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ATOMIC ENFRGY ACT 1954

SUMMARY

Thia paper presents & new model for the machine celculation of
fallout patterns. The model is divided into three parts: (1) meteorologl~-
cal, which conaiders wind velocity ond the fall velucity of the particles,
(2) geometric, which conslders distribution of activity on particles in
the cloud as a function of helght and particle size, and (3} radiclogical,
wvhich considers the radiation doses of particles on the ground. The uae
of the model 1s illustrated, and the changes in the model that will pro-

vide an optimum model {currently being developed) are diseuased.
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A new model for the machlne calenlation of fallout desmcribed in this Researxch
Memorandum is the latest result of regsearch which began at RAND in 1952, An
earlior model to explain the observed facts of radicactive fallout was described
in other publications (RKM-1855, RM-1371, R-265-AEC, and R-309 ). The preaent
Research Memorandum describes a new and more flexible computational model to
investigate the effect of variations of input data eand to discover the effect

of parameters. The model ip dividad into three parts: mreteoroclogical, geo-
matric, and radiological.

The initial test of the model was made with the fragmentary Castle-Bravo
wind data. The feasibility of the approach has been shown, and the accuracy
of the model within the limits of the available data has been verified. The
next set of data processed can proceed on the assumptions thati

1. small changes in tha distribution functions will produce
only negligible changes 1n the pattern;

2. the wind patterns are sufficiently mccurate to put limits
on the possible distribution functions;

3. the gross effects of the fallout from large-yield shots
are not affected by stem material.

it may be Inferred that most of the radioactive material is lodged on particles
in a very narrow range of sizes and that it is concentrated into a very narrow
range of heighta at the time of stabilization.

NOTE: This Research Memorandum is classified SECRET-RESTRICTED DATA. This
In Brief is classified SECRET and does not contsin any RESTRICTED DATA.
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I. TWIRODUCTION

The process of developing a model that will adequately explain the
observed facts of radioactive fallout wac begun at RAND in the fall of 1952.
The physical prucess described [noroference (1) was the result of theose
early investigations. The slimple mathemntical modcl(l) and the subscquent
work of other mvestigatorn(e) served to confirm the validity of the approach

(3)

to the problem. Procedures were devised for hand computation and machine
computution(h) vhich further confirmed the basic prineiples but also served
to show that there were deficiencles in the Input data., To investigate
adequataly the effect of variations of input data and to discover the effect
of variation of parameters a new, more flexible computational model was
needed, This report deels with the development of such a model.

Before presenting the development of the new model it may he preofitable
to review briefly the physical concepts and the first machine model. To
describe the phenomenon of Tallout, we musi berlo with thie nuclear detons-
tion. The main distingulshing feature of s detonation of thie type is &
tremendous release of enerpy almost instantancously and within & very small
space. This release of enerpy creates a hot bubkle of air which rises be-
cause of its bouyancy. The characteristic mushroom—shaped cloud associated
with nuclear exploslions is formed by water vapor condensed as a result of
vertlcal lifting. The temperaturce eradient between the hot bubble and the
surrounding atmosphere causes a strong toroidal cireulation.

Fisslon fragments, together with any other debris mixed into the fire—
ball at an early stape, are carried aloft, and ao the cloud rises some of
the material may be left behind, forming a wake or stem. The cloud will

stop rising when the energy avallable to lift it has dissipated. At this time
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(from 4 to 6 minutes), which 1s referred to as the time of stabilization,
the spatial distribution of the radiomctivity provides one set of the initial
conditions required in the fallout model.

Within this stabilized cloud are virtually all the fission products
formed by the nuclear detonation and, in some cases, by inducad activity.
Radiocactive particles may be formed by condensation of vaporized material
or by the coalescence of fission products with solid or liquid earth parti-
clea. The Bize of the particles is determined largely by the initial con—-
ditions of the burst; if little solid material is taken into the cloud, the
rarticlea will in 211 MEaldheszd Lo zsmoll; 48, couviiscly, lbe devive ls
detonated on or near the surface, many tcns of earth will be swept into the
cloud, and & sizeable fraction of the fission products will be contained in
large particles. The size of the particles containing radiocactive elements
has an important bearing on the fallout problem. The radiocactivity located
in or on large particles will be brought rapidly to the ground, while that
lodged in small particles will remain suspended in the atmosphere for long
periods of time. Another of the initisl conditionz regquired in ths fallout
model, therefore, 18 the distribution of activity with particle size within
the stabilized cloud.

(Oiven the stabilized cloud and the assoclated distribution of activity
with particle size and in space, it is necessary to determine the position
of the active particles after they fall to the ground. The rate of fall is
of primary importance here, and an aerodynamie law of fall vhich takes into
account, by means of drag ceefficients, inertisl as well as viscous forces
was used.

As the particles start to fall through the atmosphere, they will be
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carried by the wind. There are a great many wind effects which have {0 be
taken into aecount, First, the whole cloud will be moved bodily by the mean
wind at the cloud level. At the same time, there will be shearing effecta
due to the veriation of the wind with altitude. and there will be turbulent
effects, small scale eddies, which will tend to spread and tear the ecloud.
The necessary elements of a fallout model may be summarized:

1. Distribution of activity with space

2. Distribution of activity with particle size

3. Fall veloclity

b, Wind structure

SECRET
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IT. FIRST MACHINE MODEL

The first machine model used at RAND 1is reported in detail in reference
(4). The cloud was sscumed to be a cylinder with a uniform distribution of
activity in the horizontal (Fig. 1) and an cxponential decreasge trom the
base of the cloud uwpward (Fig. 2). ‘This decremse with height was predicated
on the mssumption that the nuwber of active particles per unit mass of air
18 constant in the mushroom. The uniform horizontal distribution is the
most eimple of all possible digtributions. The distribution of activity
with particle size is bascd on a distribution which reproduced the fallout
pattern of the Jangle Surfacc shot (Fig. 3).

In the model, particles were chosen to represent the failout at every
1000 £t of elevation at the center of the cloud for values of particle size
which divided the activity size distribution into 100 equal intervals. Thus
for each elevation, each particle size represented the same amount of activ—
ity. The turbulent effects were ignored and the ground position of each
particle from each elevation was sssumed to represent the center of a circle
vhose radius was equal to the radius of the staebilized clouwd. The activity
at & point was calculated by adding the contributions from those cireles which
contained the point. This system of calculation is fairly efficient insofar
as machine time 1s concerned; howcver, the method requires a complete recoding
for a change in the model because the meteorology is connected to the geomet—
ric and particle-size paramctera through tiie cholce of particle sizes to be
used. The new computation scheme should permit variations of some parts of
the model without changing others.

Another feature of the first computation scheme was the incorporation

of the decay scheme into the proccdure. The activity was sassumed to decay
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(As used in the first RAND machine model)
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with the t—l'a law, and the results were transformed to dose rates and inte—

grated doses. While this acheme worked well for fission devices, the vari-—

ability introduced by clean and nalted weapons makes 1t important to separate

the radiological effects from the calculations of particle deposition.
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III.  THE MM MODEL

A, General

In ordnr to insure flexibility in the new method of computing fallout,*
the problem was separated into thrce component parts. The first part, called
the metecorological part, is the determination of the positions on the ground
of a fixed eset of particles starting from fixed heighte in the atmosphere.
There are only two sets of the bagsic variables introduced in this section
of the computations, 1./ , the fall speed and the velocity of the wind.
The second sectlon, which 1s rcferred to s the geometric part, is a method
fur deiLermining e surisaes Gensiiy ss o Tusction i o ivy vl Lhe pila—
bilized cloud, using the ground distribution of particles. This section
involves the distribution of activity with heipht, radius, and particle
size. The third part, which is called the radiological part, deals with the
analysis of the radiation dosares that are received from the distribution
of activity on the ground. Duc to the varieble nature of the radilological
products no attempt will be made, in this model, to compute radiological

effects on the ground.

B« The Meteorologic Calculations

The ground position of a particle falling with a velocity w(r,h) through

a wind field W(x,y,h,t) is given by

H
G635 153 Hp
ID ) w({r,h) o
o}

»*
In contrast to the first model which was run on the IBM-702, the second
mcdel was programmed for and run on the IBM-/O4 with an augmented memory .
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For numerilcal work this can be expreased as & sum and divided into two com-

ponent parts

m
< 3 \_ in(x; v h,t) A
) w, (r,h) 1
y 1
i-0
m
v \ chi(x:y;h;t) A
S
/ 1 r,h i

1:-0
The fall velocitles are computed by the asrodynamic methods outlined

(1)

in the referances mentioned. A deteriled annlysis of the problem of

fon

1all velocities will be the subject ot another report.‘ul It is sufiicient
here to state that aerodynamic rates for spheres hsve hemn (iged in seccordance
with the results of the experimenta reported in reference (5). The values

of the fall speeds are presented in Fig. k.

It has been shown(h)(7) that the time and space variations of the wind
are important in predicting fallout, and therefore the model must be able to
account for time and space varlations. The wind field is really a three—
dimensional vector field which is continuous in time and space, To properly
take this into account, continuous functions should be used. Unfortumately
measurements of the wind fiecld give discrete values of the horizontal compo~
nent at discrete times. The vertical component cannot be directly messured
by any instrument, but it is known to be small compared to the horizontal
commomsinie fue vorvicual cowponent will be neglected because 1t cannot, with
current techniques, be calculated with sufficient accuracy.

The cast-west and north—south components of the horizontal wind ean be
meagured and will be used separately. Thus, if Va represents one of these

components, 1t can be measwred at disecrete Intervals of space and time. In
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order to estimate the wind affecting the particle at any point and at any
instant, a four dimensionsal linear interpolation scheme will be used.
Suppose at time t, the particle is at a height H, at the position 1}.
let v(xijlm represent the velocity component in the a direction at the point
13, the height k, and the time n. If there are thrce points where the wind
18 known at two times and at intervals of 5000 ft, a first interpolation cen

be made in elevation:
H —H
[} —1

cdo-In ¥ H <R Veagin ~ Ve g-1n) (1)

vrrijon =V

The next interpolation 1s for position and is given by
{

Vooo = Va3 * T 2" (ry = ¥2) (Vasz = Veaa) = Oy = ¥3) (Voo = Yy )

+ Y (xl - x}) (VOQE - Vflll) - (xl - xe) (V033 - v(ﬂ_l)

+ X3 (yl - y}) (v(£2 - vfl’ll) - (yl - ya) (V033 - Val_l.)

-

2

+¥5 0g = %) Vgs = V) = (g = x5) (Vepp = "an)s (2)

where D = (x:L - xe) (y1 - yi) - (x1 - XB) (:,'1 - y2) and "...on" is sasumed
to be added to the subscripts of all the Via.
The final interpolation is in time and is given by

to—t
v +

o 1 (
000—1 t, -t

1 1

Vaooo-1 ~ Vooool) (3)

Vaoooo =
If this is done for both camponents x and y, then the velocity at the posi—
tion of the particle is determined.
With this interpolation process, a particle is started from ground
zers, the wind components arc computed from Egs. (1), (2), and (3). These

winds are multiplied by & thickness Ah and divided by the mean fall velocity
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in the layer; this yiclds a new position (x,y)s The above process is re—
peated with this new pogition and a new change in position is computed.

The process is repanted until the particle reaches the ground. A total of

T500 particle~height combinations are traced to the pround in this manner.

The time required for a ipiven particle to reach the surface from a

given height is also camputed from the formula

Ah
ta = ) WonY (%)

The ground position and time-<down for each particle from each height
is stored on a tape so that the wind system can be used to check variationa

in geometry which might arise fram variations in yield ar burst conditions.

C. Errors in Mcteorolopical Part

It is perhaps worthwhile to form some sort of estimate of the accuracy
which may be obtained in the metcorological part of the problem. In order
to make this estimate a great muny simplifications will be made so that the
egtimates will yield only the order of magnitude of the wind error,

There are severnl major aspumptions which nced to be made in this
analysis:

1. Wind errorc 6(0"56) arc distributed according to a circular

normal distribution with zero mean and a variance of 052 .

2. The variance of the errors is not a function of elevation.

3+ The correlation of crrors is a function only of the separation
between winds and decreases rapidly with heipght difference.

Lk, For the purposcsc of this error analysis only, the fall velo—

cities will be approximated by W = wo(r)enh.
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5« The fall velocities are correct, and no vertical air metion
occurs.
Now the calculated position of a given particle will be its actual po—

sition plus the integral of the error term

™ f(o’aF. N N
@e =g * 5 w(F,h) dn (5)
o]

A~cording to assumption 1, € = o0, and E = o but op must be calculated from

H H ETE)

2 _r -

TT q W(h, ) Wih,) an; dh, (6)
0o o

n

with assumption 2 above thls becames

H H
ug.ogfgmul% (n
o 0

where P10 18 the correlation of errors with height. Now in accordance with
asaumption 3, py, = e—BAh, where B 1s of the order of 1/2. This means that
the correlation is less than 0.1 for separations greater than 5000 feet.
According to assumption 4, W(r,h) = wl(r) eah, vhere the largest values of
a, for 500u particles, is about 0.016. Thus B is an order of magnitudc
greater than n.

Inserting these values in Eg. (7)

O(h)-’——(T C g ;ii:lm:z) dh, dh, (8)

where the subscript r hos been added to the notation for the error variance

to indicate that r is treated as a parameter. By making a change of variables
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t =h —h,
[ hl 4 h?
Eq. (8) becomes
1 CH4t
a2 2 .
1
2 E 5 S -(pt + o)
CET W (D) . ‘ ¢ ds at (9)
o
0 -t
Which, upon integration, become: -~
2 i
g, _ — _
UQE = ’—E‘—‘ 0}11 (1 - (H)”> - '—-B—‘_-(:—a‘-—— (l - € (M)H> (10)
T o (r)
o ( J

Now if B is of the order of 0.9 and a i3 of the order of 0.01, and if H is

(Bl g (B

greater than 10 kilofeect, the terms e are small compared

to 1 and f—~x and £ia are very nenrly cqual to B. Thercefore, for H > 10

kilofeet 2
" g

Py g (L= (11)
’ af w‘(; (r)

Fquation (11) was used to cvalunte the ratio of Ok to 0{ for a few

B
values of r and H in order to provide a mcans of estimating the expected
errors in a fallout pattern. ‘'lhese are shown in Table 1.

Table 1

Ratio of 9 /I_E as o Function of lleipht and Particle Radius

H r (1)

(kf) 2l %) 151 600
10 3,101 SN .23 .003
20 h.160 1.023 .326 ,08h
30 5.000 1.196 379 095
Lo 5.633 1.5 Jiin 105
60 6.578 1.505 6h J1h
8o 71.27° 1.608 g1 118

100 7.88% 1.701 510 .118
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D. Geometric Part

The meteorologic part of the problem provides a method for determining
the ground position of many particles originating on many heipghts over
ground zero. If an additional saswption is mode, namely scme law for the
distribution of particles in the horlzontal, the ground positions of
many particles from many positions in the cloud could be determined. If
a fraction of activity per unit volume per unit particle size can be
assigned as a function of position in the cloud, then it is possible to
determine the fraction per unit area in the fallout pattern.

The first simplification that will be made is to assume that the
distribution 1s redislly symmctric about the ground zero position. A
second simplification is to assume that turbulent diffusion is not
important, so that a particle at a distance R from the ground zero in the
cloud would strike the ground at a distance R from the position of a
particle of the same size originuting over ground zero in the fallout
pattern.

Let A(R,H,r) be the fraction of the device per unit volume per unit
particle size inrthc cloud at stabilization. Since A is & fraction or

proportion

SER

A(R,H,r) dR dH dr de (12)
0 0

[o} b/} 5’1

Since the function of three variables is rather intractable it will also be
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aosumed that
AR H,x) = A (r) A,(H) AB(R) (13)

To determine the surface density, consider an arbitrary point P(xo, yo)
in this fallout pattern, Near this point P there will be found the position

of a particle size ry talling from a height Hl; call this point Bl(xl’ yl)

[
LT B,y
i} N L —

« TN

P (x01Y,) h

With the assumption that the cloud composed of particles of size Ty

is not distorted by turbulence, the particles of size ry from height Hl

that land at P will came from a point R, = 'l/(xl--xo)2 14 (yl—yo)2 distant
from the center of the cloud. ‘The volume concentration due to this
particle size and this height at the point P is therefore given by

Al(rl) AQ(Hl) Aj(Rl)' Now in & similar way the purticle size r; may fall
from a height H2 et the point ﬂg(xo,yg) and have a volume concentration of

A (rp) Ag(,) Ag(R,)

V_R‘L BZ(XYVYZ)

P(Xo.yo)
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Now all of the particles £y from "l to H, will land at P with radii lying

between Ry and R, so that the Intepration of the activities as determined by

1
the products AJ,A.",A’S betwoeen ”l and I, will give the surface density of activ-
ity at P from particles of plze rye A similar argumcnt for another particle
size Ty will yield a surfece density due to particles of size e If the
integration is performed over particle size from ry to T, the result is

the fraction of the device per unit area contributed by all particles be—

2 from heights betwcen }{1 and H’[:" If the integration is ex—
tended over all r and all ¥, the total fraction down at P is obtained. The

tween Ty and r

fractiomrdown per square kilotoot is calcuiated for a set of pre-chosen grid
points P.
It is intcresting to notc that the geometry of the cloud is expressed i
by the two distribution functions Aj(R) and A’J(H)' At larpge distances, I\3
reduces to zero and no contribution is made; this continuous distribution
is contrastcd with the cooky—cutter technique of the first RAND model. The
errors introduccd throush the distribution functions can best be handled by
a variation of paramcter icchniques. Thus several runs may be made using
different "A" functions with the same wind patterns, in order to estimate

the accuracy of the pecometric part.

E. Preliminoxry Estimates of the Distribution Functions

In an attespt to delincate the distribution of the radiocactiviiy in =
stablizied cloud, rockets were shot through some of the Redwing clouds at
T minutes after devcnation. The initial estimates of kiloroentgens per
hour at 7 minutes was published in I‘I‘R——l}Sh.(e) It is hoped that, when
£inal reports are preparcd, all of the data will be useful. Until such

time, the Zuni data will be usced to obtain a prelimlnary estimate of the
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distributions.

The Zunil vockets passed very nearly over pround zero and therefore were
assumed to represent a vertical plane through the diameter of the cloud. In
order to further simplify the problem circular symmetry about ground zero
will be asgumed. The data were then plotted at the appropriate height and
distance from Xround zero and smooth contours of the reported rocket read—
ings were drawn (Fig. 5).

From the smoothed contowrs, the total activity in the cloud was computed
by a numerical integration. From the total activity and the smooth contours,
the fraction of activity per cubic kiloloot was cumuted a8 a funetion of
height and radial distance is chown in Table 2.

The estimate of AQ(H) was chosen as the marginal distribution which is
obtained from the numerical intcgration of R A(R,H) dR at several different
heights. This distribution 1o shown in Fig. (6). The estimate of AE(R)
was chosen as the integration of A(R,H) dH for several different values of
R. Figure (7) shows this distribution.

The distribution of activity with particle size was chosen as the
distribution prescnted in reference (1). Accumulative distribution was
plotted; points were reod from the cumdative function; and numerical differ—
entiation was used to determine values of Al(r). Since this is a badly
skewed distribution, it is convenient to use as & variable 1n{r) instead of r.

Figure (8) shows the activity as a function of size for this distribution.
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Fig.5—Results of Zuni rocket measurements (a)
at 7min with subjective isopleths
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1IV. _DISCUSSION

The initial test of the model, which will be referred to ag "run 1,"
wag made with the Castle-Bravo wind data taken from Dean and Olmstead. The
details are presented in the Appendix.

The ground position of a few selected particles, which were read from
the results of the meteorological part of the computation, are shown in
Fig. (9), which also shows the circular standard errors, derived from the
discugsion of meteorological crrors, with the assumption of an error stan—
dard deviation, o, , equal to 5 knots. It appcars, from this figure, that
random errors of this magnitude will not produce large errors in the orien—
tation and general confipguration of the pattern. It does seem reasonsble
to assume, however, that this type of error may cause a considerable error
in the fraction of fallout at same point near the boundary of the fallout
arca. It must be emphasized that these wind error estimates do not include
any gross error in defining the vector wind ficld.

Several variations of the activity functions were tried with the basie
wind pattern of run 1. The purpose of these celculations was to make some
qualitative estimates of the effect of changing the distribution functions.
The details of these calculations are given in the Appendix and are referred
to as run la, 1b, etc, The inferences which may be drawn from en inspection
and comparison of the results of the calculations will be taken up im order,

The difference between runs la and 1b was only in the Al(r) function.
The function used in 1b wos & log-normal distribution with the same mean
and standard deviation as the distribution shown in Fig., (6). The differ—
ence between the patterns is not striking. The 1b pattern is not as intense

at the hot spot as the lo pattern, but this was cxpected since the 1b pattern
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Fig 9—Ground position and circular standard errors of selected particles
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had less material concentrated near the mean.

A camparison of rung u and b shows several interesting facts. The
largest change is about 30 per cent at the point of maximum deposition in
both of the patterns. The log-normal distribution of run 1b has fewer par—
ticles in the size below 55u than does the RAND distribution of run la.

The distribution used in run lb also shows a higher close—in value than
does the run la, indicating too much activity on larger particles.,

A comparison of both of these runs with the fragmentary data of the
Castle—Bravo chot brings two facts to light. The first point is that both
the la and 1b distributions show far too larpe a fraction on the islands of
the Bikini Atoll. The sccond point is that values are low in the northern
part of Rongelap.

These crrors may be due to an incorrect wind analysis, but they could
also be explained by a set of incorrect distribution functions. In any
event, the relatively slight change in the patterns between an empirical.
distribution and a mathematical model seems to be slight. This suggests
that an attempt could be made to fit the best pogsible log-normal, or any
other ugeful function, to the existing datu.

Runs lc and 1d were made to note the comparicon of the old model with the
new. Run lc was the mushroom portion, and run 1ld was the stem; together
they reproduce a pattern with esgentially the seme assumptions as the old
RAND model. ‘The pattern for run lc, the mushroom portion, again shows re—
latively slight differcences from runs la and 1b. 'The addition of the stem
materisl from run 1ld mokes little change in the pattern. The greatest con—
tribution from the stem is near ground zero, which is already too high, and

near the perimeter of the pattern where the uwncertainty is grestest.
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A rather drastic change in the distribution of activity with size was
made in run le, The amount of activity on particles greater than 95u radius
was halved, and this excess was added to the particles between 35y and 65u
in radivag, This run ured the game spatial distribution &s runs la and 1lb.
The "hotepot” for run le was moved far away fram ground zero and was reduced

in intensity.
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V. CONCILUETONS

Since the observations on Castle-Bravo were fragmentary, there is no
useful purpose to be served by continuing variation of parameters on the
set of winds fram this shot. The work done has proven the feasibility of
the approach and has verifled the accuracy of the model within the limits
o1 the avallable data. 1t is believed that the next set of data processed
can procced ou the assumptions that:

l. small changes in the distribution functions will produce only
negligible changes in the pattern;
2. the wind patterns are sutficiently accurate to put limits on
the possible distribution functions;
3. the gross effeccts of the fallout from large—yield shots are
not affected by stem material.
It may be inferred that most of the material is lodged on particles in a
very narrow range of sizes and that 1t is concentrated into a very narrow
range of heights at the time of stabilization.
The next set of runs will be made on the Zuni shot of Operation Redwing.

An attempt will be made to adjust the distribution functions so as to pro-

duce calculated values of the fractiomdosm which are within the range of |
error measurement at those stations for which adequate measurements sre
availlable. This then will be assumed to be the optimum model, and the errors |

of this model will be assumed to be a minimum for fallout caleulations.
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APPENDIX

A.  METFOROLOGICAL. DATA

Run 1 refers to thane Taiiout coleowlatdane thot were hoced on the winde
at the time of the Castle—Bravo eovent. The winds were rend from the Dean
and Ohmstead charts at 8 locations. Table Al gives these locations in terms
of N8 and E-¥ distances from ground zero. It was necessary to insure that
there were no three points which could be simultancously colinear and closest
to the falling particle, becausc this situation would invelidate the interpo—
lation functions. The winds were read at two ad 25 hvurs
and —-15.75 bowrs from H hour). For times longer than 8,25 hours the wind
was assumed to be invariant with time. Table A2 lists the winds at the

eight points at two different times.

Table Al

Positions of Points, Relative to Ground Zero,
Where Wind Information was a Machine Input

Point Distance Fast (n mi) Distance North (n mi)
A ~ 1k 50
B 136 50
c 286 100
D 436 50
E - 1k -100
F 136 ~100
G 286 -~ 50
H 436 -100
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B. GEOMIMRIC DATA

Run la

to the yleld of the Castle-Bravo cvent, 1t is necessary to spread the debris
over a leager reglon of space. Since the iInteprals of the A funetions muet
equal 1, the actunl activities must be reduced accordingly. According to

Kellogg(lo)

the clouwl diameter of a 3.5 MP device is8 ~20 n md and a 15 MT
device ia~ 29 n mi. Since the Zuni distribution of AB(R) reduced to nearly
zero at ~ 17 n mi (sece Fig. 8), it was scaled up to ~24 n mi for the Castle-
Bravo shot., The activity A3 was therefore reduced, In a similar way the
height of the cloud was increased, and the activity fraction A2 was decreaged.
All of the values of A were tabulated to such a degree that linear
interpolation caused less than 1 per cent in the difference between the
curves and the interpolated values. The tabulated distribution functions
are shown in Table A3.
The machine output gives the fraction of device per square kilofoot
at a number of pre-chosen points. The results of this caleulation for

run la are snown in Fig. Al. The isopleths that are drawn on Fig., 9, are

subjective estimates of the lincs of equal fraction down.

Run_1b

The conditions for run Jh are the same as for run la except for the
distrivution of activity with particle size. The distribution used in
run 1b is the log-normal distribution with the same mean and standard devie—
tion as the distribution in run la. Table Ah shows the values of Al(r) as

& function of r und also the differcnces between Al(r) for run la and Al(r)
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Activity Funclion for Run la
R (k) INEY ) Alw)] Ram) ARY x 10
0 ) Q.5 0.15 0 o2
.0002h 1.0 0.2 822 .138
10 00068 15.0 0.33 1.6k5 A7h
15 .001ko 20.0 0.hl 2,407 211
20 .00240 2h,0 0.05 3,289 200
25 00376 31.0 0-93 h,112 .316
30 <005hh 38.0 1.19 b.93k 385
39 00700 9.0 1.37 5757 U456
ko .010h0 60.0 1.42 6.579 .688
45 L01LGh 7.5 1.k 7.401 an
50 .02200 95.0 0.08 8.024 195
55 +03560 123.0 0.43 9.046 372
60 0490k 151.0 0.27 9.868 .303
65 03624 195.0 0.19 10.691 .252
T0 .00280 239.0 0.20 11.513 .218
75 01456 309.0 0.16 12,336 .191
8o .00976 379.0 0.11 13.158 .169
85 .00632 489.0 0.06 13.9680 .151
90 .0038h 600.0 0 14.803 131
95 .00208 15.625 J17
100 .00128 16447 102
17.270 .089
18.092 .076
18.91h 065
19.937 -054
20.559 bl
21.382 <033
22,20k .023
23,026 »01h
23.8h9 .005
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for run 1b., Figure A2 shows the fallout computation for run 1b with iso-

pleths subjectively drawn,

Table Al

Al(r) for Run 1b as a Function of (r),

and the Difference between "\l ter hun 1o ond ."1 for Hun ih

b a b
Index r Al(r) A= A

1 9.5 280 —.13

6 12.25 .380 -.15
11 15.0 +520 -.19
16 20.0 .Oh8 —.2h
21 24,0 767 -.11
26 31.0 865 07
31 38.0 .918 .21
36 k9,0 526 Julh
L1 60.0 .883 5k
46 7.5 800 .61
51 35.0 .85 .00
56 123.0 <559 =.13
61 151.0 427 -.16
66 195.0 .310 -.12
TL 239.0 21N —.01
T6 309.0 110 .02
81 379.0 .086 .02
86 489.0 051 01
91 600.0 .028 .03

Run lc

In order to be mble to check the effect of the A(R) and A(H) distridbu—
tions a model was set up which was similar to the model.discussed in
reference (1). The exponentinl decrecase with height was assumed for the
mughroom and the invariant distribution with R was retaincd. However 97
per cent of the activity was put into the mushroom, instead of 90 per cent
a5 in the earlier modcl, and the remaining 3 per cent was used to make up
run 1ld. The input values are shown in Table AS and the final pattern is

shown in Fig. (A3).
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Activity Distribution for Run le

r Al(r) R A',)(u) h A2(H)
9.5  0.1455 0 3.513x10 ?_ 0 0
10,08 0 DEOR oo S 51%e1n 2 5 0
15.0  0.%0L | .64  3.513a0 7 | 10 0
20.0 0.3977 2467 3.513x10 0 15 o}
2.0 0.6h02 | 2067 351300 | 20 0
31,0 0.90°1 26T 3.51%:0 0 25 0
38.0 1.15i3 2AGT  3.513x10 0 30 0
49.0 1.3289 DUGT 351310 2 75 0
60.0 1.377h 20T 3. S17:10 7 40 v
T7.5  1.36T7 | 2.867  3.513x10 2 L5 )
95.0  0.6596 | 2467 3.513x10° | 50 )
123.0  0.M1TL | 2.467  3.513x10° | S5 0.00560
151.0  0.2619 | 2467  3.51307° | 60 0.04394
195.0  0.1843 | 2067  3.513x10° | 65 0.03472
239.0  0.1950 | 19.737  3.513x10° | 7o 0.02743
309.0  0.1552 | 20.557 0 15 0.02167
379.0 0.1067 20,557 0 8o 0.01712
489,0 0.0582 20.557 0 85 0.01353
600.0 0 20.557 0 90 0.01069
23.849 0 95 0.0084
100 0.0067

Run l1d

This run was merely the stem portion of run le. The total fraction
placed in the stem was only 3 per ceni, und the addition of this fallout to
run lc made only minor changes in the pattern. In order to get the gross
effects of the fallout, it appcars unnccescary to be concerned with the
stem. In fact even this small amount of stem fallout secmed to increase the

error in the pattern in those arcas wherein it was detectablae.
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Run le

This computation was desipned to mike a more radical chance in tho
distribution function in order to produce a greater change in the pattern.
Bince the previcus attempts indicated that there was too much debrias tno
close to ground zero, the activity on the larger particles was drastically
reduced. The activity size distribution of run le is shown in Table A6 and
the resulting pattern 1as shown 4n Fig. (Ahk). It may be noted that the
activity 1s spread further downrwind than in the other runs, although the

maximum has been considerably lowered.

Table AG

The Function Al(r) for Run le

Index r A (r)
1 9.5 0.1
6 12.25 0.2h

11 15.0 0.33
16 20.0 0.4l
21 2h.0 0.66
26 31.0 0.93
31 38.0 1.59
36 49.0 1.77
k1 00.0 1.56
,&6 77.5 1031
51 95.0 0.3k
56 12%.0 0.22
61 151.0 0.13
66 19%.0 0.10
el 239.0 0.09
76 309.0 0.08
81 519.0 0.05
86 489.0 0.03
91 600.0 0
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