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PURPOSE

The purpose of the study is to formulate existing information nn the
structure of local wind systems and local (close-in) falloui characteristics
into a computerized computational model for use in estimating the influence

of local wind circulations on the deposition of close-in fallout.

ABSTRACT

Information on the structure of the sea breeze o¢btained by previous observa-
tional and theoretical stucies has been emploved to formulate a kinematic model
of the wind field associated with the sea breeze. Existing information on the
structure of the stabilized fallout cloud has been compiled for use in the numerical
computation of the deposition of the cloud particles through gpecified local wind
fields.

A program was constructed for the numerical computation of fallout trans~
port through an analytically prescribed two-dimensional local wind circulation
and for the computation of its ground deposition pattern. The computer program
was used to evaluate the fallout deposition pattern from simple models of the
stabilized cloud through alternative models of the sea-breeze wind fields.

The planned development of a three-dimensional kinematic model of the
sea-breeze wind field and of a computer program for the computation of fallout

transport through it, is discussed.
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1.0 INTRODUCTION

The occurrence of a nuclear detonation, either in the air or under the sur-
face, with subsequent venting, introduces into the atmosphere material which has
been rendered radioactive. This mnaterial is distributed through the atmosphere
in the immediate proximity of the detonation by the convective circulation induced
through the heating of the air by the energy released in the detonation. The
extent of the penetration of the radioactive material through the atmosphere is
dependent upon the energy yield of the detonation, the structure of the atmosphere,
the nature of the material rendered radicactive, and the altitude al which the
detonation occurred. During the time period required for the detonation~induced
convection to subgide, complex thermodynamic and radiochemical processes are
active within the mixture of air and radioactive materials. The net result of
this period of radioactive cloud growth is the distribution of the particulate, radio-~
active material throughout the region occupied by the cloud.

In the past, simplified models of this final cloud distribution of radio-
active material have been employed to specify the initial data for the subsequent
computation of the redistribution and ultimate deposition of the particulate matter
upon the earth’s surface. At the present time, considerable effort is being expended
to improve our knowledge of the mechanisms relating certain of the factors con-
trolling the cloud growth to the characteristics of the final stage in the process
(widely referred to as the “stabilized fallout cloud”),.

In view of the effort to improve our current capability to specify the “source
cloud” characteristics, it is considered timely to improve that phase of the fallout
computation which transforms the ‘“source cloud” data into subsequent deposition
patterns or transit dose-rate records. One aspect of this transport problem which
has received only very limited consideration thus far is the influence of the so-
called “local atmospheric circulations”.

The work being reported in this paper is an extension of the preliminary
investigations of the significance of local circulations [5, 6] carried out at The

Travelers Research Center, Inc. (TRC), under contract with the U.S. Army

Electronics Laboratory.




This earlier work led to certain conclusions which we will now briefly

summarize;

(a) Two-dimensional, vertical circulations which do not change
during the time required for deposition of a fallout cloud can aiter the
time of deposition but not the final pattern of depositicn.

(b} When such circulations intensify or diminish during the time
required for deposition, the onset-time, duration, and final pattern of fall-
out deposition can be modified.

{c}) Two-dimensional, horizontal circulations affect the horizontal
pattern, but not the time of deposition. Vertical air currents must exist
if the time of deposition is to be modified.

{d) Three-dimensional circulations, even when temporally steady,
influence both the time and pattern of deposition.

(e) The compressibility of the atmosphere is only significant when
the speed of the vertical air currents is comparable to the fall speed
of the fallout particles.

(f) The influence of the two-dimensional, temporally-varying,
vertical circulation on the time and pattern of deposition was found to
decrease by an order of magnitude as the fallout particle fall speed
vacied from 25 cm sec-1 tolm sec—l . In the case of the slower falling
particles, significant changes (of the order of 100%) in the deposition
pattern and time of deposition (several hours) were computed over limited
regions,

(g) The potentia’ significance of the local circulation on the
pattern and time of deposition depends predominantly on the time and
position of the nuclear de‘onation in relation to the temporal phase in

the life-cycle of the local circulation.
The technical objectives of the current program are:

(a) 'o automate the procedures for computing fallout trajectories

employec. in the past effort, and to extend the method so that general three-

dimensi nal wind circulations may be accommodated; and
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(b) to improve upon the realism of the two~dimensional kinematic
model of the sea-breeze circulation utilized in the previous work; to extend
the scope of the wind models treated to include three-dimensional sea-
breeze circulations with over-riding synoptic-gcale flow patterns, and

to formulate kinematic models of the mountain-valley wind field.

In this progress report, we will present the automated two-dimensional sea-
breeze model and fallout computation programs. The results of a limited number
of numerical computations are also presented and discussed. We have also included
discussions of the three-dimensional fallout computation logic as well as the three-
dimensional sea-breeze models which have been formulated for subsequent use.

In Appendix B, we present the computer program which has been developed for

computing the deposition of fallout passing through a two-dimensional local

circulation.




2.0 THE SEA BREEZE

2.1 Review of Literature

Up to the late 1950’s, observations of the sea breeze were counfined to
vertical soundings of the horizontal wind components at a single geographic
location, and to routine surface observations of meteorological elements. A brief
summary of these observations based on an article by Defant {2] follows.

When the prevailing large-scale flow is light, the sea breeze develops as a
simall circulation in the immediate vicinity of the coast. The circulation then
gradually increases in depth and horizontal extent, both landward and seaward.

The existence of the large-scale synoptic flow from land to sea results in an initial
development out at sea. The intensification and advance of the sea-breeze land-
ward is much more gradual and reaches the coast later in the atternoon, similar
to a front with a characteristic wind shift,

The sea breeze consists of a landward current adjacent to the earth’s surface
and a much weaker, but deeper, return flow above. The top of the landward current
ranges from a few hundred meters on a mid-latitude coast to approximately 2 km
along tropical coasts. The landward penetration of the sea breeze depends on the
land—sea temperature difference and the large-scale synoptic flow. During ideal
conditions (weak large-scale flow), the sea breeze is frequently observed as far
inland as 30 to 50 km in mid-latitude regions and sometimes several hundred
kilometers inland in tropical regions.

The maximum horizontal wind velocities in a sea-breeze circulation are
approximaiely 10 m sec l,whereas the vertical velocities are about two orders of
magnitude smaller. T'e daily maximum winds generally occur shortly after the
temperature maximum.

During the latter portion of the 1950’s, Fisher |7, 9] conducted a series of
observational studies of the sea breeze on the coast of New York and Rhode Island.
For the first time, a simultaneous set of vertical soundings of the horizontal wind
and temperature were obtained during the presence of a sea breeze. A series of
observation sites, aligned along a line normal to the coast, provided the data net-
work from which a vertical cross-section of the structure of the sea breeze could

be constructed.
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Fisher’s observational program, which was sponsored by the U.S., Army
Signal Research and Development Laboratory, Fort Monmouth, New Jersgey, in
addition to substantiating many previously known characteristics of the sea~
breeze ( ivculation, revealed certain characteristics which had not been noted
before. These new facets of the sea breeze had escaped previous theoretical
investigations based upon linear analytical mathematics.

Both Fisher [8, 9] and Estoque [3, 4] formulated physical models of the sea
breeze for study by means of numerical integration uging electronic computers.
Fisher’s numerical experiments succeeded in reproducing the principal character- -
istice of a sea breeze in a calm environment. They alsc reproduced the tendency
for a sudden acceleration of the onshore flow that was observed to occur during
the declining stage of the circulation’s life cycle.

Estoque’s model was developed somewha! differently than Fisher’s, with
the intention of investigating the influence of variations in the over-riding synoptic
flow pattern on the development of the sea-breeze circulation. The most sig-
nificant characteristic of the circulation found by Estoque is the sea-breeze front.
This sharp, leading edge of the sea breeze was computed when the overriding
synoptic flow was set-up to oppose the landward penetration of the sea breeze.
The vertical component of the velocity field was a maximum in these cases.

Its magnitude was as large as 20 cm sec-l.

Although the numerical results obtained by Estoque and Fisher are most

interesting, they do not provide a simple representation of the sea-breeze circula-

tion in terms of observable parameters.

2.2 Two-dimensional Model

In the first half of this study, a two~-dimensional sea-breeze model was used
in an attempt to determine if the results of the proposed fallout computation
scheme were reasonable. This model was developed by utilizing all available
observational material (7, 9] in an effort to simulate the sea breeze as closely as
possible in an x, z-plane. To take into account the development of the sea breeze,
the parameters influencing the wind field are considered functions of time.
Because parameters governing the pogition and intensity of the sea breeze are time-

dependent in our two-dimensional model, the observational data of Fisher (7, 9]

(¢
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were carefully studied so that their behavior could be expressed by simple

functions. The parameters important in the development are:

(a) X(t), the lccation of the vertical center of the circulation in
relation to the coast,

(b) ZT(t), height of the top of the circulation,

(e} U(t), maximum value of the u~component ¢f the wind in the local
circulation, and

(d) oft), the horizontal extent of the sea breeze.

Three parameters which appear in our basic equation as functions of time will be
treated as constants as they are nearly constant according to observations. These

are:

@) Zh(t), the height of the base of the local circulation,

(b} Zm(t), height of the maximum value of the u-component in the
local circulation, and

(¢) ZF(t), the height of the top of the layer influenced by the sea

breeze.

The values of these parameters are 0.07 km, 0.4 km, and 3.0 km respectively.
A set of linear and quadratic functions was developed approximating the behavior
of the other parameters. Employing these functions, the development of the ses
breeze begins at hour 1000 local time, and intensifies and remains on the coast
until hour 1200. The sea breeze then begins to progress inland and continues
intensification until hour 1500 when it has reached peak development at a distance
of 12 km inland. From 1500 to 1800 hours, the sea breeze dissipates and retro-
gresses toward the coast. At 1800, it is8 again centered on the coast, where it
remains until it is completely dissipated at 2000. Incorporating these functions
into the model provides us with a good approximation of a sea breeze during its

entire life cycle. As it is impossible to specify the behavior of X(t) and Z(t) with

a single equation, the expressions are presented with the time periods in which they




are applicable. For convenience in evaluating the results, the coordinate system

is centered on the coast. These functions are gs follows:

(a) }7('7 position of center of circulation.

Xt) = 0 10 =t <12 (2-1)
18 <t = 20

- 2 5 .

Xty = (~ 1.33t° + 40t - 288)10°, 12 < t = 18, (2-2)

(b) ZT(t), height of the top of the local circulation.

Zo(t) =0.4t - 4) 10°, 10 = t < 12 (2-3) i
2 5
= - - = - -
Z.(0) = (- 357 + 133t - 8.8)10°, 12 =t < 18 (2-4)
Z.(t) = (-0.4t + 8) 10°, 18 <t= 20 (2-5)

(¢c) U{t), u-component of the wind in the local circulation.

2
utt) = (- t—7- + 4.1t - 22.6) 102, 10 = t = 20. (2~6)
(d) o(t), horizontal extent of the sea breeze.
ot) = (-o.ast2 + 26.4t - 166) 10°, 10 = t = 20. (2-7)

By using these expressions in the sea-breeze model presented below, wind
fields approximating a two~dimensional sea breeze can be obtained. Figures 2-1
and 2-2 illustrate the sea breeze circulation for hours 1100 and 1500 respectively.

Because it is often found that an over-riding synoptic flow is present during
the development of a sea breeze, the model presented will contain an undisturbed
component of the wind, and a weak return flow above the local circulation.

Now, introducing a simple flow in a z, t-plane, we consider a wind field
composed of an undisturbed part and a local circulation. The undisturbed part
is assumed to be solely a component of velocity in the x-direction. The local

circulation is assumed to obey the equation,

w N -
9z ax’ (2-8)
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In this case, we will specify the u-velocity fi~ld and use it and an arbitrary

boundary condition, to solve w from Eq. (2-8),

w=0 at z = 2% for all x,t. (2-9)

At this point, it is convenient to introduce the notation ®(x,t), which is a weight-

ing function whose value ranges between 0 and 1:

Y
d(x,t) = exp {- iﬁ;%} (2-10)
2{o(t)}
bty [x - xm} ®(x, t). (2-11)
o oy’

The total velocity components will be denoted as u and w. The undisturbed
x-component will be denoted by 1, the local wind x-component by 4, and the local
wind 2-component by &.

The equation for the undisturbed flow is;

u(z) = G{1 - [e-(az}] cos (az)}, (2-12)
where G is the geostrophic wind velocity, and ¢ is the Ekman parameter
&/ 2k)1/2. The equations governing the local circulation are:
(x,z,t) = 0, Z =2 (2-13)
Ut) &(x,t) {Z - Zh(t)l
G{x,z,t) = Z_®) - Z_)] Y Zh< zZ = Zm(t) (2-14)
m h
) ®ix.t) [Z1) - 2)°
a(x,z,t) = 5 Z_ (1) <Z = Z.(t) (2-15)
(2 - Z_@)) m T
T m
a(x,z,t) = - N(x,t) F(x,t), ZT(t) < Z = ZF(t) (2-16)

where N(x,t) represents the net flow in the positive x-direction between Zh and

ZT’ and is given by

2ot - Zpt) N Zp(t) - Zm(t)]'

N(x,t) = U(t) é(x.t)[ > - (2-17)
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The function, F(z,t), distributes the compensating return flow normally through-
out the depth Z_. to 2_,, and is given by

T F
2
1 iz - 2 )
in which ZF(t) _ ZT(t)
o(t) = P
and
Z {ty + Z_.(t)
Ty = -E T

2

Now from Eq. (2-8) and Eqgs. (2~12) through (2-186) we find that

%:l - gﬁ; =0, Z = Z,() (2-19)
and
aw  aa _[x-xm]. < .

Using the boundary condition W = 0at Z - Zh(t), we now integrate Eq. (2-20) to

obtain W in the region between Z_ and Z__.

h F
Writing
\Tvm =w [Z = Zm(t)} ,
we find
2
T [Z -2 ()]
{1 X - X(t)] m
W(x, 2) [ $(x, 1) U(t) . ,
o)’ 22,0 - 2,0 (2-21)
Zy@®) <Z = Z_(t)
~ v x - X é 1
wix,z) = & - 220 L) VO <[ZT(t) -z
o) 3[Zpt) - Z_@)]
(2-22)
3 -<
lZT(t) - Zm(t)l } Zm(t) <2 = ZT(t)-
Now writing
Wy =W (2 = Z,0)),
- we find —
Gv(x,z)=\‘i/T-""L"—Lrj?;.£t)<Iz exp[_j____(_ﬂ_Z-Z; ]dz} [____UX-?'.],
- Zy 2(3(t)] a(t) (2-23)
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2.3  Three-~dimensional Model

- As wae mentioned earlier, local circulations are three-dimensional in
nature and their dimensions are gtrongly time dependent. The two-dimensional
model described above was developed to test the computation scheme used. How-
ever, our final objective in this study is to develop three-dimensional, kinematic
local circulation models and to compute the influence of such local winds on the pattern
of close-in fallout deposition. This reguires that we be able to describe quantita-
tively the three velocity components of natural antitriptic wind fields in terms of
a limited number of observable parameters. Because obsgervational material of

- the gea breeze in three dimensions are non-existent, we have turned to the results

| of theoretical studies in an effort to seek such representations of the sea breeze.
In the work of Pierson [14] and Haurwitz [11], we have found compatible studies
of temporal and spatial structure of the sea breeze. Although the formulas derived
from their work are complicated, we must emphasize that they do not admit
representation of the non-linear characteristics of the sea breeze found in the
physical models of Estoque and Fisher. The generation of three-dimensional, time-~
dependent wind fields from the theoretical solutions obtained both analytically and
numerically will require the imaginative manipulation of the solutions to fit the
limited observational data. Although we have initiated this work, it would be pre-

mature to report upon it in detail at this time.
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3.0 THE FALLOUT CLOUD
3.1 Review of Literature

Since the advent of atomic weapons, numerous studies have been conducted
dealing with the problem of hoth close~in and distant fallout. To date, one of
the most perplexing problems still confronting investigators is the distribution
of radioactive particles within the stem and mushroom cloud. Kellogg, Rapp, and
Greenfield {12] made some estimates of particle distribution based on observed
fallout and a reconstruction of what the initial distribution must have been. How-

ever, in reconstructing the initial distribution, two assumptions were made:

(a) Ten percent of the debris was distributed evenly throughout
the stem and the remaining portion was in the mushroom clond.
(b) The particles in the cloud were distributed in such a way that

there was a constant mixing ratio between the particles and the air.

This would mean that there was complete mixing in the mushroom cloud of 9¢
percent of the particles and, therefore, the density of the particles drops off
exponentially with height in exactly the same way as the air density. In the siem
this is not true, and it can be seen that a congtant density of particles with height
implies a mixing ratio that increases with height. That is, relative to the air,
there are more particles in the top of the stem than in the lower part.

Anderson [1], in a theoretical study, found that close-in fallout is comprised
mainly of particles with significant gravitational fall velocities which are best
defined in terms c¢f a minimum particle size of about 50 microns in diameter.
Particles smaller than this exhibit a rapid decrease of fall speed with decrease
of size. Consequently, the particle sizes important in close-in fallout range
from 500 microns to 25 microns in radius.

Machta [13], in a study of the dimensions of an atomic cloud, developed a semi-
empirical theory relating the dimensions to at' nospheric stability and the rate of
entrainment. This semi-empirical theory, although widely used, provides only
rough estimates; however, as there is a current lack of a more accurate theory,

cloud dimensions used in our study are based on it.

13

. T



3.2 Computation of Fallout in a Two-dimensional Model

In computing the motion of a fallout cloud through a sea-breeze circulation,
the governing factors are the horizontal and vertical wind velocities and the fall
speed of the particles contained within the cloud. In formulating this portion of
the problem, we considered a rather simple scheme whereby the fallout cloud
was divided into n slices. Each slice contained a specified fraction of the total
mass which was assumed to be uniformally distributed throughout the slice. At
this stage, we prescribed a finite number of points describing the boundary of
each slice. The slices are then allowed to descend through the local circulation
with a given fall velocity until all the slices have been deposited. This procedure
is repeated using a spectrum of fall velocities.

In determining the trajectory of the cloud, or slices in our case, the u and w
wind components must be computed at the points describing the slices. Having
obtained the wind components at these points, the horizontal and vertical displace-~
ments of the points are computed for a given time interval (At) by using the follow-
ing formulas:

Ax = udt

and
Az

(w + VF) At
where VF = fall velocity of particles (VF < 0).

After computing the displacements and obtaining a new set of coordinates
for the points describing the slice, the process is repeated until all slices have
been deposited on the surface. However, it i possible that the distance between
two adjacent points on the slice boundary may become too large, thus making the
results unreliable. Therefore, a set of limits was established whereby if the
distance between any two adjacent points exceeds these values, the iteration for
that particular time step will be repeated using half the original value of At, If
the points are still too widely separated after three iterations, the program is
terminated for that particular fall velocity.

During the time of descent through the local circulation, the area of the slice
must be computed after each time step because the area may change due to con-

traction or expansion, depending upon the displacement of the points. Having

14
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specified the mass within the slice, the density can be computed. At the time deposi-
tion commences, the area of the slice found below the ground must be computed so
that the mass of material deposited can be determined using the density value from
the previous time step. The fallout is then assigned to that particular interval on
the x-axis. The total mass is now modified by subtracting the amount of mass that
has been deposited. The area ot the slice remaining above the ground is computed
and, using the modified mass, a new density is determined. At this stage, the points
that descended through the surface are now replaced by points on the surface
vertically above them, so that the number of points defining the slice remains
unchanged., The remaining portion of the initial slice is now resting on the ground.
The u and w wind components are again computed for all the points. Once
deposition begins, the points resting on the surface can only move vertically down~
ward. This procedure is continued until the slice has been completely deposited
(see Appendix A).

Because the fallout cloud was initially divided into n slices, each slice

must be treated individually until all slices have been deposited.

3.3  Computation of Fallout in the Three-dimensional Model

In formulating the three-dimensional problem, we initially considered a
rather complex scheme for computing both the motion of the fallout cloud and
the changes in the concentration of the fallout within the cloud. The procedure
would generalize the two-dimensional scheme utilized in the computations reported
above. The surface of the fallout cloud would be approximated by a polyhedron
with triangular faces and the vertices of the polyhedron cloud would be associated
with several of the triangular faces. By proper indexing of the vertices and facets,
the intericr of the cloud could be determined throughout the trajectory computa-
tion. A principal advantage of this scheme would have been its capacity for
admitting computation of changes in the fallout concentration within the cloud.

Subsequent consideration, however, led us to decide on utilizing the simplifying
assumption that the fallout concentration was conserved during the motion of the
cloud. Consistent with this assumption is a simpler description of the c¢loud and
a simpler trajectory computation procedure, somewhat similar to that used in

the Ford model {15].



The stabilized cloud, which we will agsume to be cyclindrical with stem
and mushroom cap, is divided into dises. Each disc is assumed to enclose a
specified fraction of the total radioactive mass of the entire cloud. This frac-
tional mass content is further assumed to be distributed according to a particle
size gpectrum appropriate to the position of the disc within the cloud.

At this point, a further agsumption is made that the continuous particle
size spectrum may be replaced by a discrete and finite line spectrum. A unique
fall velocity corresponds to each line in the spectrum. Thus, to compute the
motion of the material criginally within a particular disc, the disc must be replaced
by as many sub-discs (wafers) as there are lines in the discrete gspectrum.

When the center of gravity of the disc is at an altitud~ above which local
circulations are allowed, we move each wafer with the wind field existing at
its center of gravity. When the center of a wafer reaches an altitude below
which local circulations are permitted, we further subdivide* the wafer into
smaller volume elements. Then each element is followed through the local circu-
lation until deposition occurs. The position of deposition and the quantity of

material deposited is recorded and the computation continued.

*Refer to Appendix C for subdivision scheme.
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4.0 COMPUTED EFFECTS OF THE SEA-BREEZE CIRCULATION ON THE FALL-
OUT DISTRIBUTION

4.1 Background

The fallout distribution depends upon the circulation through which the
particles must descend. Several experiments were performed whereby clouds of
various dimensions and containing the gpectrum of particle sizes were simulated
to descend through the circulation produced by the sea-brecze model. It will be
noted at this point that, in these experiments, we are dealing solely with the mush-
room cloud and not the stem, as information pertaining to its dimensions and
particle size distribution is lacking. The dimensions of the mushroom cloud,
particle size distributions, and associated terminal velocities were obtained from
the investigation of Kellogg, Rapp, and Greenfield [12]. Two different cloud sizes
were used in the experiments, resulting from yields of 10 kt and 300 kt. In the
10 kt yield, the cloud is 2.4 km in diameter and 1.2 km thick. For the 300 kt yield,
the cloud is 15 km in diameter and 5 km thick. The clouds were divided into discs
0.61 km and 1 km thick, respectively. Therefore, in the 10 kt and 300 kt cases, we
computed the descent of two and five discs r- apectively, through the local circula-
tior.. The particle sizes used in both cases ranged from 300 to 25 microns, with
associated terminal velocities of 500 cm sec 11:0 B cm sec.il- The base of the clouds
were initially at 3 km above the surface.

The initial position of the cloud in relation to local circulation will produce
different fallout distributions, and the experiments were designed with this in
mind. Basically, two different circulations were used, (1) sea~-breeze circulation
imbedded in an over-riding synoptic flow from the sea to land, and (2) a sea-
breeze circulation in the absence of an over-riding synoptic flow. The positions of
the 10 kt yield experiments were: (1) 1.6 km out at sea, and (2) directly over the
coast line. Similarly, the positions of the 300 kt yield experiments were: (1) 15 km
out at sea, and (2) directly over the coast line. In the analysis of the results, the
fallout distributions were identical in both cases (cloud located offshore and on-
coast), except that they were shifted. The position and configuration of the cloud
is a variable in this model, (x- and z- coordinates describing cloud) and, there-

fore, any number of experimente may be performed with the computer program.
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To investigate the effect of the circulation on the fallout distribution, the
assumption was made that each disc wae a homogeneous layer of particles with

uniform fall velocities. Nine different fall velocities were used and are presented

in Table 4~1.

TABLE 4-1
FALL VELOCITIES
Radius (z) T'm(’é;alszzlf’ﬁity
300 500
250 400
175 300
125 200
90 150
70 100
60 75
40 50
25 25

Each disc was allowed to descend through the local circulaﬁon nine times.
Because information relating the mass of particles contained within a cloud to
weapon yield is lacking, a value of 100 was used. This permits us to express the
distribution of fallout on a surface as a percentage of the total mass contained

within the cloud.

4.2 Local Circulation in the Absence of an Overriding Flow

Two experiments were performed in which clouds from a 10 kt and 300 kt
yield were simulated to descend through a sea-breeze circulation in the absence of
an overriding flow. Figure 4-1 illustrates the distribution of fallout as a result
of a cloud produced from a 10 kt yield, located 1.6 km out to sea, and simulated to
descend through the local circulation (solid line) and the resulting distribution in
the absence of any circulation (stipple area). In this case, the simulated local

circulation modified the fallout pattern to the extent that approximately 507 of the
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mass was distributed outside of the area directly beneath the initial position of
the cloud. In the second case (see Fig. 4-2), a cloud from a 300 kt yield and
located 15 km out to sea, had only 10% of its mass transported away from the
initial position. Particles with fall velocities of less than 100 cm sec-l were
influenced to a greater degree than larger particles, as was shown by Feteris [6].
The experiments conducted included particles with fall velocities of 25 em sec-l
However, after 3 hours of real time, deposition had not occurred and the points
described in the boundary of the slice become too widely separated to fall within
- the specified limits after three iterations; therefore, the prograr. was terminated
for that particular fall velocity. This happened because the particles with fall
velocities of 25 cm sec-1 and less are greatly influenced by the local circulation
and, had we assigned extremely large limits, deposition would have occurred.

The results however, would have been unreliable.

4.3 Local Circulation in an Overriding Flow

Two experiments were also conducted using a local circulation imbedded in
an overriding flow. The positions of the clouds were, as before, (1) 10 kt yield,
1.6 km offshore, and (2) 300 kt yield, 15 km offshore.

In the 10 kt yield experiment, the fallout distribution was quite different
from the pattern obtained from the local circulation only. The fallout was dis~
tributed over a larger region (27 km) primarily due to the overriding flow. The
distribution of fallout was also computed in this case for an overriding flow with-
out the local circulation. Figure 4-3 shows that the local circulation did influence
the fallout pattern, producing peaks and minimums in relation to the distribution
obtained solely from the overriding fiow. The gea breeze in this case did
influence the fallout pattern; however, it should be kept in mind that with a very
weak overriding flow (of the order of 1 cm sec_l), the local circulation may have
a greater influence on the fallout distribution.

In the case of the 306 kt yield burst (cloud location was 15 km offshore),
the fallout distribution was greatly influenced by the overriding flow (5 m sec—l)
because the area covered by fallout was quite large (92 km). Figure 4-4 shows
that a marked peak exists between the coast and the initial position of the cloud.

This results from particle sizes with fall velocities greater than 106 cm sec-l.
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5.0 CONCLUSIONS
The primary objective in this study is to develop three-dimensional local

circulation modeis for computation of cloge-in fallout patterns. In the develop-
ment of a two-dimensional sea~breeze model, it has been demonstrated that such
models can be expressed in terms of analytical functions and can be readily pro-
grammed for rapid computation of fallout distributions as influenced by such cir-
culations. Also, the results obtained by Feteris [6] by hand computations have been
verified by using an automated two-dimensional sea-breeze model.
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7.0 PROGRAM FOR THE NEXT INTERVAL

As indicated above, we have initiated the formulation of a three~dimensional,
time-dependent kinematic model of the sea-breeze wind field. This work will
continue and very likely be extended to consider models of the mountain-
valley wind. A new computer program, based on the logic outlined in Section 3.3
and Appendix C, will be written. Finally, numerical results will be obtained from
experiments judiciously designed to indicate the influence on the deposition of close-

in fallout exerted by the kinematic, local wind models.
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8.0 IDENTIFICATION OF PERSONNEL

8.1 Extent of Participation

TABLE §-1
PERSONNEL PARTICIPATION*
Total hours worked
Name Title during the quarter
(approximate)
WJ

J. P. Gerrity Principal Investigator 232
J. D. Kangos Project Scientist 873
E. A. Newburg Mathematician 45
P. 8. Brown Mathematician 38
A. F. Saunders Programmer 12
J. A. Sekorski Programmer 237

*Secretarial, administrative, and drafting assistance was also provided.

8.2 Biographieg of Key Personnel
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Research Center, Inc., Feb.1963
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4, Contract Nonr 285(09), Res. Div., Col. of Eng., New York Univ., Mar. 1963

Mechanisms Important to the Formation, Movement, and Dissipation of Low
Clouds. Tech. Memo. 7045-92, Contract AF19(626)-16, Travelers Research

Center, Inc., Sep. 1963

A Physical Model for the Prediction of Large-scale Low Cloudiness.
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Inc., Feb. 1965




James D. Kangos, M.S.

Professional Experience

Mr. Kungos is an Associate Scicentist in the Planetary Dynamics Division of the
Almospheric and Oceanographic Sciences Department., Presently, he is develop-
ing kinematic sea-breeze models for application in close~in fallout. Prior to this
he was responsible for the application of power spectrum analysis to detect and
describe tropical perturbations, and he planned and supervised the development

of an input data handting technique for the processing of hourly aviation weather
reports for use in Weather System 433L and the Common Aviation Weather System.

Before joining the Research Center, Mr. Kangos was employed by the Office of
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at the Hartford Graduate Divigion of Rensselaer Polytechnic Institute. Prior to
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the University of Illinois and Purdue University. During the summers of 1953,
’54, '55, and ’57, he was employed by the Allison Division of the General Motors
Corporation, where his highest position was project engineer.
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Mathematics and Physics, B.S. (’52), Purdue University
Mathematics, M.S. (53), Purdue University
Mathematics, Ph.D, (’58), University of Illinois

Professional Affiliations

American Mathematical Society

Mathematical Association of America

Society of Industrial and Applied Mathematics

Technical Publications

‘“Potential Representations in Integral Equations,” Ph.D. thesis, Univ. of Illinois,
1958.

“Xenon Oscillations” (with P. B. Daitch), Combustion Engineering TP-26, 1959,

Annual Progress Report, Reactor Theory Development Program for Army Boiling
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APPENDIX A.

SPECIFICATIONS FOR COMPUTATION OF FALLOUT FROM

A TWO-DIMENSIONAL CLOUD IN A TWO-DIMENSIONAL WIND

FIELD

A.1.0 INTRODUCTION

This is a set of program specifications for the first in a series of computer

programs to be used to evaluate the influence of local wind circulations on the

deposition of close-in fallout. This program is designed to treat a two-dimensional

cloud of uniform-size fallout particles initially contained within the first few

kilometers above the earth’s surface,
The program was written in FORTRAN for the IBM 70984 digital computer.

Machine time requirements may be estimated from the following resuit. Three

minutes of machine time were required to deposit, from a height of 4 km, eight

wafers (one wafer for each of eight particle sizes). Each wafer was defined by

twenty-four points on its boundary.

A.2.0 INPUT

Basic input will be from cards and is defined as follows:

XP(K)

YP(K)

XMASS =

T@TMAS

DT

TOUT(I)

VF

Geostrophic wind speed, cm sec-l
Ekman spiral parameter, crn--l

Critical separation tolerances, cm
Critical separation tolerances, cm

Coordinates of points on cloud at the initial
time, cm

Coordinates of points on cloud at the initial
time, cm

The number of points defining the cloud

The mass of fallout material within the cloud at the
initial time, gms

The time step to be used in computing movement of
the cloud, initially sec

The times at which the configuration of the cloud
is to be outputted, (I < 50) sec

The fsll speed of the cloud particles relative to
the air (negative number), cm sec”!
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A.3.0 COMPUTATIONS

The main program consists of a series of subroutine calling statemants,
plus a scheme for condensing output from the subroutine DPOSIT. Once deposition
commences, the subroutine DPOSIT outputs deposition values after each time step.
For convenience in evaluating these results, a scheme was developed and incorporated
into the main program,; the scheme takesg the cutputs from all the time steps and
orders and condenses them into a single output in tabular form and with proper
heading identifications.

All computations are performed in the subroutines except for the ordering
and condensing of the output from subroutine DPOSIT, wnich take place in the main
program. All parameters are stored in common. A description of each sub-

routine is presented below, followed by the calling sequence logic (Fig. A-1).

A.3.1 Subroutine XINPW

The purpose of this subroutine is to compute all time-dependent parameters
such as U, YT, S, and XB which are input for the WIND program. These param-
eters will be computed at increments of 1800 seconds. T is the time step in
seconds, and we let TD be the time of day. Whenever T = 1800 sec, then the time
of day (TD) will be increased by 0.5 and the four parameters mentioned above will
be recomputed.

Output of this routine will be stored in common for use as input to the
WIND routine. An initial TD will be given and T = 0 at the start. Compute the
following to be used as input:

S = {—0.88(TD)2 + 26.4(TD) - 166] 105

U = [-0.143(TD)> + 4.086(TD) - 22.571] 10°

If
10 = TD < 12, goto A

12 = TD = 18,goto B
18 < TD = 20,goto C

A. XB =v
4
YM = 0.7 X 10
YT =[0.4(TD) - 4] 10°
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A.3.2

.
XB = [- 1.33(TD)° + 40(TD) - 288]10°

YM = 07X 107
YT = [-0.044(TD)° + 1.33(TD) - 8.8]10°
XB = 0
4
YM = 07X 10

YT = [-0.4(TD) + 8]10°

Subroutine WIND

The purpose of this routine is to compute, uging analytical formulas, the

u and w components of the wind field at the points describing the slice. The

parameters required as card inputs are 7

h’ Zm’ ZF’

A, G, SP(K), and YP(K).

The parameters Z, Ut), X(t), and (t) are computed in subroutine XINPW and,

through the main program, are available for use in the subroutine. At this point

it should be mentioned that the notations used in the computer program and in

the text of this report differ in some instances.

below.

These differences are listed

Program

Text Program Text

zh YH o

Z YM U(t)
m

Z F YF u
« A a
G G W
X XP(K) &
X XB Z
g S At

ZT YT
Z YB

SB

U
UBAR
UK}
V(K)
PHI
YP(K)
DT

The output of this subprogram will be the quantities U(K) and V(K) of the

wind components in the x and y directions, respectively, at point K where

1= K=

KMX.
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Compute the following to be used as input.

YF - YT
4

SB =

¢p o YE £ YT

2
letK = 1, ..., KMX

HYPK = YH, goto A

YPK > YH, compute

2
PHI = exp [-(XPK - XB)Z/ZS ] and store,

2
[(PHDHU}Y/ [3(YT -~ YM) | and store,
(XPK - XB)/52 and store,
VM = (XD (PHI) U(YM - YH)/2 and store,

HD
XD

i

VT = VM - (XD} (HD) {-(YT -~ YM)B} and store,
i - - Y
XN = U(PHI) (YM > XH + i1 3 M) and store,
UBAR = G [1 - (e_AYPK) cos (AYPK)] and go to B.
A. Compute

UHAT = 0

UBAR = G [1 - (¢ 2¥FPK) o5 (aYPK))

VK = 0

UK = UBAR

B. If YPK = YM, goto 1l
YPK > YM gotoC
1. Compute
UHAT = U(PHD) (YPK - YH)/(YM - YH)
VK = (XD) (PHI) U(YPK - YH)?'/Z(YM - YH)
UK = UBAR + UHAT

C. HYPK = YT, gotol
YPK >YT.goto D
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1. Compute
UHAT = U{PHI) (YT - YPK)z/(YT - YM)‘C3

VK = VM - (XD) (HD) [(YT - YPK)® - (YT - YM)’]
UK = UBAR ' UHAT

D. If YPK = YF, goto 1

-AY
YPK > YT, then selt G(K) = G |1 - (e

PK) cos (AYPK)]

and evaluate scheme for EY where

- 2
YPK -
By = Ly ew [ - R oy
2(SB)
1. Compute
XF=————1-—e - YPK-YBQ/[szz}

UHAT = (XN) (XF)
VK = VT - XN/[VZ7(SB)]

A.3.3 Subroutine PMOVE

This subroutine computes the displacement of the points describing the slice
being moved. Input is the coordinates of the points, the wind components computed
using subroutine WIND at the points, the fall velocity of the particles (VF), and
the time interval DT.

The output of this routine is a new set of coordinates describing the slice
after time step DT, which are input to the following subroutines: ACCRCY,

AREA, and DPOSIT.

A.3.4 Subroutine ACCRCY

The purpose of this routine is to check the separation of two adjacent points
in both the x and z directions. It is desired that two consecutive points remain
less than the specified distances XC and YC apart in the x and z directions
respectively. if these distances are exceeded, the subroutine PMOVE will be
repeated using DT = 1/2(DT). This iteration will be done no more than three
times. If after three iterations there are sorne points still too widely spaced,

then the last results will be printed-out and the computations for that particular

“



fall speed will be terminated. The XC and YC values are card inputs. Output
from this routine will occur only if the separations rem ain too large after the
third iteration. The separation between consecutive points K and K + 1 is given
for K=1, .., (KMX - 1)
DX(K) = ABSF [XPN (K + 1) - XPN(K})]
DY(K) = ABSF [XPN (K + 1) - YPN(K)}
for K = KMX
DX(KMX)
DY (XMX)

L

1]

ABSF [XPN(KMX) - XPN(1)]
ABSF [XPN(KMX) - YPN(1)]

XC and YC will be input in the present program, but subsequently will be computed
for input to tais subprogram.
If the accuracy criteria above are satisfied, set
XP(K) = XPN(K)
YP(K) = YPN(K)
for K =1, ..., KMX,

and set T = T + DT in which DT is the value used in the PMOVE program.

A.3.5 Subroutine AREA

The purpose of this subroutine is to compute the area of the slice and the
density of the material contained within the slice after each time step. Input to
this routine is the coordinates of the points after each time step and the mass
of material contained within the slice. Output is density which is required as
input into Subroutine DPOSIT.

Compute:

K=1, .. (KMX - 1)
AK) = 1/2 * [XP(K + 1) - XP(K)] * [YP(K + 1) + YP(K)]

K = KMX
AKMX) = 1/2 * [XP(1) - XP(KMX)] * [YP(KMX) + YP(1)].

Then
KMX
AREA = - ) A(K).
K=1
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We then recompute the density

DEN = XMASS/AREA.
Note: at the beginning of the main program set XMASS = T@TMAS

A.3.6 Subprogram DPOSIT

This subprogram computes the amount, if any, of the fallout during the time
interval, DT, assigns it to the x-coordinate axis, and recomputes the area of tae
cloud above the ground together with the modified mass within the cloud.

The first step in the program is to check the Y coordinates of the KMX
points. If none of these is less than zero, one may exit from the program because
ro deposition has occurred.

Otherwise, we compute as follows:

* Let K =1, .., (KMX - 1)
If YP(K) < 0, goto A,
YP(K) = 0, go to B.

A. HIYPK + 1) > 0,goto 2
YP(K + 1)

1

0,gotol
YP(K + 1) < 0,goto1l

1. Area = -0.5 * [XP(K + 1) - XP(K)] * [YP(K + 1) + YP(K)] .
Dep. = Den. * Area [assign to interval: XP(K) to XP(K + 1) and
printout]
XMASS = XMASS - Dep.
XPN(K) = XP(K)
YPN(K) = 0
GO TQ *

YP(K + 1) * XP(K) - XP(K + 1) YP(K)
YP(K + 1) - YP(K)

2. Compute X =

Area = -0.5 * [X - XP(K)] * YP(K)
Dep. = Den. * Area [assign to interval SP(K) to X and printout)
XMASS = XMASS - Dep.

XPN(K) = XP(K)
XPN(K) = 0
GO TQ *
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B. fYP(K + 1) > 0,goto1l
YP(K + 1)
YP(K + 1) < 0,goto 3

0, goto 2

1 and 2 . No deposition

Set DEP(K) = 0

XPN(K) = XP(K)
YPN(K} = YP(K)
GO TQ *

YPK + 1) * XP(K) ~ XP(K + 1) YP(K)
YP(K + 1) - YP(K)

Area = -0.5 * XP(K + 1) ~ X] * YP(K + 1)

3. Compute X =

Dep. = Den. * Area [assign to interval X to XP(K + 1) and printout]
XMASS = XMASS - Dep.

Set XPN(K) = XP(K)
YPN(K) = YP(K)
G@ Tg *

For K = KMX, use the same procedure as above but replace (K + 1) index by 1.

A4.0 OUTPUT

The input data is printed out, together with sufficient comments to identify
the run. The final output of the run will be a tabulation of deposition, with its

agsgigned intervals for a given slice and fall velocity.
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Input

+

Subprogram
XINPW (TD)
Subprogram
SINTEY e S“bwl?;';g“m
{called by WIND)
N }
Selt Subprogram
DDT= 3 DDT PMOVE
No l
Subprogram
was this
3rd ‘_Y_c»:s._____ég_f_?_R_C_!'___
iteration Is distance
> XC, YC
Yes
No Set
T=T+DDT
y or
| Print Subprogram T=0.
No| All input AREA TD~ TD+5
read in
No
Subprogram
DPOSIT Are' Y Rearrange and
_____________ No Coordinates | Yes
has — . |~ > »| condense results
of all points for output
deposition equal to 0, p
occurred
Yesl i
Print
SAVE . sREEEEEEEEED
All input No
read in
Fig. A-1. Calling sequence of main program. | |Yes
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APPENDIX B

FORTRAN II LISTING FOR
IBM 7090/94 FALLOUT MAIN PROGRAM



999

22}

QU0

N~ e N

286

<08

¢

190

1uS

1v3

THE FULLUWING §5 A FURTRAN 1 LiaTinG Fum (oM T0sur94 [ IR VIV |
Ma N FRQOUMAM ~ FALL=-UUT 190%
L IMEND TUN Al(lbUU)oul(lDOU)!ULl(350U)-C1(1b00).u1‘IDOD)OLl(lboul
DIMENSTUN XP{I0UI o YR (S0UUD o XENCSUO) s YPN(SUO D) « L IESL0) sV L IUL)
DIMENSTUN UX{3UUI LY (0L} o ARTI00 ) sePLIUG ) s XL3QU) » R D)
CUMMUN XP ¢ YPaXPINeYFN e VeUX sUY e sutNeKMX s KM +K s UP
CUMMUN XMASS e TOTMAL s TeuTeNeVF s GetYeud
COMMON YrMiYMeYToeVF eXBoDeAsYswBeXomeXLaYL o P
READ 833eGeAsXCs YL
PRINT 3u¢
PHRINT 333:6sA8eXCavC
READ 2ol To s TL e MOKE o VF
PRINT 2ci
FURMAT { JUH] INRPUT VALULED WToes T eMORE 1 VF)
PRINT 2o ol Toe T o MURL ¢ VF
FURMAT { [4+F 7ecs i ssbldec)
READ 444 sMe (XPIK)sK=]10)
PHRINT 43
PRINT Q44 M (XPIK) sK=] oM}
REAL 4%49¢ Me({YP(K) K]l oM}
FRINT 445
PRINT Q44 M {YPIK) K=l eM)
READ 959%e TOTMAS DT e YR YF KMX
PRINT So4
PRINT 959 +TUTMAS DT e Y« YF o KMX
DUYULUKASE] 4 1 5wy
AliKA)=aU,
HBi(KA}l=xyu,e
DElikKA)IZL,
CUNT INUE
KDNUM=0
MA SKMX
MT sMA
KMl sKMX~1
XMASSsTOTMAS
NT =0
T=xUs
NTENT+ 1
IFINT=LTIS)IS e 160
CALL XINPWITD)
CALL wiIND
N=U
DLT=2,2UT
DOTmeuuLDT
CALL PMOVE
CALL ACURCY
IFIN=L1)TU+sB8+9
IFI(N=3)18¢206+£66
PRINT S5UUeTNTTD
DU26br =] «KMX s+
PHRINT QUI oXPNIK) s YPN(K ) o XPN{(A®] ) YPNIR+ 12 s XPNIK*C) s YPNIR+c}
IF(MORE~ 1) 16V 99V 999
KT=T+L0T
CALL ARcA
DOI0OK =] ¢ KMX
IF(YP(K) )10541000 100
CONT INUL
G0 TQ 132¢
DOIO3K=m] s KMX
DEP(K)=U,
X(K)ale




CALL WPULSIT
DOIUYK S L s KMX
XP(K)sXPN(K)

U9 YR(K )2 YPFNIK]
XP(KMx+lysxXP({1l}
YRP(KMX+i)avYP(1l)

NK 20

KONUM= KLNUM+ L
DOGHOK = | o KMX
IF{DEP(K) LS4 +¢8645640D4

654 1F (KDNWM=1 ) 656 626 +657

697 IF(AL( K)=XP(K))65I1650+052

69% IF(BI{KI=XP(K+131 163346090622

653 IFLAIIK]) 1608+656+608

658 NKsNR+l
MT eMA+NS
AlL{MT)YaXP{K}
BlLIMTyaXP({K+])
Dbl(MT)=UEl(MT)+DhP(K)/AdsF(xP(K)—XP(K+1))
60 TO 646

656 Al( K)sXP(K)

Bl K)axXpP(K+l)

699 DEI(K)sLELY( KI+DEPIK IFABSFIXPIRK)~XP(K+1))

646 CONT INUG
MAaMT
IF(MT=1900) 130160016V

130 DULGUK=]L s KMX
FF(YP (KR)MI15U14U41ID0

150 Ta2T+0LT
IF(T=18Uuesd2e19)s10D1

151 TO=TD++>
TaUe
IF(TO~2Ue)2+24160

140 CONTINUE
DO6ToK =1 +MT
IF(AI(K)~5I(K))675.675-677

677 AlAxALIK)

BlE=spBlIK)
Ali{K)sblD
BlIK)=AlA

675 CONTINUL
Mu2

Tu3 ZMAX=Al {M=1)
ZMAX 1 3Bl (M~-1)
ZMAX3=DEL (M=1)
DO7UIl‘McMT
IF(ZMAX=AL1 (1)) T701,70170c

F02 ZMAX=AL L)

ZMAX1I=zB1l4{]1}
ZMAXI3=Del (1)
Ki=]

70Ul CONTINUE
SAVALIsAL(M~1)
SAVBl=pl(M=~1)
SAVLE lsiE L (M~1)

Al iM=1)=ZMAX
BltM=-1)=2MAXI
DEL (M=] )=aZMAXJ
Al (K]} )=DAVAL
Bli(K)l)aSAvol)
pE) (K1) =S5AvVLER ]
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MM+ i
IF AMeMT I TU3eTUIeT0S
Tuwa ClLEl)=ALLL)}
Ditly=pliil)
ElL¢ly=DlCl)
Ii=1
wJ=2
MM=2
PR 4
718 IFtALGJUY~B(L 1)) TiLeTLieT1c
T7ig Cithi=iiill
Dlii)=AL ¢tJJ)
Elilii=l,
CliLsvlizalivdi)
VUiltit+li=z=bl(JyJd)
El(LL+1)=DE1I(JJ)
Li=li+]
GO TC 7ué6
711 ClriLt)=Al (JJ)
DliLL)I=sbl (JJ)
EltLL))=uE L (JJ)
706 li=ll+]
JIxJIJ+]
Lozt 1
IF(MM-MT)T713:714+714
713 MMz=MM+ 1
GO TO 7i5
714 LMX=li-1
LMXesli—2
DQBLUU I =1 +iMX2
IF(CLUI+1)-C1l(1))BUL+802+803
BU2 AJll1)y=Cl(])
B81¢1)=Cl{i+})
PDELCTI ¥=U,
BUul GO TO &wuu
88Ul Deil(li=u.
Al{l)=Ci(]
Bldl)=Ci(1+1)
PUBUAKK=] 41
IFC(DIIKK)=C 1 (]+1))18U6+80UD800
BuUS DEI(]I)=UEI(LI)+EIIKK)H(CI(I+1)=-Cl1C1))
. GO TO 8u4
BUS IF(DIIKK)I=C1(1))807+807+808
8u7 DEL(I)=wELL]D)
GO TO 8us«
8U8 DELI(I)svEIlI)+l(RK) R (UL (KK )=1(]))
8va CUONTINUL
800 CONTINUL
Al (LMX ]} =C ] (LMX)
Bl ilMXx)sul (LMX)
CELILMX)sE L (LMX)I (DL (LMX)=L]1(LMX))
DOBIOME =] JLMXc
IFDIIME)=CIILMX))BLIO«81ID811
8l1 DEl(LMX)=DEI(LMX)+El (MEI* (D1 (M) =-Cl{LmMx)]}
810 CONTINULE
PRINT 60U KT+ TDINT
PRINT 6cweVF
DOFEHK =L « LMX
925 PRINT HaveKDE LX) A (K) 8L (K)
IF(MORE-1)16Ve99I.999
332 FORMAT(46rM THE FOLLUSEING DATA Akt INPUT VALUES weAsxleYL)
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333 FURMAT (a4l
464 FORMAT(13/7(belcec))
443 FORMAT(4ur Tt FOLLOWING DATA ARL=XP=INPUT VALUES)

445 FORMAT(4UNH THE FOLLOWING DATA ARE-YP-INPUT VALLULS)

5U0 FORMAT(59H] THIKL 1TERATION REACHEULY ACLURACY GREATER THAN XCevl
1231 Time IN SECONUS zeF0aQ0/74X e 3rXPMNe9YX s SHYPNs X e JHXPNs Ya e Y
ENsPX s 3HXPNs IX s IHYPN/ L TH NUMDBER OF PASYS =24 la/) 3 HOUR OF WwAY=:F Tec

BU01 FORMAT(bELIZeS!)

Guq FORMAT(Oo9MH THE FOLLUWING DATA ARE INFPLT VAaLLbLs TUTHAS LT aYHaYF s
IKMX )

558 FORMAT{4E 1cele 1 3)

6UQ FORMAT(IrledXo lOMTIME IN SECONLS = 67130 RUUR OF LDAYZWF Tec/lon PA
1S NUMBER=E 14}

GUl FURMATL[3¢7TElc o) .

20 FORMAT(//48H SUMMATION QOF LEPRPUSIT WwWITH ITS PROPER INTERVALZ/7SH V
1+ELlZ2e279H KeBXs THUEPOSIT 14X Z2HAL o LOX oM )

630 FORMAT(14,3E1848)

160 CALL EXIT
END



i3z

13e
13
1%

196

197

108

LSUMOHOUT INE Xina i Twi
DIMLENGION X300 s v 30U ¢ XU AU o YPINT D00 el SO0 oV T SuU)

UIMENGION LX{SUL] s Y {duvl el JLul sl ioul i s iU artl 3)
UMMM X ¢ YR s XENsYRPiNsUi eV s X e Y s st Tdr KML o KA o K o il
COMMUN 2MA_5elUTMALsToul enovF sCaLYsuuT

CUMMUN YHeVMasY T o Vi s Ao oshh g YO wtle XeHe KL o YL s i b
IFtTU=LlvellubBe il il o2

TuosTLE 8

0 {t=eboeTunrlectisg® =l ) * et

UPsl (=2 LA 3FTLL I+ G s LULBLETU~—c o) ) *lauils
IFLTO~lcetl99el a0,y 1 04

IFtTL= e Jl%be LLtiad 3,

IF(Tu=cve il TeluTelub

Xtsmlia U

TMe{ a4 )" o UL

YiwleQoii~G4,3 )% ] 40t

LU TU 1oy

Xgel{=las st TLL+4ULRTU~LCOB L I ¥l e LY
YMa{sd4)®] oL L
YTR{=eURGRTULF e au®TU-Ces ) *lelbD

L TU 1LY

Xp= Wl

YM=(s4)®] gLy

YTz{=~ea®Tiuttae ) ® ]l o 0UL T

RE TURN

END




SUBROUT INE wiNL
CIML %NS IWN YP {30l e ¥F (300! ¢ XBPNT VLI YRNI UL e IQU) 2V LIUU ]
DIMETIDIWN LXIIU0 sLY 130U ARLDQU I aWLP IS0 « X {S00 a3
CIOMMON X s YR e XPhes rPMNsUaV DX oY  ARCUELMiKMR KM o 1 ¢ U
CUMMUN XMALS T ITMAL s ToLUT NI VF e G Y eDLT
COMMON YrH YMsYT s YF e XBesLesAaYUente X aHe XL YO o kP
Plzlel@lage?
SHR{YF-YT) 4,
YOS{YF+YT )/ e
DO 44U K=} KMX
AVYPK=ARYPRP (K}
Blzle/7EXPFLAYPK)
Be=C0SF tAYRK)
IF(YPIRI-YHICU O 1 3
13 Pls{XP{Kj=Xp)##g
P2l ®SRe2
FPrHlzls /LXPF (PL/PL)
Hi=PH]I®UP
YTMEYT~¥YM
HE2s3e« %Y TMue2
HOsH1/He
XO=(XP({K)~-XB)lrow#g
YMH= YM=~Y
VMEXURM IR YMHAC o
VIESVMeXiJ R {(~YThME*3 ) #HD
NI2YMH/ e+ YTM/G e
XN=pi i #XN]
UBAREGH (1 4~Bl%i2)
GO TO 23
0 UHATsU.
UBAR=G®( ] ,~pl¥B2)
VIK) =W,
UK ) sUBAR
GO TO &€
23 IF(YP(KI=yYM)}ZDedD 30
25 UNATzHI®M({YP(K)-YH)/YMH
VIR)aXLER]IR((YP(K)~YH)¥EZ ) /(coRYMH)
VK ) SUDAR+UMAT
G0 TO oU
30 IF(YPIKI~YT)33:33,35
33 UMATEHIR((YT=YRP(K))#RE Y/ (YTMER: )
YTEMe(YT=YP(K) )} a®#3 —~YTM*R3
VK )} syM=XD*HD®Y TKM
UK ) sUBAR+UHAT
GO TO a¢
35 IFIYPIKI=YF)}38+38+44
Q44 VIKI=0e
UIK)aGR (] ,~Dl®be)
GO TQ &40
38 YKBSs(YR(K)=Y)#®2
TSBo=l, H{S0uNg )
XF1zSQRTF(24%P ) %50
XF2zles/XF}
thxFZ'(l./ExPF(YKDb/Tbb:))
UHAT s XN#®XF
CALL SINTEY
VIK)ZVT=(XN/XF | ) REY # XD
V(K ) 2UBAR+UHAT
40 CONTINULE
RETURN
END




ié

15

46

38

42

wwbiNww ! ike siniony

DIMENSIWN AP {30 s YHISU LI o KENT S0U T s YPNI WU T sl 3UU ) e WL S0U)
DIMENSIWN LEe{I00) sLY{JIUVI s ANISOU I s P L I0UT o x{ 30U T eM{ 3)
CUMMUNN AP ¢ YRy XPMNe¥HNesUIVeLXIUY e s NeRMA s KM + 1o P
CUMMUN AMASS e TOTMASsT ol aNs VP st Yol

CUMMUN YHeYMsYT e ¥FeXErsotAsYoesotdeX oMo XU e YL s i’
DGINK= 3ce

Ytz T

iNbi‘Nf\/(.’-

ZINK = (YP{K)-=YT)/SINK

SuMz e

R=Ue

CONzsZe R {HI¥50)

Lw tol=zlslirx

00 lodzle3

TEMP = ( ((YEE+R) =Y )®*#®2 1 /C0ON

HUJIEla ZEXPF (TEMP)

R+ LTINS

wEie

SUMBSSUMF(ZINK/ el Firi{l JtaeTrifclI+r(s) ]
YobsYebtoe L INK

Evzoum

RETURN

END

SUBROUT INE PMOVE

DIMENSION XP{300) s YPU30U )+ XPN{JIUUI«YPNIIVU0D )+ w300 e VII0U)
DIMENSIUN DXE300UYsDY (30U ) dARIIOVI LERPLI00) e X (300 o H(J)
CUMMUN XP e YP e XPNsYPINeU SV DX oY s ARSUENAKMX s KMl oK s LP
COMMON XMASS+TOTMAD s TA+LT eNIVF e GeEY LT

COMMON YHeYMeYT s YF o XBrasA YO eoBeXeHe XL oaYCoLEP

DO 4cKk=1lKkMX

FKT==(VIK)+vF ) #LLT

IFIYPIK)I=FKT1384¢361 36

XPN(K)=XP(K)+U(RI*OUT

YPN(K)sYRP(RK)+(VIK)+VF I *ODT

GO TO 4¢

PDITPz=~YPIKIZ{VIK)+VF)

TAU=DDT=DTP

XPNIK)sXP(KI+UIK)RDTP

YPN(K)=VvFRTAU

CONT INULE

RETURN

END
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46

a8

S0

(-¥-]

24

95

75

76

sunWW T ENE Aol y

DIMLNSI WM AFP{SUU) e ¥R {OoUU) « XN QU s YRPN{ JU0 T s Wi 3WU I sV L3V
DIiMEMNSIUN UX{J0U! s Y {S0U) s ART 200wt i 30 ) e X001 s i3}
COMMUN X2+ 723 XPNIYPNaw iV e DR Y s AR ULNIKIMX e Keid b o Ko v IR
COMMON XMASSsTOTMAS«TsLT ahsVE 2 Ge Y epwT

COMMUN YHsYMsYT ¢ YFaXBeDtA s YDeaDeXelrte XL YC o P

DO 4BK=1]eKM]

DRAIKISADBSFIXPNIK+] I ~XPN{KY}Y)

IFIXC~UX(K) Jbo e6Ce b0

DY (K I=ALDFIYPNI(K+L)I~YPNIK))

JIFLYC~RDYIK)IG2 164l

CONT INULE

DX (KMX } TABSF I XPNIKMX ) =XPN(1))
IFIXC~DXI{RMX) IBL s DU

DY {KMX ) TABSF I YPN(KMX )~YPN({1})
IFLYC~LDY({KMX) )6 16454

N=N+1

RETURN

CONT INUE

N=0

DO S9K=1 eKMX

XPIK)=XFNIK)

YP{K)}2YPNIK}

R TURN

END

SUBROUT INE AREA

DIMENSION XP(300)eYP(3QU) « XPN{JQOI«YPN(300) st 300 V(300
DIMENSION DX(300)+¢DY(300)AR(IVUI«VERP(300) o X (300 o H(3)
COMMON XP o YPoXPNsYPNoUsVIDX DY dARJUENIKMX s KM oKX s UP
COMMON XMASS+TOTMASsT+UT s NeVF s GEYsLDT

COMMON YiH oYM YT s YFeXBeosA YD eoBeXxaHe XL s YO sLER

00 75K=1.KM1

OXPeXP(K+])=XP(K)

DYPEYRPI(R+LI+YPI(K)

ARIK ) = SEDXPRULYP

OMXP2XRP (]l )=XP(KMX)

DMYPzYR (KMX)}+YP( 1)

ARIKMX ) = o SHOMXPRDMYP

AREA=U,

DO 76K=] eKMX

AREA=AREASARIK)

DEN=XMADS/ (~-AREA)

RETURN

END
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i1ve
110
i1l

115
118

120

125

sukuuwT N obFuslT

OIMENS Ul XPLIWU) s YR (Suv s ARNI Swu ) o YR JUU T sl JWl il sV ioUL)
UIMENSIUN UX{I0U s LY {300 ) e Bpw) s Pl 30wl e X1 2QUienl o}
COUOMMUN XP YR ¢ XPNe YPNew s VDX sW Y s A tLLNsRriAs K] oK s UR
COMMON AMADS e TUTMAS e Tow T aNaVF sl Y sl
COMMON YHsYMe YT o YF oo e YO LD e KeHs XL s YO oL
Xk {KMX+ L y=XPC]}

YR{(KMX+1)=YFL.}

DOI1Z5K=] s KMX

KK=sK+1]

A YRIKINII1IQa1 156l
IF(YRP(KK)}ILL1lelldoli2

ARE 1 Bs=g DR ({XPRP (K ) =XP(K} 1R (YRPIRR)I+YP (K] )
VERPIKI=UENRARE ]

XMASD2 XMASRH~LEPIK}

AXPNIKIEsXP (K}

YPN(K)}zUs,

GU TO 15
YXXYSYP{KKI#XP{K)=XP (KK} #*YP (K}
XIKIZYXXYSL{YPIKK)I-YP (K )}

AREL l S e SR (X {K)=XP(K} )FYH(K)
OEP(K)=UENRARE L

XMASSZXMASS~DRDERIK)

XPMNI(K)2XP{(K)

YPN{(K)=Uae

GO TO 1«5

IF (YPIKK) 11201 1l8el 1Y

DERP(K)=UV,

XPN(K) sXP(K)

YPN(K)sYP(K)

GO TO 125
YXAXYEYPIKKISXP (K ) =XP (KK} *#YP(K)
XIK}I2YXXY/Z{YPIKK]}=YP{K))}

ARE 1 2= o DR (XP (KK ) =X (K} ) #YP (KK )
DEP(K)zUENRARE L

XMASS=XMALS=-DEP(K)

XPNIK)=XP (K}

YPNI(K)IEYP(K)

CONT INVE

RETURN

END
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APPENDIN THHER

=

MAMESSEON AL B AL IGUT COMPUTATIONAL SCUHEME
The stem and cloud 18 orinally subdivided into dises and further sub-

divided into wafers, As was stated in the text of thig report, when the center

of the wafer reaches an aliitude below which local circulations are permitted,

we further subdivide the wafer into smaller volume elements. Presented below

is the moethod by which this further subdivisioa is achieved.

Given a cylinder C = BXI where B is a disc of radius R, and 1 = (0, d),
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C is to be partitioned into equal volume elements each of which has a “center of

concentration” whose coordinates are to be determined. The partitioning is to be
done by taking m + 1 cross-sections at right angles to the z-axis to give m layers
of height d/m, and then by distributing the centers of the volume elements in each

layer as follows,
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If we take concentric circles of radius (R/n)j, j = 1, ..., n, we can decompose any

cross-gection, A, into the sum of n annuli, Al, cees An (the center degenerate annulus

Al veing the (R/n)-disc). The area of the jth annulus is given by
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Note that Z Area (A) = n‘(:) Z (2 - 1) = F(};) (1 « 3 + ...+ Z2n-]

N
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= N(“;;) %(Zn) = rR, the total cross-sectional area, Area (A).
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gives the fraction of the total area taken up by Aj'
If in each layer there are required to be N centers of elemental volume

X » * 2 v x v 3
would be desirable to have [{8}] - 1)/n ]} . N canter points in the jth annulus

2 2
must be an integer for each j . Then N/n~ must be an integer, or N = Kn

for K an integer. So given the overall number of points N, we must find suit:
K and n such that the preceding relation holds.

In each Aj’ j # 1, it is desirable to distribute the Nj “center” points or
mid-circle of the annulus at equal distances apart. These mid-circles have 1
(R/n) j - 1/2),j = 2, ..., n. In the jth annulus, the Nj_po‘mts are 2‘1r/Nj radi
apart. If one point is located on the x-axis (so that @ = @) in polar coordinat

the ‘“‘center points” in Aj are at

=R 27 - -
(p,G)-[n(J 1/2).pNj]. p=201..,N -1
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For o 1tthe center disesr, we pul one pond at the orngim 0, 4 and the remamning

?\:i -} puints at
f
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so that they lie on the circle of radius 1/2(R/n) .
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