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SIJNIIARY

This paper presents a new model for the machine calculation of

fallout patterns. The model is divided into three parts: (1) meteorologi-

cal, which .o rlders wind velocity and the fall vtflucity of the particles;

(2) geometric, which considers distribution of activity on particles in

the cloud as a function of height and particle size; and (3) radiological

which considers the radiation doses of particles on the ground. The use

of the model is illustrated, and the changes in the model that will pro-

vide an optimum model (currently beingr developed) are dirnnp d

ATOMIC ENERiGY AGI i'i,
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NOT... I i .........

A new model for the machine calculation of faLlout dencribed in this Research
Memorandum in the latest result of research which began at RAND in 1952. An
earlier model. to explain the observed facto of radioactive fallout was described
in other publications (1M-1855, BM-1371, R-465-AEC, and R-309 ). The present
Research Memorandum describes a new and more flexible computational model to
investigate the effect of variations of input data and to discover the effect
of parameters. The model is divided into three parts: meteorological, geo-
metric, and radiological.

The initial test of the model was made with the fragmentary Castle-Bravo
wind data. The feasibility of the approach ban 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 that:

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

2. the wind patterns are sufficiently accurate 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 heights at the time of stabilization.

NOTE: This Research Memorandum is classified SECRET-RESTRIC IED DATA. This
In Brief is classified SECRET and does not contain any RESTRICTED DATA.
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I. TIBODUCTION

The process of developing a model that will adequately explain the

observed facts of radioactive fallout wan begun at RAND in the fall of 1952.

The p4yil1 p, uetmu dse6ribcd En :-cfcrcncc (1) -s the result of those

early investigations. The simple mathemntical model (1 ) and the subsequent

work of other investigators(2) served to confirm the validity of the approach

to the problem. Procedure6 were devised for hand computation (3) and machine

computatien(4 ) which further confirmed the basic principles but also served

to show that there were deficiencies in the input data. To investigate

adequately the effect of variations of input data and to discover the effect

of variation of paramntern a new, more flexible computational model was

needed. This report deals with the development of such a model.

Before presenting the development of the new model it may be profitable

to review briefly the physical concepts and the first machine model. To

describe the phenomenon of fallout, wu must begin w1th the nuclear detona-

tion. ..M , m.in . -c-'t- o nf a detonation of this type is a

tremendous release of energy almost instantaneously and within a very small

space. This release of ener-W creates a hot bubble of air which rises be--

cause of its bouyancy. The characteristic mushroom-shaped cloud associated

with nuclear explosions is formed by water vapor condensed as a result of

vertical lifting. The temperature gradient between the hot bubble and the

surrounding atmosphere causes a strong toroidal circulation.

Fission fragments, together with any other debris mixed into the fire-

ball at an early stage, are carried aloft, and as the cloud rises same of

the material may be left behind, forming a wake or stem. 'he cloud will

stop rising when the energ~r available to lift it has dissipated. At this time

SECRET
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(from 4 to 6 minutes), which Is referred to as the time of stabilization,

the spatial distribution of the radioactivity 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 induced activity.

Radioactive particles may be formed by condensation of vaporized material

or by the coalescence of fission products with solid or liquid earth parti-

cles. The size of the particles is determined largely by the initial con-

ditions of the burst; if little solid material is taken into the cloud, the

nat1'ln -411 An .11 14t.-1A1,.z; .. Z..:I a-------------a

detonated on or near the surface, many tons of earth will be swept into the

cloud, and a sizeable fraction of the fission products will be contained in

large particles. The size of the particles containing radioactive elements

has an important bearing on the fallout problem. The radioactivity 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

periodas of trwet Another of the initial conditions required in the fallout

model, therefore, is the distribution of activity with particle size within

the stabilized cloud.

Given the stabilized cloud and the associated 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 aerodynamic law nf -rll which takes into

account, by means of drag coefficients, inertial as well as viscous forces

was used.

As the particles start to fall through the atmosphere, they will be

SECRET
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carried by the wind. There are a great many wind effects which have to be

taken into account. First, the whole cloud will be moved bodily by the mean

wind at the cloud level. At the same time, there will be shearing effects

due to the variation of the wind with altitude, and there will be turbulent

effects, small scale eddies, which will tend to spread and tear the cloud.

The necessary elements of a fallout model may be summarized:

1. Distribution of activity with space

2. Distribution of activdty with particle size

3. Fall velocity

4. Wind structure

SECRET
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II. FIRT MACHINE MODI

The first machine model used at RAND is reported in detail in reference

(4). The cloud was assumed to be a cylinder with a uniform distribution of

activity in the horizontal (Fig. 1) and an exponential decrease from the

base of the cloud upward (Fig. 2). This decrease with height was predicated

on the assumption that the number of active particles per unit mass of air

is constant in the mushroom. The uniform horizontal distribution is Lhe

most simple of all poseible distributions. The distribution of activity

with particle size is based on a distribution which reproduced the fallout

pattern of the Jangle Surface shot (Fig. 3).

In the model, particles were chosen to represent the fallout at eoczy

1000 ft 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 assumed to represent the center of a circle

whose radius was equal to the radius of the stabilized cloti. The activity

at a point was calculated by adding the contributions from those circles which

contained the point. This system of calculation is fairly efficient insofar

as machine time is concerned; however, the method requires a complete recoding

for a change in the model because the meteorology is connected to the geomet-

ric and particle-size parameters through the choice of particle sizes to be

used. The new computation scheme should permit variations of sme parts of

the model without changing others.

Another feature of the first computation scheme was the incorporation

of the decay scheme into the procedure. The activity was assumed to decay

SECRET
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Fig. I - Assumed geometry of a cloud resulting
from a large-yield nuclear detonation

(As used in the first RAND machine model)
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Vith the t - 1_ 2 law, and the results were transformed to dose rates and inte-

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

ability introduced by clean mid salted weapons makes it important to separate

the radiological effects from the calculations of particle deposition.
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III. TMlE ?I,'MODFMJ

A. General

In order to insure flexibilit, in the new method of computing fallout,

the problem was separated into three component parts. The first part, called

the meteorological part, is the determination of the positions on the ground

of a fixed set of particles starting from fixed heights in the atmosphere.

There are only two sets of the basic variables introduced in thin section

of the computations, i., , the fall speed and the velocity of the wind.

The second section, which is referred to as the geometric part, is a method

fur tlLetrr'-iINL I-r.M F4ilT-i lt, (1Hl iv e i";bjO t s.stac:.b "K LJ±U

bilized cloud, using the ground distribution of particles. This section

involves the distribution of activity with height, radius, and particle

size. The third part, which is called the radiological part, deals wtth the

analysis of the radiation dosages that are received from the distribution

of activity on the ground. Due to the variable nature of the radiological

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 \V(x,y,h,t) is given by

H

ID - \(x,h,t) (11ID w(r,h)

0

In contrast to the first model which was run on the IBM-702, the second
model was programmed for and run on the IBM-(04 with an augmented memory.
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For numerical work thia can be expresfed as r sum and divided into two car-

ponent parts

m viiYht) Mm-- V xi ( x , y , h , t
x w (r,h) Ah i

i-x

1:n

Zvj(x'y'h't)

The fall velocities are cmputed by the aerodrnamic methods outlined

in the references mentioned.(I) A detailed analysis of the problem of

il velocities will be the subject or another report."' It is sufficient

here to state that aerodynamic rates for spheres have bi-n cwed in accordance

with the results of the experiments reported in reference (5). The values

of the fall speeds are presented in Fig. 4.

It has been shown (4) ( 7 ) that the time and space variations of the wind

are inportant in predicting fallout, and therefore the model must be able to

account for time and space variations. The wind field is really a thre#-

dimensional vector field which is continuous in time and space. To properly

take this into account, continuous functions should be used. Unfortunately

measurements of the wind field give discrete values of the horizontal compo-

nent at discrete times. The vertical component cannot be directly measured

by any instrument, but it is known to be small compared to the horizontal

-;Imn II,. ii Yt; uic umponunt will be neglected because it cannot, with

current techniques, be calculated with sufficient accuracy.

The east-vest and north--south components of the horizontal wind can be

measured and will be used separately. Thus, if V represents one of these

componnts, it can be measured at discrete intervals of space and time. In

SECRET
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order to estimate the wind affecting the particle at any point and at any

instant, a four dimensional linear interpolation scheme will be used.

Suppose at time t, the particle is at a height H, at the position ij.

Let Vodjk n represent the velocity component in the a direction at the point

ij, the height k, and the time n. If there are three points where the wind

is known at two times and at intervals of 5000 ft, a first interpolation can

be made in elevation:

1 -0
Voijon = vnd_ I -' H ._ -L3 (vrdjl -vcdi_ .)()

The next interpolation is for position and is given by

Vo+ x (Y - Y2 ) (V 33 - V-l) - (Y1 - Y3 ) (V. 2 - Vrln)

+ y (xl - x3) (V,2 -Vr 1 ) - (xl - x2) (Va33 V% )

+ 3 (Yl - Y3) (v2 - V ) - (Yl - Y2) (v.33 -vU)

4Y (xl - x 2 ) (V. 3 3 - V I) - (x - x Y N 2 - 2) (2)

where n = (X1 - X2 ) (y 1 - y 3 ) - (xl - x) ('i - y 2 ) and "...on" is assumed

to be added to the subscripts of all the V's.

The final interpolation is in time and is given by

to0 - )(
Vnoo000 =-V 0  t1 + t- 1  (VM.o- 1 - VCO00 I )  (3)

If this is done for both components 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

zero, the wind components arc computed from Eqs. (1), (2), and (3). These

winds are multiplied by a thickness Ah and divided by the mean fal velocity
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in the layer; this yields a new porltion (xy). The above process is re-

peated with this new position and a new change in position is computed.

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

7500 particle-height combinatons are traced to the ground in this manner.

The time required for a g'iven particle to reach the surface from a

given height is also computed from the formula

td > A ~

The ground position and time--own for each particle from each height

is stored on a tape so that the wind system can be uned to check variatinnn

in geometry which might arise from variations in yield or burst conditions.

C. Errors in Meteorological Part

It is perhaps worthwhile to form some sort of estimate of the accuracy

which may be obtained in the meteorological part of the problem. In order

to make this estimaLe a great many simplifications will be made so that the

estimates will yield only the order of magnitude of the wind error.

There are several major assumptions which need to be made in this

analysis:

1. Wind errors ((ea.) are distributed according to a circular

2normal distribution with zero mean and a variance of 06.

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

3. The correlation of errors is a function only of the separation

between winds and decreases rapidly with height difference.

4 For the purposes of this error analysis only, the fall velo-

cities will be approximated by W - W0(r)e
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5. The fall velocitic are correct, and no vertical air motion

occurs.

Now the calculated position of a given particle will be its actual po-

sition plus the integral of the error term
H

" (o,0)

11}a + w(r,h) (5)
0

A-cording to assumption 1, = o, and E o but aE must be calculated from

H H

2 r1 ' 2 (6

0 0

with assumption 2 above this becowes

2 2 H H P12 (_)
a E j ) (hl) W1 2) dh'l dh 2 (7)

0 0

where 012 is the correlation of errors with height. Now in accordance with

assumption 3, o12 - e-f \h, where 0 is of the order of 1/2. This means that

the correlation is less than 0.1 for separations greater than 5000 feet.

According to assumtion 4, W(r,h) = Wl(r) e , where the largest values of

a, for 500P particles, ic about 0.016. Thus 0 is an order of magnitudc

greater than Cr.

Inserting these values in Eq. (7)
2 H H

2 a (2 e_(hl -h 2 )
rt W(T ) Y S eo e_ eabd 2 (8)

0 0

where the subscript r has 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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n =h 4 11,

11

Eq. (8) bccomes
t 2114t

2 _ E -(Pt f a
"rE W , t do at (9)0 -t

Which, upon integration, become!;

WrE " (r) . 4 a
0 J

Now if 0 is of the order of 0.5 and ,T is of the order of 0.01, and if H is

greater than 10 kilofect, the term s e-( )H and e- (f'Q )" are small compared

to 1 and - and 13 i are very nea-ly equal to f3. Therefore, for H > 10

kilofeet 2
(1 -O e2oflj(11

,o W' (r)

Equation (11) was us3ed to evaluate the ratio of arE to o for a few

values of r and H in order to Provide a mcans of estimnating the expected

errors in a fallout pattern. These nr-e hown in Table 1.

Table 1

Ratio of arE. as a Function of Height and Particle Radius

H_

10 3.101 .7)47 .243 .003

20 h.160 1.023 .326 '08)

30 5.000 1.196 .375 .095
ho 5.633 1.321 .)112 .105

60 6.578 1.506 .h6J, .ll

80 7.272 i.'28 .191 .i1i

100 7.883 1.7o1 .512 .118
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D. Geometric Part

The meteorologic part of the problem provides a method for determining

the ground position of nmay particleu originating on many heights over

ground zero. If an nddltonnpl "Osit It[on ic madc, namely sc= la; for the

distribution of particles in the horizontal, the ground positions of

many particles from many positiono 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 is radially Gyt--ctric about the ground zero posltion. 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 orilginaLing 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 in the cloud at stabilization. Since A is a fraction or

proportion

Z?r 1
rL rz Max  ] x max

1= S § 5 A(H,Hr) dR d~l dr do (12)

0 0 0 0

Since the function of three variables is rather intractable it will also be
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assumed that

A(R,11,r) = Al(r) A2(H) A3 (R) (13)

To determine the surface density, consider an arbitrary point P(x 0 ) yO)

in this fallout pattern. Near this point P there vil he found ±hp position

of a particle size rl, fallin:< from a height Tiy call this point Bl(xl, yl)

8, ,(x,,y,)
(X ... . . H :

'P ( X0o, YO)\

With the assumption that the cloud composed of particles of size r I

is not distorted by turbulence, the p.articles of size rI from height H1

that land at P vill come from a point H1 (Xi-X 4 (yl-Yo) 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) A2 (11l) A3 (R 1 ). Now in a similar way the particle size rl may fall

from a height H2 at the point D2 (x2,Y2 ) and have a volume concentration of

A (rl) A2 (H2 ) A (R 2 )

,(x , y ) H,

B2 (x, Y2 )
R2 H,

P (x ,0'O)
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Now all of the particles rI from HI to H, will land at P with radii lying

between R1 and H2 so that the Inte:'xation of the activities as determined by

the products A AA betwten I and 1,, will give the surface density of activ-

ity at P from particles of lze r V A similar argument for another particle

si7.c r 2 will. yield a surfec, density due to particles of size r 2 . If the

integration is performed over particle size from r I to r 2 , the result is

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

tween r 1and r 2 from heights between H1 and H2 . If the Integration is ex-

tended over all r and all !!, the total fraction down at P is obtained. The

fractorr-down per square kilofoot is calculated or a net of pre-chosen grid

points P.

It is interesting to note that the geometry of the cloud is expressed

by the two distribution functions A3 (R) and A2((H). At large distances, A3

reduces to zero and no contribution is made; this continuous distribution

is contrasted with the cooky-cutter technique of the first RAND model. The

errors introduced throug-h the distribution functions can best be handled by

a variation of parturcter techniques. Thus several runs may be made using

different "A" functions with the same wind patterns, in order to estimate

the accuracy of the geoctrie part.

E. Preliminary Estimates of the Distribution Functions

In an attenipt to delineate the distribution of the radioactivity in a

atablizied cloud, rockets were shot through somse of the Redwing clouds at

7 minutes after deeonation. The initial estimates of kiloroentgens per

hour at 7 minutes was published in ITR-1354.(8) It is hoped that, when

final reports are prepared, all of the data will be useful. Until such

time, the Zuni data will be used to obtain a preliminary estimate of the
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ditribut lonn.

The , uni rockets pLta ine very nearly over ground zero and therefore were

aesumd to represent a vertical piano throu.,h the diameter of the cloud. In

order to further aimplify the problem circular synmetry about ground zero

will be astumed. The data were then plotted at the appropriate height and

distance from kround zero and smooth contours of the reported rocket read-

ings were drawn (Fig. 5)-

From the smoothed contourtd, 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 cuoic xlloroot was c, 'puted as a f +lo "f

height and radial distance is ohown in Table 2.

The estimate of A/,(H) was chosen as the marginal distribution which is

obtained from the numerical integration of Rl A(R,-t) dR at several different

heights. This distribution is shown in Fig. (6). The estimate of A3(R)

was chosen as the integration of A(R,H) dIH for several different values of

R. Figure (7) shows this distribution.

The distribution of activity with particle size was chosen as the

distribution presented in reference (1). Accumulative distribution was

plotted; points were read from the cumulative function; and numerical differ-

entiation was used to determine values of Al(r). Since this iu a badly

skewed distribution, it is convenient to use as a variable in(r) instead of r.

Figure (8) shows the activity as a function of size for this distribution.
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Fig.6--Smoothed distribution of activity with

height from Zuni rocket data
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-IV.- DISCUSSION

The initial test of the model, which will be referred to as "run 1,"

was made with the Castle-Dravo wind data taken from Dean and Ohmstead. 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 coputation, are shown in

Fig. (9), which also shows the circular standard errors, derived from the

discussion of meteorological errors, with the assumption of an error stan-

dard deviation, a. , equal to 5 knots. It appears, from this figure, that

random errors of this magnitude wiLL not produce large errors in the orien-

tation and general configuration of the pattern. It does seem reasonable

to assune, however, that this type of error may cause a considerable error

in the fraction of fallout at some point near the boundary of the fallout

area. It must be emphasized that these wind error estimates do not include

any gross error in defining the vector wind field.

Several variations of the activity functions were tried with the basic

wind pattern of run 1. The purpose of these calculations 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, lb, etc. The inferences which may be drawn from an inspection

and comparison of the results of the calculations will be taken up in order.

The difference between runs la and lb was only in the A(r) function.

The function used in lb was a lo.-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 lb pattern is not as intense

at the hot spot as the In vattrn, but this was expected since tlhe lb pattern
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had lens material. concentrated near the mean.

A comparison of runs a 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 lb has fewer par-

ticles in the size below 551L 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 shot brings two facto to light. The first point is that both

the la and lb distributions show far too large a fraction on the islands of

the Bikini Atoll. The second point is that values are low in the northern

part of Rongelap.

These errors 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 possible log-normal, or any

other useful function, to the existing data.

Runs le and ld were made to note the comparison of the old model with the

new. Run lc was the mushroom portion, and run ld was the stem; together

they reproduce a pattern with essentially the same assumptions as the old

RAND model. The pattern for run lc, the mushroom portion, again shows re-

latively slight differences from runs la and lb. The addition of the stem

material from run Id makes 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 uncertainty is greatest.
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A rather drastic change in the distribution of activity vith size was

made in run Is. The amount of activity on particles greater than 95p radius

was halved, and this excess vas added to the particles between 35P and 65P

In radiu This rn tie-i the ef-me spatial d1btribution as runs la and lb.

The "hotspot" for run le was moved far away from ground zero and was reduced

in intensity.
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V. CON(IJU TON

Since the observations on Cactl(-Bravo were fragmentary, there is no

useful. purpose to be served by continuing variation of parameters on the

set of winds from this shot. The work done has proven the feasibility of

the approach and has verified the accuracy of the model within the limits

oi the aval-Laule data. it is believed that the next set of data processed

can proceed on the anoutmtions that:

1. small changes in the distribution functions will produce only

negligible changes in the pattern;

2. the wind patterns are sufficiently accurate to put limits on

the possible distribution fimetio n;

3. the gross effects of the fallout from large-yield shots are

not affected by stem material.

It may be inferred that moot of the material is lodgcd on particles in a

very narrow range of sizes and that it 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 fraction-down which are within the range of

error measurement at those stations for which adequate measurements are

available. 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 calculations.
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APPENDIX

A. I.DPROLOGICAL DATA

Run 1 refers to 1-hnon fql -i t . 1 r bc on the ,4_,a.

at the time of the Castle-Bravo 2vent. The zinds -erc read from the Dean

and Obmatead charts at 8 locations. Table Al gives these locations in terms

of N-6 and E-W distances from ground zero. It was necessary to insure that

there were no three points which could be simultaneously colinear and closest

to the fulling particle, because this situation would invalidate the interpo-

lation functions. The winds were L-ui at two different ti.e.. (.. UU

and -15.75 hours from H hour). For times ionger 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 Kast (n ml) Distance North (n ml)

A -- l 50

B 13( 50

C 286 100

D 436 50

F - 14 -100

F 136 -100

G 286 - 50

H 436 -100
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B. GEOMIOTRIC DATA

Run la

Tn cinder to ad',AuVt the i7n~ti dit-bLu uctosA a .t

to the yield of the Castle-Bravo event, it is necessary to spread the debris

over a larger region of space. Since the integjrals of the A functions must

equal 1, the actual activities must be reduced accordingly. According to

Kellogg(10) the cloul diameter of a 3.5 HP device is -- 20 n mi and a 15 MT

device is - 29 n mi. Since tho Zuni distribution of A3(R) reduced to nearly

zero at'-I7 n mi (see Fig. 8), it was scaled up to -214 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 decreased.

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 given the fraction of device per square kilofoot

at a number of pre-chosen points. The results of this c'alculation for

run In are shown in Fig. Al. The isopleths that are drawn on Fig. 9, are

subjective estimates of the lines of equal fraction down.

Run lb

The conditions for run ]b are the same as for run la except for the

distribution of activity with particle size. The distribution used in

run lb is the log-normal distribution with the same mean and standard devia-

tion as the distribution in run la. Table A shows the values of Al(r) as

a function of r and also the differences between A(r) for run la and Al(r)
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Activity Functlon for Run la

I _________J,_____________Atin __Ix_10

n o 0.15 0 .102

5 .00024 12.25 0.24 .822 .138
10 .00068 ].5.0 0.33 1.645 .174

15 .O01hO 20.0 0.41 2.h67 .211
20 .00240 24.0 O. 6 5.289 .260
25 .o376 3!o 0*93 4.112 .316

30 .00544 38.0 1.19 4.934 .385

55 .00760 49.0 1.37 5.757 .456
40 .OlO4O 6o.o 1.42 6.579 .688
45 .01464 77.5 1.41 7.4ol .764
50 .02200 95.0 0.68 8.224 .495

55 .03560 123.0 0.43 9.046 .372
60 .04904 151.0 0.27 9.868 .303
65 .03624 195.0 0.19 10.691 .252
70 .0028o 239.0 0.20 11.513 .218
75 .0145(6 309.0 0.16 12.336 .191

80 .00976 379.0 0.11 13.158 .i69
85 .00632 489.0 0.06 13.980 .151
90 .00384 600.0 0 14.803 .131
95 .00208 15.625 .117

100 .00128 16.447 .102

17.270 .089

18.092 076

18.914 .065
19.937 .054

PO.559 .044

21.382 .033

22.04 .023

23.026 .014

23.819 .005
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for run lb. Figure A2 bihow the fallout computation for run lb with iso-

pleths subjectively drawn.

Table A4

Al(r) for Run lb an a Function of (r),

and the, Difference between A1  !. ! A-d A j r 14, - -11,

b a bIndex r A (r) A, - A

1 9.5 .280 -. 136 12.25 .38o -. 15

11 15.0 .520 -.19
i 20.0 .648 -. 24
21 24.0 .-
26 31.0 .865 .07
31 38.0 .918 .21
56 49.u .98 .44
41 60.0 .883 .54
46 77.5 .800 .61
51 5.0 .6-c .00
56 123.0 -559 --.13
61 151.0 .427 -.16
66 195.0 .310 -. 12
71 239.0 .214 -. 01

76 309.0 .14o .02
81 379.0 .o86 .02
86 489.0 .051 .01
91 60o.o .028 .03

Run ic

In order to be able to check the effect of the A(R) and A(H) distribu-

tions a model was set up which was similar to the model discussed in

reference (1). The exponential decrease with height was assumed for the

sx-sbroM' and thr- Invarinint clintributlion with R was retained. However 97

per cent of the activity was put into the mushroom, instead of 90 per cent

as in the earlier model, and the remaining' 3 per cent was used to make up

run Id. The input values arc shown in Table A5 and the final pattern is

shown in Fig. (A3).
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A'IOMIc IN]l 11- AI I 1')-

i'nb] v A5

Activity Disrtribution for Run Ic

r A 1(r) R _____ A,(ll) hA()

9.5 0.11,55 0 3.513xi0 -5 0 0

15.0 0.201 1.61t5 3.513d 0-5  10 0

20.0 0.3977 2.)1t;7 3.513xl 0 15 0

24.0 o.6402 2.1167 3.513x] (0 20 0

31.0 0.9021 2.),67 3.513x10- 5  25 0

38.0 1.1543 2.467 x.515xL0 30 0

49.o 1.3289 2.467 3•513 xl O- 5  55 0
6"0 1.3774* 4o.. 0 ...

77.5 1.3677 2.467 3.513xlO 5  45 0

95.0 o.6596 2.467 3.513x1O-  50 0

123.0 0.11171 2.467 3.513x10- 5  55 0.00560

151.0 0.2619 2.1467 3.513x107
5  60 0.04394

195.0 0.1843 2.°67 3.513x10- 5  65 0.03472

239.0 0.1910 19.737 3.513xlO
5  70 0.02743

309.0 0.1552 20.557 0 75 0.0-167

379.0 0.1067 20.557 0 80 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 0.0o84

100 0.0067

Run Id

This run vas merely the stem portion of run 1c. The total fraction

placed in the stem was only 3 pur cuLn, end Lhe addition of this fallout to

run Ic made only minor chamies in the pattern. In order to get the gross

effects of the fallout, it appenres unnecessary to be concerned with the

stem. In fact even this small amount of sten fallout seemed to increase the

error in the pattern in those areas wherein it was detectable.
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Run le

This ecazutation was desined to m,,kr a more ralical chnnge in tho

distribution function in order to produce a greater change in the pattern.

Since the previous attempts indicated th-at there vns too much debrin ton

close to ground zero, the activity on the larger particles vas drasticall-

reduced. The activity size distribution of run le is shown in Table A6 and

the resulting pattern in shown in Fig. (Ali). It may be noted that the

activity is spread further dowr--wind th n in the other runs, although the

maximum has been considerably loworod.

Table A6

The Ftnction A1 (r) for Run le

Index r Aijr)

1 9.5 o.!5
6 12.25 0.24

U 15.0 0.33
16 20.0 0.k1
21 24.0 0.66
26 31.0 0.93
31 38.0 1.59
36 h9.0 1.77
41 60.0 1.56
46 77.5 1.31
51 95.0 0.34
56 123.0 0.22
61 151.0 0.13
66 195.0 0.10
71 239.0 0.09
76 309.0 0.08
81 59-.0 0.05
86 489.0 0.03
91 600.0 0
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Chief, Bureau of Medicine and Surgery, D/N, Washington 25, D.C., a
ATTN: Special Weapons Defence Division

Chief, Bureau of Ships, D/N, Washington 25, D.C., ATTN, Code 348 2

Chief, Bureau of Yards and Docks, DIN, Wiahingtron 25, D.C., ATN: 1
Code -- 1-O

Chief, Bureau of Supplies and Accounts, D/N, Washington 25, D.C. 1

Chief, Bureau of Aeronautics, DIN, Washington 25, D.C.
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ADDHESSM NO OF CYS

Chief of Naval Research, D/N, Wanhingtou 25, D.C.P A fLN: Code 811 1

President, U.S. Naval War College, Newport, Rhode Island 1

Superintendent, U.S. Naval Postgraduate School, Monterey, California 1

Commanding Officer, U.S. Naval Radiological Defense Lab., 4
SEu Francisco, California, ATTN: Tech Info Division

Commander-in-Chief Pacific, Pearl Harbor, T.H. 1

AIR FORCE

ADDRESSEE NO CF CY8

Asst for Atomic Energy, Sq USAF, Washington 25, D.C,, A N: DCS/O 1

Director of Operations, Pq USAF, Washington 25, D.C., ATTN: 1
Operations Analysis

Director of Plans, Hq USAF, Wash!inton 25, D.C., A'TN: War Plant
Division

Director of Research and Development, DCS/D, Hqs USAF, Washington 25, 1
D.C., ATTN: Combat Components Div

The Surgeon General, }lq USAF, Washington 25, D.C., ATTN: Bio Def 1
Br Pre Med Div

Commander-in-Chief, Pacific Air Forces, APO 953, San Francisco, I
California, ATTN: PFCIE-MB, Base Recovery

Commander-in-Chief, Strategic Air Coirmnand; Offutt AFB, Neb.,
ATTN: Inspector General, Special Weapons Branch, Inspector Div.

Commander Tactical Air Comand, Langley AFB, VA., ATTN: Do1
Security Branch

Research Directorate, Sq Air Force Special Weapons Center, 2
Kirtland AFB, New Mexico, ATTN: Blast EFFS Research

Comnander, Air Research and Development Command, Andrews AFB, 1
Washington 25, D.C., AITN: RDDN
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AFSWP DISTI1B1tPION LIST

AnB FOICF jCON'r' v)

ADDRESSEE NO OF CYS

Director, Air Univeraity Library, Maxwell AFB, Alabama 2

Commandant, Air Force School of Aviation Medicine, Randolph AFB, 2
Texac

Conmander, Idge Research Center, LG. Hanscom Field, 2
Bedford, Mass., ATfN: CHQST-2

Commander, AF Special Weapons Center, Kirtland AFB, New Mexico, 3
ATTN: Library

OThIDU DOD ACTIVITIFS

ADDRESSEE NO CF CYS

Director, Weapons Systems Evaluation Group, OSD, Rm 2EI006, 1
The Pentagon, Washington 25, D.C.

Commander, Field Command, Armed Forcea Special Weapons Project,
P.O. Box 5100, Aibuquerque, New Mexito

Commander, Field cz d, Armed Forces Special Weapons project,
P. 0. Box 5100, Albuquerque, New Mexico, ATTN: Tech TNG Group

Chief, Armed Forces Special Weapons Project, Washington 25, D.C. 15
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Defense Threat Reduction Agency
45045 Aviation Drive

Dulles, VA 20166-7517

CPWC/TRC May 6, 1999

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCQ/MR WILLIAM BUSH

SUBJECT: DOCUMENT REVIEW

The Defense Threat Reduction Agency's Security Office
has reviewed and declassified or assigned a new
distribution statement: -,'

-AFSWP-1069, AD-341090, STATEMENT A V v'S:1
, DASA--1151, AD-227900, STATEMENT A
-DASA-1355-1, Afr,,33*443 , STATEMENT AOR
~-DASA--1298, AD-285252, STATEMENT A..-
-DASA-1290, AD-444208, STATEMENT A-
,DASA-1271, AD-2768927 STATEMENT AV

DAA-27,AD-281597, STATEMENT A V
-DASA-1237, AD-272653, STATEMENT AV
-DASA-1246, AD-279670, STATEMENT AV
-DASA-1245, AD-419911, STATEMENT A V
DASA-1242, AD-279671' STATEMENT A-"
DASA-12 56, AD-2 80809, STATEMENT AV

---;DASA-1221, AD-2438861 STATEMENTA
-- DASA-1390, AD-340311, STATEMENT A'

-DA&A-12-8-3T-AB-717-097, STATEMENT A Off'
-DASA-1285-5, AD-44358-9, STATEMENT Av-
-DASA--1714, AD-473132, STATEMENT A -
--DASA-2214, AD-854912, STATEMENT A-'
-.DASA-2627, AD-514934, STATEMENT AV-
-DASA-2651, AD-514615, STATEMENT A V'

-DASA-2722T-V3, AD-518506, STATEMENT A
-DNA-3042F, AD-525631, STATEMENT A ,-
DNA-2821Z-1, AD-S22555, STATEMENT A



If you have any questions, please call me at 703-325-
1034.

ARDITH JARRETT
Chief, Technical Resource Center


