and Y are checked first to determine
if the particle is over the in-core topography block. If the particle is over in~core
topo, a transfer is made to statement number 11 where retrieval begins. If it is
not, a second check is made to determine if the particle is over any specified topo-
graphy block. If it is over a topography block not currently in core, this is indicated
by setting H = - 10000. If it is over undefined topography then it sets H = - 20000.

In either case, control then returns to the calling program.

Actual height retrieval begins at statement number 11 with the computation of
basic retrieval indices I and J. I and J are respectively the indices of the regular
grid square of side GRINT in which the point XX, YY is located. The point BXLL,
BYLL is the southwesternmost point with the in-core topo data block and it is
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< DATA READ
ROUTE

IRROR= - 101

PROGRM = CBREZ1
(BCD)

CALL
ERROR

XS = XP{J) - XCB) « COSB -
YP{J) - YCB) & SINB

[

ARG = ALM * XS
XS = ELX - ABSF(XS)

SX=0.0

-

BB=20.0
AY=0.0
AZ =0.0

ATTN1 = EXPF(XS + RIRX(N) » ZP{))
ATTNZ = EXPF(XS + R2ZRX(N) ¢ ZP{))
AAGG = OMGX(N) * TP{J) + FAX(N)
ARW1 = R1IX(N) = ZP(J) + AAGG
ARW2 = R2IX(N) * ZP(J) + AAGG
SARW1 = SINF (ARW1) + ATTNL
SARW2 = SINF(ARW2) » ATTN2
CARW1 = COSF(ARW1) « ATTN1
CARW2 = COSF(ARW2) & ATTN2
AAGG = AJXX(N) + COSF(ARG)

|
AZ = AJZX(N) ¢ SINF(ARG) * (CARW1 - CARW2) + AZ
BB = AAGG » (CARW1 % CONLX(N) - SARW1 # CANIX(N) -
CARW?2 » CONX2(N) + SARW2 # SNNZX(N)) + BB
AY = AAGG # (CARW1 ¢ CNNLX(N) - SARW1 ® SNN1X(N) -
CARW2 & CNN2X(N) + SARW2 » SNN2X(N)) + AY

I

N=N+1

NO

YES

AX = BB ¢ COSB + AY » SINB
AY = -BB ¢ SINB + AY « COSB

RETURN

(@)
FC-15. Flow Charts for Subroutine CBREZ1
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¢ READ
ROUTE

READ SEA-BREEZE INPUT PARAMETERS:
SNPHI, SGMA, ELX, THET, WW, AKY, B, GRAD, NN,
(DELTX(N), TAUX(N), N = 1, NN))

PRINT: SEA BREEZE IDENTIFICATION

[

ALM = 6.2831853/ELX
ALPH =9.8/THET .
COR = (14.544410 x 10”°) # SNPHI

OMGX(N) = N
OMGX(N) ~ OMGX(N) # (7.2722052 x 10”%)
A2 = SGMA & SGMA + OMGX(N) » OMGX(N)
Alw

IRROR = 1003
T1 = - ATANF{OMGX(N)/SGMA)
T2m-2,0% Tl
SOC = [SGMA) 2 - [oMGx(Nj) 2 + (COR]? 12
A3 = U:SOCJz + 4+ (SGMA)2 » [omcxm)]z]
/\ +
soc
0
Y
T3 = 1 + ATANF(2.0 » OMGX(N) + SGMA/SOC) T3 = 7/2 T3 = ATANF (2.0 » OMGX(N) » SGMA/SOC)

»-{ 5555 |4

AY = (A2 + [ALM)9)/A3

T4 =T2 - T3 2
A5 = (Al # ALPH * (ALM]“)/A3
TS=-T1-T3

1006 NO AKY > 0
YES

RROR = 1006 | Moo A kY
A7 = GRAD/AKY

ACOT4 = A4 # COSF(T4)

ASIT4 = A4 « SINF(T4) + A6

Bl ={ACOT4]? - [ASIT4]2 - 4.0 ¢ (A7 & A5 # COSF(TS) - A6 * A4 * SINF(T4))
B2 = 2.0 » ACOT4 ® ASIT4 - 4, » (AG » ACOT4 + A5 * A7 ® SINF(T5))

GO TO
8

(b)
FC-15. (Continued) Flow Charts for Subroutine CBREZ1
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BETA=r+ ATANI-‘(BZ/Bi} l BETA = ¥ BETA = /2

BETA = ATANF (B2/Bl)

AM = BETA/2.0 L

BB = ([B1)2 + (B2)?)

ACOSM = COSF{AM) * BB/2.0
ASINM = SINF(AM) * BB/2.0
ACOT4 = ACOT4/2.0

ASIT4 = ASIT4/2.0

C1 = ACOT4 + ACOSM

D1 = ASIT4 + ASINM

C2 = ACOT4 - ACOSM

D2 = ASIT4 - ASINM

GAMI = 7 + ATANF(D1/Cl)

GAMI = ATANF(D1/C1)

GAM2 = 1 + ATANF(D2/C2)

camz =3 GAM2 = /2

GAM2 = ATANF (D2/C2)

©)

FC-15. (Continued) Flow Charts for Subroutine CBREZ1
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SRTE1 = (C1 # C1 + D1 ® D1)

SRTE2 = (C2 » C2 + D2 » p2)}/%
AN1 = GAM1/2.0

AN2 = GAM2/2,0

CON1 = COSF(AN1)
CON2X(N) = COSF (AN2)
CAN1 = SINF(AN1)
CAN2X(N) = SINF (AN2)

1/4

R1RX(N) = SRTE1 » CON1
RIIX(N) = SRTE1 » CAN1
EPS1=1.0

RIRX(N) = - SRTE1 # CON1
RIIX@N) » - SRTE1  CANL
EPSL = -1,0

RZRX(N) = SRTEZ * CONZX(N)
R2IX(N) = SRTEZ * CAN2X(N)
EPS2 =1.0

RZRX(N) = - SRTE2 ¢ CON2X(N)
R2IX(N) = - SRTE2 ® CAN2X(N)
EPS2 = -1,0

HTL = - 1. 0/RIRX(N)
HTZ = - 1.0/R2RX(N)

CRUHT(K) = 2.0 # HT2

CRUHT(K) = 2.0 ¢ HT1

PRINT: [CRMAXY(K), CRMINY (K}, CRMAXX(K), CRMINX{K),

CRUHT(K)}

PRINT: [ SNPHI, SGMA, NN, ELX, THET, WW, AKY,

B, GRAD]

PRINT THE HEADING FOR THE HARMONIC

DEPENDENT PARAMETERS

(Continued) Flow Charts for Subroutine CBREZ1
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FAX(N) = T5 - AM + TAUX(N)

G = - COR/Al

AJZX(N) = - DELTX(N) * A5/BB
AJXX(N) = AJZX(N)/ALM

AJY = AJXX(N) * G

ESQl = EPS1 # SRTE1

ESQ2 = EPS2 # SRTE2

AMG = ESQ1/ESQ2

CNN1X(N) = COSF(AN1 + T1) * AMG * G
CNN2X(N) = COSF(AN2 + T1) * G
SNN1X(N) = SINF(AN1 + T1) # AMG # G
SNN2X(N) = SINF(AN2 + T1) # G
CON1X(N) = CON1 * AMG

CAN1X(N) = CAN1 * AMG

Bl

PRINT: [OMGX(®), AJZX(N), AJXX@N), AJY,
RIRX(N), R1IX(N), R2RX(N), R2IX(N),
ESQ1, ESQ2, AN1, AN2,
FAX(), Tl, DELTX(N), TAUX(N)]

y
AJXX(N) = AJXX(N) * ESQ2

N=N+1

NO

YES

ELX = ELX/2.0

XCB = [CRMAXX(K) + CRMINX(K)]/2.0
YCB = [CRMAXY (K) + CRMINY (K)]/2.0
COSB = COSF (B)

SINB = SINF (B)

(e)
FC-15. (Continued) Flow Charts for Subroutine CBREZ1
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located in grid square (1, 1), the height data of which is located in memory word
S(1,1). According to the storage convention of the piecewise-planar topography, if
H = 8(, J) is positive, it is the height of the topography in the cell (I, J) and thus the
height which is being sought. If, on the other hand, H is negative, the cell (I, J) is
subdivided further and |S(I, J)| is the address (index) of the place in array SUBSID(K)
where the data for the subdivided cell begins. If H is negative, the program makes
preparations to retrieve topographic data from array SUBSID(K), and then between
statements number 13 and 20 computes retrieval index K and control integer N.
Whenever a cell (topographic unit) is subdivided it is always divided into four equal-
sized squares (quadrants). The integer N identifies the quadrant that contains the
point XX, YY.

The sign convention of S(I, J) also applies within array SUBSID, and if a nega-
tive entry is encountered, a further subdivision of the cell containing the point XX,
YY is indicated. In that case coordinate adjustments are made again, and the
program returns to statement 13 where the new retrieval index K is computed and
used. Eventually HEIGHT will find a positive height H and return to the calling
program.




GRIN =« GRINT

XX - BXLL

IS PARTICLE OVER BLOCK
OF TOPOGRAPHY NOW IN CORE?

YY - BYLL

1S PARTICLE OVER ANY
SPECIFIED TOPOGRAPHY BLOCK?,

50

XX - TXLL

1= (XX - BXLL)/GRINT + 1.0
J = (YY - BYLL)/GRINT - 1.0
H = S(LJ)
IS REGULAR >

GRID SUBDIVIDED?

Ccl=1
ci=J
CX = XX - BXLL - (CI - 1.0) « GRIN
CY =YY - BYLL - (CJ - 1.0) + GRIN
GRIN = GRIN/2.0
CCX =CX - GRIN
CCY = CY - GRIN

NO

H = -20000.0

H=-10000.0

@)
FC-16. Flow Charts for Subroutine HEIGHT
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IS QUADRANT
SUBDIVIDED FURTHER?

H = SUBSID(K)

GRIN = GRIN/2.0

N

y

2 3
Y

4
/

CCY = CCY + GRIN

CCY = CCY - GRIN CCY = CCY - GRIN CCY = CCY + GRIN

N

CCX = CCX + GRIN

< | PAGE

(b)

~ /

CCX = CCX - GRIN

r
ON PRECEDING

FC-16. (Continued) Flow Charts for Subroutine HEIGHT
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USER INFORMATION

Input Description

General

The Transport Module requires two kinds of input: (1) a binary tape output
from the Cloud Rise-Transport Interface Module, and (2) a set of card inputs to be
read from the system (IBSYS) input tape. The binary input tape carries the i1denti-
fier TPARIN so that the program can ascertain that the correct tape has been
mounted. This tape provides a detailed description of a large number of cloud
subdivisions that are ready to be processed by the Transport Module. The Cloud
Rise-Transport Interface Module produces two structurally identical binary output
tapes, both labeled IPARIN, that (1) describe an axially symmetric cloud defined
at some time of stabilization and (2) describe an asynumetric cloud resulting from
the adjustment of the stabilized cloud in accordance with the winds that existed dur-
ing the period of cloud rise. Either one of these tapes can be used as input to the
Transport Module. It is important to note that in neither case are all cloud sub-
divisions defined at the same time. The content and structure of tape IPARIN is

described in detail in Table 5.

Card inputs to the Transport Module consist of two classes: first, identification
and control information; and second, wind-field information, Since the wind-field
data required depends on what options are to be used, we cannot describe the deck
of card inputs to the Transport Module in an invariant form; therefore, we shall
describe first only the invariant portion of the deck and later provide individual

descriptions of the data required by the various options.

The first card input required for the Transport Module is an identification
card on which the user may punch any alphanumeric characters to identify his run
of the Transport Module. The second card contains the values of the array of
parameters for use in controlling the execution of the Transport Module. Only 8 of
the 18 elements of the array IC have been given functions at this time and their
uses are summarized in Table 6. The remaining parimeters are for use in future

improvements or simplifications of the Transport Module.

124

L_ I I I I N N N H == N N & &= & = W =




TABLE 5

BINARY INPUT
Tape IPARIN

Logical
Binary Record Contents Variable Names
Record
1 Tape identification word (IPARIN),spare, DENTI, NSP, XGZ,
x and y coordinates of ground zero, shot YGZ, TGZ, BZ, NCL
time, cloud subdivision edge length,
spare
2 Detonation parameters: yield, cloud soil FW, SSAM, SLDTMP,
burden, soil solidification temperature, TMSD, SIGMA, SPARE],
soil solidification time, In(SD), T spares SPARE2, SPARE3
3 LINK4 run identification PSEID({J), J=1,12
4 Cloud-rise identification CRID(J), J=1,12
5 Initial-conditions run identification DETID(J), J=1,12
6 Fallout particle density ROPART
7 Number of particle size ranges NPS
8 Central particle size, associated mass, PS(1), A{), PACT(]),
associated activity, * and surface-to- sv{@), I=1, NPS
volume ratio for each size range
9 Number of atmospheric strata NAT
10 Atmospheric viscosity and density for ATEMP (1), RHO(D,
each stratum I=1, NAT
11 Number of particles described in the NP
first data bloeck
12 Particle data for first data block: x,y, z, XPAR(), YPAR(D),
and time coordinates, particle s.ze, mass ZPAR(), TP(), PSIZ (),
per unit area of cloud subdivision bottom SMAS(), I=1, NP
13 Same as record 11 for the second data
block
14 Same as record 12 for the second data
block
M Tape termination indicator NP =0
M+ 1 End of file

*
Not yet calculated unless the user has provided a LINK3 particle activity
calculation.

TSee LINK1 glossary in DASA-1800-1II.
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TABLE 6

DESCRIPTION OF THE TRANSPORT CONTROL ARRAY —

IC@, 1=1, 8
I Function
1 IC(1) > 0, suppresses usage of topography tape, IHTOPO, and

a planar topography is assumed.

2 IC(@2) > 0, suppresses usage of off-topo secondary tape,
IOTOPO

3 IC@3) > 0, suppresses usage of out-of-wind-field secondary
tape, IOWIND

4 IC(@4) > 0, suppresses usage of time-houndary secondary tape,
IPAROT

5 IC(5) > 0, suppresses usage of all secondary tapes

6 IC(6) < 1, no transport traces are printed

IC(6) = 1, in-core particle arrays are printed following read-
in of each block of particles from IPARIN (see p, 78)

IC(6) > 1, in addition, a print-out is executed following each
transport increment (see p. 78)

7 IC(7) = 1, causes the computed wind field to be printed each
time it is updated (see Tablei3)

8 IC(8) = 0, causes a listing of lost particles (see Table 2)
whenever a group of lost particles are discarded by subroutine
DUMPP,
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The third card indicates the latest simulated time at which the user wishes
the transport process to terminate, The fourth card indicates the altitude of the
deposition surface (topography) in the event that the planar topography option of the
Transport Module is to be used (IC(1) = 0). The fifth card is an identification card
on which the user may punch any alphanumeric characters to identify the forth-
coming wind data set. Table 7 summarizes the card inputs for identification and

control of the Transport Module.

TABLE 7

CARD INPUTS FOR IDENTIFICATION
AND CONTROL OF THE TRANSPORT MODULE

Card Content Variable Names
Number and Format
1 Transport model run identification TID(J), J=1,12 (12A6)
2 Control integer array IC({J), J=1,18(1814)
3 Transport time limit (sec) TLIMIT (F10. 5)
4 Altitude of planar topography. This card is TTOPO (F10. 5)
to be omitted if a topography input tape is
used. (m),
5 Wind-field data set identification card WID(J); J=1,12 (12A6)

The remaining card inputs describe the wind field through which particle trans-
port is to be carried out. As mentioned previously, temporal variation of the
atmosphere is achieved by periodically updating the entire wind field description.
Input data is required for each updating of the wind field, but since the form of

the required data deck is the same in each case we shall describe it only once,

MKWIND Data
The first card contains the values of parameters ENDTIM, the time (seconds)
at which the forthcoming data set should be updated, and ALPHA and BETA

empirical parameters which the program uses for distance weighting (see Eq. (21)).

127




The second card contains NN, the number of data vectors that are to be used in
computing the vector estimate for each wind cell of the wind field. The NN data
vectors that are closest to the grid point are used. Also on the second card is the
parameter NCODE which identifies the computation method to be used in accordance
with Table 8.

TABLE 8

WIND-FIELD COMPUTATION METHODS
SPECIFIED BY NCODE

NCODE
Value Method

1 Use preferential weighting method with the nearest NN data vectors

2 Set NN = 1 and use code number 1 (this is the nearest station method)

3 Set NN equal to the total number of data vectors available and use
code number 1

4 Use the least-squares method to fit to a linear model of the atmos-
phere. In this case NN must be greater than 3.

In the next series of cards the program reads the user's specifications for the
subdivisions of the stratum and cell atmospheric structure, Each card of this set
contains the altitude of a stratum bottom (meters), the width of the wind cell bottom
edges (assumed square) within this stratum (meters), and four coordinates that
indicate the horizontal limits of this stratum (meters). Here also, the data cards
need not be in ascending order of altitude since they are sorted into that order by
the program after being read, but the end of the data set must be marked by a card
having the value 999999. 0 in the stratum base altitude position.

In the next series of cards the program reads all wind data vectors, one to a
card. The position of each vector is specified by three coordinates; its magnitude
and direction are specified by three vector components. The order of these cards
is completely immaterial, but the end of the deck of data vectors must be marked
by a card having the value 999999. 0 in the vector altitude position. A maximum of

299 data vectors may be provided. Table 9 summarizes the card input to 27 -<WitID,
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TABLE 9

SUMMARY OF CARD INPUTS TO SUBROUTINE MKWIND

Card Variable Names
Number Content and Format
1 Time (seconds) at which the forthcoming wind ENDTIM, ALPHA,
data set is to be updated, a, B (Eq. 21) BETA (3F10.3)
2 The number of nearest data vectors that the NN, NCODE (214)
user wishes the program to use in making a
vector estimate for each grid point, the identifi-
cation number of the computation method that the
user wishes to be used in making grid point
vector estimates (see Table 8).
3 Altitude of first stratum base (meters above BOTHIT(J)
MSL), width of wind cells in the stratum, co- WGRINT (J), WLLX(J),
ordinate of planes limiting this stratum on the WLLY (J), WURX(J),
west, south, east, and north respectively. WURY(J),J=1
(A right-handed coordinate system is used.) (6F10. 3)
4 Same as card 3 but for second stratum Same as card 3 but
for J =2
Last of The end of the subdivision specifications is
Sub- marked by the number 999999. 0 in the stratum
division base altitude place
Specifi-
cations
First Vector altitude, X coordinate, Y coordinate, ZS (), XS(J), YS(J),
Data X-velocity component, Y-velocity component, SX ), SY (), SZ (J),
Vector Z-velocity component (A west wind (from the J=1(6F12.3)
west) has a positive X component; a south
wind has a positive Y component; the Z direction
is positive upward) (m and m/sec)
Second Same as preceding card but for second data Same as preceding
Data vector card but for J=2
Vector
Las't The end of the deck of data vectors is marked
Vector by the number 999999, 0 in the vector altitude
Card

position
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T.ocal Circulation System Data

Two types of data are required for the description of local circulation systems
to be included within a transport atmosphere. First are data that specify the sizes
and locations of all local circulation cells, and second are the data that describe the
wind fields within each of the local circulation cells. Data of the first type are read
by subroutine RDCIRS, while the data actually describing the local systems must be
read by the corresponding local circulation system programs. To achieve this the
local system programs have dual purposes — dependent upon an argument value, these
programs will either (1) read the required input data from the system {IBSYS) input
tape (and precompute certain parameters) or (2) compute the wind vector at a posi-

tion specified in its argument list.

TABLE 10

CARD INPUTS TO SUBROUTINE RDCIRS

Card ‘ Content Variable Names
Number onten ; and Format
L
1 Coordinates of planes that bound the Jth local CRMINX(J), CRMAXX({J)

circulation system cell on the west, east, south, CRMINY (J), CRMAXY (J}
and north, respectively, and the circulation NCRTYP({J)
type identifier. (4E12, 5,13)

Last The end of the deck of cell descriptions is Blank

Card marked by a card having a circulation type

identifier of zero (a blank card will do). Note
that if no local circulation cells are to be used
in a transport run, a blank card must still be
provided to RDCIRS,

Table 10 summarizes the input cards to subroutine RDCIRS, The first card
read by RDCIRS contains the coordinates of the four planes (perpendicular to the
coordinate axes) that bound a local circulation cell and also a number that identifies

the type of associated local circulation system according to the following designations:
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YA~ ifi ]
Ieontification Local Circulation Type

Number
0 Marks the end of the set of local circulation
cell descriptions
1 Mountain wind (MTWND1)
2 Ridge wind (RGWND1)
3 See breeze (CBREZ1)
4 Not assigned
5 Not assigned

The reading of all descriptions is terminated when a blank card is encountered;
therefore, if no local circulation systems are in use, a blank card is still required
by RDCIRS. The maximum allowable number of local circulation systems is cur-

rently set at 5.

RDCIRS establishes the order of the entries in a table of local cell descriptions
by storing the cell data sequentially as it is read. Later calls are made to the
associated local circulation system programs in the established sequence so that
these programs may read the data that they require. Table 11 presents a summary
of the data decks required by each of the three available local circulation programs.
More detailed descriptions of these data may be found in the individual discussions

of the local circulation system programs. (Mks units are used.)

Topography Data

Two basically different forms of topography may be specified for use by the
Transport Module in regions not covered by local circulation systems. They are
referred to here as fully planar topography (a single plane) and piecewise-planar
topography (many segments of planes). The choice of method of topographic de-
scription is communicated to the Transport Module by the user in the control param-
eter IC(1) (sec Table 6) which must be given the value 1 if the fully planar option is

desired and 0 if not. In the fully planar option, the program merely reads from a
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TABLE 11

SUMMARY OF CARD INPUTS TO SUBROUTINES MTWND1, RGWND1, AND CBREZ1

Card Content Variable Names
Number onten and Format
Subroutine MTWND1
1 X and Y coordinates. Maximum height, and half width XM ), YM(J), H(J),
of the Jth mountain A(@J), 4F10.3),J=1
2 Same as card 1 but for 2nd mountain Same as card 1 but
ford=2
Last The end of the deck of mountain descriptions is indicated
Card by a card having a zero in the mountain height position
Subroutine RGWND1
1 X and Y coordinates of a point on the 1st ridge line, height XM@), YM(J), HQ),
of 18t ridge, half width of 1st ridge, orientation angle of A@), B,J=1
1st ridge (radians clockwise from time north) (5F10.3)
2 Same as card 1 but for 2nd ridge Same as card 1 but
for J =2
Last The end of the deck of ridge description is marked by a
Card card having a zero in its ridge height position
Subroutine CBREZ1
1 Sine of the latitude of the sea-breeze cell, Guldberg-Mohn SNPHI, SGMA, ELX,
friction parameter, the total extent of the sea breeze, THET, (4F10. 3)
average ground temperature
2 Wind-field extrapolation attenuation constant, thermal WW, AKY, B, GRAD,
eddy diffusivity, coastline orientation angle, unperturbed NN,(4F10. 3, I10)
temperature gradient, number of harmonics used in
temperature-time description
3 Magnitude of 1st temperature differential, phase of 1st DELTX(N), TAUX(N),
temperature differential N=1
4 Same as card 3 but for 2nd harmonic Same as card 3 but

for N=2
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card the height of the planar topographic surface and uses it throughout transport.
If the piecewise-planar option is specified, the program expects that a topographic
data tape has been prepared and is available for use. This tape carries the identifi-
cation word THTOPO and its data structure is indicated in Table 12. Complete details
are given in Appendix C. (Mks units are used.)

TABLE 12

THE BINARY TOPOGRAPHY TAPE DATA

Record .
Number Content Variable Names
1 Tape identification symbol IHTOPO), DENTI, TXLIL, TXLU,
| overall topography area limits, and the TYLL, TYLU, NBLCK
| number of data blocks
2 ! Arbitrary topographic identification TOPID(J), J =1, 12
card image
3 Topography table of contents (first part) TOPOLM(,J), I1=1,4,
for all data blocks J =1, NBLCK
4 Topography table of contents (second part) | ITOPLM(,J), I =1,3,
for all data blocks J =1, NBLCK
5 | 2-D table of data for first data block S J), I=1, 1II,
: J=1, JJ
6 | 1-D table of data for first data block SUBSID(K), K =1, KK
7 Same as records 5 and 6
8 . but for second data block
|
N End of file

The Transport Module uses subroutine RDTOPO to read blocks of topographic
data into memory from the tape IHTOPO. Subroutine HEIGHT is used to determine
the elevation of the topographic surface at the horizontal position of a particle.

Two other programs, TOPIN and DATERR, which are not strictly part of the
Transport Module, have been written to prepare and check the topographic data
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tape and to write the piecewise-planar topography tape IHTOPO. Since these programs
are out of the main stream of the Transport Module, their inputs, operations, and out-
puts will not be described here, but rather are dealt with in Appendix C. However

the contents of tape IHTOPO are as follows.

The topographic data must be divided into blocks and only one block at a time
can be accommodated in core storage during transport. With reference to Table 12,
we see that the first record consists of the tape identifier. the coordinate limits of
the area covered by all the data blocks on the complete topography tape, and the num-
ber of topography data blocks on the tape. The second record consists of a Hollerith
card image that contains a descriptive comment that identifies the particular topo-
graphic data on the tape. To describe the contents of the remaining records, we

must briefly review. as follows, the nature of the topography description

1. Consider the topographic unit to be a surface segment that projects a
square area onto the z = 0 plane such that the sides of the projected

square are parallel to the coordinate axes (north-south and east-west)

2. Location coordinates of all topography units are specified in the z = 0

(horizontal) plane of the macrowind-field coordinate system.

3 Topography descriptions are arranged on tape IHTOPO in data blocks.
each of which consists of arrays ((S{I,Jj, 1+ 1,II)J-:1, JJ) and (SUBSID:K,
K=1, KK).

4, Array S represents a rectangular area in the z - 0 plane (with sides
parallel to the x and y axes) that otherwise is arbitrarily placed within
the limits of the overall topo area. Its minimum x and y coordinates
are BXLL and BYLL (in meters). It is subdivided by a square grid with
interval GRINT (meters). Each element S(I, J) of array S has the follow-
ing signiticance:

a. If 8(I,J) is positive, then S(I, J) is the altitude of the (I, Jjth topo-
graphy unit it represents in the array area (meters above mean
sea level),

b. If S(.J) is negative. then the fixed-point equivalent of (1 S{I.Jy! is
the index of an clement in arvay SUBSID that is the first element

of a quartet (sce item 5 helow),
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The indices I and J of the S{I, J) array represent increments of distance
GRINT along the x and y axes respectively. S(1, 1) represents the grid
element in the lower left corner of the area. S(2,1) is the next element
to the right of the corner, S(1,2) is the element just above the corner, etc.

Array SUBSID consists of a sequence of groups of four elements (quartets)
each of which represents the four square areas (topography units) result-
ing from an equal subdivision of a topography unit. Each element
SUBSID(K) of array SUBSID has the following significance:

a. If SUBSID(K) is positive, it is the altitude of the topography unit

it represents (meters above mean sea level).

b. I SUBSID(K) is negative, then the fixed-point equivalent of
| SUBSID(K)' is the index of an element in array SUBSID that

is the first element of a quartet.

We see that array SUBSID allows (in principle) an unlimited capability
for successive subdivision of the original topography units defined in
array S. Furthermore, a unique altitude is specified for each topo-
graphy unit that results finally from the successive subdivision process.
The sequence numbering of quartet members is as follows: lower left
SUBSID(K), upper left SUBSID(K+1), upper right SUBSID(K+2), lower
right SUBSID (K+3).

The correspondence between arrays S and SUBSID is as follows.

Picture the array S to be set up in the fashion of a conventional matrix

S(1,1) S(,2) S(1,3) . ... S(JJ)
S2,1) S@2,2) S@,3) . ... S@,J9)
SQI, 1) SAI,2) SAL3) .. .. SQLJJ)

The sequence of quartets in the array SUBSID is determined by scanning
through each row of the S matrix, in its numerical sequence, from left to
right. Each negative element so encountered in the matrix starts the next
quartet in SUBSID.
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With reference to the discussion above we now can define records 3 and 4 on
tape IHTOPO. Together these records provide a complete table of contents for the
remainder of the tape by defining all of the data blocks on the tape. For each of the
arrays TOPOLM(, J) and ITOPLM(I, J), the index J identifies the data block sequence

number (J=1, 2, 3, 4), The index I specifies the parameters:

I TOPOLM ITOPLM
1 BXLL I1

2 BYLL JJ

3 | GRINT KK

4 TTOPO

The variable TTOPO gives the maximum topography altitude specified in the data
block., All distances are specified in meters, and altitudes in meters above mean

sea level.

Then on the tape IHTOPO the arrays S and SUBSID follow for each data block,

Output Description

Printed Output

The printed output of the Transport Module is largely self-explanatory since
extensive labeling is done. Table 13 presents a summary of this output. Not in-
cluded are the (optional) transport trace printouts which are described in the dis-

cussion of subroutine LINK?7.

Binary Output

The primary output of the Transport Module is a magnetic tape containing a
binary mode complete description of all cloud subdivisions that landed during the
transport run. In addition, the Transport Module prepares printed output designed
to identify and describe the transport run in sufficient detail so that the resulting
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TABLE 13

PRINTED OUTPUT OF THE TRANSPORT MODULE

Output

Content Variable Names
Sequence
1 Run identifiers for LINK1, LINK2, LINK4, and transport DETID@), J=1, 12
CRID), J =1, 12
PSEID )Y, J=1,12
TID(J), J=1, 12
2 Transport control array (Table 6) IC(J), J=1,18
3 Transport time limit (sec) TLIMIT
4 Fallout particle density (kg/m?) ROPART
5 Topographic data:
a. If continuous planar topography is specified,
the topography altitude (meters) is printed. TTOPO
b. If a piecewise planar topography is specified,
the topography tape IHTOPO) identifier is printed. TOPOID(), J=1,12
6 Wind-field identifier WID(J), J=1,12
Atmospheric properties used for particle fall rate
calculations: height of stratum bottom, viscosity, and height not stored,
density (mks units) ATEMP, RHO
8 Replacement time of the wind field whose description
follows (items 9 and 10)(sec) ENDTIM
9 Wind vector input data array: Zs(J)), X8,
Z, X,y coordinates, and x,y, z wind vector YS@), VX)),
components (meters and meters sec'l) VY @), VZJ)

10 Macrowind-field definition input data array: BOTHIT(J),

bottom height of stratum,grid interval, minimum GRINT(J),

X and y coordinates,maximum x and y coordinates WLLX(J),

(all in meters) WLLY{(J),
WURX(J),
WURY (J)

11 If IC(7) =1, the wind vectors at each grid point of
the macrowind field are printed in the following
arrangement:

Level (stratum) number, altitude of the bottom of J, BOTHIT(J),
the stratum, x components of all wind vectors Vs, VY, VZ
in the southernmost east-west row, y components

of all wind vectors in the same row, z components

for all vectors in the same row, repeat for the next

row, etc,; repeat for the next level, etc,

12 A one line in-core particle array summary printout is JTEST, JTEST1,
executed on each pass through subroutine DUMPP:JTEST, NFREE, NG,
JTEST1 (Table 2),number of blanks, number of grounded NLOST, NTO,
particles, number of lost particles, number of particles NTI, NW
on the topography boundary, number of particles on the
time boundary, and number of particles on the wind-
field boundary.

13 If IC(8) = 0, properties of all "lost particles" are printed: XP,YP,ZP,

z,y, z coordinates, time, diameter, and mass TP, PS, FMAS

per unit area,
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tape of grounded cloud sundivisiuns can be used repetitively. This 1s achieved

by printing the identifiers ot all the sets ot input data that were used by the Trans-
port Module as well as recording some of the data dicectly. The content of the inter-
mediate output tape produced by the Transport Module and subsequently used by the
output processor as an input is set forth in Table 14. Mks units are used except

for particle diameters which are in microns

Data Structures for Secondary Memory Tapes

Three secondary memory tapes may be used by the Transport Module to
temporarily record descriptions ¢t particles that have been transported as far as
possible using the data currently availatle 1in primary memory but which are still
to be transported turther. In the event that room must be made in the Transport
Module's particle arrays tor incomung particle descriptions. tie transported ibut
not yet grounded; particles may be coilected and written out onto a tape for: (1)
particles beyond the in-core memory topography, 2; particles beyond the in-core
memory wind field, or (3} particles awaiting the next updating of the wind field,
Since all of these tapes are subsequently .ut symbolically into the place of the
regular particle 1nput tape 1PARIN, they must all have the same data structure as
the particle data portion of I’ARIN That structure consists of pairs ot data
records arranged in seguence on the tape - the first record of a pair 1sla count of
the number of particle descriptions to be found in the second record of the pair.

The end of the data set is always marked by a zero particle count record.
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TABLE 14

THE GROUNDED PARTICLES TAPE, IPOUT
(Binary output of the Transport Module)

Logical Record

Record Content

Variable Names

Number
1 Identification word (IPOUT), spare, time at which POUT, NCL,
transport was terminated, width of cloud sub- TLIMIT, BZ,
divisions at time of definition, and density of fall- ROPART
out particles
2 Fission yield, mass of soil lifted, solidification FW,SSAM, SLDTMP,
temperature, time of solidification, In(SD)¥ TMSD, SIGMA,
and 3 spares SPARE1, SPARE2,
SPARE3
3 Run identifiers for Initial Conditions, Cloud Rise, (DETID(), J=1, 12),
Cloud Rise-Transport Interface, Transport, and (CRID(J), J=1, 12),
Wind Field (PSEID({J), J=1, 12),
(TID(J), J=1, 12),
(WID(J), J=1,12)
Number of particle size ranges NPS
5 Central particle size, associated mass, associated PS(d),Ad),
activity, * and surface-to-volume ratio for each size PACT(J), SV{J),
range J=1,NPS
6 Number of atmospheric strata NA
Atmospheric viscosity and density for each stratum ATEMP(J), RHO(J),
J=1, NA
Topography identifier TOPID(J), J=1, 12
9 Number of particle (cloud subdivision) descriptions in N
the following data block
10 X coordinate, Y coordinate, time, particle size, and NP(J), YP{J), TP(J),
mass per unit area associated with each of N particles PS(J), FMAS(J),
J=1, N
11 Same as record 9
12 Same as record 10
Pairs of records like 9 and 10 are repeated until all
grounded particles are recorded
Last record The end of the ground particles data set is indicated N=0

by a particle count of zero

*
Not yet calculated unless the user has provided a LINKS3 particle activity

calculation

See LINK1 glossary in DASA-1800-1II,

T
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FORTRAN LISTINGS

FORTRAN listings for the subroutines are included on the
following pages.
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$IBFTC DUMP LISTsDECKIM94/2 DUMP

SUBROUTINE DUMPP DUMP
TeWeSCHWENKE TECHNICAL OPERATIONS RESEARCH SR DUMPP DuUMP

28 NOVEMBER 1966 DuUMP

DuMP

93 B 33033 I3 3 I A6 03 T I 3 3o e 3 I e 3K R IR AR AR AR ERFDUMP
DUMP

THIS SUBRUUTINE SELECTS THE BEST SET wF PARTICLES Tu DUMP» DUMP

SORTS IT INTU THE LuUw NUMDERED EnD UF THE PARTICLE ARRAYSs wRITcoS DUMP
IT QUT ONTO THE APPRUPRIATE TAPE AND ALJUSTS PARTICLE ScT CUUNTCRSLUMP
THE SET SELECTED FOR DUMPING 1o THE GROUNDEU PARTICLES ScT WHEN-  UUMP
EVER DUMPING IT WwOULD MAKE SUFFICIENT RuUm FUR THE InNCUMING LLUCK DUMP
OF N PARTICLESe IF THIS IS NOT THE CASEs THE LARGEST PARTICLE SETOUMP

IS SELECTED. DUMP
. DUMP

R H KR R AR ERHHHS® GLUSSARY  HHRAAFRRA IR MK R HAFRKEHRRHL AR TR U R HRRFADUMP
DUMP

FOR ADDITIONAL GLUSSARY ENTRIES SEE SUbRUUTINE LINKS DUMP
DUMP

FMAST SEE XPT DUMP
ICC ) THE CONTROL INTEGLR ARRAY. Sce LINK 5 GLUSSARY DUMP
ICuUi BLUCKING SURKT MuDe INODICATURe O=FIRST PASos +=0uTTuM LuuPLumpb
s—=TOP LCLCP DuMP

IOTOPO THE OFF-TOPU ™MEMORY TAPE NUMBER DUMP
IOWIND THE QUT-UF=-wIND DATA MEMURY TAPc NUMBER Dump
IPAKOUT  THE TIME LIMIT BOUNDARY MEMUOKRY TArPE NUMBER DUMP
1POUT THe TRANSPORT wiuouL® InTERHEVIATE UUTPUT TAPE NUMBER DUMP
IRSeT A MARKeK ruk Tdc wbLIKIne SuRT wWwhloem INUICATES oY THE DUMP
VALUE 1 TrAT Trhe TemPurAaxY oTurALe wlinc Fuk A PAxTleLe  vuwmP

I> LOADED Anv MUsT 3E evoiniJALLY JinLUAURU DuMP

I5uuT THE FURTRAN SYSTEM udTPuTl TAPE wJmbER VUMP
J A GENERAL INvEeXe IN THE DLUCKRING Surly 1T 1o Udcp TV vuriP
IDENTIFY THE PARTICLE THAT wWAS JuUsT CLASSIFIev UUMP

JB BUTTOM LUC?2 INDEX FUR THe BLUCKING SURT vUMP
JBL bBLANK LINE INDEX FOR THE BLUCKING SURT vuMP
JFR USED TO REJURD THE INVDEX OF A FRbe (BLANKR) LINc Iiv THE UUMP
buTTum PAKT uF Tre PaArRTIChc ArxaY VURING The CuinoUiL JOATIUNDUMP

OF N BLANKS InTu THI TuP ur The ARRAY VUMP

JT TuP LUUP [NUEX FUR Tt oLUCKInG ourT DuMP
JTeoT A TEMPURARY STUKAGE THAT cvienTUALLY CuinTAlng THE nNurpoR UuriP
UF PARTICL: vodlRIPTluno [iv fac CLASS TU ot vUmPiev wuMP

JleoTl A TEWMPURARY oTurAGr whnlCn cVeNTUALLY CunTalive ThRo wUMbek  vuriP
INVICATING The NIne (CLASL) vl PARTICLE veoCRIPTIun Tu pe vumMP

DUMPED DUMP
N Tre NUMBER of PARTICLeY 1IN THE vATA plLOCA THAT IS WAITING vuMP
Tu BE REAUD nNeXT AT Thnt TIME wren DUMPP 1o CALLED DUMP
NALUFT  Trhd OIMENSIunNEy (mAXTwium) SIZE UF The PARTICLE ARRAY DUMP
NBMAX THE SAXIMUM nUMbER UF PARTICLE VESCRIPTIUNS THAT Can ot VUMP
INCLUDED IN A SINGLE bLuCk A3 WRITTEN UN ANY MERURY OR DurP
INTERMEDIATE OQUTPUT TAPE DUMP
NFREE THE NUMBER UF BLANK LINES (VDENUTED bY FMAS( )=0) IN THAE DuUMP
PARTICLE ARRAYS DUMP
NG A CUUNT UF IN=-CURc GRuJinweD PARTICLES DUMP

wLwua A CuunT UF Tric PARTICLED Iiv Trno PARTICLE ARKAY oul LUCATEUDLUMP
BEYUND [HE CUURDINATE LIMITS UF ThHE wInD uUR TUPU DATA SETSDULMP

a¥aRaNaNaNaNaNaNaNaNaNaaNaNaNala¥aNaNalalaNalaliaNaN aNaNaNalaNaNaNaNaNal oV aNaNaNa¥aN a¥a¥alaNaNa¥aNa¥aNaNaNaNaNaWa N a N ol

NTAP A TEMPUORARY >TURAGE FUR TAE inuMpbeR UF Trc TAPE UNTU wHICH oUMP
THE DuUMP [s Tu BE MADE DUMP
NTI A CUUNT OF in=CURc PARTICLES TrAT mAVe ReACrcu Trc Tlme DUMP
BOUNDARY (ENDTIM; DUMP
NTuU A COUNT OF IN~CURE PARTICLES bEYUND Trc In-CuRe TuPu VATA DUMP
NwW A COUNT OF IN=CORE PARTICLES BEYOND THt IN-CURE WIND UATA DUMP
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C N1 AN ASSIGNED Gu TO BRANCH PUINT FOKR THE CLASSIFYING COuwt uuMP 61l
C N2 SEE N1 DUMP 62 '
C N3 SEE N1 DUMP 63
C N& SEE N1 DUMP 64
C PST SEE XPT DUMP 6>
C TPT SEE XPT . LUMP 66
C XPT TEMPORARY STORAGE FOR XP{ ) SUMETIMES USED TO START A SURTOUMP 67
C YPT SEE XPT DUMP 68
C ZPT SEE XPT DuUMP 69
C DUMP 70 .
c****************k****%**i********x******%*********i**************i*****oump 71
C DUMP 72
COMMON /SETL1/ buMp 73
1 LIAM sDETIV(12)YsIRISE » IEXEC s ISIN s IS5uuUT s DUMP T4
2 SD s SPAR s 95AIM sy Twt s TMP1 s TwbPZ s DumMP 75 .
3 T2M s U s VPR y W y A sy 2 ’ VuUMP 76
4 WHY {4 ) RMIN s IDISTR o SPARL s SPARZ2 s SPAR3 s LumMpP 77
5 SPAR4 3 S5PARS 9 oPAKG6 9 SPART s SPARB s SPARS vumP 78
C DUMP 79 '
€ EE R AR HRA A KKK AR KR RR IR AR K RERRTH A TR L ERT R SRR AR FFLRRFRRT XK RIS FARDUMP 8O
C DUMP 81
COMMON /SET2/ DUMP 8¢
1 S y SUBSID » GRINT y BXLL s BXLU s BYLo DuMP B3 .
2 BYLu s TXLL s TXLu y TYLL s TYLu y XGZ DUMP 84
3 YGZ » NBLCK y HTUPU s TTuPru s IcIm s Julnm DuriP 85
49 [N s 11 s JJ y KK s XF y . YP puUMP 86
59 P s FMAS s TP y FS s VX s VY DuiMP 87
6 vz s IL » JL s IBADD 9 WORINT s NOTRAT vuMP  8b
T wLLX s wWLiY s WURX s WURY s BOTHIT » IPARIN JUMP 89
8 IOTUPU & TOWIND 9 IHTUPO » IPOJUT s IPAROT » JUTOUP1 buMP 90
9 JWINDL 9 IRROUR o TUIMIT » eNDTIM » IC s IbYFPAS bumMP 91
1s JTUPJ s NLUST s N3 » NTU » NTI s Nw DUMP 92 '
2 NALOFT s JTIMELl » NBMAX » NFREE y N sy NCL DUMP 93
3 CRMAXY » CRUHT 9 NCRTYP 4 BZ s CRMINX 9 CRMINY DUMP 94
4y U1V} s ON s C> » NLUCIR » DTLUC » ATEWMP DUMP 95
5 RHU s NA s T6GL s DTIMAC s FROG s CRMAXX VUMP 96 '
6 ROPART LVUMP 97
DIMENSION TUPULM(4y4) sNINTAR(4) s ITUPLM(394) bUMP 98
DIMENSION S(1 »10) yoUBSID400) s ICL18) DUMP 99
DIMENSIUN XP(2uV0) sYP(200) 2 ZP (200) »FMAS (2000 DuMP 100 .
DIMENSION TP(200) 'P5(200 s ATEMP(260) sRHO( 260" DUMP 101
DIMENSION VX (1500) 2VY(1500) sVZ(1500) sIL(T70) DUMP 102
DIMENSION JL(70) » IBADD(70) sWURX(70) DUMP 103
DIMENSION WGRINT (%) sWLLX(70) sWLLY(70) DUMP 104
DIMENSION WURY(70) sBOTHIT(70) 2SN 6) »CS(6) DUMP 105 l
DIMENSION CRMINX(6) sCRMAXX(6) s CRMINY (6) s CRMAXY ({6) DUMP 106
DIMENSION CRUHT(6) sNCRTYP(6) 2JO(6) DUMP 107
C DUMP 108 .
CHREUHARH RS KA RRIA AT RHRRHRHA A AR A XTI AT NI AR H XA KRR LHR R E TR LR R R R RHAHAHDUMP 109
C DUMP 110
1 FORMAT(L1H194XI7915H LOST PALITICLES) buUMP 111
2 FORMAT(/6X92HXP s 10X2HYP s 10X 92HZP 910X 92HTP 910X 92HPS 98X s 4HFMAS) oUMP 112
3 FORMAT{1Xs6E1245) DUMP 113 .
4 FORMAT(1015) DUMP 114
) FORMAT(S5X11HBEYOND TOPO) DUMP 115
7 FORMAT(5X13HTIME BOUNDARY1 DUMP 116
8 FORMAT(5X11HBEYOND WIND) DUMP 117 '
9 FORMAT (5X8HGROUNDED) DUMP 118 _
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C

DUMP

C E R AR R HE N KRR AR A I T AR IR ANARA AR R AR A AR AR AT ARARARHRCHFR *i****k**********DUMP

C

C

DATA PROGRM/6H DUMPP/

DumMp
bumpP
DUMP

A R 2w R K B W e R KRR WK R K & R R W e e R R e R W e ek e R R KR R R e ek e ok DUMP

C**i’cvl‘*w*‘k*%’*‘kr-}rkax“}\-k*k*wir'&"x AR RERRR AR AN AARRFARALA AR R AR F RS ,\'"n"x'.é*%;-w*»(-h‘**x-}rwr-k*DumP

C
C
C

1590

C
C 151
C

151
C

mUST ANY PARTICLES ot vwmred TU mAaNE ruvia FUR T [nvCumlng pLucs
UF i PARTICLES UR Tu (CLEAR e PARTICLE ARKAYSe Yoo Tu 1ol
IF{N=NFREE)1DUs1509151

JTEST=v

GO TO 152

WOULD DUMPING TrE orRuunvcu PasTilles PrUViIive oubfIiClenNT ruwn FUR
THo BLUCK UF v InCImlwG PaxTiCle voolRiPTlunss Yeos 1V 1olid
IF (NFREE+NG=N)151)9ioicelnld

C 1loiz vierAxe Tu vumP TAc ORVUNDEV PAKTICLc veoCKIPTIUND

1512

Clioll

C

C
1511
10

11

12
13

14
15

aNaN AN AN AN AN AN AN AN AN AN AN AN oW A NN ol o

JTEST1=1

JTEST=NG

GO TO 18

veTerkmline walda SeT vt PARTICLES Tu vJdmrP

rinw Tre tuvehNTIFlex (oTooTl) AnNv oler (JTceoal) WF TRe MudT
NUMERKUGS CLASS UF PaxTIllcs in Tre PAxTICLCD ARRAYS
IFINLOST-NG)1lusllsll

JTEST=NG

JTEST1=1

G0 TL 12

JTEST=NLOST

JTESTI=2

TFLJTEST-NTU)Y13s1l4414

JlEsT=NTU

JTeoTl=3

IF(JTesT=-NTI)Y15sl09i0

JTeSTl=4

JTesTanTl

IF(JTESTI-NW)17518918

JTEST1=5

JTEST=NW

AT Thio PUINT JTESl mAao wAAINGenLUudTsnTusinTlonw)e
JTeosTl INvICATCco The KInw Ul rAarTIdLe veowrirTlun Tu be UdmPou
sce Tre Futruwino Cuuc cArLAnNAlluny rux vicsiil=l frArku >

JTESTL NAME OF RIND vk PARTICLE VESCKIrFITuUnS
VALUE CLASS CUUNTER [U 8t oumPED UNTU TAFE
1 NG GROUNDED PARTICLES
2 NLUST PARTICLES BEYUND THE AXCAS Fux wrHilnH
pUiH TUPU AND wlnvs HAVE broociv ore(C-=
IFIED
3 NTO FARTICLES bEYunw THe LimiTs ur Tro

DUMP
vump
DuriP
buMP
DUMP
DUMP
OJMP
DUP
DuliP
vump
DUMP
vuMpP
pumMpP
DuMP
DUMP
DuUiP
pDUMP
DUMP
DUMP
DUMP
DUMP
DUMP
bump
bumMpP
DUMP
UJUMP
DUMP
vumP
vumpP
vUMP
UJUMP
DUMP
DUMP
DUMP
Ui
DuMpP
DJMP
vwmp
[DXeTiT 4
JumpP
VUMb
vuMP
LUMP
vumMP

TOPuU DATA CurRENTLY AVAILAbLc 1IN CUREUUMP

4 NTI PARTICLES THAT CANNUT gk VALIDLLY
TRANSPURTED FURTHER unTIL THE WIND
FIELD DESCRIPTIUN IS UPDATED

5 NW PARTICLES BEYUND THE LImITs OF THE

DumMpP
DUMP
DUMP
DUMP

wliNnw VATA CURRenTLY AVAILAbLE 1IN CURCUUMP

bump

119
12V
121
122
123
124
125
126
1217
lco
129
130
131
132
153
134
135
136
157
138
139
140
141
lag
143
144
145
146
147
148
lay
15v
151
152
F -]
o4
155
156
157
158
159
160
iol
lesg
los
loa
loo
lé6o
107
168
ley
170
171
172
173
174
179
176

147




[aNaXa}

18
184
7734

Clue

C

cCoNecoCoon

[aNaNaNaNavaNe)

CONCeCC N

[aNaNaN aNaNaNaNa!

13¢<

ly3s

183

iol

[
a
—

181

19

iy

2V

2y

21

148

TEST TO SEE THAT JTEST HAS AN ACCEPTAplLE VALUE. UNACCEPTABLE TO OUMP

ERROR STOP AT 184 DUMP

DuMP
IF(JTEST )14 i8brl8e DUMP
IRRUR= 184 DUMP
CALL ERRUK(IFRUGKMY L aruiKe ] oud i) vurir
GO Tu bV VP

LuUMP
15 THe olcc (JTesl) vur dno ocbilicu wLrod uncAicx Tran iAc mAXLromdunr
ALLUWADLE wwlrPJUTl BlLulK olcc (NDMAX) e Yoo 1V looe [PIVATT
IFIUTEST=nDMAX)1Blsr0oleibo VUMK

DuUMP
reotl Jicol cwuaAabl Tu Tre mAXlmom ALLuwAoLE bLuln 2isc du imAl AN vumpP
AlloFTlAobe cbula Dlde wllL po vuMFoUe UumP
JTEST=NBMAX DU

LUMP
MARE Ao lummcNTo Fuie lAC cr ~icianT wuninut ur e cove Al wlibl  wump
LATER oo votu TU CLAawolrY raniliie veowx[Plivno Ro U wncineR Ui
imeY Ak Tu oo vumPows Wil Tu Do vurmrcews v meRelY plAande  ALoU U JriP
UEURELARIC THE AFPFRVFRIATL LLASO CvunTolk DY Thac NuriDeX Ur voolrir—  vumv
ilung Apuul v pe vwerie (JicoT) ANy mase AN APFRUPRLATC SalTling  vumk
UF THe vuibul Tarc namc NiAZs VUMb
QU tu e AkFauFndATE ool luny cuvt Vil
GO U (19s2vsl2ls2l9l3)eJiEcil VumMP

DUMP
CODE Tu MAKEL ASSIGNMENTS FOR i1dE SELECTIUN UF GRUUNDED PARTICLZSe Duiap
GRuUUNDED PAx ICLES ARt lweNliFltw oy ifde PAi Ry —s— L irft DurF
olUino ur FmALt ) ANU Pl ) UnDEKR THE Cunwblilor vmrl art d+lLeli U
ules WUl EuwlUsr = LEF Je D P
DEOLR P luind ol Unudiswiv FARITLILLCY ARKL ALwaYo wnliicoy uiniv Trc Y
ITRAnoruxl livitnmovialc voirul TAaroc ruwl vurir
No=no-JTEeaT vumr
NTAP=TPOUT DUMP
ASSIGIN 3uu TOU NI UuUmpP
ASSIGN 4uvu TO N3 DuMP
ASSIGN 42 TO N2 DuwmpP
ASSIGN 42 TO N4 DUMP
GO TO 9y DuUMP

DumP
Cuve Tu MANE Aosolunmoinia Fux Imz octoclTlun ur PARTICLES THAT AR vUMP
tusl Tu e IhveslTlunliuinve ITMcon Paxiliird axc lwvenlifFlcocu BY A DUMP
Nnpualive Fesol ) Anv A PU ) wolen cwuaco TLimlis idc Tlee wHeN DuMP
irdc 1kAanarusl Ul FARTfCLLO 1o v CoAoce Luai PARTlcLes ARkc MocRoLYOUMP
wliibn univ THE orolcm vuiruvl imre Tu InFuikm Thoo seocmasondcR uF VUMP
[l RemuvAaL rrurt Trac TRANOFUI @ JUMP
NLUST=NLOST=JTEST VUMP
NTAP=]50UT LUMP
ASSIGN 5uu TO N| puUMP
ASSIGN 42 TU N2 DUMP
GO TO 99 LUMP

DUMP
CODE fu MAKE ASSIGRmENTS FUR Trhe scihelTlun ur raxkTlebes Tral HAVE vumP
GQuUInE BEYunD THE In=Luxc TUPUVURKAPHY o Treoc PARTICLES ARE dvenNT I~ vumpP
ricuo oY A PUSITLive FmASl ) Anw A Neualive TRO Je  ThoY Axc vumpP
WRITTen unTu Tre uFr—Turu TAre (luluku) pul Ir voc vr Juluru HAS  vUMP
BEoiv SuPPiRcooty (oY ocitlne 1CIgI=1)eTrneY Axc axlilenw wnviv THE UumpP

SYSTem VUTPUT TAPE InSTCEAU TAlS> o Tu Lel THe ReotARCHER NNUW vumMpP
THAT Hio SUPPReSalun UF [uTuPU HAS Lbw T A LUSS UF PARTICLES FRUMUUMP

177
178
179
ldvu
181
LB¢
182
loa
iov
Lo®
ied
188
lov
L9V
191
19¢
193
LY%
195
i90
197
190
19y
200
201
202
PACE]
ZU4
200
PAVE-
cQ
«Qo
209
10U
¢11
¢1l¢e




24

[aNANANGEaNaNe]

22
222

C 241

221

23

23

(AN AN AN GG Gl ol

23
23¢
C 231
231

233

C 99
99

THE TRANSPORT PROCZO95. DUMP
IF(IC(2)-1)21192129211 bDuMpP
NTAP=]150UT DUMP
GO Tu 213 vumpP
JIuPL=1 [nwviCAleco Tral tne JdneY urF=TuPu PARTICLES TRAT RomALN DN v
e IRANOFURT AxE 1rnvot TAAT Ake Iiv CURS IN THe PARTICLL ARKKAYSe LuUMP

vuUMP
JTOP1=1 DUNMP
NTAP=10TOPO DUMP
NTusNTU-JIlESI JUMP
ASSIGN 3vu TO N2 DUMP
ASSIGN 1lvvw TG N3 Dump
ASSIGN 42 Tu N& vompP
ASSIGN 42 TO N1 vumpP
GO TV 99 LuMP

DUMP

Cuvk fu mANE AsoflumwmenTlo Fur Trc oclolTluiv uF rFAxTLlCLES IAAT CAN  vumr
NUE ot TRAvorurlicwy FuakTrex unill The wlieww riciv 1o uruAalcue TrncLocuunr
PARTlLLLo Art lvenlirlcu oY A PUSITIVE rmAsl ) ANy A Pl ) cWuAL  uvumr
Tu enbllme orntACL Y imeY Asc wxilTon uvy TAFe iFARVT soul whanN irdc vumP
udck FAD 9T [el(4)=1 Tu ouPPRLIo IPARVTs ALY ARE wikiflocin oiv (R vumrP

SYSTeM wuilPUT TAPE Tu nwullFY Tdc Uoike vumk
IF(IC(4)-1)22Lvdedrecci LUMP
NIAF=150UT DUMP
GO TO 223 DUMP

DUMP
JIlmel=1 InvlCATEs 1mAT Tre uveY vol=-ur=wilnw PArTICLes TnAT Koumalivowmy
Liv Ire 1 kAanorURT ARES trvsc TrAT aAxc in Trno PAaxTluce ARKAYDS vumnmP
JTImMEL=1 DUMP
NTAP=1PARUT vurpP
NTI=NITI=JIEST vurlp
AS>IGN buu TOU N2 VP
ASSIGN 4¢ TO N1 OUMP
GO TO 99 oUMP

DuUMP
Cobe Tu mane ASolureienlo ruk ivdc scbeclliuw ur ranllerco Tani Ance Lumb
peYUNUu Tre LimlTs ur THe alinu UATA CunkeniLY AvaliLasLc Liv wunte Uit

frcod PARTICLES ARZ lwvoihNTIFleo oY A nooallve rmAaSt ) Anp ruolliivouumr
TR Ye NurALLY TAcYy ARE whliTon uniu TaPe iuwlnus wul wroiy bz vumr
UscR Ao ocT ICt3)=1 Tu oubkPPRrRESS luwinws TroY aAxg ariticn viv TAdc  vunr

sYoTem wuirPLT TARE Tu anulTlrY THE uUSkEKe VP
IrCICis)=~1)231923c9eol DUMP
NTAP=]150UT VUMP
GU Tu ¢33 LUMP

puMP

Jwiinvul=1 INUICATES ImAT THo ULy UdT-uF=winu-FlEeLu PARTLICLes ThiaT vumP
Kgealiv [ TAe TxandruxT Axc Thusce THAT ARE IN THe PARTIWLL ARRAYSevui?

JWINDL1=1 DUMP
NTAP=TOWIND DUMP
NA=Nw=JTEST DUMP
ASSIGN 3ue TO N1 DuUMP
ASSIGN luv TO N4 VUMP
ASSIGN 42 TO N2 UUMP
ASS5IGN 4¢ Tu N3 JUMP

LUMP
INITIALIZE FOR BLOCKING SORT DumP
IRSET=vu DUMP
ICON=V DUMP

235
236
37
230
3y
L4V
241
b
243
P
245
246
al
4o
24y
250
el
D¢
0>
¢4
22
P3-X+]
ol
25b
59
260
bl
PP
263
204
0o
coo
col
268
Z0Y
v
¢l
cle
¢el1s
PAYE 3
27>
¢lo
17
¢To
279
289
281
282
283
2864
¢85
280
287
¢Bo
289
£90
291
292

149




JB=NALOFT DUMP ¢905
JgT=1 JUMP 254 .
J=JB oUMP 295
C DUMP 266
C WRITE udl A DUMP 2UrtiARY DuMP ¢97
wklile (IovulsgyulcolsdicollonkRebsinGsnbuoTsinlusivi]anw DuMP <96
C NUwW DEOIN Tre bLUCKInG ouikd vumb <9y
C 98 CLASSIrY Tmt uin PArTICLe A> pbrAins Tu bo wumkFous Uk nul Tu ot uumMP 50U
C DUAPFD DUMP 301
98 IF(F AS{J))3ue31932 Dumb 502
3v GU TU MNlsl(3uusduussl) DUMP 305 '
32 GO TC M2914293cusbBuvrbuc) DuMP 304
3Uv [F(TP(JU) 130932930 vuMP 505
33 Gu 1Tu N3elavusivus +2) VuMP 306
35 Gu Tu nGelagsiul) vumMP 507 '
49Uy IFCiPluY+ENDI M) Luusads LU uumP 500
Suv TFUTREUI=TLImIT) 429i0u0stbl vuriP 35Uy
6uu IF(TPIUY=ZNDTIV)IG29 uus 10V sumP 510
C JuMP 311 '
C 31 B ANK NUT TO BE OUWMPED DuriP 31¢
31 IF(ICON)G229901 9424 LuMpP 313
< 4l NUIN—BLAINK wul Tu oe vumrkiu vuriP 314
42 IFCICON)Yaclsacastla DUMP 315
C 1u0U TU ot wvUMPCD wUMP 316
luv TFUICONIYG 39949900 DuUMP 517
C ouMP 310
C Teun=y FIRST PADS Uurik o1y
C Teuin=+1 puTTum LUUr VIVITT A PAY)
C I1Cun=-1 Tour LuuP vumbP 321
C vUtP 32¢
C You riuve Trc Jo—-Trm olne Tu i olans LInc (Jot) UIUTE A -
Yuv  APJol)=XP(UB) DUMP 324 '
YP(JUBL)=YP(UR) vuMbk 325
ZP(JRLY=ZP(JR) DUMP 326
TP(JBL)=TP(UB) DUMP 327
PstdsL)=koids) puMP 320 l
FMAS(JusL)=FrmASTUb) DuMP 32v
JT=JT+1 VudP 330
FMAS({JB)=Ce U uuMiP 551
IF(JT=JIEoT)Yulegulsllus DuiMP 55¢
9ul JUBL=48 DUMP 333
ICUN=-1 DUMP 334
J=JT JUMP 335
902 JB=JB-1 DUMP 336 .
GO TO 98 vuMP 337
C 9ubs LTuike TAc Jo-=Trh PARTICLe In TemPUuRARY oTuriAbo aAanw ocl [xoci=i Tu  uvumP 230
C INDICATE THAT IT musl oe Pul pACK InNTv Thet PaxTldie ARkAaYo AT Trhe vunr 359%
C END uf THIS LDuUmiPr UPERATIUN vurmlP 34y
U4 XPT=xP(JUb) UUMP 541 '
YPT=YP(Jp) vuriP s4c¢
LPT=2P(JB) VUMP o4 3
TPT=TP(JB) UUMP 344
PST=PS5(JB) DUMP 345 .
FMAST=FMAS(JB) DUMP 340
IRSET= 1 vumpP 347
FMAS(JB)=0,4V DUMP 340
GO 70 901 VUMP 34y
903 JT=JT+1 LDUMP 35Q

150




J=JT
IF(JT~JTEST)S89989110
424 J=J-1
JB=JpB~1
GO TO 1104
C
C 421 mMuUve THE JT=Tr LINE Tu THe ol ANK LINE {upl)
421 XP(JBLYI=XP(JUT)
YR(JBL)=YP(JT)
ZP(JBLY=2r(JT)
TP(JbL)=1P(JT)
PSidpl)=PotJT)
FMAS{JOL)I=FMASIIT)
42l JeL=JT
423 ICuin-1
J=JB
LIsd Ir( ub=JTlcoldlilusllivevye
1173 JRL = UR
C 1lv IS THE TEMPURARY STURAGE LCADED. YEo TO 1llol
11 ITF{IRSAT)YII1ULs11lu2silul
C
O llvl rorlALe dne dJoerurant LY olfuncu PAariicee Iw Toc vkans clon {(Joo)
11ul XP(Jdol) = XrIT
YP{JBL) = Yk
Lr(dgl) = 4e i
FriJoL) = iri
PStJsL) = P
FMAS(UBL)Y=SFAST
11ve2 CuniflIinde
C
C Keow b NEYSs ur PARTIcico veluwa vumPou vuol obErfouxid PrINTIng uk
C DUMP ING TrHE
DO 131 J=1sJTEST
[F(FMAS(J)YT101911191 20
101 FMAS(U)Y=—-FMAS(J)
111 TF{TP UYLl 91319131
121 Tridy==irig)
isi cunl Ende
C
e
C
C WUW wunP Tne oscteowfou veowririlunsg
¢ Su Ir e oYoided Luirur TaAPe o TV ve wrllleivs FlIxol ocrLed] Awu
C WITe AN ArerxubrIATe TITLce
5y ITrinTAP=ToULT )52l 902
-
L Ir Trc pranTinNe Uk Luol PARTICLr vesCrIPTIUNS 1o Tu pE ourkioocus
C Gu Tu 4
51 IFCLClo) anceU) wu TUu D4
WRITE {lovuisiduieal
WRITE ([3uulel)
GU TU tollsolosbldsviasnivyesdiceali
o1l WRITE (1350UTs9)
GU TC »1l6
513 WRITE (130UTs6)
GO Te¢ 516
514 WRITE (I1S50UT7)
GO TO 516

bUMP
DUMP
vUMP
puUMpP
DUMP
DUMP
DUMP
DuMP
DumpP
DUMP
VUMP
vuUMp
VUMP
vUMP
DUMP
DUMP
UuMP
puMpP
DUMP
DUMP
pumMp
i
DU
JuMp
VUMmP
Juive
LMy
Durr
DM
LDUMP
Dumr
LupP
vuMP
DUMP
DUMP
UUMP
vumr
JUMP
DJIMP
JuUMP
JUMP
[PXCNY o
Uy
pDump
[VASTIN o4
DUMP
VP
U uMP
D
DumP
VUMP
VUM
vuMP
vuUmP
puMP
JuMp
DUMP
DUMP

351
352
353
354
355 |
356
357
358
359
360
36l
36
363
304
365
366
567
368
36Y
370
371
sic
373
o204
312
sie
371
slo
3y
380
ol
382
5823
ELTA
385
3806
281
380
38y
339
391
39¢
393
394
292
396
397
290
29 v
40U
40l
402
403
404
405
406
407
403

151




515
516

52
155
252

2521

cCONN
v
£

54

541

o)

1o«

(e aN AN

152

C 154
154

¢ 57
57
53

C 59
59

56
6

152

wRITE (15uUdTen)

WRITE (Touulea3) (XP{JYsYFPLU)»LPIJ)sir{u)sPotd)sFmAD(U)sd=lsJdTEoT)
GO TO 54

WRITE (NTAP)IJTEST

IFINTAP-IPOUT)IZ252y 1209252

WRITE (NTAP)UXP{J)sYP () T20J)sPSUU)sbmASlJ)sd=ledieaT)

GL TO 54

WRITE (INTAP)ILAP(J) s YP(J)elP{J)sTP(J)ePolJ)esrMAD(J)sd=19uleal)
IFLIC(6)=1)549252195<]

WRITE (JSUUT e3 ) {XPLIJ)sYPLEU)»ZPUJ)sTrR{D)sPOIJ)sFMASII) =19 JTEST)

Avv Tre nNusperk OF Lines JudT vumbed Tu THE NudpiER oF LIngs wmPTY
rreVivuoLY Anv Tren cerRv wul Trk [LDP UF THE LINED JUST Duimred Tu
AVulu vuvolLe CUUNTING

NFREE=NFReE+JTEST

DU 541 J=1lsJTEST

FMAS({J)=vev

IFINFREE-N)151slo2sl02

Ake Thnexe now cnuven wunTlouvdo octAns Liivcos I Trc Tul ok 7o
FARTICLe ArKAY Tu wkooleove Tre o PARTICLe> ThAT axke wAlTinGg Tu ot
REAU [ine Yes Tu 60

IFIN=-JUTESTI6UsbUsLS

CunduLlualic v pLAnk cinegd [Vlu Tre Tur uF Thc raxTlCLe ARKRAY
JFR=INALUFT+1

K=JTEST+)

UU S0 J=EKein

IF(FMASIJ))IDT 906907

A PARTICLE wUST 28 muvou LCYN
JFR=JFk-1
IF{rmaAS(JFk) )} 98959900
IF{UFR=Jleot JousbuUso f

Muve Trmo rPAxI [CLE
XP(JFrR)Y=XP(J)

YR(JFR)=YP(I)

LPUJFRY=LP(Y)

THLUFR)=TP D)

FolJdFx)=ko(J)
FMASTJrR)=FMASTD)

FMASUJ)=Vey

CONTINUE

<ETURIN

END

LuMP
purP
DuMP
DuUMP
[RIVN (84
vumr
Dump
vuripP
JUMP
DuUMP
w ik
UuMpP
Uuiib
VUMP
vuUMP
vuUMP
Dump
DUMP
DUMP
DUMP
DUl
vuhipP
JuiHP
DUMP
JUMP
wariP
DUMP
VUMP
VUMP
DuUMP
DuviP
VUMP
JUUMP
DUMP
vuMp
VUMP
VUMP
DUMP
DUMP
DUMP
DUMP
bumMp
DuMpP
JUMP
JUMP

40y
41U
411
412
~i3
414
4l
4lo
417
4lo
41y
Gl
421
42¢
423
424
425
42¢€
427
428
G2y
459
431
432
435
G454
430
436
437
438
439
440
441
G442
443
444
4435
446
447
44
449
450
451
452
453

454

454 #




»IBFTC RLTOP LISTsDECKsMYa/ e RUTQ
' SUBRGUTINE RDTOPO (LB) RDTO 1
C 11 OCT 66 RDTO 2
C Te we SCrimchKeL TEwnnicar OPERATIUNS KeobtARCH ok UUTPRU CHAINKDTU 3
C THLS SUBRUJTINE mereblY ReapS unc TubFu pruCk INTU ARRAYS o AND RLTO &4
l C SUBSIUe IT tXPEeCTo weav LlmiTs Tu pd Iiv Cummun wurus [lsudanke RUTU >
C ERROR £XIT IF BAL LIMITS ROTU [}
C RDTO 7
€ B R R K0 B RN R W R R RN KR AR R IO NN R RS KK N AR R KRR HRAARDTO 8
C RDTO S
' COMMON /SET1/ RDTO 10
1 VIAm s wiilv y Ixkliok y IeXed s ISIiN s IS5uuld ’ xWTU 11
2 SU s IPAK s ODAM y TwE s Tl sy TmFZ s rKLTO 1le¢
3 Fem s L s VPR s W s X y L s rOIO 123
l 4 wAY s ~ln s IDISTK 9 oPAK1 » SrAxe s SFAKD y KuTu 14
o} SP ARG » DFARD s OFPAKRG s SPART s SPAKRGS s SFARY x0TV io
DIMENSION DETID(Llz) swrY(40) KOTO  lo
C RDTO 17
I C HFHRR A w R m Ao W AN R KRR AW AW R Wk AR AN R AR R AR A AFRA AR IR A IR AR wx R kR FEREROTO 18
C rDTO 19
COMMON /5ET2/ RDTO 20
1 N s LUBDID 9 GRINT » oXLL s oXLu s BYLL kvTu 21
' 2 BYLW s IXLL s TXLu s TYLL s TYLU y AGL RUTO  2¢
3 Yol s NDLUA s HTury s TTUPU s ILIm s JLIm KVTU 223
4y [N s II y JJ y AR y Xr s YK rwlu Za
59 P s FrAS s TP y PO s VX s VY RUTO  ¢2
l 6 Ve s IL y JL s IpAuLv s WORINT » NOTKRAT rKDTC 20
R NLLA sy WLLY s WURA s wWurY s BOTAHIT » IPARIN KLTu 27
o JTuTuPU s Tuwinw ¢ IRTuru » [PVUI sy IPARUT » JUTurl ruTU 2o
G Juwlhwl s lixnur o TLIMIT 9 cnnOilm o 1IC s IDYPAS <ulu 29
1o Jiury s nLuoi y NG s N y NTI s Nw RUTLU 30
X NALUET 9 Ul leel 9 NBMAX s NFxce s N s NCL rUTU 31
3 CrRmAXKY » (ko] sy NCRIYP » B2 s CRMINX 9 CRMINY RLTO 32
4y o s ON s Co s hLuCliR 9 OTLUC s ATbwmpP koTQ 35
5 KHU s NA y Tl s UTMAC s FRuw s CRMAXX RoTo 34
' 6 kuP AT RDTu 3>
vliEnoiun TuruLm{4ew) sNINTAK (@) s [TUPLMla94) ~uTOQ 30
vimensluN o1 9130) souBolu(4Q0) sIC(10) rROTU 3/
Divensiuin Xrl2ey) sYP(200) s 2P (20Q) sFiAD (1 200) RUTU 30
l UDIMENSTUN TrI2.0) sPS(200) sATEMP (260 yRHU(260) ~UTU 3y
DILvENSTUN VALLI30U) sVriLl50u) sVZ(15u) s ILI7U) KuTw 44U
DIMENSTON JL 170 s I18ADL (7Y »WJURX(TO) <DTO 41
CDIENSTUN wGKRINT(/0) swlLLX(70) sANLLY (70) KOTU 42
l UDLImENSTUN wurY(T730) souTAHALI(TU) sON(6) s(o(6) rRUTO &3
Divienslun Lrmlivk(6) sCxXMAXA({6) sURMINY (0) s CRMAXY (6) RLUTO 44
Olmensiun Cruni (&) sk (YR (o) sJu o) R“VTC 42
C RDTO 46
C HHHAX AT ACHRTAAARA R AR K AR AWK AN n.\‘KA"n)c'A(’n’n"n"x'nw'k-kxh‘*x’*7\‘7{"«(’*'}{‘*'}\‘***7’:****w‘?&?*%*****“u‘fu a7
l C RLTO 4d
FUurRMAT(33nuTury DATH Tuu LAKus FUR PRUGRAMG ) RLUTU 4%
FurmAT(a5me [nCurrec]l TuPu Thaore oF (uinTLnToe) rUTY  Su
FORMAT(1luFlUe3) RDTO 51
C RLDTO 52
s RODTQO 53
C ﬁ*’x*wni"x‘kwkﬂ"&'}r***"'{'ﬁw'ﬂ'w-ﬁ-.c?c‘n“ﬂ"f‘n*;cxk'xw*K'kir*)('R'k*’(****i‘c%***%***********i****RDTO 51‘
O HR kR R R R R R R R KRR AR T R AR PR K A F R kA A RERFALA AR AR AAR AR R AR HRRRUDTO 55
l C RDOTQO 56
TI=1TOPLM(1lslLb) RDTO 57
JJI=TTurLmicol ) KLTO 58
Kk=ITOrLM(3sLB) RDTO 59
' TTurusTuPuLmlaslB) RUTC  6U
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BXLL=TuruLmilsLB)
BXLU=TURULM{3 LB ) *FLUATLT I ) +pALL
gYLL=TuruLM(2sLbB)
BYLU=TUPULM(3sLB)I*FLUAT(JU)+DYLL
JFTOPO=LB+1

IF(II)1sls2

IF(JJ)1lsls3

IF(KK)1lsbrs

TECLI~-ILIM)IDeD0
IF(JJ=UL M) TeTs6
IF(KK=KLIM)os8s6

WRITE (I500T99)

STOP
WRITE (IS5CUTs11)
GO TO lv

KEAD (IATOPU)I((o(led)sl=1s]l{)sd=1sJJ)
KEAD (IRTUPU) (SUBSIUDIK) 9K =19KK)

WRITE (J50uT9lul)ioubal(K)sR=13LK)
RETURN

END

<uTu
LTV
ruiv
ruiu
~LTO
ROTO
RVTO
AY"NRY]
rKulu
RUIU
Kulu
wultu
ruTu
"ART]
ROUTY
Kulu
KTV
Ko TU
~DTU
RwTu

6l
[+ 34
03
o4
(o3}
66
67
Lo
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73
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70
77
7o
79
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$IBFTC LNKS LISTsDECKIMY4/2 LNKD

SUBROQUTINE LINKS LNKS
C TeweSCrAWeNKE TeCrNICAL UPERATIUNS RESEARCH LINK 5 LNKD
C 15 OCTOBER 1966 LNKS
C FIRST UVERLAY LINK OF TRANSPURT PRUGKRAMe INITIALIZATLUN AU CALL LNKD
C OF WIND FIELD PREPARING SUBOUTINE m™MRWIND LNKS
C LNK5S
C ******************ici:-%****}\'i(‘%***%******»(—*%#****1&*%*%***********#****%***LNKS
C LNKS
C ¥ 3 3 33 K ok TAPE TUENTIFICATIUNS AND ASSIGNMENTS dE R A WA RFE | NKD
C LNK5
C NAME CONTENT LNKS
C g LNK>
C InTury TuPUGRAPHIC AEIGHT VATA TAPE LINKD
C lulurv PARTICLES ACUFT 8UT oeYUnw I CURE TUPULKAPHY LINKD
. Luwlou ParTiclecs ALubRT buT ooyunw IN Curke wlnu rleocy LINKD
C IPAKIIN FARTICLES ALUFT Anhuv Tu pe PRUlcoSSou LINKD
C IPARUT PARTICLES ALur T AWALTInNG WeXAT Timb rexluv winuvs LKRD
o 1PUyUT PRoGRAM SPECIFIC vuiruT LNKD
C [ovuTd SYSTEM (BCD)Y wuTPUT TAPE LINKD
C ISIN SYSTEM INPUT TAPE LINKS
C LNKS
CHFERRRWH T H W FPRUGKAM QLuDdSAKY 3R eI RO A A R e LINK D
C LINKS
C ATempP (J) ATrmuoPHERIC VIoWualTY [N Trc o=Tr oTRATUM LiINKD
C AXSAY sAZ VUTPUT ARZUMENTS wF LuCArL CIRCULATIUN oYalom —INKND
C CuVLDe XsYosAND Z CumPUNZNTS UF WNlnw AT Thco LINKD
C PUSITIUN UF Trne J-Trt PARTICLC e LINKD
C oLANK oLANK LITIRAL { ) LNKD
C BOTHIT(K) ALTITIvE OF gBUTTOM OF KTd WIND UATA bLuUCK LNK5
C BZ LENGTH OF Trt SIvbk UF Trht SWUARE LLuUuw SuoulvIS-LNKS
C TONS AT TreE Tlsvk OF THp iR DEFINITIUN LNK5S
C CBREZL SUbRUOUTINE StA orRtclZz CIRCULATIUN Muvel LNKS
C CIRMIN TIME ONTIL INTERSECTIUN wild iHE FIRST LuCAL LiNKND
C WIND SYSTEM LNKS
C CIRTYP(J) THEe LUCAL CIRCULATIuN TYPE UF THE JTH sYSTeEm LINKDS
C 1 MOUNTALIN WIND 1 LNKS
C 2 RIDGE wilnu 1 LNK5
C 3 SEA bRrocle 1 LNKS
C 4 SEA BREEZE 2 LiNKS
C 5 NOT ASSIGHED LNK5
C CRIDC ) CLUUL RISFK TDENTIFICATIUN LINKD
C CREINX(J) SMALLEST X COURDINATL ub TR JT0 LelAL SYaTem LiNKD
C CRMAXX(J) LARGEST X COORDINATE UF TAE oTH LUCAL 3YSTEM LiNK D
C CrMminY(d) SHALLEST v CUURDINATE uF TAZ JTm LulAl SYoToM LNk D
C CRIMAXY { J) LARGEST ( COURDINATE UF TAE JTH LuCAL oYolem LINK D
C CkunT(N) HEIGHT ur TuP SURFrACE UF ThE KTA LOCAL CIRCULATIUN LINK D
C SYSTEM CEllLe LiNK5S
C velluld) INITIAL CunvlTIung (FIRcoALL) TuocnTiricaTlun LiNeD
C ubEiNT 1 TuPVORAFHY TAPE TuenTIFICATIUN LIiToxkAL (IATUPU) LD
C A> READ FROM TAPE LNKD
C DENTT PARTICLES ALUFT InFul TAPe TvenTlirlcaTlun LINND
C LITERAL AS REAU FRUM TAPC LINKD
C pTeuc TImt INCREMENT FOR USc InN TRANSPURT willnliNn LUCALLANKS
C CIRCULATIUN SYSTEmM CeELls LINKD
C DTMAC TIvic INCREMeNT FUK ubt v TRANSPURT WITHIN THE LNKD
C MACRU Flebko bul oclbuw mAXImUm TUPLVGRAPHIC HETOUHTLINKD
C DTST CANNED COPY OF PARTICLES ALUFT 1inPuT TAPC LNK5S
C IVENTIFICATION LITERAL (IPARIN) LNKS
C DumpP SUBROUTINE stELECTDS AND DUMPY UnNE UK MUKL LivkH
C SETS UF PARTICLE DESURIFTIUND UNTU TEMPURKARY UK LINKS

155

VO~ U PN




ﬁﬁﬂ(\ﬁﬁﬁﬁﬁ(\ﬁﬁ(’\ﬁf\(\ﬁ(‘)(\ﬁﬁﬁﬁ(\(\ﬁﬁﬁﬁﬁ(’\f\ﬁ(\(\f‘\(\ﬁﬁ(‘ﬁ(\(\ﬁﬁﬁﬁﬁﬁ(\ﬁ{“nf\ﬁﬁﬁﬁ

ENDTIM
EPSIL
ERROUR
FALRAT
FMAS (J)
Firuts

Fv

Fw
GETwWND

H
HEIGHT
HOB

HS

HTuPU
HTST

1BADD (K)
IBYPAS

ICayy

ownE W&

@® ~

IEXEC

IF
Il

IL(K)
ILIM
IPAS

IR

IRRUR

17
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VX

INTERMEDIATE OQUTPUT TAPES LNK S
TImeE UP TU WHICH THe CJURRINT WINU FleLu veESCRIFTLINKD
ION IS ASSUMEL TO 8t VALIDLs LNKD
A SMALL NUMBER LNK5
SUBROUT INE ERRUK CUMMENT ANL/OUR STUP . LNKS
SUBROUT INE PARTICLE SETTLING KATE CUMPUTATIUN LNKS
MASS PER UNIT AREA (MKS) AS3UCIATEL wiTH THo LNKD
J=TH CLUUD SupbDIVISIUN (PARTICLE) AT THe TIMe uFLNKD
ITS DEFINITION LNKS
A rreCumPUTED CUNSTANT InNFUT FUR SupbrROUTINZ LNKS
FALRAT LNKS
QJTPUT ARGUMENT UF FALRAT (MKo) A PUSITIVE LiNKD
QUANTITY LNK5S
FISSION YIELD LNKS
SUBRUUT [N : GeTS WMACRO WIND VeECTURS AT PARTICLELAKRD
PUSITIUN LNKS
QUTPUT ARGUMENT OF SUbrROUTINE HEIGAT LNKS
SUROUT INE RETRIEVES TUuPuU HEIGHT AT XsY LNKS
AeElGAT UF buxsT RebAlTIveE Tu SURFACD meioAT LINND
TEMPURARY SITURAGE Fux STANVDARD ATMUSPAERKIC LINKD
STRATUM BUTTUM HEIGHT LINKD

HEJGHEST TUPU HEIGRT ANYwHeRe uiv THE TuPu TAPE  LhK5S
CANNED COPY UF TUPUUKAPRHY TaPe ITvenTIFlCATIuN LiINKD
LITERAL (IHTUPO) LNKY
BASE ADDRESS OF KTH WIND DATA olLUOCK IN ARRAYS LNKS

VYs AND VZ LNKS
INITIALIZE BYPASS FLAG LNK5
LNK5

CUNTROL VARIABLES INTERPRETATIUNS A> FulLLOWS LANKS
SUPRESS TOPO TAPE USEAGE IF= 1 LINKS
SUPRES> OFF TOPO TAPE USEAGE IF =1 LNK5
SUPRESS OUT OF wlilu FleLy TAPE USRAGe IF = 1 LNKb
SUPRESS PARTICLES ALUFT SECUNDARY MEMURY IF = 1 LNKD
SUPRESS ALL TAPE SECUNDARY mMEMURY LNK5
TRANSPURT TRACE CuinNTRULe 0 = NO TRACES LiNK5S
1 = A PARTIAL TRACEs 2 = A MORE COMPLETE TRACELNKS
PRINT WIND FIELD IF =1 LNKS
SUPRESS PRINT AND WRITE OF LOST PARTICLES IF = 1LiNKS
LNKS

LNKS

EXECUTIVE CUNTROL WORD TO CONTROL BRANCHING LNKS5
BETWEEN CHAIN LINK SUBROUTINES LNK5

INVEX OF THE LAST LINE IN THE PARTICLE ARRAYS LNKD

ITUPLM(1ysJ) Fur THE TUPO DATA BLOCK CURRENTLY INLNKS
CORE LNKS
“IMITS ON INDICES uF wIND BLUCK DATA SET K LINKS

LNK5
ASSIGNED GO TO VARIAulLE FUR USE IN DEALING wITH LNK5
EXCESSIVELY SMALL PARTICLE MUVEMENTS ARISING LNK5
DURING TRANSPORT LNK5

INDICATOR OF TYPE OF BOUNDING PLANE ENCOUNTERED LRNKS
DURING TRANSPORT. 1=X-BOUNDARYs 2=Y-BOUNDARYs LNK5
3=2~-BOUNDARY,y 4= TIME BOUNDARYs 5= LOCAL CIRC- LNK5

ULATION CILL BOUNDARY. LNKS
NUMBER OF THE SQURCE STATEMENT NEAKEST Tu WHERE LNK5
AN ERROR CONDITION WAS SENSED. LNKS

THAT IS TO BE PROCESSED BY THE TRANSPORT LOOP LINK5
ASSIGNED GO TO VARIApLE FOR USE IN CODE SELECT- LNKS
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65
64
65
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65
69
70
71
T1¢

T4
1o
76

To
7y
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81
8¢
B>
X
85
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ITUPLM(1J)
ITUPLNM(29J)
ITUPLM(3yd)

17T
JODuUNE

VFTuPC

JJ

JL(K)
JLIM
JTEST
JTEST]

+1

-1

JTEST2
JTlmel

oTurPJ

JTurl
JH

JWAD
JNAUL
Jalinul
SlIm
(NS

LUTRAI
XTury

M T

mTwND 1

[UN REGARDING USE OUF PLANAR UR rFIcCEWISE PLANAR LNK5

TOPOGRAPHIC DESCRIPTIONS. LNK5S
NUMBER OF CELLS IN THE X VIRECTION OF THt LNKS
REGULAR GRID SECTIUN UF THE J-TH TuPU UATA pBLUCKLNKS
SEE 1TUPLMIlsd) BUT FOrk Y-DIRECTIUN LINKS
NUMbBER OF ENTRIES IN THE ONE-DIMENSTUNAL Sub- LiNKD
SIDIARY TOPUGRAPHIC DATA ARRAY Fuk THe J-TH LINKS
DATA BLOCK LNKS
Stk ITe LNKS
IF 1, INDICATES THAT ITHe UNLY PARTICLES THAT RE-LWNK>
MAIN TU HAVe ThEIR TRANOPURT CumPLeTEU ARE LINKS
CURRENTLY In CUKE MoMuRYs NUNE-ARE un THe TIme CnKS
BOUNDARY TAPE. LNK5D
InDICATUR UF TuPV TAPE Flie PUSITIUN LINKS
TAI5 wuRD RECURDS THE NuMbtrR UF Tre FILE LINKDS
WAl A RtAU COMMAND WOULD oRING Liv NeXTe Linkb
[TuPLd(29d) FUR THe T1VPuU UATA olLulk curxonTLY [ocivks
CORE LNKS

LINKS

LNKY
TemPURARY STURAGE LINKD

LNKS
THE TIME 30UNDARY TAPE I35 IN USE LNKS
Nu TImMtE BOUNODARY rPaARTLICLES ARE UN TAPL LINKS

USED UNLY Tu CAUSE AN ENTRANCE Tu MAIN TRANSPURTLNKS
LUUP WITHOUT FIKST READING MURE PARTI(LES FRUM LNKD

TAPL e THJ> ALL TRAND> PURTAbLt PARTICLES LiNKD
RemAINING inN CURE AR TrANSFUxTEL JUST AFTExk A LNKD
New wIND Fleiv AAS obon CumMbPuToUe LAKDS
TEMPORARY STORAGE LINKD
INvlCATeS THE PRoSENCE UF PARTICLES Ui Tre Timc LinkD
BUUNDARY TAPE Live 5
+1 INVDICATES THAT Trc TIme ovuinuARY TAPe lo InN  LIKS
Ust e U INDICATES ThaT IT 1o NUT IN uUdCe LiNKD
=1 INUICATES TrAT Troxe ARe TiME oOUNDAKY LiNKD
FPARTICLES v wukce =1 IS usev Tu CAuse AN LNKD
EnTANCE Tu Tre wialn LuuP wlITHUUT FIROT LivK D
ReAving murE PARTICLES IN S0 Ao Ty TxAnNSFURI] Line D
ALl TikANorurTABLe PARTICLeos THAl weowAln IN LINKS

MomURY Juol AFTexr A New winu rlcltu [0 wumruToue LINKS
InvveX UF RIoHEST winu LAY=ZRe ocd oY winwlnb ux  LiNRD

LINK 6 LNKD
FLro ruk PAaxTicloo urr TAc v Cuxkcoc TuPu uxlu LINKD
Uocu of LINRT aAhu suoruuTInts Ao AN INUCA uF THCZLRKS
Winw sTrATum CUNTAINING A PARTICLE LINKD
InwueX OF MACRU winb were CunTaAInIng PAxTICLe LINKD
TePuArY oTumaoL Fusr PReolzevING VALUL OF JWwAY LIRS
Flag rurk PARTIcee S uuT UF Iiv CURE wlnu oPeC Line S
LImlTs ulh INDICES uF TuPU ARRAYS LINKD
TTuPLMi39d) Fux TrE TuPu UATA obLulkK CurRenNTLY TwbLNKD
CIRE LNK5S
suBRkuuT N2 LUCAL oY>Tem PARTICLE TRANOPUKT LINRS
COLE LNKS
hAXe WUe TUPY BLUCK CAPABILITY UF PRUGKAM LINKD
uobL fu Cuniikun THE AmuunT uF TrRANOPuURI TrRA(CE Line D
PINTING [iv LInKN T I=nnu PRINTINGs ¢=PRINT ALl LivaD
TRACE S LNKS

SUBRUUT INE WIUUNTATNE wino CIRCULATIVN mulEL LinKD
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1253
124
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127
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130
131
132
133
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135
156
137
1so
13y
140
141
lacg
143
144
149
i46
La7
l4o
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Lo«
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154
155
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157
150
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160
1ol
16
163
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165
le€
167
165
169
170
171
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NA

NALUFT
NBLCK
NBMA X
NnCIR

NCL
NCRTYP(J)

NFRLE
NG
WiNTAR(J)

NLuClr
NLUST
NPS

NSP
N TRAT

nT 1
nTu
NUL
NW

N] 9iNZ

FUUT

PRUGK M
PS{J)

PSEIL
FSIZE

RADMAX
KDTuPuy
RGwiND 1
RHU(J)

RUFPART
RTST
SIGHMA
SLOTHP

SOAM
TC

TGZ
TIDtL )

TIXxsTIYTIL

NUFBER UF PARTICLE vocoCkIPTIuns AbUUT Tu bt RCLAULNKS

Frum TAE CURKReNT olLuln uF THo Pax]Ilees INPUT
TAPE

NUmpER UF ATmuSPFAckic ceovebls VeoolrRistuy I Trhc
TaolEs UF STANUARD ATMusrHERIC uvEivolTY Anp
VISCOSITY

S12c vF ARKAY FUR PARTICLES ALUFT

NUMbDER UF olLULKS ufF TuPu VATA unv TuPu TArco

SIZE LIMIT UN DUmF olLUlCK

TEPURAKY STurmkut rux NURTYP(J)

SPARE

LUCAL CIRCULATIUN TYPe luenTiFlex UfF inc J=In
LUCAL SYSTeMe 1 [o mlTanuvlsy ¢ 1o Rowivuly 5 1o
CorReZls Olfdbxko AREL UNASSTONEU .

NUMBER UF cePly Llines In PATICLes Acvur T Liod
NJmoer uF PARTICLed wuxuunveu (I Curel
NumpEr wF PARTICLEee wvaik TUPU AKCA J Ao In

T QulT~(UF-Turu ourresr

Tric NumpbE X uF Lulhab CIRCuLATIuN oYolemy In usce
wurtso ik uF FAari iChles THRAT uRIrTou ocYuno Limllo
Nuaoer ur PARTICLE OoldE rkaAanNwis voolRlocwu In Thne
PaxTICLE Sicc visikloul iluN ARKRAYS

SPARE

wAX Lo NJBERK UF AT MuarPHERIC oTRATUM veolikiri-
[UnNd THAT THE FPRUGKAM CAN ACCUrMUUALE

nurmber UF FAaxkT Ieees AT Tlme oanclor. (1n Couxe)
worioeX wF PaxkTlicbes AT TuPu pARKILK (liv wunre)
INTEOER LERU

Numbo ik wF FARTICLEs AT winw oAxkicok (In Cuke)
AoSLUINEY OV (v VARlADLES FUR Lok IN SPrLuvine uP

T-e CumrouTAallun b Tlmg ur FLlonT TU LUCAL ClaC—

JLATIuN oroiZm CELL puunDARICO.

CANNEU LUPY OF oruuiutb PARTICLeEs TAPe [uoeNT-
IFleR LITERAL (IPOGUT )

CUNTAINS 2RUGRAM NAMe IN oCb

MIv~RANGE PARTICLE o4t (MICRUONS) UF The J-1IH
PARTICLE olcE RANGE ved(RIoew InN Thnk PaATICLE
SIZt VDISTRILUTION ARRAYS

PARTICLE 52T EAPARNSIUN  PRuorRAm uF InTexFACc
PROGRAM RJiv [weNTIFICATION

TocrrURARY STUKAGE Fut PARIICLL olic Vb CuRRLNT
PART I CLE

MAXTaur CLUUD RADIGUD wukIing CLuvw Rloc
SUbRUUT INE  RoADS I A TuPU VATA oLUCK
SUBROUT INE Rlouwe winw CIRCULATIUN rMouvcl
ATHMUSPHERIC DensITY IN THe J-TH TAoULATEV
STRATUM

FALLOJUT PARTICLE DENSITY (MKa)

TEMPORARY STURAGE

LINKD
LNKD
LINKD
LINKD
LINKD
LINKND
LINKD
LNKYD
LINKD
LINKD
LINKD
LNKD
LINKD
Liveo
LNK D
LNKND
LNk D
LINND
LINKD
LINND
LINKD
LINKS
LINKS
LiIvKD
LINND
LINKD
LNKD
LiNKD
LINK D
LINKD
Lk 5
LINKD
LNKS
LNK>
LNKS
LiNK D
LNKDS
LivA D
LNKD
Livab
LiNKb>
LiNKD
LINKD
LANKD
LiNK D
LNKD
LNK5
LNKD

STANUARUD OEVIATION UF PARITICLE olc4c wioTxIpuTlONLiKD

PARTICL: SULIVIFACAIIUN TeomPerAluxke (K)

WASS WF CUNUEINSEY FrnAsk mATeRIAL AT oFcllrlCAl-
IUN TIME

TEMPURARY STORAGE

TIME OF DETUNATION

TRANSPORT IDENTIFICATION

TIMES OF FLIGHT TO THE FIRST XsYesAND Z MmACRU

LINKY
LNKD
Linnd
Link5
LNKD
LINKD
LNKD
LNKS

177
170
17y
lowv
Lol
loe
IR
Lo
ioo
lse
la7
180
18y
1990
1Y i
4
1935
iva
12
1o
1yl
1y0
19¢%
20u
£04
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¢0>
204
<02
<00
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200
¢
210
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¢el
PR
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TLIMIT
TMAXX s TMAXY

TMINXsTMIiNY

TMSD
TOPID(J)
TOUPULM
TukuLm(leJ)
TorPULMI{2s9)
TUuPULMI3 9J)

furuLmigsd)
TP
TS

TTuPU

Tw

TanD

JALL s iXALUsiYLL Y
P XL I X2

TYLu
fYLlsTYZ
VHFASVFY
vPZ

VPZT

VXs VYs V¢
WoRINTIN)
Wiv(J)
WLLX(K)
WUKY (K)
XY
XBL e XBu

XGLaY0GL

AIwsYTineZln

XP s
AXsYY Ll

YFy Z¥

YBLsYBU

/SET1/
VIAM

Sv

Tem
WHY L 40)
SFAKKRG

COMMON

U R W N

FHHA KN AW R R AW R TN

COMMON /SET2/
1 N

CELL BOUNDING PLANES LNK5
Tlme SPECIFIED FUR THe TZRMINATION OF TRANSPURT LANKS
TEMPURARY STURAGE FUR LARGEST OUF (TX1lsTXZ2) AND LNKD
(TYLlsTY2) LNKS
TEMPURAKY STURAGE FUR SMALLEST UF (TX1sTXe) ANO LNKD
(TYLelYZ2) RESPECTIVELY LNKDS
TIME OF SOLIDIFICATION LNK5
TOPUGRAPH? [ODeNTIFIER LiNKD
FLUATING PUINT TUPUVOURAPRIC DATA ARRAY LNKDS
MmIve X=COUKODINAIE FUR J=imm TUPu LDATA bLUCK LNKS
milive Y=COURDInATE Fur J—Jr TulPu. UATA DLUCK LNKS
INITIAL lLLuUuLAK) orlu INITEXVAL Fur J-Tr Turu LINKD
DATA bLOCK LINKD
Acioreal Turku meloni IN Trne J=Tr TuPu uATA BLUCKLINKD
PARTICLE Time oTATUS LNKS
TimE Uk FLIGHT Tu PUlin] ur EnTKANCE Tu CURRENT LINKS
LUCAL WIND (Ll LINK D
meliodcsl Turku ceevVaillun [N Tre I CURE UATA LINK D
TUTAL YIELY LNKS
Tlme OF FLIuAl TO Tlme bUUNDARY LNKS
LUWNER AND JUPPER X AND Y CuuRDINATE LIMITS FUR LNKD

[IMES> OF FLIGHT TU ITHE Two X=PLANES pUUNUING THELNKS

CURKRENT LUCAL CIRCULATIUN CELLe LNK>
Trc AREA ACCOUNTZD Fur UN THe [UPUGRAPNY TAPC LNKD
SEE TAL buUl FUKR Y=-PLANES LNKS
TSrPURAKY 21JRAGE FurR X AND Y PARTICLE VeluClITY LINKS
Nel VERPICAL veludlfly ubF PARTICLE LiNKD
TomPUuRKARY STwrkAuE Fur PRKoCeouling VALUE VE VPZ LNKS
Wl VELOCITY CuMmPUNENTS LINKD
ORIV INTERVAL uwF KRTh wlivb UATA vlUCK LNKD
WInw FIueL) DESCRIPTIOUN TDENTIFICATION LNKD
HURTZUONTA L LIMITS UF KTH wlND DATA BLUCK LINKD
AURIZUNTAL Limlls UF sk wliNo DATA BLULK LINKD
TEMPURARY STurAoe Fuxk PARTICLE CUuxDINATES LNKH

LuwWwek AnND JFPEK X

CUURD INATES UF

MACRU Chil Cun=uLivad

TAINING PARTICLE LiNKD
CUURVINAT 20 UF OGRUUND ZERU LINKS
AsYsAinu £ InCrRErieniAL DIoTANCED FuRk voo In LiINKS
CunbTANT T1mE InienvArL oTocPPlive pebuw MmAXTMum LINKD
TOPO HEIGHT LNKDS
PArntlCbe PuolTlun QUuRDINATES LINK5
TermPURARY oluiRAGE FUR XY sAND £ PARTICLE COURUINLNKS
ATES LNKS
sttt XBloe ForR Y CuuRDINATE LNKS
LNK5

B L R R g R R R R R R s S S S S Y
LiNK5

sDETIUll2) 9 IRIVE 9 TEACRC s IoIN s louwuT s  LNKS
y OoPAK sy O0AIM y Ik s TPl y THiPZ ’ LNKS
y U y VPK y W s X s L ’ LNKD
y Rl y IDIolK » SPAKRL y SPAR2 s JOUOUNE »  LNK5S
s SPARD y SPAKRG s OPART s oPARSZ s SPAR9 LNKS
LNKS

T % e n B BT e KM A A R R o K R R R R R R R R AR NK
LNKD

LNKS

y SUBSID » GRINT s bXLL s BXALU s BYLL LNK5S
s ITXLL s TXLuU s TYLL s TYLU y» XGZ LNK5

2 BYLU

235
230
3
230
3y
240
241
242
243
244
245
¢4
241
240
249
250
251
252
253
254
255
256
P4-¥)
¢S50
25
260
261
26¢
263
204
6>
2606
o
260
A
210
¢71
272
73
274
275
276
277
278
279
220
281
P34
283
84
285
280
87
288
289
290
291
292

159




3 YGZ » NBLCK sy HITUPO s TTuPuU s ILIM s JLIm LINKS 295>
4y KLIM s 11 y JJ s KK s AP s YP LINND 294 '
LX) P s FriAS s TP y Fo s VX s VY LNKD ¢Zvo
6 A4 s IL s JL s IoADU s WORINT » NOTRAT LNKD ZYo
T wLLX s wlLLY s wJRX s WURY s oUTHIT o IPARKIN LNKS 297
8 JIOTOPO » IOWIND 9 IHIURPU o 1FRuUT s [PARUT » JTUP1 ¢ LNKD 290 '
G JWINDL » IRKUR s TLImMIT » £nullM o 1C s [oYPAS LNKS 29y
ls JTOPY s nLUSI s N3 s NIV s NTI s Nw LNK5 500
2 NALUFT » JTImcl 9 NBMAX - » NFREE s N s NCL LAKS 501
3 CRi“AXY 9 CRurl s NIRIYP o BL s CRMINX o CRMINY LNKD 50«
G4 uY s ON s Co s NLUCIR » DTLUC s Alciwv LiNND 200
5 RHwu s MNMA sy T34 s UIMAC s FRUG s CRIMAXA LHKY 304
6 RUPART LINKD 30D
DIVENSTUN Turulriiass) sininNTAR(4) s [TuUPLM(D94) LNK> 500
DIMENSTUN o(1luslu) sounoluialu) s IC(la) LiNKD 207
DIMENSION XP(200) » 7 (200) 2 LP(200) sFMAS (00} LiNKDS 300
DIMENSION TP(2u0) sPS5(200) sATEMP(260) sRrul{60) Linkd 50v
DIMENSION VX{15u0) 2VY(1500) 2VZ (1DU0) sIL(T70) LNKS 510
DIMENSION JL(7U) s IBADD(70) »WURX(7D) Linkd 311 '
DIMENSIUN WGRINT(70) swlLX(70) snlLY(70) LiNKD 31c
DIMENSTUN WJURY(70) sBUIHIT(T70) soN(5) sColo) LINKD 3153
DImENSTUN CkmillnX(h) sCRMAXKALS) sCRMINT(H) PURMAATY (D) LINKD Dola
vimensloh CxunT (o) sINCRTIY(6H) sJuln) LINKD o512 '
C LNK5 316
C HHHH AR KR AR A AR AT HARTRRA AW WH K (-x*‘k‘-ck-»i*s(—vi—-k»kwww-k‘)('7&“}'(1&‘A‘x’-kk*****ff**%**i—’k%‘k%*[_{‘q&5 317
C LNKD 3id
vImENSTUN (riv(l2) sPoclulle) TIvtie) LiNnD 319 '
DIMENSTUN WID(12) s TUrID(1C) Lnks 320
1 FORMATI(12A6) LNKo 321
2 FURMAT(///25Xs56H%%%x%  INITIAL CunvlTiunsd (FIRcoalL) TvenTiFICATIULNKD ol¢
LN k%% /25Ky 1 2A6s/ /oKX 3Tn¥#%%  CLUUU Klot IoENTLIFICATIUN  ##*%/50LNKS 323
2X912RE s/ /2DAy 4IH#H KR PAKTICLE 26T EXPANOIUN TueNTIFICATun ArEx LNKH 324
3 /DX 12A0/ /25X s Boriwiti IHI o RUN UF [HE TRANOPURT muvublt wAd LNKS 32>
GUIVEY ThE FuLbuwlInNGg TovenNnt IFICATIUN  ##*%#%/ 2 5K9 LeAO///eoRycpn®d=%  QULNKD 3<l0
5THER InrUT VATA  ®xk¥) LNKS 327
3 FORMAT(18Xs12A6) LNK5 320 '
4 FORMATI(15) LNK> 329
5 FORMAT(Z2E1Ze5) LNKS 3530
6 FURIMAT(LHLs 24X sabHA THMUSPHERTC PrurtRTlcos Fur rALL RATE CALCULATIUNLNKD 551
1//7¢2X16HHEIGRT OF BUTTUMGXs9HVIoCUSTITYL2Xs THUOENSLTY/26AL0HUF STRATLNKS 532 '
ZUM/ 25 X16HMETERS ABUVE MOLOXSHIMAS)LoXoH(MNS)/ /) LNKS 323
7 FORMAT(/15X71HTHE CUNTRUL VARIApLE ARRAYs [C({J)s HAL broin OlveiN THLNK> 334
1E FOLLOWING VALUES.) LNKD 335
8 FORMAT(15Xs1814) LNKb 336 .
9 FORMAT(/19X28HTHE TRANSFOKT TIME LIMIT 15 Flce3) LNKD 337
10 FORMATULBXosH LN THIs RuN WE Aosumc A PLANAR UcPUSITIUN SURFACE ATLINKY 330
1 ELEVATIONF10e3) LNKD 33v
11 FURMAT (4 Z2AUPARTICLES RemAINING un 1 1Me oVulNUARY TAPLZ) LNKS 340
12 FORMAT(6(1XsEL3e6)) LNKS 341
13 FORMAT(AG694F1l0e3913) LNKD 34¢
l4 FORMAT (2900 WROUNG TAFE REtl uN DRIVE 12) LNKS 5453
15 FORMAT (4 2HOPLEASE MuuNT CURRECT TAPE AND PRESS START) LNKS 344
16 FORMAT(/18Xe25HIDENIIFICATIUN FRUM [UPUGRAPHY TAPEL1BX1cA6) LNKS 543
17 FORMAT(25X9E13e595X3E13e596X9E136e5) LNK5 346
18 FORMAT(58HUTRANSPCRI I5 CuMPLETEVe INTERMEOIATE RESULTS ARe ON TAPLNKS 347
e 12) LNK5 348
19 FORMAT(44HOPLEASE Flie PRUTECT THE REzL OnN TAPZ DRIVE [Z2s25H AT TLNKS 349 l
1HE END OF THIS RUN,) LNKS 350
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20 FORMAT(6F10.5) LNK5
21 FORMAT(1814) LNK5S
22 FORMAT(A6313+4E1245415) LNK5

23 FORMAT(1H1///51X19H% # % % % % #* % ¥ #//]12X]101HT H E D EP AR TLNKS
1MENT @ F DEFENSE FALLOZUT PREDTICT 1 3UNKS
2 N S Y ST E Me//51Xs19H* ¥ % % % % % % % %#/77/7/52X+s16HTRANSPORT LNKS
3MODULE///55Xs11HPREPARED BY/43Xs34HTECHNICAL ZPERATIINS RESEARCHs ILNKS
4NCe/52X s 1 THBURLINGTONs MASSW////29X263H%*¥%%  SUMMARY 2F INPUT IDENLNKS

STIFIERS AND INITIAL CONDITI@NS =#*#x) LNKS

24 FORMAT(//15X16HTOPAGRAPHIC DATA} LNKS
27 FORMAT(//15X13HPARTICLE DATA/18X28HDENSITY @F FALLOUT PARTICLESF20LNKS
1e392Xs THKG/M##3 ) LNKS

28 FBRMAT(//15X9HWIND DATA/) LNK5
29 FORMAT (18X 9A691X21604(1XsEL13645)91X»110) LNK5
30 FORMAT(18XsA694(1XsF13e5)316) LNK5
31 FORMAT(6F1243) LNKS
¢ LNK5
C ORBREREERERI IR R RN T IR I N NI NI NR RN IR R AR A NKS
C LNK5S
DATA HTSToDTST+sBLANK sPCUT sENDWFD/6HIHTOPZ»6HIPARINY6H s 6HIPOULNKS

1T »6HEND 0OF/ LNK5

C LNK5
C MEREIIINNINII NN R RII TN R RIRR TR AT URERRER IR RFR RS EKARERRRERRNK
C NIRRT NN NIRRT RIS RRNRRERRRRERRRRER AR AR AR ARENK S
C LNKS
C THIS BYPASSES INITIALIZATION C@DING AFTER THE FIRST PASS LNK5
NUL =0 LNK5

IF (IBYPAS=-918273)201+200»201 LNK5

201 IBYPAS=918273 LNKS
C INITIALIZE LNK5
JOONE=0 LNKS
IPARIN=11 LNK5
127¢P0O=4 LNK5
IOWIND=3 LNK5
IHT2PR=10 LNKS
IPBUT= 9 LNK5
IPAR2T=1 LNKS
JToP1=0 LNK5
JWIND1=0 LNK5
JTIME1=0 LNKS
ENDTIM=0.0 LNKS
JFTOPO=1 LNK5
MXTOPO=4 LNKS
DTMAC=10. LNKS
DTLOC=10. LNK5
NAL@FT=200 LNK5S
NBMAX=150 LNK5
NFREE=NALOFT LNK5
NLOST=0 LNK5S
NSTRAT =70 LNK5

Nw=0 LNK5

NT@=0 LNKS

NG=0 LNK5

C LNKS
C ILIMsJLIMIKLIMIARE LIMITS ON TOP2 ARRAYS. SEE DIMENSION. LNK5
ILIM=10 LNK5
JLIM=10 LNK5

KL IM=400 LNK5S

351
352
353
354
355
356
357
358
359

360
361
362
363
364
365
366
367
368
369

408
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2011

150
151
152
153
154
155
156
157

C 204
204

2031

203
207

C
C 208
C

208

162

DO 2011 J=1»NALOFT
FMAS(J}1=0.,0

READ IDENTIFICATIUN FUR TKANoruUnT
READ (ISInNe1){(TID(J)9J=1s12)

READ CUNTrRUL JATA rurk TRANSPURT

IHESE CUNTXUL PARAMC IcRO ArE FUK uoc AL SIMPLIFYING oswlitCHeo
READ (ISINs21)(1C(J)ed=1918)

READ (ISINS3L)ITLIM'T

REWIND ALL TAPES I[NVULVED IN [<ANSPUKT
IFLICI1)=1)15Us15191D1
REWIND IHTOPO
IF(ICI2)=1)15291539103
REWIND 10TOPO
IF(IC(3)=1)15491554155
REWIND TOWIND
IFLIC(4)=1)156415T79157
REWIND IPAROT

CONT INUE

REWIND IPARIN

REWIND 1POUT

CHECK TDENTIFICATIVnNG win JOPu Anu PARTICLE INFUT TAPCS
IFCICI1)=1)15892059403

READ (INMTOPO)IDENTI

RTST=AND(DENT I sCumPL{ATOT))

IF(RTSTI20Z920 31 920¢

WRONG TAPE AS IHTOPY
PRINT 14,IHTOFU
wRITE (150uTe14)IHTUPU
PRINT 15
REWIND ITHTUPOU
PAUSE
REWIND IHTOPC
GO TO 2¢6

WRONG TAPE A5 IPARIN
PRINT 14,IPARIN
WRITE (150UTe14)IFARIN
PRINT 15
REWIND IPARIN
PAUSE
REWIND IPARIN
GO TO 207
READ(IHTUPUYTXLLs TALUs TYLLTYLUSNBLCK

CONTINUE

READ (IPARIN)DENTT
RTST=AND(DENTT sCOMPLIDTST ) )
[FIRTST)2u492U8+204

READ ARbITRARY 72 CHARACTcR FIREBsALLCLUUL-RIScsANv PARTICLE
ACTIVITY ITDENTIFICATIOUNS FROM IPARIMN

LNKS
LNKS
LNK5S
LINKD
LNKD
LNKS
LiN&D
LINK D
LINKD
LNK>2
LNKS
LINKD
LNKS
LNKS
LNKD
LNKS
LNK5
LNK5S
LNK5S
LNK>
LNK5
LNK5
LiNKD
LNKS
LNKS
LNKS
LNKS
LNKS
LNKD
LNK5
LNK5

LINKD

LANKD
LINKD

LNKD

LNKD
LNK>
LNK>
LNKS
LINKS
LNKS
LNKS
LNKS
LNKS
LNKD
LNKS
LNKS
LNKS
LNKS
LNK5S
LNKS
LNK5
LNKS
LNKS
LNKD
LNKS

READ (IPARIN) FWsSSAMISLDTMP s TMODsSIGMAsTWHOBINSPaXGZsYGZ oy TGZBZ s LINKD

1 NCLsRADMAX

LNKS

40
410
411
4l
413
414
41>
4lo
41/
4lo
419
420
421
427
423
4204
425
426
427
420
429
430
431
432
430
434
435
430
457
430
43y
440
441
442
a4
444
445

446

447
448
449
450
451
452
453
454
455
456
457
450
459
460
461
462
4602
464
465
466

S G G5 5N 0N S S0 0 AR NN

- G5 T 5 G W




[aNAYA]

[aNaNaNaNA! N ON N

[aNe}

l6v

159

171
17¢

C 2ub
205

2055

READ (IPARIN)I(PSEID(J)YsJd=1s12) LNK5
READ (IPARIN)I(CRID(J)IsJI=1s12) LNKS
READ (IPARIN)(DETID{(J)sJ=1912) LNK5
LNK>S

READ DENSITY UF FALLUJT PARTICLES LK D
RUPART Io> FARTICLE OEnNSITY In SILUGKAMS PEK CUblC moTer LNKD
READ (IPARIN)ROPART LNKD
LNK>

READ PARTICLE ol mAos Anb ACHIVITY vIoTRIoUTIUNS LINKS
READ (IPARIN)INFS LNKS
LNK5

VAL ) Jo VoED Tu TE-FURARILY STuUuRE THE SURFACE TO vuLumt RATIuU LINkS
ARRAY sV LNK5S
VY ( ) 1o UoED Tu TEMPURARILY STurRE TAk A ARRAY rFRum Pod (LINKG) YN
Vel ) 1o wolD T TemPURARILY oTuxkE ThRE PACT ARRAY rFRUM roc(LINKa)LnRD
READ (1rARIN)(PS(I)eVY(I)sVLZITI)sVALTI)sI=1siNPO) LINKD
] LNK5

REAL LDTvUsrrExIC UonaliY AND VIOCUSITY LNKS
A TABLE UF ATmusPHERIC VIioQuolTy (ATEmP(J)) ANV DENLITY (RAulJ))  Lind
STATED IN THE MR35 oYslEwm FUR 200 mclex oTRATA STARTING Frum (100 Linw>
METERS BELUW wrolL LINKD
READ (IPARIN)NA LINKD
READ (IPARIN) (ATEmP{U)sRHUIJ) 9J=19NA) LINKD
LNKD

CuomPUTE CundTART Fux FALL nALE CALCULATLUND LINK D
FRUG=le3 0000 TE-17*RUFART LNK5
LNK5

READ AxBITkAxY TuPu TLENTIFICATIUN LNKD
IF(ICUL)Y=1)1594160s 10U LINKS
READ (I15INs2u)TTOPO Livk >
GO T 2u5 LINK D
KEAU (trTuPw)tTurloly)sd=isle) LINKD
LNKS

READ TuPL TaApLg uf CunTenis LNKS
READ (IHATUPWV)TURPULM LNKS
READ (IHTUPOYITurLM LNKD
LNK>

FIND HIGHEST TOPU HelORT LNKD
HTCPO=UaU LNKS
DO 170 J=1lshBLln LNKS
IF{HTuru=lurutmlGsd) ) 171907 )b 70 LNKD
ATouru=siurulin(4sd) LNKD
CONT INJE LNKS
LANKD

READ FiIxST Tuku UATA pLuln LNKS
CALL rOTUPU (1) LINKD
LNK5

FUT A Tueinl ir ICAT Lun wiv T Twarisruxl [nlermeviaic vuoirul TAPE LiNKS
READ (IoIwnel)(wlDlJ)su=lisld) LINKS
ARITE (ITPUUT)IPUCT LINKD
ARTIEVIPUGT ) FasoohAmsoLDimP sl mioDsolGmAs TawsHuosnCLs [LIMITsuds LINKS
1 RUPART s XGZ oY GLs [CLyxADMAK LhKS
ARTIE (IPwul) (UETIviJ)ed=lole) s tCRIVIJI)ed=lol2) s Poiilulu)ed=lsle)lined
1o TIDCU)sd=2l2)slwlutd)esd=lsic) LINKD
aRITE (TPUUTINPO LNKS
WRITE (TPOUT)I(POlJY sV YI(J) sV IIJ)sVAIU)sJ=1eNPO) LNKS
IFCICHL)=1)Y2ud492ul09cuns LINKD
COnTINUE LNKD
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WRITE (IPUUT) (BLANNIJ=1912) LNKD D402
GO TQO 2056 LINKD DZO '
2054 wWRITE (IPUUIM(TUPIDIJ)»U=1912) LINKD D&/
C LNKD 2¢o
C PRINT TrRANSFURT wuTrul HEADING LINKND Dg 7
2u56 WRITE (Io0UUTeZ3) LisnD 220
WRITE (louuTe2) (VETIL(V)su=iesid)s((RIuld)ed=isrc)siPoLluiv)sv=asiluniy 031
1219(TID(Y)sJ=1912) LINKRD Do5Z
WRITE (1ouuis?) LINKD D305
wrRITE (Iouulse)(IC(U)sd=19l0) LINKD D34
WRITE (ToudTes3)TLlmIi LiNKD 250
WRITE (1ouuTe27)RUFPAKRT LINKD 030
WRITE (ToUuT 929 )DEN I 1 snoP 9XA3L9YGe s iGLYBL s NCL LNKD 257
wWRITE tlouuTsezy) LNAD D30
IF(IC(L)=1)Ydudlrcduncrcun LINKD 2057 '
2052 wRITE t(laovuislu)llubu LinkD 040
GO TO 2053 LINKD D& L
2uol WRITE {(lowuTylb)(TurlolJ)sd=lslc) LINKD D4
WRITE (louuis3ulDeEnilesTALLsTALUY TYLLYTYLUsnDLCK LINKD D93 .
2053 WRITE (120uT928) LNKD D44
WRITE (Jouuie3)(wiD(J)ed=1s12) LNKD 40D
WRITE(IO0UTe6) LNK2 240
HS=-11C0eU LNK2 o4/ .
DO 2057 J=1sNA LNK> 240
ARITEC(ISUUT L/ ihosdTmr (Jd)skauiy) LINKRD D4
2057 HS=HS+20Uev LNK5 250
C LNKS o551
C ***‘k'r'\"f(’i)f'n'r('«f‘n’?f‘n“rfn"n‘“ﬂ)\'w)r‘n"ﬁn‘t\"tf‘o\“n"ﬂ7-'7\‘3("\'?\'7()\"’\'7\"’('&"(7\‘x‘,\“x7\""":&‘.;7(7(*1(WKKK*'RTWWWW*'K'K*W*LNND D?d '
C LNKD 2202
C 200 ANY wiurkt TIme InwicnvArs Tu no veall wllie N Tu 200 LivnD D4
20V TFUTLIMIT-ENDTIm)ouvenuusduy LINKD D0
C ’ LNKS 556 '
C 50UV MARNE FInAL TeAnorunt rUuGrRA T wulPul Any CummenTo Livkd 257
C SEi w=nwALUFI Tu CAuct vumr? Tu CLeAarx oJdT Tre enTirke FArRTILLE ArRRULINGD D220
C LNKS 25y
500 N=NALOFT LNKS5 560 l
CALL DUmPF LNKS 561
C LNKS 56¢
C ARc AnY PAxTICues wun irc Tlmo DUUINUARY TAPCs Yeo Tu 709 LINKD DO 3
R KX N W TEmP oo R TR H R AT AR SRR R R R K I R K I o ok H IR LNKS 364
JTIMELl=C LNKDS 3605 l
IF(JrImel)ovlsdule7Uu LiNRD D00
C LINKD Do/
C 700 PrInNT ANY PARTICLE veolrkIPTIuno TrRAT wroeWAlin uiv TAc Tlme OVUnUART LIARD 260
C UVERFLuw TAFEs [PARUT LNKD Dov
Tuu WRITE(IFPARUT INUL LinnD 270
REWIND IPAROT LNKS 571
WRITE (I150uUTsll) LINKD D7«
702 READ (IPAROT)IN LNKS 275 .
TF{N)DUlebule TVl LNKD 0749
701 READ {(IFARGTIIAXP{J) s lr{o)sdrio)slr(u)srota)sriraoiuisdslsin} LINKD 572
W ILE (JTowui sl2tlAariv)iesir(d)scrlu)eiridraralJd)esFmAS(J)su=1riv) LinKDo 70
GO TO 704 LNKD D77 '
C LNKD 270
C S5ul  wrRITE A FInAc LErv prulsn Cuunl AL tur uin [rPuuT LiNKS 27Y
51 wWwKRITE (IPUUT)NJUL LNKD 580
END FILE IPOUT LNKS 581 '
KREWIND [POUT LNKS 582
i
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5vlu

[aNaNaNa!

5010

C 8uv
800

C 4vl
40U

WRITE
PRINT
PRINT

(I5uUT»18)IPOUT

18»1POUT
195 1POUT

SKIP QOVER ANY UNJSED wIND VATA
toinw b wWlhivw Flolu vAaTAaY musT mARK THo oo UF

THE WIND rliLD DATA OECK

A CARU CUNTAINING

READ(ISINS1IRTST

RTOT=ANDI(ENDANFDsCUMPLIRTST) )
IFIRTST)Y5vlusduusdulu

PREFARE Tu CALL wuTruUT “rRUCESoUR PRUGRARM

TEXEC=
RETURN

2

GET wr uvlnerwlog Pruvule THE

NTI=v
LEXEC
RETURN
END

1

NEAT

TIme INTERVALTD winu riceus

LNK>
LNK>
LNKS
LNK5S
LINKD
LINKD
LINKD
LNKDS
LNKS
LiNKS
LNKS
LNK>
LNKS
LNKS
LNKD
LINND
LNKY
LNKD
LiNKD
LNKS

283
284
R3]
286
587
o288
289
290
291
D92
595
294
595
596
N
PR ]
D9y
000
oQl
SV
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$IBFTC LNK6 LISTDECKIM94L/2
SUBROUTINE LINKé
CALL MKWIND
RETURN
END

166

LNKOb
LNK &
LNK6&
LNK6
LNK6
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PIBFTC RODCIR LISTHUECK IMI4/2 RUCI
SUBROUTINE RDCIRS RDCI

C 12 OCT 66 RDCI
C TeweS5CHAwWENKE ToeenNICAL UPERATIUND ReScARCHs InNCe RLCI
C RLCI
€ R R KRR R IR R R A KRR R F T A R R R A A AR AR R AR AT AR KRR AR RIFFRIRDC ]
C RDCI
C THIS PROGRAM READS LulAL CIRCULATIUN SYSTEM INPUTS. IT READS KLCIT
C SYSTEM COORDIMNATE LIMITSy CIRMINX( )sCRMAXX( ) esCRMINY( ) sCRMAXIY{ =DCI
C THE INDEX OUF THE APPLICAZLE CUMPJTATIUN CUDE FUR EACH LuCAL ruC]
C SYSTEM 15 STORED IN ~nCRIYPL ) RLCI
C A CUuUnT wk TrhE nuUmpocr ur LUuCAL oY¥oTomd IS ReCukDow IN NLUUILR RLCI
C ROCI
€ HR R K R I 0 R K K e W R R R KR AN W R W R AR R R AR R AN IR AR R AR TR ]
C RDCI
COMMON /SET1/ Rl

1 DI AM s LETID » [RISE s TEXEC s IoIN s IouwuTd s ~<u(l

2 SD s SPAR s 5SAM » TME s TivPl sy TmPe ’ Kol

3 T2M [ Y] y VPR y W » X y L y  RUCI

4 wWHY s Kidln s IDISTR » SPAKL » SPARZ s SPARS s kwdl

5 SPARG 9 SPAKS » SPAKGE y SPAR7Y y LPARG s SPARSY rRoCi
DIMENSION DETID(12) swHY(4C) RDCI

C ROCI
C HE A A R R AR R KRR A R G AR A LN ARR W AN KT IR A AL W R R AR AR KRR AR R RO ]
C ROCI
COMMON /SET2/ kVCI

1 > s >Uoslu 9 GRINT y DALL s DALU s pYLL ruCl

2 BYLu s TXLL s XLy s TyLi s TiLu s XGZ RVCI

3 YoZ N EE TN &N s HITUFJ s TTuru s Iulm y Julm xuCl

4y KL T s L1 s JJ NS y AP s YP KuC]

5 P sy FMAS s 1P y PO s VX s VY RUCI

5%} Ve y IL y Jo. y [BALY y wORINT » NOSTRAT ruCl

T wLLX s wlLlLY s wWHRX s WUKY y oOTHIT » IPARIN ROCI

8 ITuTuPU » LUWIND s [HTUPU 9 [PUUT s IRPARUT » JTUP] RLCI

Gy JWIND]I s IRKRURK s TLIMIT » ENOTIM o IC y IDYPAS e

1l Jiurd s NLLST y NS s NTU s NTI s NwW ruCl

2 NALUFT o STLemel 9 N3MmAX y NFxeco s N s NCu xDCI

3 CRetakY s CrRonRT s NORTYP » B2 s TRMINX 9 CRMINY kol

4y Uy s oN s (o y nLLUCIx 3 UTLUC 9 ATemP <uCl

LX) KHWV s NA s 1062 s DTmAC y FRUG sy CRMAXX rpCl

6 RUPART RuCl
Ulebensluny TurvLa{dsl) sinInTAR{ G) sl Turimissg) RUC ]
UIMENSION s(lusly) souBa Il 40U) s [C118) RoCI
DlivciNolun XPL2u0) sYPL2u)) s LP L 20V) W FMAS(200) ~uCl
UIMENSTUN TP2U0) P H(230) sATEMPE260) yRHUVIZ260) ruCl
DIFMEnNSIUN VALLISGO) VY (1500) yVZL(1500) s ILITO) RUCH
Dlmcinstun JLE73) y I B3ADULTO) swURX(70) ]0CI
Ulembvolun WOKINTIETO) sviLLAXLT70Q) sWlLLY(T70) ol
DIvbEnoluiv wux YL TU) oo THITETO) ySN{6) yCo(6) = Cl
vleevolon CxmlinXio) s S AXALS) s CRMINY {6) s CRMAAY (6) ~uCl

Ul wnolun LkunT(6) sl ivP Lo} vouio) Rull

C RDCI
P E L R e o S e
¢ ROCI
1 FORMAT(4ELceDs]3) Rull
Z FURMATUZ /7 10X 22H0LJCAL ClirCaLAaTlun Cuvnlaslon 15 NUT AVAILADLEZ e} xuCl
C RDCI
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IN TRANSPURTING PART[CLES ruCl

RETURN RDCI
NLUCIK = K=-1 RLCI
END RUCI
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kWl

New SCRT MKW I
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KS=1
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VXT=WGRINT (J-1)
VYT=wbLX{J=1)
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BZTHIT(J=1)=B2THIT{J)
WGRINT (J=1)=WGRINT(J)
WLLX(J=1)=wLLX(J}
WLLY (U=1)=wlLY(J)
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wURY (J)=YST

CONTINVE
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NC2DE 1S INCZRRECT
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C MKWl <00
C :_u';')‘uTL cmumitE LY ;:LTHV mawl 2oz
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T1=UXS{J)=RAD)XUIXE{J)=AL)I+Y2() MWl 256
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FINL THE ALCRESs ¢F AND DISTANCL T¢ Tl Mool RubiceToe PelNl oF THZ  wand
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[FLSUM/FLIATONNT olTe OIS} wRITIUISZUT924) NaX3T9Y 590G

New CEmPUTE VICTER Z
CeMPUTE STERAGE INDE
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»IBFTC LINT LIST»DECK smivas2 LINT .
SUBROUTINE LINKY Lin? i
C TeweSCHWENKE  TolrNICAL uPERATIUNS RESLARLA clne 7 Liiv7 c
C 19 OCT 66 LINY >
C THIRD PART UF TRANSFURT #MmJDJLEe PARTICLE TRANSPUKT. Llw/ 4
C LIN7 5
C HHRAR R AT AN AR AHATARNKTTRRRN A AARNN AR rn:f’r\'u’n/c)\“wvf/f‘n7(‘.('1?7\'7(7?7('7\‘%‘7(**7(’1&'**"?Wk***?f%#%**[__I|\7 6 l
C LINT 7
C ot oubRUUTINE Linad Fur A TrANoruxl GLUSSARY LINT <)
C LINT v
C HHERNATANTARNAEACRR N AN 87w AW AR R AN AN DTN R WHANA SN A WD AR W Awn ArwawAA s Liny 19
C LINT 11
COMMON /SET1/ LINT le¢
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C LINY lo
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C LIN7 20
COMMON /75tT2/ LINT 21
1 S sy SULSLL s GRIwI s DALL y DALU y pYLL Ling le
2 BYLU y IXLL s TALU s Trel s iTLv + ALL Liiv/ &2
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6 RUPART LN S0
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C LINT 4y
1 FURMAT(3Ios6ELleb) LNy 20
10 FORMAT (15) LINT 51 '
11 FORMAT(6EL1De5) LIN7 D¢
12 FORMAT(DELDe596[2) LINT 5>
C LIN7 54
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C LIN? 56 '
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C LINT 506
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Jw=y
NUL=0
tPSIL=1a4V

ARE TRANSPUKRKT TRACES Tu B8t WRITTENee Yoo Tu 950U
IFCIC(6)Y-1)5510s53]1Us5500

MPNT =2
GO TU bvoeu
MPNT =1

bRANCH TO RZAD ADDITIONAL DATA
READ LATA PeCuLIAR Tw cAln LUCAL wlnu 3YsTem
IFI(NLOCIR) 21us510s511

soliine O newATIve wiclh CAuse Trie LulaAal ClkeuraTiun oYslom woveo
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U0 U I=laNLUCIK

K=1
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GU TU (5Uls»dV2920790uwsoun)snllnx

CALL MTaANDI(JecsA> 9AY 9AL)

GO TO 59 P

CALL RGANDI(JoKsAK9AYSAL)

50 TO buv

CALL CHRELLIGJ9sKsAAIAT 92 L)

GO To osuv
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TFOTLIr T i=civolin)agsm ey
ol ir=lLl-00

[ S RO VS B I ISR A SR S
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GU To Ly

Asolu 1a?l Tu T

Asolun teos To [TH
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F1<5T kehAo plLuCs oilz
READ (IPARTIN

IF ALUCK IZE 1o wZoATlve Uk e rRus o DuuunN TAlolo

IFIN)YLIuoeluuelul

cre K Tu ot IR bBrues wlbb JIT I Array
IF(N-NALOFT)I] 21510215103

PR RN CWOE oo wijun Fujnio W W W W a W A W W W N s R a8 W W

LIN7
LINY
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LINY
LINT
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CINT
LINY
LINY
LIN7Y
LINT
LINT
LINT
LiikT
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LIin?
LINy
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LINT
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[
cInNT
LINT
LINT
Ling
[

TLINT
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LINT
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clng
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LINT
[
clhy
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i s
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LINT
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LInNT
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LINT
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LINT
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Lliny/
g
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]
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C
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[
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CRRUR = ALuUF1 LIST luu LAKGEe 2nUULD nNeVex nAPPeine wu fu ehkliTe
IRROUR=1U3

GENERALIZEu ERROK STup
CALL ERRURIPRUGRM IRRKUR I SuUT)

CALL DUNMPY

WUN READ A pLUCK UF PARTILLL ALubT vocolxkIPTIuND
1F=N
KEAD (IFARINI(XP(J)IoYP{J)sdr () sirF(J)orold)srnnold)esd=1l ol

ARt TrANSPuxT TrALros Tu oo wikiiloNee oo Tu Hode
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AT AN A AR EAARTAR NN AT K AWK A N AN ARAN AN AN TRAA T NT TR R AP AR RARRRWTH K m AT RAF AR

poulnnlne ur rARTiCeco Abur T LIoT Luwr

DY los J=lslF

ASSIGN 3u52 TO IPAS

GU TU (554095550 ) smirnT

wr i (JTowelToll) Artulesrtr(Jlocr{Jdlsir(JdisrotdresbFmacid)

cctood ParlICLE Tou br ixkAnLPuxicu —-—  *iF +EimAD
IF{FADIJ)I LG 9 o 919l

IE(TPiJ))ibuslYseive

FECIiPCd)—ENDTIM)Y LYo e lousi st
IFtTrior=TLlmiT)LloUsiouel 77

PRRUR=E=1Y0>

GU Tu 3uu

IRRUR=—197

30 TO 3.0

A PAxRTICLE RAS BEEN ozLECTED

lo Tt CuskeenT FArRT oLl wiidlv A LUulAL CIRKReuLATIun oYoTom
[Fr LUl iR) L9ouslyoUsLvoyL
o LU ve KRElanlLullx
PR N R I L I I IO I YU P it""‘ WA e W WKW W R A AR oA A OR KW A W R R
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IFlrr o)y =CR il (K) ) Lls0c9isDos i /o0
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SUBIKUUIIINE LuTraitlurn) Txemnvorucio oo olm reaxilera v TR KT
LUCAL wiinu 2YoTcove
CALL LuTkRAN{JUsA)

Ilos 15 aHdexe orudinucuy FAKTICLELO ARe vbAac] wlice
IFLPU)+900UVeu) 18810891y 07
IFiirld)—binuiid)]lydlelsvoslyoag

NTTI=NTI+1]

GuU Tu 16V

CONT INUE

LINT
wling
Lt
LIz
LIiv/
Liny
LINY
Lt
CINY
Llnd
LIin?
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LINTY
LIing
cliny
LIy
LINY
LINT
LInNT
LINT
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LINT
LINT
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wiiv?
LINT
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LINT
LIN7
LINT
LINT
LINT
LINT
LINT
LEINT
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LINT
LINT
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LINT
LINT
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LINT
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LINT
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LINT
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ico
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140
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C LINT 177

1950 XX=XP{J) LIN7 178
YY=YPLJ) LINT 179
2L=2P (J) LIN7 18U
Pollb=Pa(J) cIn? iol

1961 CALL GITWANOIXX9aYY olisuwADsJdwW) Lin? 1b¢
IF(JUWAL) 1927919001196 Lin7 183

C LINT loa
C 1959 Tht Necelou WINOD Flecbu I3 NOT IN CORE LIN7 185

195G FMAS(J)=-rvAS(J) LIin7 1806
TRIJY=TLIMIT CINT o7
NLUST=ntLusT+1 LINT7 Lo
GO To 160 LINT 189

1vyou Irrux==-lvou Wlin? LYo
ou Tu 3uu LIng iyl

C LInT ive
« 1lvo uvri raxiliio FAce ralce POl 1T Iz FV Wlim oluny Pusiilvie winig 1vo
ivo CALL FALKAT(ZosroldesFVeATEMrsRAVIF kYo ISuul) LINT ive
C LIN7 195
o ool verTICAL Pandidlce muliwny CumunenT Lind 1vo
C poruslilve vird vendits AN uPaare PolnTlao veCTox LINT 9
velz=vZiJdaan)—Fy LInNG vz

< LINT i9v
“ Comruln T{aEo TU wEAT walixu winw Flcocbu burRuoro LInT <0
C Conrule Tla == Thranoli Tirme lu A puunuaAasY Lind el
ALz lalowittAriul=wiLeAluw) ) /noinTiow))) ~woRInTluw) +atLAion) Lind coe
Avo=AdL+wor ] NT(Jw) ~hinT 20U

fpe= (Al Llrrto)=amcctCdu) ) /nwosInitdw)idtrawonindiliow) +atirivw) Lint cu=
rousYoltwoxiINT {Jw) LinT cuD
aszluonw »1/ T N1 Lin7 «0o
IFiva(Jdapas)Y)iolslodsios LIn? 207

161 TIX=(XBL=AP LI/ (VALINAL)) LINT <200
Sule loa LIinT <20~

12 TITA=lovdiuew LINT ¢10
AsolGi Jle TO N1 LINT il
GO TU lbé LINT cic

los TIAZ(ADU=AP LJ) )/ {VALUNAL) ) CINT 2o

C LINT ciw
« cwvrrols Ty == TrANSIT TImd Tu ¥ puunusrY cln? clo
164  Azs>lon 71y Tu iNeg LinT cle
IFivY (JuAv) ) loosi009.0/ CInNT i
16° Plr=typlL-TPiJd)) /7 (VY LUNvAL) ) LINnT rlc
GO TO 168 LINT7 2lv
166 TIY=1luulduvew LINT cévu
ASSIGN Q2. Tu N2 LINT 221
GO TO 168 LINT 2éc
167 TIV=(yYyaUu=yP L)) /7N Y (JWAD Y LINT 2253
C LINT7 2¢«
C CumPoule e == TwAnoll Tlek Tu £ pUUhDARY LINT <¢é>
C low IS5 raRTiCie muvVing ur ux Judive uro o lu 1l LIN7 <Zeo

168 IF(VPZ)I16Y9s1/usiTl LIN7 227
C LIN7 228
Colby lo Parkitern pobuw #AXA Turu Aclortie. Yes Tu 1691 LINT ¢gv

16v [r tZrigr—livru)lovyisloslslvs LINT ¢23u
C LIN7 231
< 1ovys o maXx Turu mMeoiuni AbuVe obLlde oulTQi, Yes Tu 169« LIN7 ¢332

1673 IF (TTuPU=puTrRITIUN))lbovylelbilsloye LIN7 233

1692 T1L = (TTUPU=LPLUY)/VPL LINT 234
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1691
170
171
ci1711
1711
C
C
C 1712
.

i71le

als

917

g21

32¢<

F1e

N

292

1714

SNl

1714

1735

1716
1718

< 1719
1719

[AYE}

1717
1717
174w
1743

1721
1725

182

GO TO 1711
TIZ={BUTHIT(Jw)=2P(J))/VPL
GO 1O 1711

T1Z2=100v0UdaeV

GO TO 1711
TIZ=(BLTHITIUW+1)=2P(J))/VPL

FIND Trmt cARLIEST INTERSECTIUN wlTH s LuCAL CIxCuballon oyoTew.
CIRMIN=TLIMIT

ARz TrRERE ANY LOCAL CIRCULATIUN SYoTZMoe. Yeos Tu 17i¢
TF(NLGCIR)YLIT2917291712

Cumruit TImg UF FLIGRT Tu IACH UF Trt FUUR vexTICAL MLanhtos Tral
puunNe ThE Lu=TH LuCAL CIRCULATION CELL.
VU 1712 Ld=lenlLuClk
Go TO (9179310 9Nl
Txl-12_ocuvey
TX2=100200Ued
GO TO 921
TXLI=CCRMINXILIY=XF () )/VXLJWAD)
TX2=(CRMAXXLLJIY=XF LI/ VX LJWAD)

GO TC (919,920) N2
TY1=1Cuulo el

TYZ2=1000000evu

Cu TZ 922
TYLl=(CRWINY(LI)=YF(J))/VY (JWAD)
TY2=ACRMAXY(LI)Y=YP(J))/VY LU IAD)

T=5T X INTERCEPTS

IS THF FIRST X DIREITIUN INTERCEZPT IN TNE PAST. Yo Tu 1714
TE(TX1)17149171691716

[ Tr2 SECOUND X OIRECTIuin INTZIKCERPT AL2U IN THE PAST. IF YEo,
SCTm X OIKeCTION INTeRCEFPTo ARE Qv THe PAosT AU THc PARTICLE wlll
we T IWTEROICT IHIS Loible GU Tu 1713 Tu Cuindloex The NexT Celle
IFITX2)1713s171541715
TAINA=TX L

TAAXX=T A ¢

GO To 17174
IF(TXRc)17icsl 7139171y
Tlax=TxXx2

TYAXX=TX1

GO TS 1717

golr X TinTexCikTs ARE IN THe FUTURE
TFLTAL-TXz)1715s1702517108

Nouw TZ23T Fuw ¥ INTERCEPTS
IFCTYL)L172ueiT21l9l1721
TFCTYZ 1 T7i301 759175
TAINY=TY ]

[MAXY=TY¢
G50 TO 1724
TFITY2)17259172691746
TMINY=Tv/
TMAXY=TY1
GO TO 1724

LINT
LEnNT
LI
cing
clind
Lln?
LINT
Cling
N
LINY
LINT
LLIin7
LIy
cIing
LINT
LInN?
Llind
CINT
LINT
CINT
CINT
LINT
LINT
LINT
LINT
LInT
LInT
LINT
LINT
CIing
LINT
LINY
LINT
LINT
Lind
LINT
LIn7
LINT
LINT
LINT
LINT
LINT
LINT
LINT
LINT
LINT
LINT
LINY
LINT
LINT
LIN7T
LINT
LIN7
LINT

52
420
sl
<20
237
e
49 1
s
a3
cuh
P
LT
ol
<40
257
D4
25
253

b
N

£50
Pa-X<}
257
258
2oy
¢60
£61
¢t
203
0%
265
266
67
Zee
Z0Y
270
211
72
273
274
27>
16
277
278
ar
280
281
28 <é
¢8B3
p2-T
285
286
287
288




C 1726 BOTH Y INTERCEPTS ARE IN THE F
1726 IFCTY1-TYZ2)17239172391725

C 1724 NOw SELECT FIRST INTERCEPT
C
C SELeECT TrhE SECUND PLANc PIERCE

1724 TFATMINX=TMINY)1727 9174891728
1728 TS=TMINX
TC=TMAXY
GO TO 1729
1727 TS=TMINY
TC=TMAKX
1729 IF(TS=TC)17509171394713
C
C 1730 Kebkr TiMe UF EARLIEST INTERCEP
1730 TF(TS~-CIRMINYILITA1s1 71891713
1731 CIRMIN=TS
1713 CONTINUE

UTURE

(LAST OF FIRSTXsFIRSTY)

T

CHIHF® < & & % 0 G ow TEwmv KW K % kW REARRNAWA K
WRITE (I5uuUTsell)CIrmin
-
C AT Trio Pulinl Clxmlo CuniAlne Trt Tlmo UF Tmo FIKsT InTescdri
C celueoiy FrAaRTICLe ANw A LUuCAL CIRCuLaTlun sYoTom
C 172 NUn ScbeCT EARLIEST DuunNuARY
172 IFCTIA=TIV)L7591729117>
173 IFUTIX-T14)17691789170
176 TSM=T11X
IR=1
GO Tu 179
C
T 178 ol senallbs? TI4E or FLlGAT oTuraue AT Thre Tlue OF Folodil v
C L BuUUuNUARY
178 TS5M=T12
IR=3
Gu Tu 179
172 IF(ilY=Tle)isusiioslic
18« fom=T1Y
IR=2
C
0179 1o InToxonCijuiv wilm LoudhAe 3YoTem PRIV Tu CARLICZST oLunuvAxy
C INTE<C=P T YyEs Tu 1792
17 IF(ToM=CIRMINILTv19Ll795017592
1792 TSM=CT <MIin
1723 iR=>5
C 17vy1 wvues Tlieme LivilT Qo wiruse cantleaT UTher pDuulNuARY e Yzo Ty
1791 IF(Tom+iridi—-EnvTimllolsiccslod
C
C 182 imaworokT rFARTICLS uniic oo g
182 Towm=chvlIv=-Trid)
IR=4
GU Te z2ue’
C
C 181 TEST FUR cXCESalvelY omAalbl ruvImeNT
181 GuU Tulb58uUsdnTu) sMPNT
5870 WRTTE (Jouulsll)y TomsVRLTsVRPLsIIYsFV
558u TFATOM-EPOIL)305J93uoUs3067
~
C SPLCIAL TranskokT Iiv ide cviInl UF EXCeoolVelkY osmalL iod

Trc

10e

LINT
LINY
LIN7
LIN7
LINT
LIN7
LINY
LIN7
LIN7
LINT
LIn7
LINT
LINY
LIinT
LINT
LINT
LINT
LINT
LINT
LIN7
Lint
l_lrv/
cInn7
CIinT
CINT
LIing
LIN7Y
LINT
LIN7
Lin?
CInNT
Lln?
LINT
LIn?
LInNT
Liny
LIN7
LINT
Ling
wIin?
LINT
LiINT
can’
LINT
clng
LInNT
LINT
Lin?
LINT
LINT
LINT
LINT
LIN7
LINT
LINT
LINT
LINT
LINT

293
94
295
296
297
298
299
300
301
30¢
503
304
30>
500
507
500
30y
310
511
312
512
2le
slu
510
217
>lo
319
320
521
3ce
323
sS4
3240
240
3ei
s¢0
Se 7
553
531
53¢
533
334
o0

221
550
>3
349
Sa1l
3ué
o4l
el
D42
sS40
347
540
ELY
320
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3050 GO TOU IPB5,(305243053) LInT 251
C LINT 55¢ Il
3052 ASSIGN 3udbs TO IPAS LlnT zoo
JWADL1=JwWAD LINT 25w
VPZT=VFZ2 LIN7 2202
TSM=EPSIL Liny o0 l
GO TO 1s1l wIn7? oo
3053 IFIVPLT#VPL)3 549300293005 Lih Loo
3054 VP2=uael Lls o2
T =TLIMIT Liws oo
GU TU 3050 Wlive ool a
3uDD VPL=(VPL+VPLT )/ 260 LinT o0&
C LI o603
C IF vECTurs ARE UF urPuslitc SlunNos vot A ZEry Lin7? souw
3056 TFIVvALUWAL)*VAIUWADL)) 3057 sou.8siund LInT 362
3057 VPX=Ueu-~ L{nNT 366
FlAa=TLIMIT LINT oof
GC Tu sudy clnT 2uo
Su28 VEAZIVAIJIWAU)IHVALJINALL) 1/ coV .7 l
« LT sTe
3009 ITFUVY luahuI*vY (JanAauLl) ) 3t 0oo9ss00lesubl cInT 371
I3ubu VPYZ= Leo cinT o7c
Tly=TLImI Linl 270> l'
GC TU 2l0¢ LT 57w
C LINY 203
208l VEYS(VILJLAL)I+V Y (Jwaol) )/ 260 LiinT 2570
6 TanuzeNnoils=TrREY) LINT o7 7
Tor=dl Lol T IXs TIY s TILsZIRMINSTAND) LIn7 370
IrdTowr~Tado) 5095930049 2000 LINT 57>
3064 Ir=g LIn7? 500
a0 Tu suéo Lin? sci
3062 [R=> LINT o0 '
Tom=Tom+croll LinidG 200
Tetdy=TEtu)+Taom Lind so4«
C LIN7 o002
3vod AP LJ)=Ar{J)+vrXxTo LINT soo .
YRPLJ)EYPLJ)+VEY =T O Ling oo/
CPAJ) =P ) +VPL*TEM LinT sbo
GO TO 3063 LIndg sov
3067 ASSIGN 3052 TU [PAS LINT 2990 .
C LIN7 591
C 3ub1lls PARTICLE BELUw MAXLiwwa Tubyu [elortT Nu Tu 1811 LInT ovye
32l TFULriuy=TTuluYibl2si0icsinil LINT 2w
1812 GO Tu [TTslia8s1813) LINT 394
C LIN7 »59>5
C lolsd Twanworuk]l PARTICLE rvk Tam oy olcPo uf ulmMmAL (HELRING TurPU A0 e LinT 3v0
C Gu LinNT 397
C CurmtydTeE muvEmEnT InLReEnT> FUR AsYs ANU 4 wIkcCTIuno cIng 550
1813 XIN=DTIHACHVRIJIWAD) LIn? 39y
YIN=DTWHACH*VY (JWAD) Llin? 400
LIN=DTHACKVP]Z LINT 401

1814 XP(J)=ar (i) +XIN LINT 402
YRP{JI=YPULJ)+YIN LINT @005
LPLUY=ZPUI+ZIN LIN7 40«
TREJI=TP (J)+0TMAC LINT 40>
Tom=TomM=DIMAC Lin7 400

. LIN7 «07
TEST For PLr7TiCLE [TmPACT UGN JurutRARRY 42c

[
.
r
‘
O a4 =
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X=XP(J}) LIN7 4049
Y=YP(J) LIN7 410

CALL HEIGHT(XsY ) LINT @11
IF{HA+20vvvel)loicesloicoioid LIN7 412

1815 lF(mA+iuvuvevlioinelbiosiole LINT <13
1816 IF(H-cr(J))L18lT7s1l8891808 LInNT 41«
1ai7 IF(ToM)la9s1899181l4 LIN7 a«lb5
C LINT 416
C 1811 TRANSPURT PARTICLE FuR TaM LINT @17
C FikoT INCkzASE Tom Iv AodukRI THAT Tht PaRTIICLe, wltl ACHIcve ITo LINT 4lb
C SOUNDARY LINT «1v
1811 TSM=TSM*1,000 Ul LINT w20
XP{JY=AP (JY+v X JRADY#*TSM LINT 421
YP(JISYPLJYHVYLUNAD)I#*T S LINT weg
LPUY=LP (J)Y+VPL#FTOM LINT @23

TP (JYy=TP(J)+TSM = LINT 4z4

3ue3 CUNTINJE LINT «aD
C LIN? 4cz0
c At TRANOPURT TrACLzo Tu oo wxlliches Yoo Tu 9520 LInNT st
Gu TU (556usd9o0 ) sivirind Llin? wzo

5560 WRITECISOCT s 120 XPIJY s P lU) s/ (J)s TP {J)sisrianileNnosnNiusivmsLusis LINT 4cev
11k LINT «>s0

C LINT7 a2zl
C Tool Fux Pariilire Droracth oN TuPuorkAardy LINT wsce
5560 TFRUiLridY=iTurul)lorsicvislion LINT w53
C LIN7 43«
C 189 FARTICL: 1o ol u=—uvonvcue Auvduoi Inolioo Jw ANG JNRU = T2 LINT “00
C RECYCLE. LINT 420
189 GO TO (gbuscedusdieriorslsz)slr CInNT wod
159 NTI=NTI+1 vl 400
TRPIJ)Y=eNOT I~ LT w55

GC TO i6u Liv7i =42

250 JWN==JW LINT aal
GO Tou 1950 LINT 44¢

252 IF(VZIJWAD)I I 228932559205 LINT =403
258 wW=1-Jw LIN7 4dag
GO TC 1961 LINT <42

259 JW==(Ju+1}) LINT «40
27 GO TO (961 LINT @47
187 S0 TU ITsl(ldoslo?l) LINT wao
1871 X=XP{J) LIN7? <4y
Y=YP{(J) LINT 420

CALL HZIGAT(XsYsh) CINT a0l
JFH+2ucuvve)iblgslolisibiy LINT wn¢

18374 [Fird+lusuuel)LBTDsloioslbTo LINT 453
C LIN7 454
C 18372 r==¢0uduev PARTIwLE oeYJdinu sPeliricuy Touru LINT 4«50
1872 FMAS(J)Y==-FHMAS(J) LINT 456
Tr(J)=TLIxIT LINT a07
NLUST=NLOST+1 LINT 453

GO TO 16¢C LIN7 459

C LIN7 46C
C 1879 n=—10JulleVL FARTICLE obYunw [n—cune Turu LINT 4ol
1875 TP{JY=-TP(J) LINT 4woc

. NTU=NTU+1 LINT =002
IFLJTOPLl)ibusioTT7rlbu LInT Go=

1877 JTuPl=-1 LINT w62
50 TU b “INT woo
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YO

[aNa YN OV

Y Fa o

¢

N

AN AN AN AEANOYANANA NGNS N

1876 [F(H-ceP(J))18Yslodeibo
ldy fanzo Cant UF Gruuivwito PAsTLICLED
183 ENMALS(J)=~FMAS ()
TRP{JYy=-TP(J)
NG=NG+1
160 CUNT LG

E R N AW AW w AW w oW KA W aWRNK AL A~
b OF rAly TransrFoead Luor
AW W W N WUW N e WOW W W W N R R W A KWW R W R AW WA e
[FlJduenz=1l)lwvvosluersivewn
st oAnY FAxTioLco wnN Tmo wr© I-c
1o [FiJdiviritYloselogslian
ciwrloon LERU Inuvivnios owunz v
ovmimi LVe Il Iinedlwmioo Paidc
ey Trl wbkr Toru Tarc
AL ALY PaxTidllds un THo vul UF w
1.4 IFLJWwIND I L3 e 2o alone
2w To ZaaliCles ALOFT Tive osUJUNUAKY
S IFAJTIVEY, dudedudslul
LS TFANTIIZudls2ustlacul
w2l JTlanl=—.
Juunbk = 1
su TC 22
Zool oiNuTle=TLim]l
o Tu gec
2vl AITE]IPARUT ) vl
REwWIRD TrPRARLT
<ENIND 1A

ITEMP=IPARIN
[PARIN =]1kA<UT
ITPARUT =1 TE e
JTINMEYI=C
TFINTI)Z202292029202¢
ued JTIMEL=-1
vl [EXEC=¢
~ZTUXN

4 NeuAllve owlibhul InwlCAlEs ouivc
slnd FIELLD muFFER BuTl nNUT ON TaAPE
Jainul uxcATzK THAN deru

T wiNu FIELL TAFE

1us Sel THk REUUIRED Turu UuATA FKRUM
lus To Lufdi oCANS vJdkrok PARTICLE
Tubu LATA DLULND ANu cruddesS Trdc

1S 52T oY THe INITIALLIZING
TAPES TUENTIFICATION ReCUKU )

NINTARCJ)Y 15 SET wvY Tht TRANSPORT
AND RESET WHEN CFF=TUPQ BUFFER IS

LUK

186

N W W R

I W RN W W R W N W RN W W

ivrFe Thabkc

fure Tarc
oul ~UT

ARG LLLao ARDT Wi UFF
N urr Turyu purrar

Lc o

INU FleLyv TiPE

TAre 1IN voz 22

FARTICLES ARE IN THt Jul UF THt

INVICAIES PAarTlCLes ARE ON ThHE uwul UF

TArL

LINT
LINT
cinT
LIy
Lln7
LInNT
LINY
LINT

KR A HF X RN R AR W R ARAR LRI TE R TR ] NT

LINT
LInT
LINT

ww"'w‘n'%‘*’rw*ww'_l;"'z

LINT
LInNT
LINT
LIn7
LINT
it
CIinNT
LInT
LINY
LIngt
LInN7
LINT
LINT
CINY
LINT
LINT
LINT
[
LINT
LINT
LINT
LINT
LINY
LINT
CINT
LINY
LINT
LINY
LIN7
LINY
LIN7
LIN7
LINT
LINY
LIN7
LINT
LIN7Y
LINT

CUUNTzRS Tu veTowiing e XT NoecutoLINT

NLAREST unEe FUR RoAv NG
PRUUKAM wAl(H KoAaus Tre Turu

LUUP wHEN PARTICLED LEtAvVEe TuPu
EMPTIED

LIN7T
LIN7Y
LINT
LINT
LINT
LINT

467
4560
46y
473
w4
47
47>
47
475
470
alli
a7s
47e
450
a4cl
43¢
483
484
@482
4850
ay 7
486
Loy
4% 0
491
+9¢<
“Y 3
Gy
4D
490
“ v
450
4y
500
201
50¢
200>
PReX
505
206
507
508
50v
510
o1l4
512
513
514
515
516
217
olo
51y
520
521
522
523
524




C LIN7 925
185 JTEST=1C00 LIN7 226
DU 1uT7 J=1lsnblLCK LINT vzi-
JTESTI=NINTARIY) LINT7 ol
IF(JTESILYiulsluTsluo LINT 2ev

108  JTESTe=U0FTuPU-J+1 LINY 220
IF(Jlesig)ivgslluslll LIN7 531

110 IRROR=-11v LINT o25¢
C LIN7 2334
C S2EeKo THE FILE [iv Cuikce oMU JLY NEVER AAPPCNe wJ Ju A oiur cAlie Lin/ oos
GO TO 2o LINT 503

111 IE(UTESTe=JTEST)Y1125107107 Ling oso
112 JTEST=JTEST2 LINT 250
Gl TO 140 Liine voo

109 TFUGJTREoT+UTEoTe2) 1 07siuTeluis LINT Doy
113 JlESI=-001Es12 Lol e
la . JF=J LINYG vel
107 JOonNTINUE Lin? owac
C JINT Do
< al THlo rUlnT Jb ks Tro ~NuMotr Ur Trnc wedliRoo rllc N A
Nuw suvZ TArE TJu sceelTcou Flex LilnTg 24>
[Flor~uFTuruyliul2eslu iUl LInT Laeo

C LINT o4’
T Lo7l PerAKz 1o “uvn FouRwAnY wiv trlurue Cuimbkuln o nvarbnr ur sbhulno To LIN/ owo
Z pELR N LING Duv
1072 JR=JF~JFTokC+1 LIinT 2220
o To 1074 Ling 524

C LINT o202
Lo vuesiRew rale 15 pLniNw RcocrJ MorALe ODALN Wk iuv uci ©lae Limnis o202
1e72 wralne IRiury CINT oow
C LINT 25>
C NUh ORLr uvex [uiTlaAl KxoCuxIO LINY oho
READS (I1+4Turullsld Lin? oo

~EAD (IHTUFUI3oTsioisinisicisiol LIN7 z3e

RTAD (1M Turu) TUruw LIng 95wy

KREAD (imTuru) I TuPLe cin7 500

JR=JF LINT 201l

C LIN/ 2o«
C lu7a wun =<CAD or irfiRuuun inc woolncvy oLulN LiNT Doo
1576 D0 Lo /o J=iaUr LIn7g voew
173 CALL rulUrelY) Lin7 2o>
C LIN7 »oo0
C 116 <EoEi ALl uFF=Turv rFaArlIlLES LINT o207
116 DO 118 J=1.NALCFT LIN7 560
[F(FMAS(UY)illsilosiso LIN7 2095

117 IF(TPIJY)Yiiveslldslin LIN7 570
119 IF(Triu)=TolMiT ) lcusiioricey LINT 571
12. FYAS(J)Y==FiAS(u) LINT 572
Tr(di=—ir(d) LINT o073

118  CONTINUE LINT 574
[F=NALURT LINT o7>
IF(JTUPLY1L1olelioeiuD LIN7 2706

1151 JT.uPkPl=y LIN7 577
JTIMEL1=-1 LINT7 o708

GO TO 12071 LINT 279

C LIN7 280
C 11% REWIND uFt JTukFu AnD rARTICLES ALUVUFT TaPcS AND SwAP NAMES LINT 581
11% wWRITE(ILTURPU)NUL LINT o282
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RE#IND 1OTUPU LINT Doz
REWINU [PARIN LIy Ha '
ITEMP=TUTUPO LINT 02
TOTUPU=TPAKIN Ling 5 0
IPARIN=ITEMP LINT o817
JTCP 1=y LINY vyo
G0 TO 1291 LIN7 289
C LIN7 360
C 13w OET Tz kouwulwey wlov rlobo ualA Frud TAPZ LINT 274
137 40 TO 124 LINT 592
< INoz®T Cuuvet meoiko LINT ovwo .
C LINT 5S5vya
C cKE SRl ALL Linv=CLoixz Juli=ur=wine=rFloeLy FraxTI{lLz KELYo LINT 599
124 DU Lce JTLenNALOFT LINT 2GS0
IF(FAGIJY)Y 1241l9ll2c9ice LINT 2067 ‘
1261 TF(TRPIJY)LLdesldldsll2ne LINT 2935
1262 1FOTPLOI=T_1iiiT)1lcusoiceyics LIiNT 299
1242 EVAS(J)==FMAS(D) LTN7 o0
122 CONTIMUE L.t 00l
Th=mal "FT LIN7 6C¢ .
TELIHINDLIN12234128s1c25 LIN7 o©C3
123 JwiInNDl=y LINT 004«
JTIMEL=~1 LINT ol '
CoOTO lonld Linn? =Co
L0 wmEwlag wll owr sles sy Fasllaico ALUFRl TAFCO ANU OWAF NATILS cin? ol
122 wxiTe (Juwlauesll) o Llnd oCo
JwnINDI=0 cINT 80y
RENIND TCwIND LIN7 ©il
<EAITND THAKTN LINT oll
[TEMR =W IND LINT old
Tudlwid=lrvaArx ]y LINT ols
[PAR [N=[Tr we LIN7 cle '
Co T 1ol LINT oicz N
z LIN7 clc
END LIN7 o1
&Elo*
olg *
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PIBFTC GETwN

[aNaN AN AN N AN AN AN AN AN AN AN AN AN AN ANANAN AN AN AN AN AN ANANA!

C COC OO0 0NN OO0 C e

OO0 O

R

E

(S N S

LIST sDECKIMG4/2 GETwW
SUBROUTINE GETWND(XAsYYsZZsUWADsJIW) GETW
28 NOVEMBER 1966 GETw
Tewese SCHWENKE TECHNICAL OrPerATIuno RESEARCH GETw

GETwW

3 FE R B A R ok 0 o0 w0 WK e e R Tk 3 or Rk 3 e KT Rk N K MR R R R R wwGE T

aeTw

THIS SUbRUUTINE RETRIcvVES THE MACRO wilNu Flebku vellourk wnldnm v Tw

APPLIES AT ThE PUINT wHudc CUURDINATEZY Arc In Trnc AxuumcenT wuikuos  uvela

XXsYYs ANDZZ AT ENTRANCC THE XeYs Anw £ wlivu VooTuR QumPuncnlos  coiw

ARE In THE COMMON VARIABLES VA(JWAD)»VY{JwAD)s ANU VZUJwaul)l awrmziv wZla

THE SUBROUTINE RETURNO IF AN ENTRANCE I> MmADc wlino ARGuaLNT Jw oL iw

SET NEGATIVEs Jw 15 oET POSITIVE AND I7o- VALuUE To oot RATALR Tamiveoia
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Imis 1o Tng CATA REAUING RUOJTE
J=U

CRUATIK)=vaeu

J=J+1

xbEAD (Tolivel) XUy sYri(Jd)srld) sAlY)
A2(J)Y=A(J)*A (D)
AAA(J)I=AZ2(J)*ACIYHHTI)
IF(J-12)1uB1slu32s1U52

IRRUR=1U3¢

GO Tu 7734

TFAR{J)I ) 1u99slussluyy

CumPule Trho KTH LuCar CELL HEIOHT,
DL=ABS({3eunniJ))

IF (DZ-CRURTU{K)Y)L109s11iJ9eL1iQU
CRUHT (K ) =0Z

CHECK TO SEE TAHAT THE MJUUNTAIN JuST REAU 15 wWITHIN THE LInITy uF
THE KTH LUCAL WIND >YSTEwm,
IF(XMOJ)Y~CRMINX(K)) Li6s1ilslll
TFIXMEL)~CRMAXXIK)) 112911291106

IF (YMUJ)=CRMINY (k)Y llasil3slls

IF (YMIJ)=-CRMAXY(K)) Lilo29115s1l4

MTwiN L1y
MTwN 120
ml’WN 141
MTWN 12z
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MTwin 126
ATaN 12T
mMTwiv 1¢o0
lwN 14y
MIwWN LU
cibwe 1soa
HMTwiN Loe
MTwiN 133
mTan 134
CMTwN 133
MiwhN 1306
ATwN 137
MTwN 138
Mmiwin 139
MTwWN 1au

Tre wounltALN I NOT wlinlisy T wimiTs oF Tre AT LuCAL wino zY¥sTemMlan tel

Ikur= 1lla
GO TO 773«

CHECR Tu ote TRAT Tre muoNT ALy RATIU 1EU)/ZA(d) 1o Leos THAN Qeo
DZ = H(JYy/a(J0)
[F (DZ-veb)luldsellbsild

THE mudiNTALN KATIU mlJ)/ZACJ)Y TS5 NuT Leso THAN Q6
IRRUR = jlo
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YY=(CRMAXY (LK )+CRMINY (X))} /240
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CSIKY=VX{JWAD) 7UO(K)
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WRITE (1SOUT 4 )CRMAXY (K) s CRATNY (K)o CRAAXX (K} s CRMINA(RN) s TiRun TN

WRITE (I1S0UT95)J0(K) sSNIK)CSIK)
RETURN
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OLY =—2ELX % oN(K) + uglY ¥ Colx)
Y2 = UbY ¥ U3SY

X2 = Dax * Dox
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SAMPLE TEST PROBLEM AND PRINTOUT

The sample printout that follows contains essentially all of the information
necessary to reconstruct the inputs that define the atmosphere and wind-field

structure. The output has already been described in detail in Table 13.
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THE DEPARTMENT gF O EFENSE FALLOUT PREDICTILUN SY ST tHM

* ¥ %2 % % ¥ & % ¥ %

TRANSPORT MODULE

TECHNICAL OPERATIONS RESEARCH,INC.
B UREENETFONT MASS e

—————— R SUMMARY—OF—NPUTF O EN R HERS AN N AL CONDE T ONS— e ———— —— —

FOURTH LARGE SCALE TEST OF THE DELFIC SYSTEMy 15 NUV. 1966, INIT. LUND.

*x%¥  CLUUD RISE IDENTIFICATIUN *#x%
FOURTH L ARGE SEALE TESTOFFHE BELFECSYSTEM 15 NOV-—1966y —€LEUD-REISE—— - —

—_—— ——s%ex PARTEGLE NSEON—FUENTHFECATION —S4es—
SOURTH LARGE SCALE TEST OF THE DELFIC SYSTEM, 15 NOV. 1966, PSE

*x%%  THIS RUN 07 THE TRANSPOURY MUODULE WAS GIVEN THE FOLLOWING LOENTIFICATIUN #3%2s
—_—— RO Tt ARGE SCALETE : ‘

®2¥%  OTHER INPUT DATA #xx#&

THE CONTROL VARIABLE ARRAY, IC(J), HAS BEEN GIVEN THE FOLLOWING VALUES.
_— 5 —-6—1%

FHE FAANSAORTFIME +IMI T 45— —B6400v000—

PARTICLE DATA
OUT—PARTEGEES——  2660.,000—KG/AMex3y
IPARIN 1 0.13000:+07  0.10000E+07  0.00000E-38  0.33729E+03 0

160068486 —B-AF-A-
Dot it o — oAt

IN THES RUN ME ASSUME A PLANAR DEPOSITION SURFACE AT ELEVATIUN 938.174

THIS WIND FIELD USES THE FRENCHMAN FLATS ANO ROAD 8 STATIONS. 12720766
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APPENDIX A

THEORY OF OROGRAPHIC FLOW WITH APPLICATION
TO TROPOSPHERIC FALLOUT

Introduction

It has been recognized for some time that terrain effects influence the ultimate
distribution of local (less than 160 km from blast area) radioactivity resulting from
a tropospheric nuclear explosion., The vertical lifting of light debris over mountains
can extend the fallout range beyond the usual expectations, while gradual but ex-
tended depressions will shorten it. The need to develop a mathematical model for
flow over variable terrain, which can be rendered compatible with such systems,
arises principally from the lack of sufficient meteorological data at this time to
yield a satisfactory time and space dependent picture of the wind field over short
distances. Although sounding stations at 14-mi intervals are planned in the neat
future (Army Integrated Meteorological System), it is questionable whether even
this will be sufficient to account for local variations of the wind field, The model
of variable terrain flow developed in this investigation is conceived for the purpose
of enabling one to predict the wind field in regions where meteorological data are

\ not usually available,

" Our model is based upon a perturbation treatment of the usual hydrodynamic-
thermodynamic equations assuming an adiabatic atmosphere, and is predicated on
the assumption of the existence of a uniform, steady velocity field, u,, which
would otherwise exist in the absence of the ground disturbance. The relationship
between the change in the wind field Av(x, y, z) and the curvature of the terrain is
deduced by first deriving the dispersion relationship for the system (which con-
nects the vertical attenuation constant of the velocity field to the periodicity of the
ground structure) and subsequently applying the boundary condition that the surface
wind trajectory be parallel to the terrain, The resulting expressions become
greatly simplified for short wavelengths and when the Coriolis effect is neglected.
However, for most practical cases involving tropospheric fallout, the foregoing
restrictions are not severe since sounding stations are presumed to exist at rea-

sonable distances from each other.

227




From a theoretical point of view, this investigation is a modified extension ot

2
A.1LA. but there are differences which render some-

the earlier work of Queney,
what different results, Although both models utilize perturbation theory to include
the effects of variable terrain, there is a distinct conceptual difference between
them arising from the choice of the dependent variables. Queney deals with the
displaced trajectories of the streamlines as the fundamental physical quantities of
interest (which seems to introduce extra degrees of complexity into the problem},
while we treat the changes in the velocity field. Our method of attack permits more
refined criteria for establishing the validity of the calculation and leads quite natu-
rally to a generalization to three-dimensional systems, which are more frequently
encountered than the two-dimensional idealizations of Queney. Moreover, we show
that a perturbation theory model for the hydrodynamics does not necessarily imply
the applicability of superposition of ground disturbances, a result which does not
seem to have been recognized earlier. This is a distinct problem. However, we
are able to demonstrate that the superposition hypothesis can serve as the basis of
an iterative scheme for computing the velocity field to an arbitrary degree of accu-
racy consistent with the initial premises of the perturbation method. In certain
two-dimensional cases, there does not appear to be much difference between

Queney's results and ours.

The overall validity of the model is based upon the applicability of the non-
turbulent hydrodynamics equations together with the assumption of an adiabatic at-
mosphere in the unperturbed state. Consequently, the solutions do not yield lee
waves when applied to the assumed small scale disturbances considered in this
investigation, In addition, the results are not generally valid in the lower regions
of the atmosphere where turbulent boundary layer effects may dominate the physical
processes; however, this is not especially important for fallout since uncertainties

attributed. to lower atmosphere effects will be only a few hundred feet.

Soluble mathematical models of airflow in the troposphere must in some mea-
sure be removed from reality because of the enormous complexity of the actual
physical system. Despite this inherent limitation, the nonturbulent models of air-
flow can be useful for fallout calculations if they at least semiquantitatively describe
the salient features of the particular aerodynamics. The utility of such models can

best be evaluated by comparison with suitable experiments.
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Geometric Considerations

For mathematical simplicity the origin is located at a suitable point in the
region where the airflow is to be computed. The x axis is established along the
unperturbed wind direction, the y axis is perpendicular to the x axis, and the z-
axis points in the direction of the zenith. If ¢ denotes the angle between the local
west-east direction and the unperturbed wind velocity, then the components of 2

are given by
Qy=Qcosecose, Qx=Qcosesine, Q =Q

where O is the latitude, and 2 is the sideral day frequency which equals
7.3 x 107° sec-l. For our problems all the components of { are assumed con-

stant (i.e., the curvature of the earth is neglected).

Theory of Airflow

Airflow cer variable terrain can be determined by assuming that the changes
in wind velocity caused by the ground irregularities are a small perturbation on
the wind field. It is postulated that if the ground were flat, the wind velocity, u,
would be constant both in position and time. Orographic effects due to mountains
and valleys then cause the wind field to change in a determined way as computed

from the perturbation theory.

The origin of the coordinate system is established at a suitable point in the
vicinity of the region where the wind field is to be computed. Assuming that for
all times the thermodynamic process which describes the flow of air is isentropic,

the relationship between pressure P and air-mass density p is given by
_ Y _ v/ (1 -v)
(P/Pe> (p/pe> = (T/Te) , (A.1)

where Pe’ Py and Te are the pressure, mass density, and temperature at the ori-

gin in the unperturbed case and y = 1.4. These quantities are further related to

each other by the ideal gas law,

P = (PekTe /m> , (A.2)
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where k is the Boltzmann constant (k =1.38 x 10716 erg deg1), and m is the mass
of the air molecule. The two equations which describe the aerodynamics are the

continuity equation and the momentum equation:

dp/dt+ V. py) = 0 (A.3;
and

dy/dt = 2yx Q-Vo + G , (A.4)

where G is the gravity force and is equal to -Gk, and y is a potential obtained by
combining the (1/p}VP term with Eq. (A.1).

o= (ra i) tot -s0Y

We assume that a steady state exists in which there is only one uniform (spatially
homogeneous) component of velocity, u o’ which, by construction, is parallel to the
x direction, The system of equations then reduces to

0 = -8y/0x, 0 = —2quZ - 3y/9y, 0 = 2u03'2y -9/9z -G . (A.6)
The general solution to Eq. (A.#6) is given by

b= Ay +Bz+d ., A7)

which when substituted into the foregoing equations gives

A= -2u @, B=-G+2uf = -G, (A.8)
oz oy
—_— e - = 2 -—
bop =¥/t -1 P /o, =v/ty - 1) (KTe /m) =c /-1, (A9
where cg is the speed of sound and equals 3.4x 104 cm sec—1 under STP conditions.
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A measure of the distances over which changes in ¥ are important in the equi-
librium case can be determined by examining the ratios wor / iA[ =V, and
zbor / [ Bl =2, which are respectively the distances over which the independent
changes in § equal the value at the origin. We have

8
29x 10
Yo ou , (A.10)
and
29 x 108 6
Zc=="—9—8-6——=3X10 cm = 20 mi . (A.11)

Using a maximum value of @, = @ = 7 3x 107 sec™! and a value of u = 4400 cm
sec—1 (corresponding to a 100 mph wind) gives a value of Y, = 4.5x10° em

= 3 x 10% mi which signifies that.for local fallout variations in y can be neglected
altogether in the equilibrium case. This will not be true in general in the per-

turbed case,

The initial state of the system is thus specified by the velocity

= i 2
Yy = iug (A.12)

and density
p = 0o = po(1-2/2 )/ F TV < p @ -an/¥D s
where

-1

Qo = 1/zc =1/13x 106> -=0.33x10 % cm (A.14)

If attention is further confined to the troposphere (z < 2 mi = 3.0 x 105 cm), the

variation of density with altitude is approximated by

P (2) = p, {1 -1 a/ty - 1)] z} =pL-p2) =p e P?, (a1
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where g is defined as the tropospheric density attenuation constant,

B = a/ty -1) = mGHKT_ = 2.50 = 0.83x 10 %em™? . (A.16)

We now assume that the three components of velocity and density become modi-
fied by the terrain, The perturbed quantities are assumed to be related to the un-
perturbed ones by the equations

u = u_+u, vV =V, w_ =W,

P o p D pp=p0+p, 1/}p=zllo+zb . (A.17)

Substituting Eq. (A.17) into Egs. (A.3) and (A.4) and neglecting second order

effects, such as pw and vw, gives under stationary conditions (5/5t = 0)

du ., 9v 8w> 9 -, . =2 B

Po 8x+8y+az +u08xp+w8zpo—0’ (A.18)

U _ ,co = _ Y
otx = 2(V ~ W) -5y (A.19)

W _ o= = _ Y
U ey = 2(WQX uQZ) oy (A.20)

and

W _ 5,50 _ = _ 8y

u e T 2<qu VQX) on - (A.21)

For mathematical convenience, it is desirable to deal with a function, 7, re-

lated to the initial density Po by the formula

n=plp, - (A.22)
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In terms of n, § is given by

v =

Using Eq. (A.13) for po(Z) gives

¥

while the derivatives of ¥ are

and

9%
0z

- -1
w<po+p) -w(po) ='y<Pe /pz>pz n (A.23)
= (ykTe /m)(l -az)n ; (A.24)
- kT
Yy _ YR _ on
= Tm o (-ez o, (A. 25)
- kT
8 _ e om0
By (1 - az) prl (A. 26)
'ykTe o
= -y -1)G +—=(1-az) ] (A.27)

The object at this point is to reduce Eqs. (A.18)-(A.21) to a system of linear

equations with constant coefficients.

This can readily be accomplished by restrict-

ing the calculation to values of z much less than z, 80 that (1 -az)=(1- z/zc) ~1,

Also, within this range, lnp0 = lnpe - Bz, thereby yielding

d
ox

ﬂ’.+£a_‘£ +ua

oy = oz odx M- PW =0, (A.28)
vkT
- 9/T0 -w - e 9
= 2(VQZ wa) o ax (A..29)
'yk'l"p
=9 . _ e On
- 2(we -a9,) -5 3L, (A.30)
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and

W

e on
U o , (A 31}

= 2(ul -vQ \ + (y - 1)Gn -
(45 x ) &y - 1)Gn
Equations (A.28)-(A.31) relate the perturbed quantities to one another, but the

absolute scale of the perturbations must be obtained from the new boundary con-

ditions. We now assume that each of the perturbed quantities can be expressed by

an expansion of plane waves.

a = g Ak) e R a7 = S B() e'X K a¥k |
and {A 32)
w = S ci)e® Eadk, 7= g D) R X ¢k |

where d3k = dkX (lky dkZ . Substituting Eq. (A.32) into Egs. (A.28)-(A.31) leads

to the dispersion relationship between the components of the wave vector. Thus,

we have
ikX 1ky (11{2 -B ) luokx A\\
ik u -20 29 (ik G/B) B
X o0 z y X = 0 (A.33;
ZQZ ik u —ZQX 1kyG/B ) C
—2Qy 2@ ik u (1 -v)G + (ikZG/B):\ D

The only nontrivial solutions to Eq. (A.33) occur when the determinant of the matrix
equals zero. This establishes a connection between kx, ky’ and kz. The so-called

dispersion relationship can be interpreted in several ways depending on which com-
ponent(s) of the wave vector k can be preassigned. It is at this point that the per-

tinent physical factors are introduced into the problem. Since the topography can

be resolved into periodic components of x and y, we must necessarily regard kx and

ky as real numbers, The dispersion relationship is then interpreted as

k, = Ky (keoky) {A.34)

;M an N .
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For each set of values (kx,ky) there will be two solutions of Eq. (A.34) that
correspond to the roots of the equation which results when the determinant of the
matrix Eq. (A.33) is set equal to zero. Since the number of solutions of Eq. (A.34)
is finite, we can contract the description of the Fourier components of the field

quantities. For example, w now becomes

N ikyx ik y ik“(k .k )z
wix,y,z) = z §S‘ C“<kx,ky>e X e e ZNVXY dkydkx
u=1,2

J

where k‘; stands for the “th root of Eq. (A.34). Setting the determinant of the

matrix of Eq. (A.33) equal to zero leads to the dispersion relationship

2 . _
akz + b(xkz> +¢c =0, (A.35)
where
a = o(kzu‘2 - szz\ s (A.36a)
X O X/

2 2 2/, . 2
b=o [’yBk u + ZQkxkyuowx + Q <21kxwzwx + 21kywzwy —‘yﬁwz\)] ,

(A.36b)
and
.22 2 .2\ 22 2
c = kau [o (kx + ky/l' u ke + (1 -vy)op :]
+ QBo 2k2w u -y wuk?-wukk
X yo y ox X0Xy
2 22 . 2 2 2 . .
+ Q {4kxu0 - o(kxwx + kywy) - wz(l -¥y)oB - Bw<1kxwxwy + 1kywywz)] ,
(A.36c)
in which
W, = ZQX /9, wy = 2$2y /%, w, = Z‘Qz /®, a=(G/B) . (A.37)
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Since Eq A .33; is homogeneous. the ahsolute magnitudes of the functions
A(k). Bk}, Ck;, and D(k) ~annot be determined; only their relationship to each
other, as deduced from the boundary conditions, can. For mathematical conve-
nience it is desirable to eliminate D(k ) and deal only with the Fourier transforms

of the velocity components of the wind velocity. Thus. we obtain the equation

by Py Pz \ A
by, by, byg || B =0, A 35
by DPgg Pgg/ \C

where the bik's are the elements of a matrix b and are given by

2

= i i =i - i Q = ik - ; I
b11 lkxf * luokxgwy’ b12 lkyg Iuokx Yx? b13 i‘lkz ﬁ>£ ’ "uokx;’

= /1 i = - - = : & -1 1 4
b21 (lkxuo/\lg‘ + 1kXony, bys szg “\lkxa) wa, b23 Qu)yS ‘\»lkxa‘\} { IquO i

== Q i = j - 3 1z -
b31 wzg + (\1kyol) wa, b32 1kxu0§ ‘\/.1ky07 Slwx, b33 wag + kayUuO,

tA 39

in which ¢ = (1 - v)G + (ik,0) and ¢ = (G/B).
The dispersion relationship derived by setting the determinant ot B equal to

zero is necessarily the same as that previously derived. Using Eq. (A.38), we

deduce the general relationship between the Fourier transforms of the velocity

components:
 PyaPag - b13b32,
A= - C=T/k ,k Crk .k (A 10,
h12b31 11 ) L Xy T Xy,
and
b13"31 b11P33 )
- = Uk el < .
B TP P C = U keky) Gk ko) A 41

12731 11 32/
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Up to this point the analysis has been quite general, but henceforth we shall
focus attention in the regime where the Coriolis effect is negligible. This is equiv-
alent to setting 2 = 0. The relationships between the physical parameters which
must be satisfied to justify this step for fallout applications is discussed later in
this appendix. Setting © = 0 in the dispersion relationship gives

2 . 2 2 2, 2 2
okz + (1kz> oyB + o(kx + ky> - uokx + (1 —y).aB =0 . (A.42)

We now let

A= ik, (A.43)

anticipating an exponential decay with altitude. Since ¢ =G/B=1.2x 109cmzsec—2>> ui,
we can neglect u(z)ki in Eq. (A.42) and thus obtain

7\2+M/B—ki—k§+('y-1)32=0 . (A.44)

The roots of Eq. (A.44) are given by

1/2
~v8 i{wmz ‘4 [kﬁ + k2 -ty - 1>}}

A= - 2 . (A.45)

Since we are primarily interested in short range effects, we shall freely make use
of the inequality ki + k}zl >> ﬁz (this implies that the wavelength of the horizontal

variations, 27rﬁ-1, be less than 50 mi), which yields the following two roots of

Eq. (A.45) s
A = i<ki + k§> , (A. 46)

where only the positive root is acceptable on physical grounds since this guarantees
that the perturbations will dampen at high altitudes. Using the plus root of Eq.
(A.46) in Eqs. (A.40) and (A.41) gives

. s /2
T (keky) = ik / (K2 + ky> , (A.47)
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and

2 . on\1/2
U(koky) = -k /(K + K . (A.48;
X'y v/ \x T %y

From Eqs. (A.46)-(A.48) we deduce the following expressions for the perturbed

velocity components:

1/2
R ifkx+ky k+k2\
- (T Ky x ¥y
w(X,y,2) = g g C(kx,ky> e e / dkx dky,
-0 =00
(A.49)
+1/2
) T 2 V2 ikxky) -<kj+k}2,> z
u(X,y,Z)=S ( —ikx Q{x+k> e C kx,k e dl«'x dk
-0 _.voo ( > y ( y> y
(A.50}
and
+1/2
+ 00 400 1/2 i(kxx+kyy) (k +k> z
X, = k +k k. .k dk_ dk
V(y')551<>e C(5ty) x Ty
-0 00
(A 51;

The function C(kx’ky) is determined by application of the perturbed boundary

condition, Let

dx,y,2z) = 0 = z - f(x,y) (A.52)
be the equation of the earth's surface. The normal to this surface is Vo:

_ . of . of .
Vd’_"l'ax 'Lay+l§' . (A.53;
On physical grounds, we must necessarily demand that the wind velocity be parallel
to the surface z = f(x, y) at every point. Thus, the boundary conditions are mathe-

matically stated as

[y -Ve)] =0 (A 54,
along z = f(x,y) ,
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where

K=Lu+lv+l£w=iuo+(lﬁ+l\7+l§‘§) ) (A.55)

Inserting Eq. (A.55) into Eq. (A.54) gives

w(xy,z—f)- <)+u(xy,z—f)<>+v(xy, f)<> (A.56)

Using Eqs. (A.47)~(A.51) in Eq. (A.56) yields the following integral equation

for C(kx,ky):
33 [ meses) B9 - (3D
X'y
1/2
ik _x ikyy [—<k2+k2> / f(x,yﬂ
C/k. k. Ve * e Y ¢ x Jdk_ dk
(5eky) x dy
- ikxx ikyy
= u, S S <1kx> F(kx,ky) e e dk, dky ,
k, ky
(A.57)
where
2 -ik x -ik
k) = () ff eme e Y e
and (A.58)

. ikxx ik y
f(x,y) = Sy F(kx,ky) e X e ¥ dk, di .

The solution for C(ky. ky) is impossible to achieve by direct means because of
the dependence of the integration of the left-hand side of Eq. (A.57) on f(x,y) and on
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the derivatives of f(x,y). However, a systematic perturbation method for comput-
ing C(kx, ky) can be deduced. The approximation to C(k,, ky), achieved by setting

. . 2
exp - l} k;: + kf} \;1/“ f(x,y) | equal to unity, is equivalent to assuming that the

maximuim elevation, fmax’ i8 small compared to the wavelength of the horizontal
oscillation, or in simpler terms the slope of the terrain is small. On the other
hand, the neglect of u(df/8x) as compared to uo(af/ax) is necessarily consistent
with the initial premise of the perturbation method used in this analysis, namely
that the change in the velocity field be small compared to the initial velocity. This
obviously must apply when comparing u to u o The neglect of v(3f/3y) as compared
to uo(af/ ox) is somewhat difficult to justify under all cases. Although v is assumed

small compared to u, we must also be sure that (8f/9y) is not substantially greater

than (8f/0x).

The apriori assumption

- (8t , = (of of
u<8x> + V<8y> <u 8x> (A.59;

is equivalent to neglecting -T(9f/8x) - U(8f/9y) as compared to unity in Eq. (A.57}.
The systematic method for computing C(kx, ky) is based upon Eq. (A.59) coupled

with the previously mentioned approximation

1/2
exp l_- <k’2( + ki) / f(x,y)} =T =1. (A.60"

Introduction of the functions

n
£=1-F=" %! , (AG]."
n=1
where
2 . a\l/2
¢ = -<kx + ky> fx,y) , (A.62.
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and

T = Tk k) g%) - UKk —g-% (A.63)

permits Eq. (A.57) to be written as
§ cl) ™ Ea = u y H(g) e K di + § ack) X Ldk. (A.64)
where
A=(rei-tn) = AKXY), HE) =ik Fl), k= ik o+ jk, df=dk dk .

Multiplying Eq. (A.64) by exp (-ik/- r), and then integrating over r, gives
(1 2 ' ik -Kk)-
CK) = uOHag)+\5—ﬂ> g S Ak,r) Ck) e "R K dacdr . (A.65)
k r

The perturbation scheme is developed by regarding the second term on the right-
hand side of Eq. (A.65) as small. The first approximation to C(k), denoted by
C(l), is deduced by completely disregarding the second term of the right-hand side.
Thus

cM) = ugHO) = uy (i) FO) - (A.66)

Since F(k) is the sum of individual contributions to the topography, we see that the
principle of linear superposition is also reflected in C(l)(k). The second approxi-
mation is obtained by using Eq. (A.66) for C(k) in the integral expression

(A.67)
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It follows by inspection that the nth approximation to C(k) is given by

2 ; '
c™qe) = u HEK) + <—21;> g S‘ 2@ r) ¢ Vg &K Lag ar
kT (A.68)

with
C(o) =0

The corresponding Fourier transforms of the perturbed x and y components of
the wind field, A(k) and B(k) respectively, are found from Egs. (A.40) and (A.41)
to the same order of approximation. The ultimate validity of this perturbation
method can be evaluated only posteriorly — by comparing the calculated change in
the magnitude of the wind field with u. Mathematically, the developed theory is

valid so long as

a2+ 72+ w2 <u(2) . (A.69)

The prescription for calculating the wind field due to terrain effects is sum-
marized as follows. Equation (A.68) is used to compute the Fourier transform of
the vertical wind. The Fourier transform of the change in the horizontal compo-
nents of the wind field is then determined by Eqs. (A.40) and (A.41). Finally, the

inversion formula is employed to compute u(r), v(r), and w(r).

The value of computing C(k) beyond the first approximation is worthwhile, even
though the hydrodynamics model considers only the first correction to the flow,
because the iteration scheme can more precisely establish the range of validity of
the first approximation to C(k) and the dependence of C(k) on the characteristic
features of the terrain. Most topography is complex and, as such, cannot always
be represented by a simple periodic structure, but rather by a sum of frequencies.
The higher corrections to C(k) take into account the interaction between the Fourier
components of the ground structure and, consequently, must be evaluated to more
firmly establish the validity of the superposition principle implicit in the first

approximation.
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puting higher order corrections to C(k).

Let ikox
fx) = he ,

from which we have:
F(k) =§h—w§ e © e ax = na(k k)
and
cWy = flu ha(k -k, ) = (kb 5k -k )
where 6(k) is the Dirac delta function. This yields

Wix,z) = § ika s (k - k) ¥ o klz g ey e © e
[o] o] o O
Since T(ky,ky = 0) = -ik/|k|, it follows that
ik x -lk |z
t (o) o

ux,z) = +uo< lko'h) e e

to
(2)1/2<|k0lh) « 1,

second approximation to C(k) is given by

ik x ~|k0|z

cPge) = fug (kb (K k) + <2Lﬂ> §S Ak, x) [iu()(koh)é(k —ko>] el K) g ax
k x

In the next section, we shall apply the first-order theory to compute changes
in the wind field caused by specific orographic effects. However, now we shall

consider a simple two dimension periodic structure to exhibit the method for com-

(A.70)

(A.71)

(A.72)

. (A.73)

(A.74)

Within the confines of the first approximation the inequality of Eq. (A.69) reduces

(A.75)

which basically shows that the slope of the terrain must be less than unity. The

(A.76)
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where

Ak, x) = T(k) ax/ Z = (ki +T<k)&a,‘(> Z Z (xin®.

(A.77}

Inserting Eq. (A.77) into Eq. (A.76) and performing the integration over k and

x gives the following expression for C(z)(k’):

ey = iuo<koh> 6(k’ —ko> + iuo(koh>2 5(\1{' - 2k0> sgn (k())

- iu, i lk lh) [k' -+ 1)k0:l

n=1

o) _

9 R . B
+iu_(k hy 7 sgn ;k Y‘ —(—1')—"|k th\né(k’—(n+ 2k 1.,
ol o | nt o) T 0
n-1 '

(A.78)

where

m ok N o= |
sgn \_ko/} ikof /kO

It is easy to show that the vertical component of velocity corresponding to C(2)(k’)

is given by

w(x,z) = iu0<koh> exp <ikox - |k0|z>{2-exp [-lkolh exp (ﬁikox - !koizﬂ}

+ sgn (ko) iuo(kloh)2 exp [Z(ikox - lkol z] exp [-[kolh exp (ikox - kofz‘)J .

(A.79)
Examination of the second term in Eq. (A.79) shows that the uncertainties
introduced in the computation of w(x, z) by neglecting higher order terms are of the

order of (koh)2 for a one-dimensional periodic structure. 'The degree of
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accuracy to which one may choose to compute the velocity field for fallout compu-
tations should be consistent with the uncertainties introduced in other aspects of

the calculation.

Application of the Theory to Specific Geometries

| In this section we shall apply the theory to an infinite mountain ridge which

[ makes an arbitrary angle with respect to the unperturbed flow, and to a mountain.
Within the context of the theory a valley may be considered as an inverted mountain
or mountain ridge. We have chosen these particular models because the terrain
can he mathematically interpreted as a superposition of mountains and mountain
ridges, and hence the general solution of airflow over variable terrain can be deter-

mined by superimposing the solutions for individual mountains, valleys, and ridges.

Mountain Ridge Not Perpendicular to Unperturbed Flow

In this case, the perpendicular to the line depicting the crest of the mountain

makes an angle v with respect to the direction of flow, as shown in Figure A.1.

4y

XI

Y
» X =
—~ Direction of
Unperturbed
. ) — Flow
Crestline
of Mountain ‘

(
}

Figure A.1. Mountain Ridge Not Perpendicular to Flow
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A suitable mathematical representation of a mountain ridge when viewed along

the y axis has been deduced by QueneyA' 2 who showed that the topography could
be represented by the equation

- f,y) = —D (A. 80)

1+ (% /a)2
which as observed is independent of y¥. However, the transformation equations
X =X cosy -y sinvy, y = X siny + ¥ cosvy (A.81)
show that the topographical description in the x, y system, namely
fx,y) = F[xxy), ¥y &y)] , (A.82)

will be a function of both x and y. The Fourier transform of the mountain ridge

function in our system is

—1k x -ik
<2> SSV fx,y) e yydx dy . (A.83)

However, since k- r is invariant under an orthogonal transformation, we have

-1k' x’ -1kyy
F(k_,k k' (k .k SS f e dx’ d
(k) = ) Ko ) = (B w.y) v
(A. 84)
where
kx = kx cos vy - k’y sin vy, ky = k;( siny + k'y cosy . (A. 85)

When Eq. (A.80) is inserted in Eq. (A.84) we obtain
’ 2] am— — x !
<kx ky> = (2 )e 6<ky) . (A.86)
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Using the inversion formula with C(k,, ky) = il&qu(l&,ky) yields the following

expression for w(x, y, z):

1/2
ikxx ikyy —Q<2+k2>/ z
u, yg (ikx> e e F(kx,ky) e \X ¥ dk dky

w(X,y,2) =
(A.87)
9 9 1/2
5 : i(k’x’+k’y‘) —Q{’ +k’> z
=u = e X y F %,k \e X y dr dx .
0 9x ( X'y Xy

Using Eq. (A.86) permits integration of Eq. (A.87) and we thus obtain

w(x,y,2) = -2u_(ah) A cos y — (A.88)
(2% %)
X+ A
where
X =Xcosy + ysiny ,

and (A.89)

It is also easy to show that the x and y components of the perturbed velocity field
are given by

ux,y,z) = -uo(ah) cosz'y [(x’z - x2>/( x’2 + 7\2>2} ) (A.90)

and

- 2
viX,y,2z) = -uo(ah) cos vy sinvy [(x’z - 7\2>/<x'2 + 7\2) ] . (A.91)

Since u, v, and w depend only on x’, the origin of the system can conveniently be

located anywhere along the crestline
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An assessment of the range of validity of the theory can be rendered by examin-
ing the ratio, r, of the magnitude of the perturbed velocity to u, when the flow is

perpendicular to the crestline (i.e., v = 0). In this case we have

, 1/2
lay | /u y = (ﬁz + W /u_=r = ah/ X2+ (z + a)2 ,  (A.92)
< o) o

where the altitude z is defined in the range z > f(x) = h/(1 + (x/a)2). For a pre-
assigned value of the half width, a, the requirement that r be much less than unity
over all space establishes an upper bound to h which will render the results con-
sistent with the perturbation theory. A good measure of this upper limit can be

obtained by evaluating r at the top of the ridge (x =.0, z = h). Thus we have
2 2
r, = ah/( + 2)° = (W/a)/ [1 - (/a) } . (&.93)

Examination of the foregoing expression shows that r, is less than unity regardless

of the ratio (h/a). Thus one would conclude that the ftirst—order perturbation theory
would work under all cases, even including an infinitely steep mountain ridge. This
obviously cannot be the case. Apparently, higher order corrections as computed

by the iteration scheme are necessary to establish by analytical techniques the range
of validity of the calculation. As we shall show in the next section, however, the
limitations of the first-order theory can also be assessed by graphical means; that

is, by examination of the computed wind streamlines.

It is interesting to note in passing that when the theory is applied to a valley,
in which case h is replaced by -|h| and the ratio, r, is computed at the bottom of
the valley (x = 0, z = -|h{), we obtain

r, = alhl/@- [n)h? (A.94)

which clearly shows that the theory is valid only for a small slope, jh! <a.
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A Single Mountain

Investigations have shown that a suitable representation for a mountain is

3
_ _ h(a > _ A
2 = f(x,y) = 573 = (A.95)

(a2, 2)"% (2.2

where h is the maximum elevation of the mountain, r2 = x2 + y2, and a is its char-

acteristic dropoff rate (when r=a, f=0,35h),

Although one can construct several mountain functions which are similar to
f(x,y), this particular function was selected because it ultimately yields analytic

expressions for the perturbed components of the wind field. The Fourier transform
of f(x,y) is

400 400
F/k ,k \ = 5 S‘ e L dx dy
(%) (21r)2 oo az . r2>3/2
= 1/2
A r 1/2
Fk ,k = Fk) = g J _kr)kr) dr , (A.96)
(% %y) @nKl/? 3 (a2 12 3/2%0

where
1/2
k = (kz + k2>
X y

The integral in Eq. (A.96) is recognized (Ref. A.3) as the Hankel transform of
-3/2
1'1/2(1-2 + az) , so that F(k) becomes

A -ak
— e

F(i) = 2ma

(A.97)
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If uo is the unperturbed velocity, it follows that the first~order correction to the

vertical component of the wind is given by

i(k X+k y) kz

\;(x,y,z)=u0§§ (ikx>F(k)e X Y /e dk, dk_

o0
u A

Fy.z) = 2> 2 | e (8 2K 3 (kr)kdk

o

2

_ —37\Auo X -32a hxuo
w(x,y,z) = Py Z ; ; 573 = S 5 5/3 ° (A.98)

(x +y + A > Kr + A )

where
A= (z + a)

The changes in the x and y components of velocity are determined from Egs.
(A.50) and (A.51). Thus, we have:

(1K ik ik K
ﬁ(x,y’z) = -u_ §S ~(_x_>].<<___}i F(k) elk Xx+ Yy> e‘kz dkx dky

21 oo
i, y,2) = -u_ 2 § F() ¥ €08 ¢ K2 g 4
9x~ v
0O O

y2+ 7\2 - 2x2>

5/2 °
(2 +2%)

ux,y,z) = uo(a2h> & (A.99)
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and

_ (1ky (lkx lkk x+k y) kz
VX y,z) = - ys‘ Fk) e e dkx dky ,

5 2w o
= I - . ikr cos ¢ ~kz
vix,y,z) = -u = 3y g g Fk) e e dkdo¢

o o
- 3uo<azh>xy
viX,y,z) = -~ 573 - (A.100)
,\r2 + A

Wind Streamlines and Fallout Particle Streamlines in Two Dimensions

It is of interest to obtain analytic expressions and pictorial representations for
the trajectories of fallout particles for the purpose of assessing the importance of
the terrain effects. If up and wp denote the horizontal and vertical components of
the fallout particle velocity in a two-dimensional system, it is well known that these

quantities are related to the wind velocity through the equations

u =u_+u , (A.101)
and
w_=- =V_ +w | (A.102)

where VF is the so-called fall velocity. Strictly speaking VF is a function both of
particle size and of altitude (Ref. A.4), but below 10, 000 ft its variation with z can
be neglected. Figure A.2 shows the average fall velocity. between 0 and 10, 000 ft,
plotted as a function of particle size for spherical particles with an assumed density

of 2.5 ¢g cm-3.

The flow lines, or trajectories, of fallout particles can be determined from a
quantity called the stream function, A.5 $(x,z), defined by the partial differential

equations

| v k)
“;p . —VF W 9% (X,Z) y (A.103)
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up =u tu = 97 x, z) (A.104)
On the other hand, the equation for the flow lines is
dx _ dz or -wdx +udz =0 , (A.105)
u w p
p p
which when used with Eqs. (A.103) and (A.104) gives
0% 09 _
9% dx + 5z dz =0 or dd =0 (A.106)
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We thus see that the curves for which
¢ = constant (A.107)

are the streamlines. In the case of a mountain ridge perpendicular to the unper-

turbed flow it is easy to show that u and w are given by

- o¥

u =g (A.108)
and

__ v

W= -5r (A.109)

where the perturbed wind stream function ¥ (x, z) is

-u _(ah)(z + a)
| E— 55 - (A.110)
(z +a) +x

Using Eqs. (A.108) and (A.109), and recalling that u and VF are both independent
of position, enables us to construct the entire stream function, ®(x,z). The func-

tion ®(x, z), which has as its partial derivates wp and up, is

$ = uz + ¥ o+ VFX . (A.111)

For computational purposes it is desirable to cast Eq. (A.111) in dimensionless

form by dividing both sides by (ujya). The streamlines are then given by the equation

constant = C = z + rX - @ 1z , (A.112)
-2 =2
(1+z) +x
where
o =h/a = ratio of height to half width of 'mountain ridge,
r = VF/u0 = ratio of the magnitude of fall velocity to the unperturbed
wind velocity, u
X = (x/a) = horizontal dimension in units of a,
z = (z/a) = vertical position in units of a.
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In the absence of a mountain ridge, @ = 0 and Eq. (A.112) reduces to

z=C -rx , (A.113)
which is the equation of the straight-line descent of a fallout particle with slope
-VF/uo. On the other hand, the streamlines deduced from Eq. (A.112) when r = 0
depict the flow of the wind field over the mountain ridge. The solid lines in Fig-
ures A.3, A.4, and A.5 show the wind streamlines at various initial altitudes for

values of @ = 0,25, 0.50, and 0.75. The dashed line on each figure is the moun-
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We can readily observe in all cases that the higher altitude streamlines are less
affected by the mountains than the lower ones. This is to be expected. It is also
interesting to note that the wind flow corresponding to the surface streamline actu-
ally hits the mountain ridge in all cases. This is not unexpected in view of the
approximate nature of the first-order calculation of the Fourier transform of the
vertical component, C(k), of the wind. It will be recalled that the perturbed bound-
ary conditions were applied exactly (in which we required that the wind velocity be
parallel to the earth's surface). However, in the process of determining the wind
field, an iteration scheme was developed to compute C(k), and the results shown

in this section correspond to the first approximation

uo(ah)

2

-|k]a

cWag = (k) e

The uncertainties in the calculation (as noted earlier) should increase in proportion
to the slope, which in the case of a mountain ridge is typified by the ratio (h/a).
This is especially well borne out by the results which show that the relative differ-
ence, A, hetween the height of the mountain ridge and the maximum elevation in-
creases with a corresponding increase in (h/a). We define A by the equation

(h/a) - Z m a-7Z
A = (h/a)o x 100 = ——2Mx 100 , (A.114)

where zom is the maximum elevation of the surface trajectory in units of a. Fig-
ure A.6(a) shows a plot of A vs (h/a) = o. As observed, the relative difference of
trajectories increases as (h/a) the average slope of the mountain ridge increases,
thereby reflecting the uncertainties in the calculation attributable to the first-order

approximation,

The results also show that the first approximation to the wind field underesti-
mates the airlift due to the mountain ridge. This is perhaps better illustrated by a
comparison of Zom vs « (see Figure A.6(b)), which like Figure A, 6(a) shows that
the discrepancies between the actual maximum "lift" and the ideal lift increase

with @, (Mathematically, this discrepancy is the difference between the 45° ideal
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lift line and the actual curve of zom vs ¢,) Figure A.6(b) illustrates the necessity
of executing the iteration scheme for C(k) in order to ensure the proper evaluation
of the wind field. Since this may be a complicated process, however, we can use
the results of Figure A.6(b) to establish an empirical relationship between calcu-
lated trajectories and the true mountain profile, Thus, suppose we have a mountain
ridge whose maximum elevation, also measured in units of its half width, is 0.48
(point A in Figure A.6(b)). The curve shows that to ensure that the calculated sur-
face trajectory would actually rise to a maximum elevation of 0.48, it is necessary

to perform the calculations for an « equal to 0.7 (point B in Figure A, 6(b)).

The curves of the fallout particle trajectories shown in Figures A.7, A.8, and
A.9 depict a mountain ridge corresponding to the maximum elevation Zom’ although
as in the case for the wind streamlines, the calculations were performed for the
corresponding values of o, Since it is beyond the scope of this report to perform
a parametric analysis of the stream function, we present the results for a fall-to-

wind velocity ratio, VF /uo, equal to 0.1; the curves differ only in the choice of «,
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or equivalently, Zom' All the curves originate at the dimensionless horizontal
displacement, (x/a) = -5, sufficiently removed from the center of the mountain
ridge so that terrain effects would not be felt, Examination of all three curves for
the same initial vertical position of the streamlines shows that increases in the
mountain ridge height lead to an enhanced downstream drift of the fallout particles.
For those streamlines, whose unperturbed trajectories pass over the crest of the
mountain ridge (e.g., the middle unperturbed trajectory of Figure A.9), the moun-
tain ridge causes no permanent displacement of the streamlines. We have also con-
structed a digital program to compute the transport times for fallout particles tra-
versing a two-dimensional mountain ridge for arbitrary vy and @ and have applied
the code for the casesy = 0.1; @ = 0,25, 0.50, and 0.75 (between the limits

-5 < x < 5). The results show no additional time delay due to the effect of the moun-
tain ridge. On the contrary, we found a relative speedup of between 1 to 2%. Ap-
parently, the increase in path length is slightly more than counterbalanced by the

increase in velocity.

The fact that the perturbed trajectories which fail to intercept the mountain
ridge always end up on the same unperturbed streamline is a general result, as can

be seen by examination of the stream function,

c=z+m-|—2lr2
(1+2z)" +x

The function in brackets is the contribution to the stream function attributable to

the mountain ridge; for either large negative or positive values of x this goes to zero.

The middle set of curves in Figure A.9 can be used to obtain some estimate of
the enhanced fallout range caused by the mountain ridge for Vg /ug) = 0.1 with
(Zom/a) = 0.5. From Figure A.2 we see that this would correspond to a 100-u par-
ticle with u, = 30 mph, 150-u particle with u, = 50 mph, or a 230-u particle with
u, = 70 mph, all of which are quite possible situations. If the actual mountain ridge
peak were 1 mi, the intercept of the alluded-to trajectory would hit the horizontal

axisatx =5or x = 10 mi.
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For heavy fallout particles, terrain effects are less important since the ver-
tical lift decreases. At the other extreme, extremely light fallout particles will

follow the wind streamlines.

Conditions for Neglecting the Coriolis Effect

We shall now examine the coefficients in the dispersion relationship — namely
a, b, and ¢ (see Eqs. (A.35) and (A.36)) — to determine the conditions on the veloc-
ity and wavelength for which the Coriolis effect can be neglected. Since we are
primarily interested in short range effects, we shall freely make use of the assumed

inequality

1/2
<k§ + k§> >> B =0.75x 108 em™1 , (A.115)

which signifies that the wavelength of the horizontal variations in the terrain is less

than the ZmB—l, or approximately 50 mi.

The Coriolis effect can be neglected in Eq. (A.36a) if

lk Ju >> @, (A.116)
X' o
or equivalently
lu |
(2m) Q> Lx ) (A.117)

where LX is a representative wavelength in the x direction. The distance (u0 /)

equals

?S—]Q=d= (3.8um) mi , (A.118)

where uo is the wind velocity expressed in miles per hour. This restricts Lx to
less than 24 u mi. We have assumed the inequality of Eq. (A.117) to hold in our
analysis, Equation (A.117) will not be satisfied when the unperturbed velocity is
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too large or when both a small u, and large LX are combined. However, these con-
ditions are not important relevant to fallout considerations. If LX is large, the dis-
turbance cannot be considered as a local effect; hence, additional meteorological
information will be available, thus precluding the utility of the perturbation methods
considered here. On the other hand if u, is small, the perturbed wind velocity will
also be small (as is shown in the analysis) and terrain effects will not be important

since the motion of the fallout particle will be essentially vertical.

Examination of Eqs. (A.36b) and (A.36c) shows that the second and third co-
efficients in the dispersion relationship, b and ¢, are already expanded in powers
of ©Q and thus are in a suitable form for examining the conditions under which the
Coriolis effect may be neglected. (Neglecting the Coriolis effect is equivalent to
omitting those terms which are proportional to £ and 92.) The ratio of the first-

to-second terms in Eq. (A.36b) is

2 2
yBk u ) vBL v,
4$2Lx cos O sin e ’

(A.119)
2@k ||k _|u w
x''""y' o x

where Ly and Lx are characteristic wavelengths for the y and x dimensions respec-
tively. Neglecting minor numerical factors, the condition that the foregoing rela-

tionship be greater than unity is approximately given by

O.5<Ly/Lx> u >1. (A.120)
For physically interesting wind velocities (e.g., u. > 10 mph) the inequality of Eq.
(A.120) will break down only in unusual cases. Although such occurrences can be

treated by the general theory we also assume the inequality of Eq. (A.120).

Using Eq. (A.115) together with the assumption kx > ky gives for the ratio of
the first-to-third terms in the expression for b (again neglecting minor numerical

factors)

22,52\ B
k™u” /Q =r, . (A.121)
<x 0o )‘kx‘ 1
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Using Eq. (A.118) we find that the requirement that the foregoing expression is

much greater than unity is given by

2 .
27 (1.8) uw o >> LX (miles) . (A.122)

The cases for which Lx > 27 (1.8) uxzn are not relevant to local fallout. If we now

use Eq. (A.115) but assume ky > kx’ we have in lieu of Eq. (A.119)

2 2
kTu

xo B8 _ ./L /L =[4 1.8 ]’OSL L . (A.123
Q2 kl rl( y/ x) m( )um ( y/ x>um ( )

y

Since (0.5 Lyum/ Lx) is assumed greater than unity, the foregoing expression will

also be greater than unity.
Recalling that 0 = (0/8) = 1.2 x 109 cm2 sec_z >> ui, and neglecting minor

numerical factors, gives the following approximate expression for c:
2 2 2 2 2 2.2
& 9
¢ ~ k2o <kx + ky> + 2Bou k2 + @%0k? . (A.124)

By using the previously mentioned inequalities it is easy to show that {2 and 92 can

be neglected in the expression for c.
Conclusions

A perturbation type model has been developed to compute the airflow over vari-
able terrain. The theory is based on the assumption of the existence of an unper-
turbed state characterized by an adiabatic atmosphere and a uniform velocity, L
which would otherwise exist in the absence of ground variations. When the general
theory is addressed to small scale disturbances, which are of interest in local fall-
out applications, there are no lee waves and we can neglect the Coriolis force. In
this regime the theory has been applied to compute the wind field over a mountain
(valley) and a mountain (valley) ridge. Using the calculated wind streamline for a
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mountain ridge it becomes possible t0 assess the importance of variable terrain on

the motion of particles typical of those encountered in the nuclear fallout regime,
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APPENDIX B

THE INCORPORATION OF THE SEA BREEZE
IN THE CALCULATION OF FALLOUT

Introduction

The effects of the sea breeze will be considered in our calculations of fallout,
It is appreciated that this local circulation phenomenon can have an important
effect on the lighter fallout particles, particularly on a clear day, when the tem-
perature-induced circulating winds are larger than the so-called fall velocity, VF'

The sea breeze is characterized by relatively large changes in the wind direc-
tion over short distances, and, as such, its internal features cannot be satisfac-
torily analyzed with existing installations because of the unavailability of sufficiently
dense meteorological observation points in the vicinity of the coastline, We have
developed, therefore, a suitable sea breeze model which can be applied in a digital
computer program leading to the determination of fallout distribution, As in the
overall DOD fallout model, space is divided into cells, with each compartment
characterized by a distinct wind field. In the general case, the wind parameters
for these cells are deduced (by suitable mathematical techniques) from sounding
stations which are in close proximity to the geometric center of the cell, The con-
struction of the cell's wind field by this method is appropriate throughout most of
space where changes in the wind velocity occur over dimensions which are large
compared to the distance between observation points. The sea breeze and other
local circulation systems such as mountain and valley winds, however, cannot be
treated by this method. Consequently, the geometric region enclosing the sea
breeze is divided into a special cell which is treated separately. The nature of
the problem dictates that analytic mathematical functions be used to generate the
wind field in this cell, These functions, moreover, should he applicable for most

situations,

Review of the Sea-Breeze Theories

The sea breeze is perhaps one of the best examples of an atmospheric process
which can be treated analytically with a degree of success, JeffreysB' 1 was the

first to treat the problem in an exact way, although his results were not in full




agreement with observations. As pointed out by Schmidt, B.2 the former' s model
led to a solution in which the daily wind variation was in phase with the daily
temperature curve. This was not always consistent with the measured results,

In the Jeffreys model, the only forces that are taken into account are the two due to

friction and to the pressure gradient resulting from the unequal heating. HaurwitzB

classifies such a model as an equilibrium theory of the sea breeze — a theory which
neglects the inertia of the wind and, consequently, the temporal changes of the wind
that are of the order of @ = 21/ (sidereal day) = 7.3 x 10_5 sec. In retrospect, the
main flaw in Jeffreys treatment was not so much his neglect of the inertia of the
wind (as will be shown later, this can be justified in some cases) but rather his
deletion of the Coriolis terms which account for the veering of the wind in the

course of time, This effect was included in the subsequent papers.

The works of both Schmidt and Haurwitz were less concerned with rendering
complete theory of the sea breeze than with clarifying the characteristic phenomena
of the land and sea breezes, such as the phase shift between wind and temperature
or the influence of the carth's rotation. These investigations did much to improve
our understanding of the sea breeze, but they cannot be considered as complete in
the usual sense. (A more thorough critique of their work is given by Defant, B.4

who also discusses research performed by other investigators.)

In analytical treatments of the sea breeze, it is necessary to make simplifying
assumptions in order to obtain mathematically tractable equations. We can cate-
gorically say that all the analytical treatments are based upon linearization of the
equations of motion which describe the sea-breeze circulation. The more complete
analytical treatments of the sea breeze have been successful in accounting for the
large scale characteristics of the sea-breeze circulation. Notable among this

B.4,B.5 and Haurwitz, B.6 which form the

group are the investigations of Defant
basis of the sea-hreeze model used in our fallout computation. (A discussion of
their work is given in the following section of this appendix.) Generally, the
terms in the dynamical equations which deal with the horizontal advection of
temperature are omitted, although in the Defant-Haurwitz models, vertical advec-

tion of temperature is retained, and the diffusion of heat upward by turbulent
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processes is included. Despite the approximations resulting from linearization,
the linear models do yield a satisfactory reproduction of the fundamental field of

motion of the sea breeze.

The development of high speed numerical methods has made possible a
more refined treatment of the sea breeze which can account for not only horizontal
advection but also the spatial variation of the viscosity and turbulent diffusion con-
stants, PierceB' 7 was perhaps the first who succeeded in integrating by numerical
methods a set of nonlinear sea breeze equations. The main drawback in Pierce's
model was his introduction of a somewhat artificial mechanism to transfer the heat
absorbed by the earth to the atmosphere. The physical consequences of this are
more fully discussed by Fisher. B.8 As pointed out by Fisher, the most important
feature of the numerical method lies in the fact that the nonlinear advective terms
in the equations may be retained and thus allow the feedback effect of the wind field
itself on the sea breeze to be studied. Fisher's model is conceptually identical to
the linear model of Haurwitz and may be considered the most definitive work in the
field inasmuch as it includes not only nonlinear horizontal advection but also the
spatial variation of the transport parameters. This solution shows the sea breeze
in the stages of development and decay and succeeds in reproducing the gross

features of the wind system and many of its small details as well.

The main drawback in applying Fisher's model to the fallout problem is its
sheer complexity, particularly in view of the fact that, as pointed out by Fisher
himself, its principal contribution is its ability to describe the fine structure in the
sea-breeze development. Although we can justify the incorporation of the sea breeze
in fallout models, we are hard-pressed to justify the inclusion of its subleties,
Other effects such as the irregularity of the coastline, the presence of a prevailing
wind, and uncertainties in the transport coefficients would completely overshadow
any improvement attributed to incorporation of the sea-breeze fine structure.
(Recently, an attempt was made by Travelers Insurance Research LaboratoryB 9
to employ Fisher's observed data for calculation of fallout in a sea breeze In view
of the extensive amount of "function-fitting" employed, it becomes difficult to

appraise their model.)
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Sea-Breeze Model

Wind-Field Parameters

In this section, we shall present the expressions for the components of the wind
field that are used in our sea breeze calculations and are identical to those deduced
by Defant, B.5 The derivation of our final results, however, closely resembles
Haurwitz's treatment of the sea-breeze circulation because it shows more clearly
the assumptions which are made concerning the pressure variation.

Defant's approach to the sea-breeze problem is based on Lord Rayleigh's con-
vection theory, B.10 The dynamics of Defant's model are governed by the continuity
equation, the three equations of motion, the equation of state, and the heat-diffusion
equation. By neglecting variations in density except in so far as they modify the
action of gravity, it becomes possible to construct a stream function which is used
to describe the motion in the plane perpendicular to the coast. The mathematical
equations are based on the assumption of an infinitely long coastline which we desig-
nate as the y axis, Variations of the meteorological equations in this direction are
ignored. The x axis is perpendicular to the coast, and positive inland, while the

z axis denotes the vertical. The equations which describe the system are:

du , Iw _

= w0 ®-1)
du ,  ou, LBu . _123p
5 TVt Ve VEo e oY (B.2)

av , ov ov _ .
.E)TTuax+waz+fu—_W’ (B.3)

ow, ow . bw_ 1 ap
8t+u8xTwaz_“p 57, ~ &8 TV . (B.4)
p = pRT . (B. 5)
and
2
oT aT oT _ T
é-t-"u'&'*‘W5;~Kj§— . (B. 6)
oz.
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where u, v, and w are the velocity components along the x, y, and z axes, respec-
tively; p denotes the pressure; T is the temperature; p is the mass density; g is

the gravitational constant; K is the thermal diffusion constant; and R is the gas
constant. The quantity f = 2Q sin ¢ is the Coriolis parameter, while the effect of
friction is taken in account through the Guldberg-Mohn friction parameter, . To

be sure, this is the simplest way to incorporate the effect of viscosity into the
theory. (Haurwitz offers an alternative approach to turbulent dissipation but, as

we shall discuss later, this has its own drawbacks.) With the exception of Eq. (B.1)
(the continuity equation derived by setting (dp/dt) = 0, see Ref. B.8) all the others
are nonlinear in the sense that there are terms which involve multiplication of the
dependent meteorological variables. Application of the following boundary conditions

suffices to determine the problem in all cases:
wiz=0)=0 |,
w(z =) =0 s B.7

T(z=0) =To+ T, t)

The function T(x,t) is the surface temperature differential, which is defined as the
difference between the actual temperature above the water or land, and a suitable
reference temperature, To’ which we take to be the temperature along the coastline.
In the theory of the sea breeze T(x,t) performs the role of the "driving-force" in

that it, alone, is responsible for the circulation.

Before proceeding with our discussion of the solution of the sea-breeze equa-
tions, it is appropriate to review a variation of the sea-breeze model as rendered
by Haurwitz. B.6 The difference between Haurwitz's model and Defant's lies in the
method of treating turbulent friction. Instead of using the Guldberg-Mohn friction
parameter, &, to describe turbulent dissipation, Haurwitz employs kinematic vis-
cosity. Thus, in lieu of the terms, -ou and -ov, which appear in our Egs. (B.2)

2 and Kazv/ 8z2, where the

kinematic viscosity K is assumed to be independent of position. Haurwitz also

and (B. 3), his corresponding friction terms are Kazu/az

neglects the viscous effects on the vertical wind component; we do not, When
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viscosity is introduced by the expressions Kt;zuf'é)zz and K82v/8z2, which are then
used with the boundary conditions u{z =0} =v{z=0)=0, we arrive at a sea-breeze
model in which a boundary layer {in the sense of Schlicting and Prandtl) is built in-
to the theory. In such a situation, the horizontal components of velocity increase
with altitude from a minimum value of zero at the land and water surface. Accord-
ing to Haurwitz's model, the distance over which this buildup occurs is of the order
of the characteristic height of the sea breeze. This seems to be somewhat incon-
sistent with the everyday experiences at the ocean front where strong horizontal
winds are evident a few feet from the ground. Strictly speaking, when boundary
layer theory is used, the temperature of the moving fluid at the boundary is the
same as the surface temperature Thus, if the theory of the boundary layer were
rigorously applied on a clear sunny day in the summertime, we would necessarily
have to use a land temperature ot about 90° - 100°F and a water temperature be-
tween 60° - 70°F. This corresponds to a temperature differential of about 200C,
which would produce wind velocities greater than those measured. In addition,
according to the usual boundary layer thecry this is also the surface air tempera-
ture differential, Again, this is inconsistent with observations. Haurwitz's treat-
ment of friction thus seems to lead to inconsistencies, at least in the lower regions
of the sea breeze. It is also more complicated since it introduces a much more
cumbersome expression for the vertical attenuation constant. Consequently, the
fundamental equations which describe our system are based on the Defant sea

breeze model.

Equations (B. 1) - (B.6) can be simplitied by introducing two new variables, the
stream function y and the vorticity n, which are related to the x and z component of

the velocity by

Ny Y] ;
U oY N (B. 8)
S Juow 2
U (B. 9)
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By operating on Eq. (B.2) with (3/9z) and on Eq. (B.4) with (8/9x), and then
subtracting the resulting second expression from the resulting first expression,

gives us the following equation for 7:
Ml uls w2 Ve L% % B8pdpY _
ot +<u xt VE )iy p2 9z 9x 0Ox 0z an ’ (B. 10)

The first term on the right-hand side is what Haurwitz calls the solenoid term, S,

which can be simplified by use of the ideal gas law p =pRT.

_ 9 9p 9p dp 9T dp 9T dp
§=- p2 <8z 9x 0x 9z p 8x8z 8z 8x (B.11)

Since the first part of S is much larger than the secord (see Ref. B, 6), we have

== (gggﬁ’— —-3—< > (B.12)

As is usual in dynamic meteorology, we now replace (1/T) (9T/9x) in Eq. (B.12)
by (1/ 5') 96/ 8x), where g is the so-called potential temperature. In Eq. (B.6) we
replace T by 5 ; thus,
85 . 99, 80 _ 8°§
tUfmt Were =
5 2

at ox 0z (B.13)

Note in Egs. (B.6) and (B. 13) that only the vertical heat conduction has been taken
into account since the vertical temperature gradient is generally much larger than

the horizontal gradient,

At this point, the system of equations is linearized. That is, the meteoro-
logical variables are assumed to consist of an unperturbed part, that contribution
which exists in the absence of the temperature differential T(x, t); and a smaller
perturbed part, attributed to the driving force. Since in the system we consider,
all the initial velocities equal to zero, u, v, and w are themselves the perturbed

velocities. For the potential temperature we write
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= 6(2)+ 0ix, 2, 1) (B. 14)

where 00 and 6 are the perturbed and unperturbed parts, respectively. We then

arrive at a set of linearized equations:

0 (92,) Vo £ 20, o2
T ot <V ¢> —faz“ 00 8x+0Jv s (B. 15)
v 0y _
at‘faz = - 0oV , (B. 16)
and
00 ay 329
?1;'+F8x = K 822 , (B.17)
where
00
T 9z

Specifically, the convection terms such as u(d8u/9x), u(dw/dx), and w(du/3z)
have been neglected in the derivation of Egs. (B.15)- (B.17). The justification for
this can be examined by a comparison of their importance with the corresponding
friction term, For example, let us compare the anticipated numerical value of
the convection operator D = u(d/9x) + w (8/9z) with o, the Guldberg-Mohn param-
eter in Eq. (B.2). Roughly speaking, Du can be assigned a value approximately
equal to:

. (B. 18)
X

)

where u and W are suitable average values of the respective velocity components,
and LX and LZ are characteristic dimensions of the horizontal and vertical extent
of the sea breeze. LX is a given quantity in that it is known a priori, while LZ is
determined from the theory., The landward range of the sea breeze is estimated

by many observers to lie hetween 15 - 50 km in the temperate zones, while in the
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tropical regions it can extendfrom 50 - 65 km and even as high as 124 - 145 km
in the interior. B.4 Representative values for different locations are included in

Table B. 1., The vertical extent of the sea breeze, L7, varies with location, but it

TABLE B.1

TYPICAL SEA BREEZE VALUES

R(ak;lr;g)e { Location
16-32 New England
15 Flemish Coast
20-30 Baltic Sea
30-40 Holland
40-50 Sweden
up to 50 Jutland
40 Albania

>50 | Northern Coast of Java

P v

is substantially smaller than the horizontal dimension. Its altitude varies from

150 m over medium-sized lakes to 200 - 500 m over large lakes and the coastal
regions and rises to more than 1000 m in warm climates. It is also a character-
istic feature of the sea breeze that the horizontal velocity greatly exceeds the
vertical component. Under a set of conditions which gave results consistent with
observation, Defant found an average horizontal velocity component of u = 2 m :sec_1
for every centigrade degree of temperature difference as opposed to a correspond-
ing value of w = 2 cm sec—1 OC—l, If these resulis are used in Eq  (B. 18) with

Lx - 20 km, LZ = 500 m, and a maximum temperature differential of 5°C is
assumed, we obtain the following value of Du

)

D = + = ;7x10_4sec

(B.19)
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Unfortunately, this is greater than a realistically high value of 0 = 2.5 x 10—4. so

that we cannot unequivocally disregard the nonlinear terms based upon the rough
estimate of Du‘ It is possible that phase differences between the constituents of
the operator Du(u, a/9x, w, 8/ 9z) can lead to cancellations, thereby precluding the
use of a meaningful average. Despite this seeming contradiction, the remarkable
feature of Defant's model is that it works. Apparently, the nonlinear terms do not

significantly alter the main features of the sea breeze.

Within the altitude range for which the sea breeze is important, the potential
temperature 60 can be considered constant in Eq., (B.15), and its derivative at

equilibrium, T, a constant in Eq. (B.17). This procedure renders Eqs. (B.15)-

(B. 17) linear with constant coefficients, and thus amenable to a solution by separation

of variables,

The solution of Eqs. (B.15) - (B.17) is achieved by first assuming that x varia-

tion of the variables is given by

6 =A(z,t)sin Ax (B. 20)
fu = - (8y/8z) = - cos Ax(0B/dz)

Yy =B(z,t)cosax ¢ (B. 21)
‘Lw = 9y/0x = - Asin AxB

v =C(z,t) cosAx . (B- 22)

Since the surface temperature differential can in general be represented by a
Fourier series in multiples of the sidereal day frequency £, it follows from the

principle of linear superposition that A, B, and C will be given by

[~}

A@z,t) = Z A_(2) R (B. 23)

B(z.t) = B z)e , (B. 24)

and

C<z,t):2 cn(z)e"‘Qt . (B. 25)

274




Combining Eqs. (B.20) - (B.25), inserting them into Eqs, (B.15) - (B.17), and
equating equal powers of exp (in {t) gives the following coupled equations for An,
B, and C_:

n n

3 ” 2 ’ =
(o + inQ?) <Bn - A Bn) + an aAAn . (B. 26)
and @+ inQ) C =fB , (B.27)
inQ An - 7\I“Bn = KA;"1 , (B. 28)
where
o= g/e0 )

For computational purposes it is more convenient to deal with functions Wn(z)

defined by the equation

W_=-AB_ , (B. 29)
n n

in terms of which the velocity components are given by

o0
W(x, z,t) = sin Ax z Wn(z)emQt , (B. 30)
n=1
o0
u(x, z,t) = 2 Leos kxE W (2) Infit , (B.31)
n=1
and
v(x,z,t) = f/q \ U (x,z) (12t (B. 32)
3 4 ( n) n ’ 3 .
n=1
where
q =0+ inQ . (B. 33)
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Eliminating Eq. (B.27) and using (B. 29) gives

W;’] =a Wn - bn An , (B. 34)
and
A;’l =c, Wn + dn An , (B. 35)
where
2 .2
R A r
a = » C_ =
n n K
2 2
(& )
(B. 36)
2
b = a, @ A q = inQ
n 2 D) > 'n K
(o ©)
If we now let R anz
An(z) = An e . (B.37a)
and
~ anZ
Wn(z) = Wn e , (B.37b)

where An and Wn are the values at the surface, and substitute Eq. (B.37) into Egs.
(B. 34) and (B. 35), we derive the following matrix equation which must be satisfied

in order to obtain a nontrivial solution:
‘\\ _/’A \\‘
/ by a7 \ A \
! =0, (B. 38)

where

My T . (B. 39)
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The only nontrivial solutions to Eq. (B.38) are those for which the determinant van-

ishes. This gives the two "allowed" values for p :

_ (an+ dn) * (an+ dn)z -4 ("’Indn+ cnbn) 2 _ 1
Fn1 = 2 - Enl € ’
(B. 40)
N <an+ dn) ~ (an+ dn)z -4 (andn+ cnbn> 12 _ lvpe
P2 = ) = Ee .

The roots of the dispersion relationship correspond to four values of o which are

given by
i 2
o 1/2 (PYnl/ )Q o
a =% EIll e =+ U , |cos <nnl> + 1 sin (nn1> , (B. 41a)
and
i 2
_1/2 (an/ )_ .
a = + EnZ e =z Un2 cos (nn2> + i sin (nn2> , (B. 41b)
where
_ _ _1/2 o 1/2
M1 = Ya1/2> Mo = Yno/2 Unp =Ep7” » Upo = Ep : (B.41¢c)

Of the four possible roots for o only two are acceptable — one from Eq. (B.41a)
and one from Eq. (B.41b). The criterion for selecting the roots is that the real
parts of o must be negative so as to insure exponential damping of the sea breeze,

We define the two roots for o by the equations

_ 1/2 _ . .
® 1T €1Mn1 "~ a1 Unl [cos <nn1) + isin (nnl)jl_ knl + 1£n1 , (B. 42a)
and
_ 1/2 _ s _ . .
& 97 €obno T € Un2 [cos <nn1) + isin <nn1>]— kn2 + 1£n2 , (B. 42b)




where

en1=+ 1 if cos(nn1)< 0

€1 =~ 1 if cos <nn1> > 0
€2~ + 1 if cos (nn2> < 0
) > 0

=-1 ifcos(n

€h2 n2

In terms of the o the solution to the problem is given by

00 ,./
12 a_,Z\
@ =sin AXx z 1‘: +A e nZSemQt,
n2
N

n=1

> o]
o Z o Z .
- nl ~ n2 ) inQt
= Xz Knl n1® " Tnafn2® e

n=1

[-<}
-1 R anlz . ozan inQt
u=A "cosAX Z anl rnlAnl e + @ 0T An2 e )e ,

nl nl"'nl n2 n2°°n2
n=1 ~

[>e]
-~ / v .7 AN
- ; A~ ~ Q
v=hlcosszgn(a r . A en1+oz‘r A enz)elrl t,
\
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where

g, = - (f/qn) , (B. 48)
and

L bn/(“nl - an)’ Tn2 T - bn/(“n2 h an> : (B.49)

Up to this point the analysis has been carried out in complex arithmetic, The
actual physical meteorological quantities are obtained by first determining A\nl and
§n2 from the boundary conditions, and then taking the real parts of Egs. (B.44) -
(B. 47).

Boundary Conditions

In the theoryofthe sea breeze it is assumed that the shape of the temperature

differential at the surface is given by

8(x,2z=0,t) =sin Ax T({t) ,

where T(t) is a function of time. A positive value of T(t) corresponds to the surface

temperature profile shown in Figure B.1, in which the land temperature

6(x.7=0.1) | /2 I'x T
T

Land

Figure R,1. Surface Temperature Variation
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is higher than the temperature over the water. T(t) is expressible as a Fourier

series in multiples of the sidereal day frequency, 2,

T(t) = z T, Jnftt (B. 50)
n=1
where
@n/Q) 27/ 2n/Q ' ‘
T =2@en’ S Tty e M=o em g T(t)cos (nt) dt+ i S T(t)sin(aft) dt !
0 (o] (o] - j
: (B. 51)
* i-rn
Tn = Tne ;

%k
Tn is the magnitude of Tn and Ty is its phase as computed from Eq. (B.51). On the

other hand, from Eq. (B.44) we must have

>
>

Tn = A T An2 ’ (B.52)
The additional equation which is necessary to determine ‘&nl and an is deter-
mined from the requirement that w = 0 at z = 0 for each vibrational mode. Thus,

A~

r A troA =0 . (B. 53)

Solving for Anl and an from Eqgs. (B.52) and (B. 53), inserting the results into
Eqs. (B.44)- (B.47), and then taking the real parts of the latter equdtions will

give us the expressions for the physical meteorological quantities. First, however,

it is convenient to define the following quantities in polar form.

T _ 511 _ * i<Sn1 * Tn) )
nl lrnz/(rnl -rn2>] Th=5m® Th=5u Tpe '

>

is ifs ,+T
_ n2 _ * ( n2 n ) .
An2 - [rn1/<rn1 rnz)} Tn - Sn2 € Tn - Sn2 Tn € ’

>
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P nl .
Y1~ Mnl € ’
im
_ n2
The = Mn2 €
iun
gn - Grn € ’
where
1/2
_ 2 2
c, =-1/(F+ m2)?)
and

vy =" tan” ! (n/ o)

We then have

n=1
[+ o]
w = z w , (B. 55)
n=1
=]
u =z w , (B. 56)
n=1
o0
v =z Vi ) (B.57)
n=1
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where

* Kn1?
@ =sinAxT S .e cos ndit+ 4 .z+s _+T
n n | nl nl nl n

k .z
n2 / ‘I
+ +
+ Sn2 e cos \th ﬂ,mzz+ Sho Tn)_. , (B. 58)
" knlz
w = sin AX Tn {Snl Mnl e cos <n9t+ enlz + sn1+ m .+ Tn)
k 122
+ Sn2 an cos <th+ anz+ Sn2+ mn2+ Tn) ] , (B.59)
-1 *| knlz
u, = A TCcos AX Tn .e Sn Mnl Unl cos (n9t+ Enlz+ Sn1+ mn1+ M1 +-rn>
anZ }
+
*oe S 02 an Unz cos <n9t+ ﬂnzz+ Sh2 mn2+ Moo + Tn>J , (B. 60)
-1 * [ knlZ
= + + +
Vo A COS AX Tn Gn L 1Sn1Mn1U cos <th [’nlz s1 mn1+ nn1+7n+ Vn)
k 2Z ‘]
ZSnzMnZUn2e cos (nSZt+ anz+ S ot Mot o+ T + Vn) IE (B. 61)

In addition, the stream function y = B(z,t) cos Ax is given by

-1 < * knlz
¥ =- A COSAX z T, [Snanl cos <n9t+ ﬂnlz+ sppt Mgt Tn)
n=1

k .z
n2
+ Snzane cos @QH £n22+ S0t M g% Tn)] . (B. 62)
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APPENDIX C

TOPOGRAPHIC DATA INPUT PROGRAMS TOPIN AND DATERR

Introduction

The piecewise-planar topographic description system provided for use dur-
ing particle transport (see p. 37, Figure 14, and p.131 ff) requires iha!l topo-
graphic data be prepared and stored in a specific manner on magnetic tape prior
to Transport Module execution. During transport, subroutines RDTOPO and
HEIGHT serve to provide the transport program with the appropriate topographic
data when it is needed Two other programs TOPIN and DATERR, have been
written to aid the researcher in the preparation of topographic data tapes for
DELFIC Working together, these two programs accept the user-prepared topo-
graphic description data from cards perform many checks of data structure
and consistency, and then. if the data set is adequate, prepare the input tape to
be used by the Transport Module.

Description of Card Inputs

To explain the use of programs TOPIN and DATERR, we present in Table
C 1 a description of the card inputs to TOPIN and DATERR (A suggested pro-
cedure for encoding actual topographic data and descriptions of the operation of
both TOPIN and DATERR along with flow charts and program listings are included

in the sections that follow )
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TABLE C.1

CARD INPUTS TO TOPIN AND DATERR

Card Content Variable Names
Number and Format

1 Limiting coordinates of the area to be covered TXLL, TXLU,
by this topographic data tape: lower X, upper X, TYLL, TYLU
lower Y, upper Y (m) (4E13.6)

2 Topography identification card (TOPID(J)J=1, 12}

(12A6)

3 Control integer to indicate which data checking ISUBR
program is to be used. 0 indicates DATERR, 12)
other values are unassigned

4 Print control integer. 0 causes all inputs to IPRNT
be printed. 1 suppresses printing. 12)

5 Grid interval and limiting coordinates for the GRINT, BXLL,
first block of topo data (m) BXLU, BYLL,

BYLU
(5E13.6)

6 Number of grid squares in the X direction and in II, JJ
the Y direction, respectively, in the regular (2112)
data array S(I, J)

7 Regular grid data and address array of the (8@, J),I=1,11),
current data block J=1, JJ)

(5E13. 6)

8 Subsidiary data and address array of the current SUBSID(K) to
data block to be read five entires per card. The end SUBSID(K + 5)
of this data set is marked by a blank entry, (5E13.6)

9 Same as card set 5 but for the second data block

10 Same as card set 6 but for the second data block
11 Same as card 7 but for the second block
12 Same as card 8 but for the second data block
Last
Card blank
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A Recommended Procedure for the Encoding of Topographic Data

The piecewise-planar description system was designed to allow the user to
provide when necessary a detailed topo description for DELFIC transport. In his
initial planning for describing a topo surface the user must first settle upon the
limiting coordinates of the area he wishes to describe, If this rectangular area is
large in relation to the desired degrée of detail within it, the user may wish to
break the area up into a number of subareas. It is recommended that the number
of subareas be kept as small as possible, preferably one, since program running
time increases with the number of subarea blocks. The procedure for encoding the
data of an individual block begins with the determination of the limiting coordinates
of the topo subarea corresponding to the forthcoming data block. Like the complete
topographic area, all subareas are rectangular with sides arranged north-south
and east-west so that only four coordinates are required to define and locate the sub-
area, In addition a grid interval must be specified. This interval should be arranged
so that the two-dimensional array S(, J) is used extensively because the program

running time is not adversely affected by having many entries in S(I, J).

Further subdivision of the grid squares represented in S(I, J) will add to program
execution time and thus should be used only when necessary to achieve the desired
degree of topo detail. Of course, the data set for further subdivisions of S(I, J) is
restricted by the dimensioned size of array SUBSID(K).

The procedure recommended for actually encoding the topo data for arrays
S(, J) and SUBSID(K) is as follows:

1. Secure topo sheet(s) for the area to be encoded.

2. On the topo sheet(s) draw the limits of the subarea and the grid
lines io subdivide the subarea. Note that in drawing these grid
iines, the user should start in the south-west corner and work
toward the north-east. For a prescribed grid interval the
last row and column represented on the topo sheet may, and
can, extend somewhat beyond the northern and eastern limits
of the subarea. An automatic compensation is made by the

program to adjust the area boundaries.
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Next. the user should consider each grid square in turn to
determine whether or not further subdivision is desired.
Squares not to be subdivided simply have their elevation
entered in the appropriately indexed elements which, inci-
dentally, are read by the program row by row (west to east)
from south to north, Whenever the user encounters a grid
square that he wishes to subdivide, an address (index K) of
the first of a group of four entries in the array SUBSID({(K)
must be entered into S(I, J) preceded by a minus sign, The
array SUBSID(K) may be blocked off into sets of four before
starting this encoding procedure; if these sets are filled

in sequence from the top. no difficulty will arise.

It is recommended that the researcher draw subdividing lines
on the topo sheet whenever a grid square is subdivided. Grid

squares are always subdivided into four equal-sized squares.

It is recommended that the user proceed in a regular manner
left to right withiu rows and bottom to top by rows until the
basic two-dimensional grid has been passed over once. The
sequence of blocks-of-four in SUBSID(K) will then be esta-
blished as identical to the established sequence of addresses
written into S(I, J).

Next. the user should return to the first grid square which
was marked to be subdivided and assign either heights or
further addresses to its four subdivisions. The sequence in
which the four subdivisions are to be treated is established

by convention as indicated by the following diagram:

s




Note that the sequence is clockwise from the south-west corner
This sequence is used by subroutine HEIGHT in retrieving height

data and must be observed by the user

It is recommended that the user adopt the procedure of passing
across the complete map subarea at the level of first sub-
divisions of grid squares before further subdividing the sub-
divisions In this way he will be able to maintain the required
sequences without conscious effort to explicitly relate entiies

in SUBSID(K) to particular subdivision areas on the map

Operation of Programs TOPIN and DATERR

TOPIN

After initializing itself and rewinding two tapes TOPIN begins by reading a
card containing the limiting coordinates of the complete area for which the topo-
graphic heights are to be recorded. This area must always be rectangular in
form with its sides aligned in east-west, north-south directions so that four
coordinates suffice to define it Next, TOPIN reads an integer (ISUBR) v‘hich
indicates the user's selection of a data checking program (Currently only one
data checking program, DATERR, exists ) Next another integer, IPRINT, is
read to indicate whether or not the program should print a full copy of its results.
If IPRINT is zero, i1csults will be printed

Next, the program branches on the value of ISUBR to a data reading and check-
ing program Currently DATE''R is the only one available so that DATERR is
called at this point DATERR reads and checks topographic data for one topographic
data block each time it is called DATERR returns with parameter GRINT = .0

when it is entered after all topographic data have been processed

Upon return from DATERR or any other data reading and checking program
TOPIN checks parameter GRINT for the termination condition (GRINT =0 0) If
termination is indicated, a transfer is made to statcment number 11 (see the pro-

ram listing) for final processing; if otherwise, parameter ITAPE is tested to see
if a valid topo tape is still possible (ITAPE = 0) or if only a check of the remaining
input deck can be made (ITAPE # 0) It ITAPL equals zero, a block count and the
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arrays Sil, J) and SUBSID(K) are put temporarily onto tape ITEMPO and a return

is made to statement 81 which is just before the calls to the data checking programs.
If ITAPE does not equal zero, the writing out of the processed data records is
skipped. Eventually the condition, GRINT = 0, 0 will be encountered and processing
will continue at statement 13, At 13 the parameter ITAPE is checked again and if
errors have already been discovered in the data set, a comment is made to that
effect and TOPIN stops. Otherwise, parameter ICHECK is set to 1 and DATERR
is entered to carry out certain other tests on the data set as a whole. If errors are
found, ITAPE is set positive so that when DATERR returns, a test of ITAPE can
lead to either an error comment (if ITAPE # 0) or the writing of the topography tape
in final form (if ITAPE = 0) and then a final stop.

DATERR_

As indicated earlier this program has two different modes of operation. In the
first (called when ICHECK = 0) it reads and checks a block of topographic data, and
in the second (ICHECK # 0) it performs tests on the complete topo table of contents
and prepares the topo tape (IHTOPO) in its final form. The read-and-check mode
begins at statement 16 by reading a card containing a grid interval and the limiting
coordinates pertaining to the rectangular area that is to be documented in the current
data block. A zero value of GRINT indicates that the last actual data block has
already been processed and, therefore, if GRINT = 0.0, a return is made immediately;
if not, the block counter IBLOCK is incremented and the data arrays S(I,J) and
SUBSID(K) are read. Then, at statement 22 data checking begins. Between 22 and
40 the code ascertains that the addresses imbedded with S and SUBSID are indeed

reasonal:le and matched by appropriate values or further addresses,

Next, after 40. the highest topo height is found and recorded in the topo table
of contents along with lower coordinate limits, grid interval, and maximum array

indices of the current data block.

Successive tests are carried out as follows: (1) to ascertain that the number
of entries in the subsidiary table is four times the to*al number of addresses in
S, J) and SUBSID(K), (2) to ascertain that all height entries may be logically
reached, (3) to check that the total area to be covered by the topo tape is not
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greater than the sum of the subareas covered by the individual data blocks, (4) to
seck out any cases in whizh one subarea is totally included within another, and (5)
to check that no gaps have been left between neighboring subareas. If any of these
tests uncover an error, an explanatory comment is written and parameter ITAPE

is set positive to indicate that a topo tape cannot be written in the desired final

form.

Flow Charts and Program Listings

Fiow charts of the main program TOPIN and subroutine DATERR are shown in

FC-C.1 and FC-C. 2, respectively. FORTRAN listings are included on p. 299 ff.
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fsTaRT

v

———
i 1SIN a5 ISOUT »h
PIHTOPG = 10 1TFMpO 2 ) )

. REWIND IHOPO

REWIND I TFMPO /

MAXBIK

/ READ TOPO LIMITS: TXI, T‘(ll FYLL, ™YL
TOPG IDENTIFIER «
\ CONTROL PARAME [EHS, l\l'lm AND IPRINT

VALL DATERR > / CALL DATER:

N
OF TOPO [\'Pl T
DATA BLOCKS
EXCFEDS THE
MAS 9

WRITE ON TEMPORARY OUTPUT TAPE IT‘ NP
BLOCK COUNT IBLOCK FOLLS D
TOPOGRAPHY ARRAYS 3

]

AND SUBSID

ERROR l\ sa.n
SURSIDMK)Y

=T
WRITTEN
O]

PRINT: TOP1 TAPE
FRROR IN
T OF Topo

SUBDIVISIONS

7T

1ITAPE

(;R;Al'l”!

0

WRITE INITIAL RECORDS CONSISTING
OF IDENTIFICATIONS  LIMITS AND TAHLFE
OF CONTENTS ONTO TAPE IHTOPO :

RANSFER DATA RBLOCKS PRU\!
TAPF ITEMPO IO TAPE IHTOP0
( END FILE tHTOPO )

l‘RlVT TOPO TADE \\RITTP N )
PROTECT FILE

FC-C.1. Flow Chart of Main Program TOPIN
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READ GRID INTERVAL AND LIMITING COORDINATES
FOR CURRENT BLOCK OF TOPO DATA

IBLOCK = IBLOCK + 1

READ THE REGULAR 2D ARRAY
OF TOPO HEIGHTS FOR THE

CURRENT BLOCK OF TOPO DATA

KL =1
KH =6
KHH = 1

READ FIVF ELEMENTS OF THE ARRAY
SUBSID, (SUBSID(K), K = KL, KH)

SUBSID(K) =
-0

~N

END OF DATA
FOR ARRAY SUBSID |————™
HAS BEEN REACHED

@)
FC-C.2. Flow Charts of Subroutine DATERR
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NN =9
J =1

A\
.

NN = NN+ L
IRRAY(NN) = - SA.0) + .5

READ ALL NEGATIVE NO. 5
IN ARRAY S@.J) INTO  foe
ARRAY TRRAY AND COUNT I=1+1 |a
THEM IN NN

-
- NN =
IRRAY (NN) = -

SUBSID(K) + .5

READ ALL NEGATIVE NO.S
IN ARRAY SUBSID(K) INTO
ARRAY [RRAY AND CONTINUE
COUNT INTO NN

NNMAX = NN

ARE INPUTS TO BE
PRINTED?

PRINT ALL INPUTS TO THIS
PASS OF DATERR

(b)
FC-C.2. (Continued) Flow Charts of Subroutine DATERR
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2%

ITEMP = IRRAY
TRRAY(NN) = [RRAY(NN-1)
MMRAY(NN-1) = ITEMP
IN =1

IRRAY(NN) - IRRAY(NN - 1)

SORT IRAY INTO
ASCENDING ORDER

PRINT: SIGN ERROR ..
4 « NNMAX GREATER THAN KX

A

ITAPE=1

PRINT: ERROR IN ADDRESS IN
SN ... ADDRESS TOO SMALL

PRINT: ERROR IN ADDRESS)
.. ADDRESS TOO LARGE L

RROR = [RROR + 1

ITAPE = 1

(©)
FC-C.2. (Continued) Flow Charts of Subroutine DATERR
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QP

RECORD LIMITS, GRID INTERVAL,
AND MAXIMUM INDICES FOR THIS
TOPO NATA BLOCK IN THE
TABLE OF CONTENTS

|

NBLCK = IBLOCK |——

RETURN

K:0
AREA =00
1=1

[ AREA TEST

GRINT = TOPOLM(3.D
XII = ITOPLM(1. 1)
XJJ = ITOPLM(Z, 1)
STO(1.T) = TOPOLM(1.}
STO(2,I) = TOPOLM(2, 1)
STO(3.T) = TOPOLM(1.T) - XII # GRINT
STO(4.1) = TOPOLM(2.T) + XJ.J # GRINT
AREA = AREA -+ (STO(@3.D - STO(1.1)} *» (STO(1, ) - STO(2.1))

I> NBLCK

YES

TREA = (TXLU - TXLL) » (TYLU - TYLL)

PRINT:

TOTAL AREA ... IS LESS
THAN AREA OF TOPO
REGION

AREA - TREA

PRINT:

TOTAL AREA ... IS MORE
THAN AREA OF TOPO
REGION /

ITAPE =1

TS=0.0
EPSLN = . 00001
XTEST = TXLL + EPSLN
YTEST = TYLU - EPSLN

(d)
FC-C.2, (Continued) Flow Charts of Subroutine DATERR
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8TOM:, D - YTEST XINK) - 1%

XTEST = TXLL « EPSLN

TS=00

PRINT: THERE IS A GAP BETWEEN
BOXES AT X= __. Y= _

TTAPE = |

TRINT: TOPOGRAPHIC SUBDIVISION IS
OUTSIDE THE TOPOGRAPHIC REGION
ITAPE = 1

(e)
FC-C.2, (Continued) Flow Charts of Subroutine DATERR
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ON PRECEDING
PAGE

PRINT: A SUBDIVISION IS
COMPLETELY ENCLOSED BY
ANOTHER SUBDIVISION

ITAPE =1

NO

()
FC-C.2. (Contined) Flow Charts of Subroutine DATERR
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IBFTC TOPINX LISTsDECKsM94/2 TOPI
TOPIN

NUMBER wrleds wWHEN CulNveERTeaw Tu A PuolTive InleGeER » TUPI 5d
I's THE INweXs Ks TU A NuMbeR [N THE unc-vimenslunAL  TuPl 51
ARRAY sy SJUpoluixX)e IF A MUNBER IN o(IlsJ) o NeGAlIvEsTUPI 32

g TOPI 1
C MATN FRUGKAR Fur CONSTRUCTING TUPUGRAPHY TAFE TuPl <
C TOPI 3
( HAKFRARARAHAR AR T N R TR AK GLUOSAKRS FUK TUPIN ANL DATCKN NFwwARX X FFag IR ] Y] &
C TUP ] ]
C BXLL LUWER X DUUNLARKY UF TUPUORAFHIC UATA bLUUN CuRRDNILY Tur] <)
C IN CuRc Turi 7
C oXLU UPPER A DUWUNUVAKY ur TUFPUORAPHIC wuAlA DLULK wurkoNiLY §Tull <]
Z IN CURE Turi ke
C bYLL LUWER ¥ DUUNUAKY uF TUPUOURAPOLC UATA Owulh CURRCINVILT 1ur g b
C IN COR:e Torl 11
C BYLu UPPER Y puunDARY ur TukuoxaPA]C UATA oLUCK wuRRonTLY Turl 12
C IN CORc TPl 13
C GRINT LENGTH ub Tro oTANUVARL Oriu INteRVAL  ote ollsd) forl 14
C 1RTOPO FINAL PRoPAKCU TUPUGKAPRY TAPE NnuMoeR fuP i 15
C 11 UPPEF LIwlT OUF I LImeNsSIUN ur o(lsJ) ARRAY TOUP] lo
C {PRINT INDICATES wrieTroik [inPUl (1uPU ARRATOS DUUNDARIEZOY Tukl 17
C LIdTS £T e FOR cAalr pLULK) 15 TU oo PrRiNTeuve TUPi is
C J CAUSL O PRINTING s 1 CAUSLD NUINE, TUP1 1y
C ISIN. SYSTeM INPUl TAPE nNuvoteR ToPl 20
C I1S50UT SYoTeM VulPuTl TAPE wuMBok Tur ] 21
C 1SUbR INDICATES IF = O THAT osuckuJdTiNe VATERR [o Tu bk JUoELTUPT 22
C I TAPE NOT Zeru INODICAIco TrAT ERRURS HAVE booN FUuNU TN ToPl 23
C THE LAIA >cT Adu AT A vatle Turku TAPc Cannw] be Turl 24
C WRITTEN, A Zerd INOICAIzs U ERRURS ARE ARPPAREN| furl 23
C 1 TEMPU TEMPURAKY TuPy TAPE NUMBEK TuPl 26
C JJ UPPER LIMIT UF J oliMeENolun UF il sJ) ARKAY TuPl 7
C St1ed) TWO DImensiunNAL ARRAY CUnNTAINING cllihork TuPUGRAPHIC Turl 28
C A lOAT Ur ORIV SWUAKE Tsd UN THe maP UK A nocuAatlve Turi 2
C
C
C
C IT IS CALLED THt BAsoc AuuRtow Tu ITHE suwlARe ol olucz furPl 33
C GRINT wHuStc LOwer=-vefi Curivehr Ios AT LUCATIon TuPl 34
C (I=1)%*GrRINT 9 (U-1)%0oRInNT  wiv THe ©HAP Turl 3>
C SUBSIU(K) UNE=-wlmonslunae ARRAY Cunlalniive clTrox A TurvoxarnlcTur] 30
< HEIGHT OUR A NZOATIVE NumooR whlCrs waro Cunvorice Tu TuPl 37
C A POSITIVE INTESERs lo Trk IwucAs Ks Tu ANUTHER TuP I 33
C NUMBER I sUbalui(xX)s wHIlh MAY IN TURN oE ti1ThHER Torl 39
C A ToPQuUrAFAIC moloml Uk ANUTHER DASZ AUUVREZOD TOPI @0
C TXLL LUNER A OwUiNuARY UF THE CUMPLETE TUPUGRAPHY Axch TurPl 4l
C TXLU UPPER X bUuNDARY UF Trik CoMPLETE TUPUGRAPAY AKch Turl 4z
C TyLL LUWER Y pbuunDARY JF TrHt LuerPreTe TUPUORAPHY ARCA Tourl 45
C TYLU UPPER Y BUUNDARY OUF Tht usiPLcTe TUPUURAPAY AKCA Turl 44
C » TuPl 4>
C %***%%%**%*%*%********%'k'.r'k«:'c*k‘k#’/«-«(—»«'-i(";('-..'-;&iri%%—ié'**«c-}‘c’n--k'kw’»f%******%-}%*******%***TUPI AS
C TOPI a7
DIMENSTON S(3 930)s2UpolID(1)00U)sTORPULMIGs10O) s [TOPLIM(35100) Turl 40
1 »TOPID(12) Turl  ay
C TOP1I 50
R R e R R R L N R AL Ll SV 51
C TOP1 52
COMMON  GRINT s BXLL y DALY y BYiLl y BYLuU s 11 TOP 1 53
CummuN  JJ y K< y O s ouowlu » [TAPC s [oln TOP1 D4
CUmMUiN [owuT s T3LUCK 9 [PRINT 9 TOFPULM o JiurLm o TXLo TOPI 55
CuMmunN  TXLU s Trel o TYLU s NDBLCK » iLmcUN TUPI 56
C TOPI 57
C **%*x‘kx*%kw************k’k**%***r(ﬂk**w*%***ific*******1‘(****%**************TupI 58
C TOPLI 59

1 FORMAT (1oH1IHTOPO TXLL=sFbelsBH TXLU=9F6els8H TYLL=sF6els TOPI 60
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ANYIY D

13H TYLu=sFbel)

2 FORMAT (12A6)
3 FuxRMAT (12)
4 FOrRMal (Tr lous=sesla)
5> FPuRkinT (om IvxinT=sic)
6 FORMAT (6n[nTurusbroel)
7 FounreaTl (égn Teru TAFD wold sxiTicve orliu T olasvu) mau/ux
1SUSSIDIK) W )
8 FURMAT (33H Touru idrz wxliTdive Fireloct riccze)
9 FCRMA (L2 1246)
22 FlhmAl(lzum Toro Targ wei AxIT1Zi5e fl N O N R O TN S I B
lareid st ivioilice _
33 Fureaallieort Trnin ne ol ol [ NP ol oo Umim ZLol™No JACILow M0
LUy Nnurmsor rPoe bitve
P —— w .o .

bty
N s

i3
14
15

21
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[-iTuru=a
1TevEC0=1
<oalng tmiore
<palabl [ To o
[ Tart=
I2LoC<=0
TmIZlK=
TAXHLL=Y L
SEAD LTI Ned ) TALLY T ALcs ity
SEAD {IolNeZ2) (Tourlcotulsd=isie)
SEAD tlolnsd)louar
READ (Lol 3 ) Irning
[F(lousRyiotvevyy
wnlib (TowuTed)

Inwoomilul Fulind Fun ALicrimlc vain wHiLoenlve FPRou<ay
GC TO 18

CALL CATorx

IFINGLOK =X ek ) 30930951

TFCARINT Y L3910l

WRITH (iovuTes3)

50 7C 16

TF(ITAPE )1 912010

AR1Te tllcewru)lololn

Ak lTC (I TRPUICLES{Isd) e =1l )eu=10Jd)

wrlTe (licwrPullsusaluik)sn=laan)
G0 TO ¢l

[FCITAPE jlasldsia

wRITe (120UT 7))
GO TO 16
ICHECK=1

CALL ULATERR
IF{ITAPE)21920921
WRITE (I50UT»s22)

[V Xal [ [

C
N

U S R S & I & 2 6 ¢
1 [ TN & N ¢ I S G
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1

25
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[@ERNe]
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1C1
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102
104
10>
1006
107
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10y
1iv
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1is
114
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18

19

16

GO TO 16

WRITE (IHTuru} DENTI

WRITE (THiwrG)YiXLLs i ALt TLL s TYLUsNBLUA
WRITE (IRTurUee)

WRITE (IHIJru) Turulm

WKITE ([HTUPOUIITUPLS

KEWIND 1TeEmkO

KEAD ([TkwriFu) IoliCK

Id=ITuPLMils JoLUCK)
Jouz[TurbmizeloLulK)

A=l TurbMi o loLulCN)

KEAD (ITemPulitotisdlsl=lslm)su=loim)
KEAD (1iemru)isunoigia)sn=1enim)

WITE (IHRTUPUYC(oilesudsi=rslm)su=lrum)
wiITC (IRTuruliououlbin)sn=lanm)
IF(loLvChk—noLIN)losrsely

END FILE [ATOPO

KRITE (ITouuTlsed)

STuP

FND

TOP1
ekl
[OP1
Turl
TuPl
Torl
Turl
Turl
Turl
fvri
Turi
Turi
iu"‘l
[RVTt
ur
fowr il
Turl
furld
ST
TCPI

119
120
121
12¢e
125
124
125
120
17
leco
P
JUEXV]
124
LJc
130
Lo
133
Ise
1s7/
130
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supkuul INc VATERK umlc
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C ANV SUbSIu(K) ic
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C LATz
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< UATE
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C DATE
1 FOR“AT (5ci15e0) vATlc

2 FURMAT (c¢lle) uaTz

3 FORMAT (oritledl) JATC

& rural (lunUoluon ivwes 7)) vAale

D rurmal (unm ORilN1=sFoeLson DALL= srLe1s0m DALV=9rOely oRiz

lort SYLL=sFOeisorm CYLu=Ssres) vniL

65 FUKHAT (oH [i=silicoor JJI=elic Umie

7 FORMATL {eoH (o(lsd)el=unilind=L900) vniC

8 Fumial (or NeR=9licd) N
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Le Fumriml (82em 0lum SnAUN iy MUMRiLow Wit luFwanAltile S0l aitl v ollsvl) wniL
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13 Fummamdl (DL1F EnAwil by muwnied div witlov) un LucwivlN) DLwlin iUe s vmiL
Lifelom o wikuNU mowRKiow [osrliesiscwii o muunLod Lo luu omiALLe) vhilt

1a Fukeal (olH cosen 1o Avuncod 1y o0l eu) Uk ouboiuvlis)y DLVULN Nues valt

Ll /9i9m & WwiKONU ALulRiowo losrilelscan o muurcso 1o TUU LARULS) UATL

12 FuretAT {oim atwuxtcooto ol v daenbmenis ur Ge vivunn THAN Ju ERRUROevATL

1 Skinur ScAaXer iy chuen ivves L /7o larr UldcunT inuLue ) UATE
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C DATE
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C DATE
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C DATE
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IF{lemelK)agriosac

READ (l1oInsel)GilnisoALissALusofLlLeYLL
LF (ORINT)Y awloewisif

IBLUCK=1B8LOCK+1

READ (I>Iine2)I1sJJd

KeAw (lolnes) (tollsulsl=leliled=19Ju])
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