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Preface

The study of radioactive fallout for nuclear explo-

sions assumes great importance in an era when our country's

defense is heavily invested in land-based ICBM systems.

An attack on the ICBM force could possibly consist of

several thousand nuclear weapons of fairly large yield

(megaton range) detonated on or near the ground. Such an

attack could have consequences to the civilian population

more far-reaching and less immediately apparent than most

military planners consider. In fact these consequences

should be considered in planning for any future weapon

systems. The hardest ICBM system imagineable would be

worthless, except as a spasmodic revenge weapon, if an

attack on it would collaterally destroy the very people it

was in place to protect.

I present here a method of studying the grosser

manifestations of nuclear fallout, a method that should

enable a planner to easily "scope the problem" for a single

weapon detonation.

Thanks are due to Maj. Scott Bigelow of the Air Force

Weapons Laboratory for his help in the collection of back-

ground material for this work, and also for his support in

running the DELFIC program for validation of some of the

results presented here. I am particularly indebted to Dr.

Charles J. Bridgman for guiding this work from beginning to

* end, and to my wife, Linda, for her patience and her typing.

Richard F. Colarco
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Abstract

This study describes a method of calculating g(t),

the rate of deposition on the ground of radioactivity from

the stabilized cloud resulting from a nuclear ground burst.

Particle fall dynamics are described by the method of

Davies as formalized into a computational algorithm by

McDonald. The radius of particle arriving on the ground at

any time from a given altitude, and the rate of change of

this radius with time are described by polynomials in 1/t.

A table of coefficients of these polynomials from 200

meters to 50 km above sea level is provided. It was found

that a pancake (zero-thickness) cloud is an excellent

approximation to a vertically-distributed cloud with finite

extent. This, and the closed form of the calculation, make

for a relatively simple and straightforward algorithm, one

in fact that approaches the ease of a hand calculation.
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I Introduction

When a nuclear weapon is detonated on or near the earth,

a large amount of debris is thrown up into the air. For a

given weapon, the weight of debris is of the order of the

weapon yield. For example, the detonation of a 100-kiloton

weapon will result in a cloud of debris totalling approxi-

mately 105 tons in weight.

A large proportion of the radioactive products of the

explosion condense into and onto particles with radii in the

micron (10-6 meter) range. These particles will fall to

earth anywhere from mintues to years after the explosion.

These particles are fallout.

In the following sections and chapters, a method will

be developed to study the rate at which this fallout reaches

the earth from the nuclear cloud, and to estimate radioactive

doses from the fallout. At all times a surface nuclear burst

will be assumed. Fallout from the cloud stem will not be

considered, as this is a concern only near the detonation

point where other damage effects predominate.

The form of the fallout calculati&n will be a departure

from the method of WSEG-RM-I0 (Ref 1), hereafter referred

to as "WSEG". WSEG introduced the concept of the g(t)

function, and combined this with methods of fallout cloud

description and radioactive dose calculation. The result

was a fallout model that has keen widely used up to the

present day.

WSEG's g(t) is empirical and does not stand up to

! 1



close scrutiny. The g(t) presented in this work is derived

from a consideration of particle aerodynamics and thus pro-

vides a more physically satisfying approach to fallout

description without discarding the essential simplicity of

the WSEG method.

General Form of

"For any radioactive cloud configuration there exists

some function of time, g(t), that represents the fraction

of the total radioactivity that arrives on the ground per

unit time". (Ref 1 :4 ) This rate of arrival includes all

radioactivity arriving over the entire ground surface.

Consider a radioactive cloud of zero thickness at an

altitude z' above the ground. Let the radioactivity in

this cloud be distributed over the variously-sized particles

as a normalized probability density function of a random

variable representing "activity-size". Denote this pdf as

A(r). Since activity is not distributed uniformly over

particle size, A(r) will not be identical to the particle

(number)-size distribution in the cloud. The form of A(r)

is generally taken to be log-normal. (Ref 2,10)

Assume that we can derive an expression for the fall

time t for a particle of radius r from altitude z':

t = f(r,z') I ( I )

Solving for r and differentiating, we would get the rate of

change of particle size landing on the ground at time t

2



from altitude z':

F(t,z') (2)

For a pancake (zero-thickness) cloud

g(t) = A(r)F(t,z') ( 3 )

For a real (vertically-distribute cloud with normal-

ized vertical distribution function f (z')

fzz

g(t) = J T f z(z')A(r)F(t,z')dz' ( 4 )
B

where zB is the altitude of the bottom of the effective

cloud and zT is the altitude of the top.

It should be noted that, from a given altitude z',

there is only one size of particle that can hit the ground

at time t. Thus A(r) is a function of (t,z'). The cloud

vertical distribution, f (z'), is here assumed to bez

Gaussian, with the mean cloud height a function of yield

and the cloud height standard deviation a function of mean

cloud height. (Ref 1:11,5i).

Chapter II will detail the calculation of the function

F(tz'). Chapter III will combine all relevant quantities

into the calculation of g(t) and will discuss the pancake

cloud approximation. Chapter IV will discuss the calcula-

tion of radiation dose quantities. Chapter V will present

a3



a number of fallbout calculations.



II Calculation of Particle

Fall Quantities

For the eventual calculation of g(t), we require a

method of determining the size and time rate of change of

size of particles arriving on the ground from a particular

altitude. (F(t,z') in eqn.(2)) Particles are assumed to be

spherical, and to have a density of 2600 kg/m
3 .

Stokes' Law for Small Particles

Stokes' law,which applies to particles of sizes up to

about 10 microns, relates fall velocity to particle radius

as%

6-V"= ( lr3)%
43 5 g(5)

wheres

/4= dynamic viscosity of fluid medium (kg/m-sec)

v = fall velocity of particle (m/sec)

r = radius of particle (m)

% = density of particle (kg/m
3 )

a = density of fluid 
medium (kg/m

3 )

g = gravitational constant (nt-m
2/kg2)

Note that A and R& are functions of altitude where the

fluid medium is the atmosphere. Hence v is a function of

altitude. The variation of g with altitude will be ignored

Rearranging and integrating (5) from the particle's

starting altitude to the ground gives

J5



z 2s) dz' r2 f=t dt r2 t (6)

where z is the starting altitude of the particle and t is

the time to fall from z to the ground. All calculations

will assume ground is at sea level. Holding z constant and

taking the total differential of (6) gives

0 =2rtdr+rdt (7 )

Rearranging (7) gives

~dr =-r

dt 2t (8)

the absolute value of which is F(t,z)." The solution to the

differential equation (8) is

1(9)r =Ct- / ( 9)

An expression of this general form will hold for particles

in the Stokes' law regime.

Mc Donald's Algorithm

For calculation of particle fall rates over the range

of particles of interest (5,, r. 15254 the method of Davies

(Ref 3) as presentedby McDonald (Ref 4) will be used.

Forty particle radii in the range of 5 microns to 1525

microns were chosen. The range and spacing of these radii

6



were selected through examination of several available ac-

tivity size distributions (Ref 5,21 and consideration of

the operation of the least-squares fit subprogram employed

in the generation of polynomials to describe particle fall.

Figure I is a plot of some representative activity size

distributions.

For each particle radius, a time to fall through each

200 meter altitude increment from sea level to 50 km was

calculated by the method described below. This assumed that

a particle achieves its terminal velocity essentially imme-

diately upon beginning its descent, and that its velocity

does not change within a particular 200 meter block. The

times obtained were numerically integrated to obtain a time

of fall for each particle size from each multiple of 200

meters to sea level. A function of the form

r(t,z) C )ti6 + C(7(zt 110)

i=1

was assumed, with r(t,z) being the radius of the particles

hitting the ground at time t from altitude z. The t-I term

insures agreement with Stokes' law at small r (large t).

Differentiating (10)

dr (i-6)Ci(z)ti7 - ic 7 (z)t3/2 (11)
dt i=1

The actual calculation of the polynomial coefficients

will be described. (Notes in the following development, the

7



CUMULATIVE ACTIVITY
PERCENTAGE

2% S 10 Is 20 30 40 so 60 70 s0 es 90 gs I 98
S10004 zZiZT -f

( ______6

z~zi~~z7~fI I4

3 3 ,tI-

2 2I - r

5 Z~ZI~I i~ T 77 IV

_________ - -2-- __ _____ ______

1v0t01_
9_ 9:~ I7K_ _

4 -L _____ _____ 8

6

75

4-1-
AC_ 3t z 3__ _

IGrath~ Me n Radius Slope

7 _ _ -69 -: -~

6 -___ 6214 6 ~ ~ 1

4 4

- 2

Fig 1. Activity-Size Distributions
8 -- ~ _ _ _



quantity A , the dynamic viscosity of air, is used instead

of E , the kinematic viscosity, which McDonald uses. This

was done out of convenience since a table of atmospheric

densities ( a) and^4 was available on cards. Bear in mind

that *- =,'/fa)

After determining the required atmospheric data, a

quantity Q was calculated for each 200 meter altitude block

by the relation

Q 8?a/rA 2  (12)

where

43
Wm-T41r~llg (13)

is the weight of the particle. Combining all the constants

and using R s = 2600 kg/m 3 we have

Q = 272064.?ar 31A 2  (14)

We next calculate ]Reynolds number by the method given by

DELFIC (Ref 6t6):

Re = Q/24 - 2.3363xlO-4 Q2 + 2.0154xO-6 Q3 (15)

_ 6.9105x10 9Q4  (for Q 4120)

or

9
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logiORe = -1.29536 + .986log10Q - .046677(log10 Q)2 (16)

+ .0011235(log10 Q)3  (for QP120)

Velocity is then given by

v= ReA/2ra (17)

DELFIC (Ref 626) suggests that these velocities should be

multiplied by a drag slip correction factor (from Davies

(Ref 3)) which, when converted to the units used here, is

given by

drag slip correction = 1 + 1.165x10-7 /rpa (18)

To arrive at times of fall, we numerically integrate

t = I~z dz'

using the velocities calculated in (17).

The coefficient of the Stokes' law term in the radius

polynomial is calculated by noting that the smallest (r = 5

microns) particle must obey Stokes' law explicitly. Thus

C7 = r*/' (20)

where r* = 5 microns and t* is the time of fall calculated

10



in (19) from a given altitude for r =5 microns. We then

rearrange the radius polynomial (10) to get:

7P 1

Repeating the process for each altitude, we calculate corre-

sponding r and t values. A least-square fit is carried out

on (21) and the resulting coefficients, along with C 7, are

those we desire for our r vs. t polynomials.

Appendix A contains a listing of the OGEN code used

to generate the coefficients, a table of the resulting C

values, and plots of particle radius on the ground vs.

time for several altitudes.



III Calculation of g(t)

Having developed a method in Chapter II for predicting

the radius of particles arriving on the ground from a

certain altitude as a function of time, and the rate of

change of this radius, we can proceed to the calculation of

g(t). We assume a log-normal activity-size distribution

A(r):

A(r) = I exp(_ (ln r - inC 2 (22)

where e and are parameters of the distribution and have

been experimentally determined by a number of examiners.

Table I lists several sets of these parameters and their

sources.

Cloud Parameters

The vertical distribution f(z) of particle size in

the cloud is assumed to be normal, centered on the cloud

center height with some specified standard deviation. We

will use the following relations for the cloud parameters

(Ref 7,18),

h= 50.7 + 20.41logjY + 3.5(log 1 0 Y) 2 + 2.4(log 10Y)3

* .6(log1oY)4  (23)

- = .125h0  (24)

12



TABLE I

Activity-Size Distributions

Mean
Particle Standard
Radius Deviation

(um) -, a, Comment

56.5 1.69 Nevada soil

67.14 1.50 Nevada soil

67.14 .31 Nevada soil

81. .98 Coral

61. .41 Seawater

42.8 •39 Seawater

40.8 .8 Cap of cloud

75. .9 Cap of cloud

135.21 .9 Cap of cloud

44.6 .69 WSEG-RM-10
95% of cloud act.

Notes,

- Information taken from Russell (Ref 5:21), which

contains primary sources for the data.

- Values are the parameters of A(r) as shown in (22).

- These numbers are representative and are meant to

demonstrate the possible ranges over which A(r) can

be calculated for various conditions.

13



where

his the cloud center height in thousands of feet

Y is the weapon yield in megatons

Ohis the standard deviation of the cloud vertical

(normal) distribution

Pancake Approximation

We now have all of the ingredients we need for a g(t)

calculation, and could proceed to a direct (numerical)

integration of equation (4i). This in fact was done in the

early stages of investigation. However, it was later found

that approximating the vertically-distributed cloud by a

Pancake (zero-thickness) cloud at the calculated h. gives

results very close to those of the numerical integration..

In this case g(t) is given by

g(t) = A(r)ldrj (25)

which is equivalent to equation (4i) if the assumption

is made that all activity is concentrated at one particular

altitude.

One representative comparison of g(t) results from a

vertically distributed cloud and a pancake cloud is shown

here as figure 2. Several more comparative plots are pre-

sented in Appendix C.j

Pancake g(t) results are used in all further calcula-

tions in this work. A base case was chosen to serve as a

starting point for examination of the effects of varying

14
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the parameters of the fallout problem. The parameters used

in the base case are as follows:2

- weapon yield variable from 1 KT to 200 MT

- final time for calculations of twenty-four hours

- activity-size distribution as specified in Ref 1.

Several other parameters become of interest in dose cal-

culations. These will be discussed in Chapter IV.

Appendix B contains a listing of the FALL code used

in calculating g(t) and dose-related quantities. Appendix

B also contains a brief discussion of the operation of the

program and a user's guide to running the program.

Comparison of a g(t) calculation made as described

above with a DELFIC run is made in Appendix D.

16



IV Dose Rates And

Accumulated Doses

After consideration of several schemes for presenting

radiation dose information, the author has settled on the

following: unit-time reference dose (UTRD) rates and accu-

mulated exposure doses to t=w are calculated for a steady

effective fallout wind and constant wind shear. This allows

comparison with several other fallout prediction systems

and offers some measure of lethality for planning purposes.

The function g(t) describes the rate of fallout activ-

ity deposition over the entire ground surface. To translate

g(t) into dose calculations, we must first expand the problem

by defining a geometry.

We will assume that the radioactive cloud is borne

along in the positive-x direction by a wind of constant

effective velocity. The horizontal size of the cloud will

increase from some initial value due to wind shear effects

in the cloud. We will assume that this expansion is pre-

dominantly in the y (crosswind) direction, and ignore the

x-component of wind shear. The horizontal distribution of

activity in the cloud will be assumed to be nornal in both

the x and y directions.

Cloud Growth

The following development is from WSEG-RM-10 (Ref 1).

The initial cloud diameter can be described in terms of

a cloud radius parameter, c-0 9 given by (Ref 7:21)

17



• )2

o = (.9 - .4log10Y + .3(log10Y) + .1(loglOY)3 ) exp

(.7 + -1in Y - 3.25/(4+(ln Y+5.4)2)) (26)

where a-0 is in statute miles. In actual calculations we

convert to the MKS system. An intermediate time parameter

T is calculated by

T = h1/1524 - 2.5(h0/18288)2  (27)

with h0 in meters. We define L = vT where v is the effec-
tive fallout wind in KM/HR. Then, if L02 ( a fairly

L0 0)O afil

easy requirement to satisfy, see Table II), we can express

the cloud radius parameter in the y direction as a function

of x as

2_ + 8x + (A -h)2  (28)

where sy is the crosswind component of shear and

L = (L2 + 204g)1 (29)

assuming that the wind shear in the cloud has no downwind

component. It should be noted that t = x/vx , so equation

(28) is equivalent to a second order polynomial in t.

Calculation of Unit-Time Reference Dose Rates

Since we have assumed a constant effective wind, each

time for which a g(t) value is calculated can easily be

18
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translated into a downwind distance x The crosswind dis-

tance (y) value can be chosen as desired. Then the dose

rate at one hour after detonation (the unit-time reference

dose, or UTRD, rate) is given by (Ref 1:49)

UTRD rate = k f Y A(x,y) (30)

where k is the "source normalization constant" (Ref 81453).

The quantity f is the fraction of the weapon yield Y due

to fission. A(x,y) is the fraction of the activity depos-

ited per square unit area at the location defined by x and y,

OP _'t xv2) 1 -x(jYa_))~

A(x,y) J0- exp(4(x-v l---v I exp(- y/o-y)g(t)dt (31)
01- y

Equation (31) is just an integration of the product of the two

normal distributions describing the cloud's horizontal

extent, multiplied by g(t), over all time. Actually, the

integration need only be carried out over the time the ef-

fective cloud is overhead at a particular location, and

over this time a- is approximately constant for any appre-
y

ciable velocity v.

Late-Time Approximation

If we expand g(t) about a given ta, we have (Ref 9)

g(t) = g(ta ) + (9t)ta (t - t) +... (32)

20



Substituting (32) in (31), factoring out the y-direction

distribution, making a change of the variable of integra-

tion from t to z where

z -vt-x (33)

3x

and integrating, it can be shown that, for x greater than

about 3 O-x

A(x,y) = g(ta)exp(-(y ) (34)

Since v is constant, x=vta , and Cry is given by (28).

We now have a method of calculating UTRD rate. Along

the way we have made a number of simplifying assumptions,

and have implicitly decided the way we relate radiation

dose to weapon yield through the source normalization con-

stant. The reader is referred to Russell (Ref 5) for a

thorough discussion of the various methods employed in

arriving at a source normalization constant. We use a

source normalization constant of 2500 (roentgens/hour) x

mi2/KT of fission yield converted to appropriate MKS units.

In order to calculate an accumulated radiation dose,

we must know the time of arrival of the fallout, the UTRD

rate, the time to which we wish to accumulate radiation

dose, and some appropriate relation to calculate the falloff

( of dose rate with time. The time of arrival is taken to be

21.



the distance from ground zero divided by the effective wind

velocity. We have just seen a method to calculate UTRD rate.

As a worst-case condition, we will accumulate all doses to

infinite time. The Way-Wigner relation indicates that, for

times of interest here, the dose rate at any time may be

given by (Ref 8%451)

R(t) = (UTRD rate)t- 1 "2  (35)

Then the accumulated dose to infinite time will be

D = f t R(t)dt = 5(UTRD rate)t "2  (36)
ta a

where ta is the time of arrival of the fallout.

Plots of equations (35) and (36) are presented in

Chapter V and Appendix E. Chapter V discusses the effects

of parametric variation of g(t) and the resultant dose

rate and accumulated doses.

22



V Analysis of Computer Runs

This chapter will consider several sets of output

from the FALL program illustrating the results of varying

the program parameters. Representative sets of output are

included for each parametric variation. Additional results

will be found in Appendix E. Appendix B contains a guide

to interpreting the output.

Parameters are varied from those of a base case de-

fined as: yields of .001, .01, .1, 1.0, 10.0, and 20.0

megatons; WSEG-RM-10 activity-size distributions wind veloc-

ity of 25 kn/HR; wind shear of 1.2 km/HR per km of cloud

thickness; fission fraction of .5. Figures 3 through 5 are

the output for the 1.0 megaton base case. The remaining

base case results are contained in Figures E-1 through E-15.

Variation of A(r)

Figures 6 through 17 are the output for a 1.0

megaton yield and from different activity-size distributions

(DELFIC's default distribution and three distributions

selected from Table I). An examination of the g(t) plots

and printouts will demonstrate the dependence of g(t) on

A(r). In paticular, comparison of Figures 10 and 13 shows

the great sensitivity of the location and magnitude of the

peak of g(t) to changes in the slope of A(r).

Examination of the dose plots indicates that in-

creasing the slope of A(r) serves to accumulate higher

doses closer to ground zero. This is to be expected, as an

23



examination of Figure 1 will show. A high slope of A(r)

indicates a large percentage of radioactivity residing

with the largest particles, which fall fastest.

Figures E-16 through E-75 contain the remainder of

the program output for the various A(r)'s.

Variation of Wind Shear

Figures 18 through 21 are the printouts and dose

plots for the 1.0 megaton case with wind shears of .6 and

2.4 km/HR per km of cloud thickness. (Varying wind shear

or velocity does not effect g(t) in this model.) The

results indicate that, as wind shear increases, the dose at

any point under the cloud centerline will decrease. There-

fore, the radioactivity will be spread further in the cross-

wind direction. It is possible to study this explicitly

for a given problem by specifying a y-offset in the input

data.

Figures E-76 through E-95 contain the remainder of

the program output for varied wind shear.

Variation of Wind Velocity

Figures 22 and 23 are the output for the 1.0 megaton

case with the wind velocity increased to 50 km/HR. Because

of the simplified downwind-direction cloud structure assumed,

the shapes of the dose plots are unchanged. What does oc-

cur is that the pattern is elongated in the downwind direc-

tion, with the peak UTRD rate and accumulated dose of one-

half the base values occurring twice as far from ground

24



zero as in the base case.

Figures E-96 through E-105 are the remainder of the

50 km/HR output.

Variation of Fission Fraction

Figures 24 and 25 are the output for the 1.0 megaton

case with a fission fraction of 1.0. The dose quantities

are simply double those of the base case everywhere. The

remainder of the 1.0 fission fraction output is contained

in figures E-106 through E-115.

Examination of Various Y-Offsets

Figures 26 through 37 are the output for the 1.0

megaton base case at crosswind offsets of 6, 12, 18, 24, 30,

and 36 km from the path of the cloud center. It can be seen

how the peak dose values decrease in magnitude and occur

further downwind as crosswind distance increases. This

results from the assumption of a non-uniform lateral activity

distribution in the cloud and lateral cloud growth due to

wind shear.

Dose values from offset calculations can be used in

the construction of fallout contour plots.

(Text continued on page 61)
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cI

-- _. YIELD 19V30 MEGATONS

FISFION FRACTION .50(
INITIAL TIME .083 HOLRS

( FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 15453.4 METERS

3-SIfTAMA CLOUD THICKNESS 11590f MTErS

C __ INITIAL HORIZCNTAL CLOUD RADIUS 29f4 KM

._ Y-OFFSET 0.00 KM
(I

WIND VELOCITY* 25.00 KM/HR

( _ ND. SHEAR 1.20 KM/HR PER KM OF (LOUD THICKNESS

A(R) PARAMETERSI MEAN 44.60 MICSONS9 SLOPE .69C
MAX G(T), *98357E-01 PER HR, CCCURPED AT 2,17 HOURS

- ----- -MAX UTRO RATE, 79'.869 RADS/HR, OrCURRED AT 41.67 KM

__ ACCUM DOSE, 2213.379 RADS, OCCURRED AT 35.42 K!(
ACCUMULATED DOSE OF 988.12? RADS ' CCURRED Ar E7.5C KM

C __ACCUMULATED DOSE OF 491.397 PADS rCCURRED Ar i27,p Km

ACCUMULATED DOSE OF 98709 PADS tCCURRED Ar 247.92 KM

UTRD RATE OF 2930952 RADS/HF. OCCUPRED AT i2.,E3 KM

C UTRD RATE OF 99.089 RAOS/R OCCUCRED AT 21.98 KM

(. SELECTED CUMULATIVE G(T) DATA

At.083 HOURS, CUMULATIVE G(T) IS -0 00
C AT 2,667 HOURS, CUMULATIV: G(T) IS ,16

AT 5.250 HOURS, CUMULATIVE G(T) IS .37
Ar 7.833 HOURS, CUMULATIVE G(T) IS .52

. AT 10.417 HOURS, CUMULATIVE G(T) IS ,62
AT 13,00 OURS, CUMULATIVE G(T) I S ,b9
Ar 15.583 HOURS, CUMULATIVE G(T) : ,?

( AT 18,167 HOURS, CUMULATIVE G(T) IS ,78
AT 2C,750 HOURS, CUPULATIVE G(T) rS 081
AT 23.333 HOURS, CUMULATIVE G(T) IS .84

. . . . . . F ig . 3

26-26
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C __ _ YIELD 1$.000 MEGATONS

_ FISSION FRACTION o50C
_-IINITIAL TIME o083 HOURS

------- FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 15..53o4 METERS(
3-SIGMA CLOUD THICKNESS 115.90n MEEPS

( ---- INITIAL HORIiONTAL CLOUD RADIUS IE4 KM

Y-OFFSET 000 KM
(

WIND VELOCITY 25.00 KM/HR

(___- WIND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNr.SS

A(R) PARAMETERS: MEAN 37.30 MICRONS, SLOPE 1*45(
MAX.G(T) ..15466E+00 PER HR, OCCLRPED AT .553 HOURS

N .... . MAX UTRD RATE, 2369.030 RADS/-PR OCCURREO AT 10*42 KM

MAX ACCUM DOSE, 10189.318 RACS, OCCURRED AT 8,33 KM

ACCUMULATED DOSE OF .. 966326 FAOD OCCURRED Ar 66.67 KM

_ ACCUMULATED DOSE OF 494.444 RADS OCCURRED Ar 91.67 KM

-ACCUMULATEO DOSE OF 98.489 RADS OCCURRED Ar 185*42 KM

UTRO RATE OF 995.712 RADS/HR OCCURRED AT 37.50 KM

C UTRO RATE OF 2979215 RADS/HR OCCUFRED AT B1.25 KM

__'_UTR RATE OF 98*28C RADS/HR OCCUPRED AT 147.92 KM

SELECTED CUMULATIVE G(Tf DATA

AT ,083 HOURS, CUMULATIVE G(T) IS ocO
..... _AT 2.667 HOURS, CUPULATIVE G(T) IS e27

( AT 5.250 HOURS, CUMULATIVE G(T) IS 039
AT _.833 HOURS, CUMULATIVE G(T) IS __ .4b
AT 10o417 HOURS, CUMULATIVE G(T) IS .51
AT ,3o0Q0 HOURS, CUMULATIVE G(T) IS e54
AT 15.583 HOURS, CUMULATIVE U(T) TS 057
AT 18.167 HOURS, CUMULATIVE G(T) IS .60

( AT 20.750 HOURS, CUMULATIVE G(T) IS o62
AT 23*333 HOURS, CUMULATIVE G(T) IS . .64

iPg. 6
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YIELD 1.000 MEGATONS

FISSION FRACTION *50

_INITIAL TIME *083 HOURS

_ _ FINAL. TIME 24,000 HOURS

CLOUD CENTER HEIGHT 15453.4 METERS

_ ___ 3-sIGMA CLOUD THICKNESS 1i590., METEFS

-INITIAL HORI!ONTAL CLOUD RADIUS .,Ef4 KM

_ Y-OFFSET CoO0 KM

W_DI VELOCITY 25.00 KM/HR

( .. WIND SHEAR 1.20 KM/HR PER KH Oc CLOUD THICKNESS

A(R) PARAMETERS1 MEAN 67.14 MICRONS, SLOPE ,31

__ _MAX _G(T),_ ..25563E+00 PER HR9 OCCLRPEO AT ... 3,_167 HOURS

C _ ..... MAX UTRO RATE, £b40,476 RADS/HR, OCCURRED AT 58,7S KM

MAX ACCUM DOSE, 3554e895 RACS, OCCURREO AT 64o,53 K4

ACCUMULATED DOSE OF 952,734 RADS OCCURRED Ar 129.17 KM

____.-ACCUMULATED DOSE OF 498s179 RAOS OCCURRED Ar V1Z.Oe KM

ACCUMULATED DOSE OF 99.640 RAD3 OCCURRED Ar 210.42 KM

UTRO RATE OF 994.891 RADS/HR OCCUPRED AT iC2e(8 KM

.... UTRO RATE OF 294.753 RAOS/HR OCCUrRED AT tF2o(8 KM

_______,UTRO RATE OF 97,051 RADS/HR OPCUFRED AT 1.5,t.3 KM

SELECTED CUMULATIVE G(T) DATA

AT .083 HOURS, CUMULATIVE G(T) 'IS D.00
AT 2.667 HOURSt CUMULATIVE G(T) IS *18
AT 5,250 HOURS, CUMULATIVE G(T) IS ,73

_AT .-- 7.833 HOURS, CUMULATIVE G 17) IS 092
AT 10.417 HOURS, CUMULATIVE G(T) IS .98

-.... AT 13.000 HOURS, CUMULATIVE G(T) TS .99
AT 15.583 HOURS, CUMULATIVE G(T) IS 1.OC
AT 18.167 HOURS, CUMULATIVE G(T) n. 1.00
AT 20,751 HOURSt CUMULATIVZ G () IS 1O0
AT 23.333 HOURS, CUMULATIVE G(T) IS 1.00

Fig. 9
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- -,-----.YIELD 19000 MEGATONS-

____ _ FIs!;ION FRACTION a a

IlNITIAL TIME .*083- HOURS, -

C _____ FINAL TIME 24.000 HOURS

____ ___CLOUD CENTER HEIGHT 15453o4 METERS

________ 3-SIGMA CLOUD THICKNESS 11590o.f MEIEFS

'_INITIAL HORIZONTAL CLOUD RADIUS ioF4 KM

____ Y-OFFSET Ce.0 KM

I-WINO VELOCITY 25.00 KM/HR

( ~WINO SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERS: MEAN 67.14 MICAONSP SLOPE 195C

______ _MAXG(T)_t '. 30868E+00 PER HR, OCCURPEO AT ----.- o333 HOURS

( _ _ MAX UTRO RATE, 5691*761 RADSII4RP OCCURRED AT 6.250 KM

____ _MAX ACCUM DOSE, 24456.672 RAOS, OC-CURRED AT 5925 K4

ACDUJMULAT ED DOSE OF __9589878 RAO! OCCURRED Ar_ 70.83 KM

--.__ACCUMULATED DOSE OF 499o674 FADS OCCURRED Ar 93,715 KM

__ AC:UMULATED DOSE OF 98s014 RAO$ OCCURRED Ar £81.25 vm

_________UTRO RATE OF 2851.115 RAOS/HR OCCURRED AT_ 20.83 KtO

(______ UTRO RATE OF 933e902 RADS/'4R OCCURRED AT "5.83 KM

___ -__U UT RV RATE OF 294o111 RAOS/Mk* OC CUPRED A T 85*42 KM

____UTRO RATE OF .98.799. RADS/MR ocCURED AT, _tLL.E 3 KM

SELECTED CUMULATIVE G(T) DATA

' AT @C83 HOURS, CUMULATIVE G(T) IS 0.0i0
________ ___2.667_HOURS, CUMULATIVE G(T) IS e42

AT 5*250 HOURS* CUMULATIVE G(T) TS .55
( __AT 7.833 HOURS, CUMULATIVE G(T) 'S obi

AT 10.417 HOURS, CUMULATIVE G(T) IS .66
AT t3ecoo HOURS, CUMULATIVE G(T) IS e69

(AT 15.583 HOURSv CUM4ULATIVE G(T) IS .71
-A AT 18.167 HOURS, CUMULATIVE G(T) IS e73
At 20.750 HOURS, CUMULATIVE G(T) TS .75

-_ AT 23.333 HOURS, CUMULATIVE G(T) T . 476
Fig. 12
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C, -__ yIELD ... 1.000 MEGATONS

FISSION FRACTION .50(
___INITIAL. TIME . .e083 HOURS..............

( __ FINALTINE 24.000. HOURS

__.CLOUD CENTER HEIGHT 15453.4 METERS

3-S ITMA CLOUD THICKNESS 11590 .C ME1ERS

( -- INITIAL HORIZONTAL CLOUD RADIUS 2*C4 KM

_____ Y-DFFS.ET 0.00 KM(
WINO VELOCITY 25.00 KM/HR

( ___IN SHEAR 1.20 KM/HR PER KM Or (LOUD THICKNESS

.A(R) PARAMETERS$ MEAN 135.21 MICRONS, SLOPE 9 rC
MAX G(T),_ .. 46793E.00 PER HR, OCCUPED AT .583 HOURS

M . AX UTRD RATE, 6814.162 RADS/HR, OCCURRED AT 12,5C KM

_____M.AXACCUM DOSE, 26910@065 RACSI OCURRED AT 12.52 KMC
ACCUMULATED DOSE OF 965.192 PAOS OCCUFREO Ar - 51.25 KM

_ ACCUMULATED DOSE OF 493.997 RADS OCCURRED Ar lb2.08 KM

ACCUULATED DOSE OF 98.184 RAUS OCCURRED Ar 1?0.83 KM

UTRD RATE_ OF 2709.27' RADS/.R_ OC CUFRED AT -- 3512 .KM

C UTRO RATE OF 987,26C RAOS/HR OCCUPRED AT F8.33 KM

UT O RATE OF 294.226 RAOS/'R OCCUFREO AT 959C3 KM

UTD_.RATE._OF _... 99,032.RADS/HR OCCUlZRED AT Lli3.7?5.KM

C _ _

SELECTED CUMULATIVE G(T) DATA

( AT *083 HOURSt CUMULATIVE G(T) 15 0.00
AT __. 2.667 HOURS, CUMULATIVE G(T) IS ,68
AT 5.250 HOURS, CUMULATIVE G T) IS .84

( ..... AT 7T833 HOURS, CUMULATIVE G(T) PR .90
AT 10.417 HOURS9 CUMULATIVE G(T) IS .93
AT 13.000 HOUFS, CUMULATIVE G(T) IS ,95

( AT 15.583 HOURS, CUMULATIVE G(T) rS .96
__AT 18.167 HOURS, CUMULATIVE C.(T) IS .97
AT 20.750 HOURS, CUMULATIVE G(T) 7q .97

C AT 23o333 HOURS, CUMULATIVE G(T) iS .98

Fig. 15
. .. 38
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C YIELD . 1000 MEGATONS

_FISSION FRACTION .50

INITIAL TIME _.083 HOURS ... ... .

____ FINAL TIME 24.000 HOURS

CLDU CENTER HEIGHT 15453,' .METERS(
3-SIGMA CLOUD THICKNESS ii590.C 9ETEFS

c INITIAL HORIZONTAL CLOUD RADIUS F.'. KM

__Y-OFFSET .00 KM(
W14O VELOCITY 25.00 KM/HR

( __W140 SHEAR .60 KM/HR PER KM OF CLOUD THICKNESS

... A() PARAMETERSI MEAN 44.60 HICPCNS, SLOPE .05

MAI. G(T)., 998357E-01 PER. HR. OCCURRED AT_ ._2.l -HOURS---

-- ,--M _AX UTRD RATE, 985*.089 RADS/iR, OCCURRED AT '5o83 KM

----,---MAX ACCUM DOSEr 2670.110 RAOS, OCCURRED AT 39.53 KM(
ACCUMULATED DOSE OF 977o745 RAD OCCURRED Ar 11.42 KM

C ACCUMULATED DOSE OF 499.893 RAD! OCCURRED Ar t.6,2F KM

ACCUMULATED DOSE OF 99.'.3-RADS OCCURRED Ar 3EL2.C KM

UTID RATE --OF ..__ .29.9 090 RADS/HR_.OCCUFRE O AT_ _ _ t6,25 KM .

( ___UTRD RATE OF 98.941 RAOS/R OCCUrRED AT 27.O KM*

-SELECTED CUMULATIVE G(T) DATA

AT .083 HOURS# CUMULATIVE "G(T) "IS 0-0
AT 2o667 HOURSp CUMULATIVE GET) IS ,16
AT 59250 HOURS, CUMULATIVE G(T) IS e37
AT 7.833 HOURS, CUMULATIVE G(T) IS ,52

( AT 10o417 HOURS, CUMULATIVE G(T) IS o62
SAT 13oC00 HOURS, CUMULATIVE G(T) IS _ .69
AT 15.583 HOURS, CUMULATIVE G(T) IS .74

( _ AT 18.167 HOURS, .UMULATIVE G(l) 1S ,78
AT 20.750 HOURS, CUMULATIVE GET) IS .81
AT 23.333 HOURS, CUMULATIVE G(T) IS .8.

Fig. 18
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F( . .. ...

C ___-.YIELD 1.000 MEGATONS

... FISSION FRACTION .50(
t I INITIAL TIME o083 HOURS . . .. .

( .. FINAL. TIME 24,000 HOURS

CLOUD CENTER HEIGHT 15'.53.4 METERS

_3-STIGMA CLOUD THICKNESS i1i909C METEPS

( _INITIAL HORIZONTAL CLOUD RADIUS ;*f4 KM

Y-OFFSET C*00 KM
(

_ _ W IND VELOCITY 25.00 KM/HR

_wINn SHEAR 2.40 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERS1 MEAN '4.60 ICRONS, SLOPE .69

MAXG(T)._ .98357E-01. PER HR,. OCC LRFED AT_ 2. L7 HOURS

( ..._ MAX UTRO RATE, 524e094 RAOS/PR, OCCURPED AT 37,5P KM

MAX ACCUM DOSE, 1505.587 RAOS, OCCURRED AT 33o33 Ki(
AC:UMULATZD DOSE OF 997.751 PADS CCCUPRED Ar ... 42 KM

( ACCUMULATED DOSE OF 498951 PADS OCCURRED Ar .3.75 KM

_ AC-UMULATED DOSE OF 99s506 RADS PCCURRED Ar ?3,75 KM(
UT , RATE.OF _29833Z RADS/HF. OCrUPRED AT 81.25 KM

( UTRO RATE OF 98.4±9 RADS/IR OCCURRED AT 1F8.33 KM

( . SELECTED CUMULATIVE G(T) DATA

AT e083 HOURS, CUMULATIVE G(T) IS 0.00
( AT 2.667 HOURS, CU NULATIVE G(T) IS .16

AT 5.251 HOURS, CUMULATIVE G(U) IS .37
AT 7.833 HOURS, CUMULATIVE G(T) TS ,52

( AT 10.417 HOURS, CUMULATIVE G(T) IS .62
AT 13,.,0 HOURS, CUMULATIVE G(T) !S .69
AT 15,83 HOURS, CUMULATIVE G(T ) YS ,74

( AT 18.167 HOURS, CUMULATIVE G(T) IS o78
AT 20.75 HOURS, CUMULATIVE G(T ) IS .81
AT 23.333 HOURS, CUMULATIVE G(T) I S .84

Fig. 20
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C YIELD 1.000 MEGATONS

FISSION FRACTION ,s0

INITIAL TIME o083 HOURS

FINAL TIME 24.000 HOURS

CLOUn CENTEr HEIGHT 15,53.o4 METERS
c

3-SIGMA CLOUr THICKNESS 11i90 .0 ME IES

c INITTAL HORIZONTAL CLOUD RADIUS 2.(4 KM

Y-OFFSET (.00 KMC
WI4l VELOCITY 50o00 KM/HR

( WI'4D SHFAR 1.20 KM/HR P5R KM OF CLOUD THICKNESS

A(M) PARAMETERS1 MEAN 44.60 MICFONS, SLOPE .6?

MAX G(T) 9 98357E-01 PER HRV OCCLRFED AT 2047 HOURS

MAX ITRO RATE, 397,426 kADS/HR OrCURRED AT 53.33 KM

MAX ACCUM DOSE* i106.66& RA.S, OCCURRED AT 71e.83 KM(
AC'UMULATED DOSE OF 979.367 PADS OCCUFRED Ar tC4.0C KM

( AC^ UMULATED DOSE OF 494,o056 RAni OCCURRED Ar 175.0 Km

Al-CUMULATED DOSE OF 98*747 RA(lS OCCURRED Ar 379,17 KM

UTVR RATE OF .299 425 RADS/ R OCCUrRED AT L.ttioF7 KM

( UTRD RATE OF 98940S, RADS/HR OCCUrRED AT 3C'.917 KM

( SELECTED CUMULATIVE G(T) DATA

AT ,V83 HOURS, CUMULATIVE G(T) IS 0.00
( AT 2.667 HOURS, CUMULATIVE G(T) I 610

AT 5.Z5 HOURS, CUMULATIVE G(T) IS .37
AT 7.833 HOURS, CUMULATIVC G(T) 1 .52

( AT 104,17 HOURS, CUMULATIVE r,(T) I lq 62
AT 13.0UO HOURS, CUMULATIVE G(T) TS ,[C9
AT 15.583 HOURS, CUMULATIVE G(T) IS .74

( AT 18.167 HOURS, CUPULATIVE G(T) IS .78
AT 20,750 HOURS9 CUMULATIVE G(T) T" .81
AT 23.333 HOURS, CUMULATIVE G(T) IS ,84.

5g.
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C YIELD 1,000 NEGATONS

FISSION FRACTION 1.00

_____ _NITIA.LTIME ,083 HOURS ..

____ - FINAL TIME 24.000 HOURS

CL30U CENTEP HEIGHT 154534 METEO0
.......

3-SIGMA CLOUD THICKNESS 11$90.0 HE7TEFS

C __INITIAL HORIZONTAL CLOUD RADIUS ;.E4 KM

Y-)FFSET 0,00 KM(
_WID VELOCITY 25GO KM/HR

( __ .WINo SHEAR 1.20 KM/HR PER KP OF (LOUD THICKN-'SS

A(M) PARAMETERS1 MEAN 44..60 MICROrSt SLOPE .63(
MAX..G(T) .98357E-01 PER HR,_ OCCLP'EO AT 2.17 HOUPS

MAX UTRO RATE, 1589.738 RADS/HRp OCCURRED AT kjeV KM

MAX ACCUM DOSE9 4426,758 RADS, OCCURRED AT 35.42 K4

AC:.UMULATEO DOSE OF 982.793 RADS OCCURRED Ar 127.0e KM

( ....._ ACCUMULATED DOSE OF 493.745 RADS OCCURRED Ar 172,92 KM

-ACCUMULATED DOSE OF 99.321 FADS OCCURRED Ar 316.6? KM

UTRDRATE OF 971.236 RADS/HR OCCURED AT __ B5942 KM

( UT O RATE OF 294.123 RADS/HR OCCUPRED AT 177.[8 KM

UTRDO RATE OF 99.489 RADS/HR OCCURRED AT 2.teF7 KM(

tSELECEOD CUMULATIVE G(T) DATA

AT o083 HOURS, CUMULATIVE G(T) IS 0.00
AT 29667 HOURS, CUMULATIVE G(T) IS .16
AT 5@250 HOURS9 CUMULATIV" G(T) rS .37

--- AT . 7.833 HOURS, CUMULATIVE ,(T) IS .52
AT 10.417 HOURS, CUMULATIVE G(T) T.1 .62

( AT 13oCCO HOURS, CUMULATIVE G(T) 1S e69
AT 15,533 HOURS, CUMULATIVE G(T) IS .74
AT 18.167 HOURSt CUMULATIVE G(T) 1, .78

C AT 20,750 HOURSt CUMULATIVE G(T) IS .81
__AT- 23.333 HOURSt CUMULATIVE G(T) _S .8S.

S .Fig. 24
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cl

-YIELD 1.000 MEGATONS

FISSION FRACTION .50

-- -- INITIALTIME 083. HOURS.. .. . . . ..

C _ FINAL. TIM4E 24.000 HOURS

-CLOUD CENTER HEIGHT 15453.4 METERS

3-SIGMA CLOUD THICKNESS 11590.0 METEPS

__ - INITIAL HORIZONTAL CLOUD RADIUS loF4 KM

y-OFFSET 6e0 KM

- . .. WIND VELOCITY - 25.00 KM/HR - -

( ___DWIJD SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERS1 MEAN 44.60 MICqONSS SLOPE .o3

MAXG(T) .. 98357E-01 PER HRv CCCLRFED AT 2,.7 HOURS

__ MAX UTRD RATE, 501.580 RADS/HR, OrCURREO AT S4,17 KH

MAX ACCUM DOSE, 1279.862 RAOS, OCCU'RRED AT 47.92 K4

ACCUMULATED DOSE OF_ . 98709 5 RAOE_ (CCUPRED -A r_. 75, .OC KM

( AC"UMULATEB DOSE OF 488.674 RABE OCCURRED Ar 120.83 KM

ACCUmULATED DOSE OF 97.956 RADS OCCURRED Ar 25983 KM

UTRD RATE OF - 298,656.RADS/HR OCCUrRED AT _l oe2 KM

_______ _UTRD RATE OF 99.198 RADS/HR OCCURRED AT 21Ok2 -KM

...... SELECTED-CUMULATIVE G(T) DATA

AT 0-8-3 HOURS, CUMULATIVE GT) iS 0-00 -.

AT 2.667 HOURS, CUMULATIVE G(T) IS .16
AT 5.250 HOURS, CUMULATIVE G(T) IS ,37
AT 7.833 HOURS, CUMUL.ATIVE G(T) IS .52
AT 10,41? HOURS, CUMULATIVE G(T) IS 062
_______ _AT _13.CO HOURS, CUMULATTVE G(T) 1 .R *69
AT 15.5,83 HOURS, CUMULATIVE G(T) IS .74
AT 18.167 HOURS, CUMULATIVE G(1) IS .78
AT 20.750 HOURS, CUMULATIVE G(T) IS ,81
AT 23.333 HOURS, CUMULATIVE G(T) IS .84

Fig. 26
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C - ____ YIELD - 1.000 MEGATONS

_ FISSION FRACTION so(
H N _T I TAL TIME *083.HouRs .

._____ _______FINAL TIME 24e000 HOURS

C LUO CENTER HEIGHT 15453. METERS(
3-SrGMA CLOUD THICKNESS 11590.0 METEFS

( ...._INITTAL HOPIZONTAL CLOUD RADIUS 2S*f4 KM

.... Y-O FFS ET 12.00 KM(
WIND VELOCITY .25.00 KM/HR

( __ WIO SHEAR 1.20 KM/HR PER KM OF CLOUD .THICKNErSS

A(R) PARAMETERS1 MEAN 44o60 MICRCNSt SLOPE *6-

MAX G(T), . 198357E-01 PER HR, CCCUPrED AT_ 2,_417 HOURS

_ AX UTRO RATE, 2231'2 RADS/HRj OCCURRED AT 05e42 KM

.- _MAX ACCUM DOSE, 482.474 RADS, OCCURRED AT 77.08 K4

ACHUMULLATEO DOSE OF 99o.3 RA DS OCCURRED Ar__ 235.4,2 KM

( _UTRO RATE OF" 99.742 RADS/HR OCCUPRED AT tl5913 KM

( SELECTED CUMULATIVE G(T) DATA

AT *083 HOURS 'CUMULATIVE G(T)- IS -- 0,00 . ..
-AT 2.667 HOURS, CUMULATIVE G(T) IS e16
AT 5,250 HOURS, CUMULATIVE G(T) IS .37
AT 7.833 HOURS, CUMULATIVE G(l) IS 952

( AT 10.417 HOURS, CUMULATIVE G(T) TS 962
AT . 13°C09 HOURS, CUMULATIVE G(T) IS 969
AT 15.583 HOURS, CUMULATIVE. G(T) IS ,74

- AT 18.167 HOURS, CUMULATIVE G(T) IS ,?8
AT 20°750 HOURS, CUMULATIVE G(T) IS ' 81

_ _AT 23.333 HOURS, CUMULATIVE G(T) TS .84

Fig. 28

(
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C~- ____ ELD 1.000 MEGATONS

_______ _ FISIONFRACTION 050

INITIALTIME _ 083 HOURS____--

( _________FINAL TIME 24s000 HOURS

________ CLOUD CENTER HEIGHT 15453.4 METERS

3-SIGMA CLOUD THICKNESS 11590 .0. METErS

( -_____ --_INITIAL HORIZONTAL CLOUD RADI US 2.64 KM

______Y-OFFSET 18*00 KM

W-14-0- VELOCITY 25.00 KM/HR-

___ _ WINO SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNE-SS

___A.(R) PARAMETERS' MEAN 44.60 mIc~Ow's, SLOPE .16i

_______ AX(T*9_.98357E-01 PER IIR, CCC~JRPED -AT_ -2.-ki7 .HOUPS.-

C__------__ MAX UTRO RATE, 110.086 RADS/HR, ocURRED AT 122*92 KM

_______MAX -ACCUM DOSE, 207.132 RAC~t OCCURRED AT 113942 K4

ACCUMULATED DOSE OF __999748 RAOS OCCURRED Ar_ 216.67 KM

( ______ URORATE OF 99.043 RADS/HR OCCUPRED AT L58e33 KM

( -- SELECTED CUMULATIVE G(T) DATA

AT e683 HOURS, CUMULATIVE G(T) Is 0090
(_______AT -2.667 HOURS, CUMULATIVE GCT) !S .16

AT 5o25O HOURS, CUMULATIVE G(T) IS .37
_______AT 7.833 HOURS, CUMULATIVE G( 1) IS .52

(AT 10.41 HOURS, CUMULATIVE G(T) IS .62
Ai300HOURS, C UMU LAT I VE' G(T) IS 069

AT 15.583 HOuRS, C U PUL ATI VE G(T) 'S .74
(____ ___AT 18.167 HOURS, CUIOULATIVE G (1) IS .78

AT 20o759 HOURS, CUMULATIVE G(7) IS 081
_____ AT. 230333 HOURS, CUMULATIVE G(T) IS .84

(F~.g. 30
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.. _ YIELD 1,000 MEGATONS

__ FISSION FRACTION *50

________NITIAL. TIME .083 HOURS . .... .

( _____ _ -FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 15453,.4 METERS(
3-ST(MA CLOUD THICKNESS 1i590,( ME1EPS

-__INITIAL HORI7ONTAL CLOUD RADIUS 29F4 KM

Y-OFFSET 24.00 KM(
WIN._ VELOCITY .25.00 KM/HR

(-,WIND SHEAR 1.20 KM/HR PER KM OF (LOUD THICKNESS

_A(') PARAMETERS$ MEAN 44.60 tICFOi.'St SLOPE *69

MAX G(T) t._998357E-01 PER HR v OCCURFED AT 2, t1 HOURS._

..... MAX UTRO RAT.E, 61.580 RADS/HRp OCCURRED AT i.C.42 KM

MAK ACCUM DOSE, 1C3o839 RADS, OCCURRED AT 145*83 K4(
ACCUMULATED DOSE OF 99,917 rAOS_ eCCURED Ar .6e.67 KM

( _----SELECTED CUMULATIVE G(T) DATA

......-AT 9C83 HOURS, CUMULATIVE G(T) IS 0.OC
AT 2.E,67 HOURS, CUMULATIVE G(T) 73 .16
AT 5.250 HOURS, CUMULATIVE G(T) IS .37
AT 7.833 HOURS, CUMULATIVE G(T) IS 952

( AT 10.417 HOURS, CUMULATIVE G(T) IS s62
AT 13oGO0 HOURS, CUMULATIVE G(T) IS *b9

-- AT 15*583 HOURS, CUMULATIVE G(T) IS .74
--AT t8.167 HOURS, CUMULATIVE G(T) IS ,78
AT .20*750. HOURS, CUMULATIVE G(T) IS ......81
AT 23.333 HOURS# CUMULATIVE G(T) IS 984

Fig. 32
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C~ _____ YEL 0 1.000 MEGATONS

____FISSION FRACTION .50

_________INI'TrAL _TIME - *08-3 HOURS

_______*.FINAL TIME 249000 HOURS

C_ CLOU0 CENTEP HEIGHT 1545394 METERS

__________3-SIGMA CLOUD THICKNESS i59. METErs_

.-____INITIAL HORIZONTAL CLOUD RADIUS 2.E4 KM

_______ Y-OFFSET 3600 KM

wImP_ VELOCITY 25.00 KM/HR

( ____ ~WIDSHEAR 1.20 KM/HR PER KM OF CLOUD THICKNE:SS

A (R) PARAMETERS$ MEAN 44.60 IICRONS, SLOPE o6i

_________ MAX G(T), .98357E-Di PER HP, CCCkRPED AT __2.40 HOURS

( _____ MAXUTRO RATE, 37.772 RADS/I4R, OcURRED AT 197*92 KM

-__----- MAX -ACCUM DOSE, 58e216 RACS, O_"CURRED AT 181.25 KM

SELECTEDCUMULATIVE G(T) DATA_

(______ AT - 083 HOURS, CUMULATIVE G(T) IS 0.00
AT 267HOURS, CUMULATIVE G(T) TS .16

(AT 5.250 HOURS, CUMULATIVE G(T) IS .3?
AT 7.833 HO0URS,9 CUMULATIVE rG(T) IS 952
AT 10o417 HOURS, CUMULATIVE G(T) IS 9 62_
AT 13.000 HOURS, CUMULATIVE G(T) IS .69

(______ AT 15,583 HOURS, CUMULATIVE f;(T) IS .74
AT 8.167 HOURS, CUMULATIVE G(T) TS .78

______ AT 20.750 HOURS, CUMULATIVE- G(T) IS .81
( T 23.333 HOURS, CUMULATIVE G(7) IS .84

.. ~ig_34-_
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C YIFLO 1.000 MEGATONS

FIS,5TON FRACTION .50C
INITIAL TIME .083 HOURS

C FINAL TIME Z4.000 HOURS

CLOUD CENTER HEIGHT 15,53e4 METFRSC
3-SIrMA CLOUD THICKNESS 1159090 ME1Frs

( INITIAL HOkIZCNTAL CLOUD RADIUS 29(4 KM

Y-O3FeSET 3E00 KM(
[ I*W VELOCITY 25,00 KM/HR

( WIqn SHEAR 120 KM/HR PER KH OF (LrLiO THICKNESS

A(R) PARAMETERS: MEAN 44e6'0 tIO;OtS SLOPE .6B

MAX G(T), *98357E-Oi PER HR, OCCLRPED AT 20-?0 HOURS

MAX UTRD RATE, 24o769 RADS/HR, OrCURF.ED AT 235,4- KM

MAX ACCUM DOSE, 35.360) RADS, OCIkRD AT ?1o5b6 K4

SELECTED C"MULATIVE G(T) DATA

AT 9083 HOURS, CUMULATIVE G(T) iS 0.20
AT 2.667 HOUKS9 CUMULATIVE G(T) ic ,16
AT 5,2w5 HOURS, CUMULATIVE G(T) -S .37
AT r.833 HOURS, CUMULATIV" G(T) IS ,52
AT 10.417 OURS, CUMULATIVE G(T) 'S .62
AT 13,0C3 HOUS, CUMULATIVE C(T) I. - 069
AT 15 e83 HOURS, CUMULATIVE G(T) IS .74
AT 18.167 HOURS, CUMULATIVE. G(T) IS o78
AT 20.750 HOURS, CUMULATIV . U(T) IS ,81
AT 23.333 HOURS, CUMULATIVE G(T) TS .84

Fig. 36
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VI Conclusions and Recommendations

This work presents a method for easily studying the

character of fallout from a nuclear ground burst. The major

output quantities from this method are: rate of fallout dep-

osition (g(t)) and cumulative amount of fallout deposited as

a function of time after cloud stabilization; and, unit-time

reference dose rates and total dose accumulated to infinite

time as a function of downwind distance from ground zero

and crosswind offset from the cloud path. Validation of

one g(t) run against an accepted standard is outlined

briefly in Appendix D.

Various input parameters for the model presented may

be varied, and their effects quickly studied. These param-

eters aret weapon yield; activity-size distribution, A(r);

wind velocity and shear; and, fission fraction of weapon

yield.

As Discussed in Chapter V, g(t) has been shown to be

very sensitive to the particular A(r) chosen. Several (log-

normal) distributions from the literature were chosen, and

the effect of each particular choice examined. Results in-

dicate the need for planners to carefully choose A(r) for

a given case, and to be aware of the implications of this

choice.

It has also been shown (in Chapter III) that a zero-

thickness fallout cloud is an excellent approximation to a

finite-thickness vertically distributed cloud possessing a

symmetrical distribution of activity with altitude.
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Recommendations

The present model, while providing ease of computation,

does have shortcomings. The particle fall dynamics are well-

described, and need no further work immediatly. An attempt

should be made to include fractionation in the g(t) cal-

culation, and results compared with DELFIC runs. Downwind

shear should be added to the model. This will result in the

necessity of carrying out an integration over the downwind

extent of the cloud for each dose calculation instead of

using equation(34) in its present form. Finally, and more

completely, the entire method used in WSEG-RM-1O to describe

cloud size and growth, adopted here essentially intact with-

out criticism, should be examined for correctness in light

of more recent work.

It is possible, using the table of polynomial coef-

ficients provided and the calculation methods described, to

develop a simple algorithm to enable a user to easily per-

form hand calculations of g(t) and dose quantities.

Possible far-future efforts might center around

adopting the model presented herein, or a modified form of

it, as a "subroutine" in a multi-burst analysis scheme,

since the consideration of a single burst has little rel-

evance to many conceivable tactical situations.
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Appendix A

Particle Fall

This appendix contains the following exhibits:

- a listing of the CGEN code used to calculate

particle fall polynomial coefficients

- a table of polynomial coefficients f or each

200 meter altitude block from 200 meters to

fifty kilometers above sea level

- plots of r vs t for various altitudes

CGEN Code

Figure A-i is a listing of the CGEN code. The steps

in the operation of the program are as follows:

1) Air density (RHO) and dynamic viscosity (Mu)

for each altitude block are read in.

2) Forty radii (R) in meters are calculated.

3) Q, Reynolds number (RE), and the reciprocal

velocity (W) are calculated as detailed in

Chapter II.

4) A numerical integration is performed to

calculate a time of fall (T) in hours for each

particle size from each altitude.

5) C7 is calculated.

6) A least-squares fit is performed in sub-

program PLSCF, fitting the function

y = r - C7/qi'tto a polynomial in 1/t.

7) The resulting polynomial coefficients C 1
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PROGRAM CGEN NINPUT, PUNCH, OUTPUT)
REAL MU(251)tilMErt.ION FHoe:5P .,F' .'~4.4 ,T:14 0, 2511::, f:(7251) , X ,'.4 0) , (4''0)), CC ':.6:'.

I WORK (50 , ,t it 4 1)
101 I=1, 251

1 REAt' 2,FPHO(I,,MII(I).
2 FOMHT '14X 2E14.5'

D0:31=I ,40
WId(" I) 1.
P (I) =5. E-06#1
IF (I. GT. 20 :, .' '. . =1. E-04+7.5E- 5'* (I-2U.)

12 o3J=1,251
c'=272064. *F.'HO (, . ' .:) .*:3.ML J: *-2
IF OD. LT. 120. Gr I'0T04
Q=ALOG 10 '0)'
2=-I. 29. 5:r',+. ' :t-"x.'. 04.'1 77.eOIP..2+. 00(I11 235.c'O..3
RE0 1 0.".-
5OTO5

4 RE=O.-'24. -2. :.3E-04i +2. 0154E- 06+0-._-6. 91 (15E-09***4
5 Id=RHO ' RE .. 'FE*t , f._.) * 1. + 1 . 165E- 07' .R (, 1. *+RHO ,i ) ) )

I F i:' . Er' . 1', G 0 T 0 6
T I 1 =T i I J- 1.) + ,:L +60) .5+2 00. *2. *,: 1 )..:36 0.
i'0T0.
TI, 1 =0.

:3 IhdL =1..

D071 =2251
C (7, 9 1 =5. E- f0E*:-::F'T (TI" 1, 1) )
DOS3J=I, 40
X (J)=1. --T (J, I)

Y'(J =R '.J, - C (7, i I) .,::PT (T (.J I))
8 C ONTIHUE

ICHLL PL'i F '.., Y,* Whd , 40, 5, r4MF:.:'. *C ~, 0' :.'D. NO,* IOF', I ER)

IF('NM'.HE.5)PRINT. " 1" , tIMAX
IF(IER.IE. 0) PRINT*," 2",IIER
DO7J=1,6
C (.' 1) =CC (7-J.:'

7 CnT I INUE
D01 iJ=2,aI

11 PUNCI'H I1 , ('.C L .J) ,L=I., 7)
10 FORMAT ,7E 11. 5

STOP
END

Fig A-1. CGEN Code
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through C6 are punched on cards.

Table of Coefficients

Table A-i (five pages) is a list of the polynomial

coefficients generated by the CGEN code. These coeffi-

cients may be substituted directly into (10) and (11).

Then, entering a particular time, in hours, will yield a

particular radius on the ground in meters or a rate of

change of particle radius in meters per hours from the

altitude and time considered. The choice of meters and

hours as units was based on restrictions in the PIJSCF sub-

program on the limits of the numeric range over which it

operates.

Plots of r vs. t

Figures A-2 and A-3 are, for purposes of illustration,

plots of particle radius hitting the ground versus time for

cloud center height corresponding to weapon yields in the

1 KT - 20 MT range. These plots were generated using the

coefficients in Table A-i and equation (10).
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Appendix B - Fortran Code for Calcul-

tion2f itjand Dose Quantities

This Appendix contains the following items:

- a copy of the FALL code that calculates

and displays g(t) and dose information

(Fig. B-i, four pages)

- a user's guide to running the compiled

version of the FALL program

- a sample of output from FALL and an ex-

planation of how to interpret the output.

FALL Code

The FALL code reads in as basic data the table of

coefficients in Table A-1. For each fallout problem the

user must prepare a data card with the parameters of the

problem he is interested in.

The operation of FALL is straightforward, all

quantities being calculated as described in Chapters II

and III. FALL then supplies a printed output of the problem

parameters and selected calculated quantities, and, at the

user's option, plots of g(t), UTRD rate, and accumulated

dose.

User's Guide to FUL

Figure B-2 is a sample deck used to run the complied

version of FALL on the CYBER system. It is necessary to

request CM70000 to insure enough memory to load all neces-

sary elements. If several data sets are run in one program
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PPOGF-.FIMFiLL'.I NPUT' OUTPUT iPLOT *TAPES * 1APES~ OUT)
Dt I M-1EN LI: O0N tn GI. G' 13;8:$.6 T I ti1E (8*6t p c-' 2 50) D':3
I D I'ST ( 86t. U 6,-,. ,CC:'.)
P = 2. 5 066.86
PEWmINDI 5
DOI11=11 %25'0

REA(G (J I' J= I- ': =, 7)
.3FORMAITt7El1.5)

:30 READ+ q YTF!-A,AE,\.', "Y9::Y, 1 - FF
I F (EOF '5L I NPlj .MNE. 0. GOTO99

Ul 0.

1111 I .

11D4=n*
IFt(TF. E0.0.)TF =24.

DIO

D I T1=0.
DISTL=0.
11 ' T:- = 0.
IF (A. E 0. 'A= 44. 6

IF'VE0El' 'I 'F

IFt EI.G .: I 1=
IF' (11 LT. I1=

IF'(FF. E". i, 'FF=5

FiK= 9-. *41 t+. *YY..:.3
HO=.- 0.11 S* 5 0 7+2 0 4.YY+3.5.VY**2+a .4*YY*'+ _*Y

I G ILb.

S162=1 '2_E i4*HDJ
TT=HO. lI5e4. -2.'HO **28..2
ELZERO-=' .TT
EL=3PFTf 'EL'"EFO**2+. +*37Ia3R7AD**2),
T I=HO.. . lE- OEt-, 2,E- 0%3

GE, ( I )-= l

TIME' 1)=T1
ElIS T(')=V* T IMEQ1

t;MAX 0.
UMH.:=Il.
DMAX=0i.

T=T I ME'I' L
L=HO-,2fiii
H=HO/d 0l0. -L
t'O:3 ilK 19

Fig. B-1. FALL CODE
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R=CC <1 ') /T**5+CC '2). T**4+CC (3) (/4*3+: C4 /T**2+CC (5) /T
I +CC (6) +CC,: 7) -:r'T ,* T)

AP= el 1. -" (P*B*P).")'i,* ':P' .' :FL3 : >-t,.":, 2 /':2

DRDT=-5. *C:C , 1') .. " T**6-4. TC 2.. .o"T -3. *L-L: , T* 4-2. .C:C: '4:'./
1 T*:3-CC (5) .. 2-CC. ,:7: / (2. *T+* 1. 5)
])RDT=DPTT 100 (1! V 0 U .. "::6 A0. t -1.

G (' I '.) =AP*IPDT
11 :" T .I) = V* T I ',IE :.:,
3G 11 ( ) = GG I- I + I S. I :: +G -: I-:: '.' 150.
. I -"S. PT (.. I GIF A1 ,2 , 1( . +'.='. 1' I 7 1': :' .."-L., + ,El I :.T (I) :I I."'/V) * 2
U (I:) = . 29E+ r9 4"YFF * ,.7 ' I .E'>F' . 5 , Y'c.." $1 1 ) * ) *.. *: I IY.)
1t ( Il' =U :1. :' *5. * (T I tE : *. -. 2: -.
UIjt.1:=Fr.1FR::.:, 1 *I.U ,::: i."~ t Ut-(X:,

1 0 G'3f1X=RFt : 1 ,G ':I :' t1Re-:,
l3MH::=1'lte-:: . - e' 1:,

DOII I= ._l

11 IF( ": G : (I- 1:' LT. GI_ ,: T: ., G_=T I ME: ':1)::DOi~ 1 1 =, * lJ l.

IF( <I'I) LT I :, 1:': I =i ( I)

IF (D ( I 1 .LE. 10 0, DI:l I TI:ST I
12 IF (D :1 . L. ( .: IOTO
13 DI 0 . 1 I-1

IF < (D LE. IUQ.',I T=:DIT
I F ,:(D ,I .L E . 50 0 o f , D I :-: T 1 = D I SZ- T I>

14 1F (D:1I. LE. 5100 GO T T015
15 DO16 =. IJ

IF (D (1) LE. 100.) ': -3 i)::,
I F '1 (1 LE. 5I 0. :, I 4T:-=D I:'.:T Q).

14 1 F ,:.D ,:.I:, L E. 100..') G 0OT 017

16 IF'.'(I ' . LE. 10..:, 'FOTn1

17 D0211 I=K IJ
IF(U 'I) LE. :300 . II1=l(j I )
IF (U ':1) . LE. 3066. :') I I=EDI:ST (1)

1 IF (U,:(1) . LE. 3 0 00.)> GOTO2-2

22 D123k:= I q -
IF ':U(P.,:) . LE. 1000. :U =U(:)
IF (U f+-' LE. 1 UUi.) U1121=1D I:: :T 4-:)

23 IF ' :' . LE. lU. . &OT024
24 D'0351 i

I F (U I )•LE.•3 U ' ::= I:
I F (U fl I) •L. 30 .:'U -:= I T ':35 IF (U': I) LE. 30U. :0 IuT02 1

26 D027K= I. i
IF ':':C LE. 100Cl. "I U4=1 0-:*
IF 0-U (K'). LE. 1l . :'t UD4=E' I:ST (K)

27 IF (WU K). LE. 10.: GOT028
, ,:J + 2) = G MR'::..5.G'3 ':j+2) =. 2

T I1E (.+ F' TF.".
D US T Q.++2.) = b I S. .T .> .
6 (.J+ I .) = (I.Gt1:v,(. i+ I' = 0 .

TIME (..1+1''' =0.D I :. T (._J+ 1 ) •

U (J+) =L.

Fig. B-1. (Continued)
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U (J+2) I IMAX/'5.
D (J+b 1)
P Q+2 it. ImHx.* 5.
A=EXP ' H'
S Ib. t-dll0 ll *:E.:Ii3
PRINT 99-

99 FORMATL 1
I PRINT 20I19Y

201 FORMHT'1~q 1'::VIELLD "4 FS. 3,' MEGAIUJN\s'I PRINT L02IFF
202 FORA ~1i,"FISS&ION FRAC:TION ',F.2

f PRINT 2034TI
203 FORMHT'(/! 'X, INITIAL TIME "'F6.39 " HOHJR 7:""

PRINT cU4'TF
2.04 FORMA T (.', 11. F INAL T IME ",9F7.. ' HJUHrt.'

PRINT 2051HO
205 FORMAT (-'q 11 V' --LOll' CENTER HEI'3H1 "-F7. 19" METERS*"'

P R INT 206 (It" --1
206 FORMAT I:z I -- IG'MA CLOUD TH I CT.NE--:,-., " F. 1 " METERSi

PRINT 2:? IFE
207 FORMAT ( 11..' INITIAL HORIZONTAL 'LUUI' RADIIU "'s6.2'' KM')

PR INT2:3
208 FORMAT G-, 911<"'V-OFFSET "PF6.2,-- KMW'-

PR INT 209, V
209? FO0 RA *:. A T ' V d 4I ND VELOIITY "qF?. 2' " K*M-/HR,'

PRINT 20
21 0 FORMAT &.11::.X, " IINE' SHEAR ' ,FE.. 29 " KM.'HR PER kM OF CLOUD TH IU CISNE

211 PRT "1X A'R'V PAR'AMETERS.-: MEAN ",F?.2<i MICRONS9 ':-:LOPE'.

PR INT 1 * 'MAX, qT'
212 FORMHT "'/iX, MA:<., 13 ':. T)q - E12.5, " PER HR. OCCURRED AIT "qF? .3i

1" HOIIP.'S"
PR INT 21i * ~tL~rA::.::,

213 FORMAT */ l11 MA:: UTRD RATEl "PFlU.:3, " RAPS,' HR. OCCLURRED AT '
1F:.c, KM")
PR INT 2149 DMAX lI'

214 FORMHT (. li1X;, MAX: AiC:(Cur'1 DOS:E "'Flu.:?," RAPS. OC'CLIRED AIT
lF:. 9 f.-.M")

215 FOFMHT(/l,11. <" ACC-'UMUJLATED DOSE OF "P~I0.? ADS OCCURRED AT",

216 FORMMT r '9 lX' " UJTRE RATE OF "'l.:,'kP/ROCCURRED AT '
IFS.L4" in:'M'

IF D.DlEu ['MIi"'OF'. Dl.ECI. 0. ' 3T041
PRINT A 'P~gl't'l :Tl

41 IF '12. E' DM' OR. D2. ECQ. U. * '3T04
PRINT .A 9E1L.9D1 TaJ

42 IFtpE' 1M'OP i? E.0,iOTO4,3
PRINT 2l. P .PI:7 T*:3

43 IFdIl.Ef.!U liri OF.Ul.EQ. 0.n3OTO44
PRINT e1e'U1,Ut11

44 I F(1U2. El;.7Ut OFR. U2. El;. 0.) G 3T045
PRINT 216I9LI0-.1

45 IF (J:. EfD. I triM OF -. U. El;. 0.. * I'OTO4E.
PRINT 216q11 .I',U:

46 IF WJ4. E0. 11MM~' OR. U4. E0. 0.. G:30T047
PRINT 21E.,U4'UL'4
PRINT*,"

47 PRINT.'
PRINT*P " '.--ELECTED CIMLILAT lYE iB'T) DATA"
PRINT*-)""

Pig. B-1. (Continued)
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D025 I= 1 J'J*
25 PRINT 21?7 TIME(I )::' 33:~217 FORMAlT lr i.?x. "FIr -F7. 3." HOUR:39 G:UMULHT lYE '3 T) I.&*6.2

PRINT 99
IFQ(1. EC.f0)G'3TO30
IF 11. NE. 2:' FRlrT.*"3 ':T:' PLOT P~'EVE"
IF '.1. E. 1:' INiT.. D'DO:-'E PLOT F-EQUEZ. ITELI
CALL IIRAWdIN '5LTIPE&'.,
CALLt'RA..OUT :LT.

IFQI E0.')G.iOTO2O
A41=3H. i i

A:3=3H 15

A69=1HG--T'.! U

A7=1 "H MFI'ATON,

WRITE'. (St-i05) Hy A~A.5.6%.7HI.

Al =2H 12
AE=4HT IME
8:3=7H (HOURS:.
A4=2H i::S
85=8:HCU iN '3 T..
86=2Hi2
87-4HCk ('m
A8=7HPEP HR
WRI TE' (8 9 10 1.. Al' A2? A3 A4' AS A65F. F1-H

101 FORMA1TH.AxF44, 1,A-7, q F12 A8.. FG,i /q, L, 4, 1X A7)
20 Al=3H.0

A83=3H.15i

A45=1LHHTFII RATEf
Ab -9H ACCLIMIJLA
A? -'HTED D'::E,
88=0 KMN r OFF:r' ET

102 FORMAT ( 2XI H3.) 3X. Hi? 4..-,. A 10 9289. F. 'D'q Hi 0:'

82=SHD ISiTANCE
8:3=4H ( rKM)
84=2H1 0
85=l 0Ht'O2E '.PADC)
86=2H16
A7=9HUJTRt PATE
AS=6H( ' P 
AR I TE (S 9 1 0--r Al. I,? H2 A>- F4. AF5. A6 9 A7.

103 FORMAT (.A2 * 2XI A8 1 X .F4. 9 A.?, EX A 1. .** Hi.IX, F19 9 1 I F16)
REWIND 83
1IF Q I - NE. 2:: CAlLLDF'A~dZ (.T I ME, 3, ~3'.3 I ~ G:G! G.1,1

GOT030 
j 1

9'99 S&TOP
END

Fig. B-1. (Continued)
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Card Note

RFC,CM70000.TXXXXXX Use appropriate ID #

ATTACHA, AF ITSUBROUTINES, ID=AFIT.

LIBRARY,A.

ATTACH, TAPE5, DATA, ID=T790432.

ATTACH ,LGO ,FALL, CY=5, ID=T790432.

LGO.

7/8/9

1,0,0,0,0,0,0,0,0 Data Card

9, I,

.01,72,37.3 91.45,50,10,2.4,3,.8 "

7/8/9

6/7/8/9

Fig B-2. Sample deck for FALL
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run, It may be necessary to request additional CP time on

the job card.

Each data card represents a separate fallout problem.

Data is entered in free-field format, i.e.

READ*,Y,TF,A,B,V,YYY,SY,II,FF.

Variables should be assigned values as follows:

Y- weapon yield in megatons.

TF- final time for calculations, in hours.

A zero value will set TF to 24 hours.

A- mean particle radius for activity-size

distribution, microns. A zero value will

set A to 44.6 microns.

B- logarithmic slope of A(r). A zero value

will set B to .69.

V- Wind velocity, KM/HR. A zero value will

set V to 25 KM/HR

YYY- Crosswind offset in KM for dose calculations.

Plots of dose quantities are made parallel to

the effective wind at user-selected offsets

from the "hotline". Several plots at various

offsets can be used to construct dose rate

and accumulated dose contours.

SY- Vertical wind shear in cloud, KM/HR per KM

of cloud thickness. A zero value sets SY to

1.2.

II- Output selector. The following outputs will

be generated for the indicated values of IM:

80
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II OUTPUT

0 Printout only

I Printout and g(t), cumulative

g(t) plots

2 Printout and dose plots

3 Printout and all plots

FF- fission fraction of the device. A zero

value will set FF to .5.

Interpretation of Output from FALL

Figures B-3, B-4, and B-5 are the output from a

run of FALL that requested both g(t) and dose plots for

analysis of a one megaton burst with all other parameters

set to default values. The data card for this run would

look like

1,0,0,0,0,0,0,3,0

Referring to figure B-3, the output starts by repeat-

ing the yield and fission fraction selected. The initial

time for all calculations is calculated by the program,

and is approximately the time it would take a one centi-

meter particle to fall from the cloud center height. Final

time is as specified in the input card. Three initial

cloud parameters as calculated by the program are then

listed. The y offset, wind parameters, and A(r) specifica-

tions are as input.

The program then prints the maximum g(t), the time

at which it occurred, and the maximum UTRD rate and accu-

mulated dose and the distances from ground zero at which



Y V1 L 0 1, r L ME&.4TOlS

FISF'70N FRACTION 050

1 - INT4TIAL TIMF NO~ QLRS

( --- F1'4tL TImcE 2. 4 U ROURS

CL')IID CENTER HE'GHT 15453.4 METflq

3-ST' YIA CLotY THICKNESS iU: tM7TE'rS

( _INITTAL Ht).1!1CN1TAL CLOUD RADIUS 2,r4 KV,

Y-IrrSET r-C KM

- wINfl VELOCITY- 25.CC KM/HR

C --- W3'WJ! SHEAR 1,232 KM/HF, PER KM1 CP CLOUD 1H!CKNESS

AMQ. PARAMETERS1 MEAN 44abO HIC;OV:S1, SLOPE 169

___ -MA X. 0(T), *98357E-Ci PER HK9 CCCURPEO AT 2417 HOURS

CMXUTRO RATE, 794*869 RADS/HR, OrCURRED AT hL167 KM

____ __ AXACCUM DOSE, 2213.379 RAOS, OCCURRED AT 35o42 KM

ACOUMULATED DOSE OF 988.127 FADSrCCURREO Ar E75 KM

C __ _A.C4UMULATED DOSE OF .491,397 PADS fCCURRED Ar 1270~E KM

____ ACCLIMULATED DOSE OF 98,705 PAOS OCCURRED Ar 247o92 KM

______ UTRD RATE OF 293.*952 RADS/HR OCCUCRED AT t2l]d3 KM

C____ ___UTRO. RATE OF 99.089 RAOS/R OGCUrRED AT 214oF8 KV

(,. SELECTED CUMULATIVE G(T) DATA

C._______AT_ 2.667 HOURS, CUMULATIVE G(T) I~ 'S 16
AT 5.o25 0 HOURS, CUPULATIVE G(T) IS .137

_______AT 7.833 HOURS, CUMULATIVE G(T) 7S .52
C.AT 10.4 117 HOURS, CUPULATIVE G(T) IS 962

AT_1_0__00____ AT CUMULATIVE G(T) IS .69
Ar- 1 558 3 *HOURS, 9CUMULATI VE G(T). IS ---- o4

- -_________AT__ ±6.167 HOURS, CUMUL.ATIVE 0(T) is 97'8
At 20 .750' MOUT1St CUN:ULATIVE G(l) I1S .81
At 23.s333 HOURS, CUMULATIVE G(T) IS s84

Fig.. B-3. Sample Printed Output
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they occurred. These distances are along a line parallel

to the path of the cloud offset by the y offset value.

The simplified geometry chosen will lead to symmetry about

the straight line cloud path.

The program will select several doses and UTRD rates

and list them, along with the distances at which they occur-

ed. These values will be: for dose, the highest values that

do not exceed 1000, 500, and 100 rads; for UTRD rate, the

highest values that do not exceed 3000, 1000, 300, and 100

rads/ hr. If any of these values are also the previously-

listed maximum values, they will not be repeated. Values

closer to the origin than the maximum values are not listed.

Cumulative g(t) information is listed for ten points

over the range of time selected. This enables the user

to quickly see how much of the radioactivity is down at

any particular time after cloud stabilization.

It is suggested that one or more runs of the program

be made requesting only the printed output before any plots

are requested for a given problem. Computer resources

may thus be conserved, and the user will be able to better

decide how to specify his problem before generating plots.

Interpretation of the output plots is straight-

forward. The horizontal axis of the g(t) plot, time, and

that of the dose plot, distance, are related by input wind

velocity. Care should be taken that the correct line is

examined on either plot by observing the marginal symbols

associated with each quantity. The user should also be
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careful to consider any power-of-ten multiplier printed

near the axis label.
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AP~endix C Comparison of Pancake

and Distributed g&(j Plots

Figures C-1 through C-5 are plots of g(t) for dis-

tributed and pancake clouds at yields of 1, 10, and 100 KT,

and 10 and 20 MVT. It can be seen in all cases that a pan-

cake cloud geometry approximates the distributed cloud

very closely, with this approximation getting better as

weapon yield increases. Using the pancake approximation

has the dual advantage of reducing computer time for

analysis of a given problem by about three-fourths and

allowing selected g(t) calculations to be made by hand.
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Appendix D Comparison with DELFIC

The DELFIC program (Ref 6) is the accepted DOD

standard for fallout models. It is a detailed, long-

running code, not easily applicable to a quick study of

fallout effects.

For purposes of validation of the g(t) results

presented herein, a DELFIC run was made at the Air Force

Weapons Laboratory for a 100 KT surface burst. Represent-

ative g(t) and cumulative g(t) results from this run are

plotted in figure D-1, along with a plot of g(t) and cumu-

lative g(t) generated by the FALL code.

Since DELFIC and FALL differ in a number of respects,

perfect agreement should not be expected. The closeness

of the fit obtained is encouraging.
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Appendix_ Results of Calculations

This Appendix contains the results of a number of

runs of the FALL program. All results were produced through

use of the pancake approximation. These exhibits are meant

to demonstrate the flexibility of the program in terms of

the ability of the user to vary the input parameters.

For each variation of an input parameter, the printed

output of a program run is included. The g(t) and dose

plots are also included, except that exhibits showing var-

iation of parameters that do not affect g(t) (wind velocity,

wind shear, and fission fraction) will not contain a g(t)

plot.
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List of Figures for

Appendix E

Figures Pages

E-1--E-15 FALL Outputfor Base Case 97-111

E-16--E-75 FALL Output - Varied A(r) 112-171

E-76--E-95 FALL Output - Varied Wind Shear 172-191

E-96--E-105 FALL Output - Wind Velocity 192-201
50 KM/HR

E-106--E-115 FALL Output - Fission Fraction 202-211
1.0
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____ YrE . - .001 MEGATONS

. .F[ SSION FRACTION .50

XIITIAL TIME 0.00 _.HOURS .....

FINAL TIME 24o090 HOURS

C.OUD CENTEP HEIGHT 1463oC METERS

3-SIGMA CLOUD THICKNESS 1097.3 ETEFS

___ ITTAL HORIZONTAL CLOLD RADIUS ILj KM

____ Y-3FFSET Co00 KM

WIND__ VELOCITY 25.00 KM/HR

----W[MO SHEAR 1,20 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERS$ MEAN 44.6) MIC;ONS, SLOPE .66

MAX G(T) 98 _ I42E.*0 PER HR,. CCCEREo AT .333 HOURS

._.. NIXUTRO RATE9 59s540 kAOS/HRt OrCURREO AT 6025 KM

MAX __ ACCUM DOSE, 285.983 -AOSp OCCURRED AT 6.25 Km

A.UMULATEO DOSE OF 81,979 RA0S OCCURRED Ar 18@75 KM

SELECTED CUMULATIVE G(T) DATA

Ar 0.000 HOURS, CUMULATIVE G(T) IS 0.00
AT 2.667 FOURS, .CUMULATIVE GET) IS ob
Ar 5.333 HOURS, CUMULATIVE G(1) IS _. 95
AT i.000 HOURS, CUMULATIVE G(T) IS - 98

_ _ Ar_ 10.667 HOURS, CUMULATIVE G(Tr) 1S _ .99
At 13.333 HOURS, CUMULATIVE G(T) IS .99

_--1 Ar 1c00 HOURS, CUMULATIVE GET) IS 1.00
Ar 18.667 HOUkS, CUMULATIVE GET) IS 1.00
AT 21.333 HOURS,_ CUMULATIVEGUT) IS_1.00

Fig. E-1.
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_ _ - ._ -,- _ 4 .... ,, -- --.---Ir

(,

c ---- YIELD &010 MEGATONS .. .

...... S_.YI S ON FRACTION ,50
c

I ALT TIME 0.000 HOURS . .

_____ F[NAL TIME 24.000 HOURS

CLOUn.CENTER HEIGHT 4358o6 METERS

.______3-SIGMA CLOUD THICKNESS 3269.0 MET EPS

c IITIAL HORIZONTAL CLOUD RADIUS .73 KM.

Y-OFFSET 0o.0 KM

__WEND VELOCITY - 25.00 KM/HR

(W 1[D SHEAR 1.20 KM/HR PER KM OF CLr'UD THICKNESS

_ A(R) PARAMETERSI MEAN 44.60 MIC4OtfS, SLOPE *69

S. G(T)- *29695E400 PER HR, CCCLRPED AT 833 HOURS

(_ __ _SX. UTRD RATE, 110.730 RADS/HR, OrCURRED AT 16.E7 KM'

____. MAX ACCUM DOSE, 410.718 RAOS,. OCCURRED AT 14.58 K4

ACCUMULATED DOSE OF 98.959 PADS OCCURRED Ar 52.08 KM

( UTD RATE OF 94s610 RADS/H OCCUFRED AT 25o[O KM

S-"ELECTEO CUMULATIVE G(T) DATA

AT 0----O-O-HO-URS-C UMULATIVE G(T) iS 000
C AT 2o667 HOURS, CUMULATIVE G(T) IS s53

Ar 5.333 HOURS, CUMULATIVE G(T) 1S .76
AT__ 8000 HOURSt CUMULATIVE G(T) ITS ,85

( Ar 10e67 HOURS, CUMULATIVE G(T) 7S .90
AT 13i333 HOURS, CUMULATIVE GfT) IS _93

A 16*-000 HOURS, CUMULATIVE G(7) IS .95
( AT 18667 HOURS, CUMULATIVE G(T) IS .96

A-T 21.333 HOURS, CUMULATIVE G(T) IS .97

......... .Fig. E-4.

100



C*j

C)0

* 
-4

C00

0
0

I- 
00

o o 
-0 0 O 03d

o !10)s.-o 
O I

00



10

00

oL
OD

*M

LaI

00

C3 a:
N

C-)4

L)
cc

o

102



C _ -. YIELD .100 MEGATONS

FISSION FRACTION .50(
INITIAL _TIME 0o000 _HOURS

( -- FINAL TIME 24.080 HOURS _

CLOUO CENTER hEIGHT 9753.6 METERS

3-SIGMA CLOUD THICKNESS 73152 ME7EpS

( ____ _NTIAL HORIZONTAL CLOUD RADIUS 1_.78 KM

.... ~Y-OFFSET C900 KM

_ _._OVELOOCTY 25.00 KM/HR .

( ___ NO SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNE'SS

A(RI) PARAMETERSI MEAN 44*60 MICqONS9 SLOPE .69

MAX G(T)_ .14371E4+00_,PER HR _OCCURPEDAT _.F6 HOURS

C -_ _ __ .MAXUTRD RATE, 198.324 RADS/HR_ OCCURRED AT 31.25 KM

__ _ MAX_ ACCUM DOSE, 604.878 RAOS, OCCIURRED AT 27.08 Km
C

ACUULATED DOSE OF 496.689 RAOS-nCCURREO Ar 4d.67 KM

C A*CCUMULATEO DOSE OF 99379 RAO. OCCURRED Ar 112.*5 KM

URRD RATE OF 96.797 RADS/HR OCCUPRED AT 77*8 KM

S_ EL ECTED CU"MULATIV-E _G(T) _DATA

AT 0.000 HOURS, CUMULATIVE GUT) TS 0.00
AT 2.66? HOURS, CUMULATIVE G(T) IS .27
-A- 5.333 HOURS, CUMULATIVE G(T) IS .52
A- A. 8.000 HOURS, CUMULATIVE G(T) IS .66
AT 10667 HOURS, CUMULATIVE G(T) Is .75

(AT 13.333 HOURS, CUMULATIVE G(T) 7S 180
AT 16.000 HOURS, CUMULATIVE G(T) IS .84
AT 18.667 HOURS, CUMULATIVE G(T) IS .67

( AT 21.333 HOURS, CUMULATIVE G(T) IS .90

103i , . . . .. .... . . . . . .. ..



cc 
-4

)

-T so

o s 
0

000 00
pi,0-S



IU

00

0L L

LLL
CC

00
* 04

0)

cc:
03

fl k 19 W V 6*e a N l"I0

105)



S-- ( ... .. ....... . ..__ ... .

________ YfIELr, .10.000 MEGATONS

FISSION FRACTION o50

INITIAL TIME .167 HOURS

-.__FINAL TIME 24.000 HOURS

_CLOUn CENTER HEIGHT 23652o.5 METERSC
3-SIGMA CLOUD THICKNESS 17739ol; METEFS

( ______ INITIAL HORIZONTAL CLOUD RADIUS 5oc7 KM

Y-OFFSET 0.0 KM

WH0NO VELOCITY 25 00 KMfHR

( _ __WINO SHEAR 1.20 KM/HR PER KM OF (LOUO THICKNESS

A(R) PARAMETERS$ MEAN 4'.65 PICFONS9 SLOPE .69

MAX_ .G(T), .7021OE-01 PER- H R,-OCCURFED_ AT__ 3.§76 H ouRs .

( _MAX_. UTRD RATE$ 2667.588 RADS/HRI OCGURRED AT-- r4oi? KM

MAX_ _ACCUM DOSE, __6795o564 RACSf OCCURRED AT _ 47.92 KM

.ACCUMULATED DOSE OF 990o.4.7 RADS OCCURRED Ar 2C6.25 KM

ACCUMULATED DOSE OF 498918 RADS OCCURRED Ar 275.00 KM

ACCUMULATED DOSE OF 99.518 RAOS CCCURRED Ar 491.67 KM

UTRO RATE OF .. 980.. 9448 -RADS/HR OCCUPRED AT .L4.. te,8 KM ..

UTRO RATE OF 297.857 RADS/HR OCCUrRED AT 3W-1942 KM

UTRD RATE OF 99.325 RADS/HR OCCUrRED AT 500oO KM
. -________________ __

SELECTED CUMULATIVE G(T) DATA

Ar -.. 167 HOURS, CUMULATIVE G(T) is .000 -
_ _ _ AT 2*750 HOURS, CUMULATIVE G(T) IS Ole

AT 5.333 HOURS, CUMULATIVE G(T) rS .27
AT _ ?.917 HOURS, CUMULATIVE G(T) IS .. 04 0
AT 10o500 HOURS, CUMULATIVE G(T) rS o50

( AT 13.083 HOURS, CUMULATIVE G(T) 1IS *5
AT 15.66? HOURS, CUMULATIVE G(T) TS .64
AT 18.250 HOURS, CUMULATIVE C(T) TS .69
AT 20.833 HOURS, CUMULATIVE G(T) IS .72
AT 233417 HOURS, CUMULATIVE G(T) IS_ .76

c Fig. E-1O.
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-_____ __yIELD o 0COG MEGATONS

FISSION FRACTION .50C
INITIAL TIME *167 HOURS

S _-FINaL TIME 24e000 HOURS -

..... CLOUD CENTER HEIGHT 27483.8 METERSC
3-SIGMA CLOUD THICKNESS 20612.8 ME1EFS

. INITIAL HORIZONTAL CLOUD RADIUS 1,33 KM

...... Y-OFFSET C.O0 KM(
- wIN VELOCITY 25.00 KM/HR

( .__ _ 1WIND SHEAR 1.20 KM/HR PER KM OF (LOUD THICKNESS

A(R) PARAMETERS1 MEAN 4A"60 tICFCNSP SLOPE .69

MAX G (.T).. .62476E-Oi1 PER HR 9 ..CCC LRFED_ AT _ _3.,500_HOURS

-----.. MAX. UTRD RATE, 3277.166 RADS/HR, OrCURRED AT E0.42 KM

MAX_ ACCUM DOSE, 80539879 RADS, OCCU'RRED AT 52.08 KM
("

ACCUMULATED DOSE OF 998.769 RAOS OCCURRED Ar 25208- KM

( ACCUMULATED DOSE OF 497.800 RADS CICCURREO Ar 335.42 KM

_ACCUMULATED DOSE OF 99*687 RAO €. OCCURRED AF 5.,6? KM

UTRO RATE.OF .2.994-544_RADS/HR OCCUVREoAT__ .... $3.33 KM

* UTRD RATE OF 995.821 RADS/HR OCCUPRED AT 212. 0 KM

UTRD RATE OF 299.755 RADS/HR OCCUPRED AT _393.5 KM

ISELECTED CUMULATIVE G(T) DATA

. _...._A
T

_.... .167 HOURS, CUMULATIVE G(T) TS 0.00
AT 2.750 HOURS, CUMULATIVE G(T) IS .08
Ar 5.333 HOURS, CUMULATIVE G(T) IS e24

( AT 7.917 HOURS, CUMULATIVE G(T) 7S .36
_AT__0 10.500 HOURS, CUMULATIVE G(T).IS J ..6 .

AT 13,083 HOURS, CUMULATIVE G(T) IS ,54
- ---AT 15667 HOURS, CUMULATIVE G(T) IS .60

AT 18.250 HOURSt CUMULATIVE G(7) 15 ,6S
AT 20.833 HOURS, CUMULATIVE G(T) IS .69
AT 23.417 HOURS, CUMULATIVE G(T) I5 s72

---- g---. -- 19 ....
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(

_ _ YIELO ,001 MEGATONS

......- FISSION FRACTION .50C
INITIAL TIME 0.000 HOURS ---- ---

--_ FINAL TIME 24e000 HOURS

CLOUD CENTER HEIGHT 1463.0 METFRS(
3-SIGMA CLOUD THICKNESS 1097.3 MElEPS

C ____ INITIAL HORIZONTAL CLOUD RADIUS ,I KM

Y-OF FS ET 0,00 KM(
WIND VELOCITY 2590C KM/HR

( -- ---- WIND SHEAR 1.20 KM/HR PER K4 OF (LOUD THICKNESS

A(M.) PARAMETERS1 MEAN 37.30 MICRONS9 SLOPE i,4F(
MAX G(T) . 12458E+01 PER HR, OCCURRED AT . 83 HOURS

( ----- MAX UTRO RATE, 1216361 RADS/IR, OCCURRED AT 2.08 KM

---- MAX- ACCUM DOSE, 779.670 RACS, OCCURRED AT 2.08 KM(
ACCUMULATED DOSE OF 414o3±2 RAOS OCCURRED Ar 4.17 KM

( ACCUMULATED DOSE OF 78.993 RADS OCCURRED Ar 12950 KM
_.UTRO RATE OF 77.290 RADS/HR OC^U'REO .AT 4*17 KM

(

SELECTED CUMULATIVE G(T) DATA

AT 0.000 HOURS, CUMULATIVE G(T) IS 00 0 "
-_ __AT. 2,667 HOURS, CUMULATIVE G(T) IS .62
AT 5.333 HOURS, CUMULATIVE G(T) IS ,72
AT 8.000 HOURS, CUMULATIVE G(T) IS .78
AT 10.667 HOURS, CUMULATIVE GET) 1S .81
AT 13.333 HOURS, CUMULATIVE G(T) IS e83
.AT 16.000 HOURS, CUMULATIVE G(T) IS .85

AT 18.467 HOUPS, CUMULATIVE G(T) IS ,67
AT 21.333 HOURS, CUMULATIVE G(T) IS .88

.. . ....... . . .... ... F ig . - E - 16 . -....-

1
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- ___ YIELM .010 MEGATONS

-----_-FISSION FRACTION .50 ...

II IAk TIME 0.000 HOURS__

( _FINAL_ TIME .24.00 HOURS

..... CLOUD CENTER HEIGHT 4358.6 METERS(
3-SIGMA CLOUD THICKNESS 3269*P. MEPS __

S____INITIAL HORIZONTAL CLOUD RADIUS .73 KM

_ _ -*Y-DFFSET 0.00 KMC
WIND VELOCITY 25.00 KM/HR

( WIND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

__ A(R) PARAMETERS: MEAN 37.30; PICOCtJS, SLOPE 1.i4(
MAX- .(T),t. .437_51E+00 PER HR, CCUP.PEO_AT_ . _167._HOUR5

S_ AX UTRO RATE, 252.548 RADS/R OCURPED AT 4.17 KM

MAX ACCUM DOSE, t353.783 RADSp OCCURRED AT 4.17"KM

ACCUMULATEDDOSE OF 84. 446 RAOSOCCURRED Ar . 33 KM

( __ ACCUMULATEO DOSE OF 441.393 RADS OCCURRED Ar 14.58 KM

.__ ACCUMULATED DOSE OF 99.058 FAOS OCCURRED Ar, 35o42 KM

UTRD RATE OF_ . 99.788RADS/HR OCCUPREOAT___ 16e7 KM

SELECTED CUMULATIVE G(T) DATA

A AT . 0.000 HOURS, CUMULATIVE G(T) IS 0.00 -
1 AT 2o667 HOURS, CUMULATIVE G(T) IS .47

AT 5.333 HOURS, CUMULATIVE G(T) IS .58
AT 8.000 HOURS9 CUMULATIVE G(1) TS .65

AT 10.667 HOURS9 CUMULATIVE G(T) IS .69
AT 13.333 HOURS, CUMULATIVE G(T) IS *72

( AT 16oC00 HOURS, CUMULATIVE G(T) IS ,75
AT 18.667 HOURS, CUMULATIVE G(T) IS .77
AT 21.333 HOURS, CUMULATIVE G(T) IS .78

Fig. E-19.
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( ______ IELD 100 MEGATONS

____ __FISSION FRACTION .50

INITIAL TIME _0.000 HOURS_

( ______ _ _FINAL TIME 24.000 HOURS

____- ___ CLOUD CENTER HEIGHT 9753.6 METERS

3-SITGM.A CLOUD THICKNESS 7351 M-EIERS

C __IlNITIAL HORIZONTAL CLOUD RADIUS 1.78 KM

_______0 -F FS ET 0.00 KM

WID .VELOCITY _25.00 'KMfHR --

( _______ -_WI0 SHEAR 1,20 KM/HR PER K4 OF CLOUD THICKNESS

AM ' PARAMETERS: MEAN 37.30 MIC;GOHS, SLOPE 1.45

MAXG(.T), _*2197iE4C00 PER_.MRt _CCC LRfED_AT oki?7_ HOURS

( _____ ._----MAX UTRO RATE, 507.334 RADS/1-R. OCCURRED AT 8.33 KM

____ M-AX. ACCUM DOSE, 2364e 147 RADS, OCCURRED AT 6. 25 KM

AC"UMULATED DOSE OF 9834RO OCCURRED Ar 22e92 KM__

( AC.PHULATEo DOSE OF. 477.931 RADS OCCURRED Ar 35.42 KM

AC."UMULATED DOSE OF -95.418 PADS OCCURRED Ar 81.25. KM

UTRO RATE OF 285.073RADS/HR _OCCURRED AT 22.92 KM___

C____ ___UTRO RATE OF 99.e788 RADS/ HR OC CURRED_ AT 50,00 KM

( _SELECTED DUMULATIVE G(T) DATA

AT f-000' HOURS; 9 CUMULATIVE _G(T)-i!S 0.00_d
------ __AT.. 29667 HOURS, CUMULATIVE G(T) IS *34-----

AT 5,333 HOURS, CUMULATIVE G(T) IS .46
_______AT _ 6000 HOURS, CUMULATIVE G(T7) IS 053

-- AT 10.667 HOURS, CUMULATIVE G( 7) IS, .57
AT 13*333-HOURS, CUMULATIVE G(') IS _ 61
AT 160000 HOURS, CUMULATIVE G(T) IS e64

_-__AT 18.667 HOURS, CUMULATIVE G(T) rs S .66
4T_ 21.333 HOURS, CUMULATIVE G(T) IS 8

____ -- - Fig. E-22.
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4 _ _--YIELD 10.000 MEGATONS

FISSION FRACTION soC.
INITIAL TIME e167 HOURS

_ _ .... FINAL TIME 24.000 HOURS

......CLOUn CENTER HEIGHT 23652.5 METERS

3-STGMA CLOUD THICKNESS 17739.A METERS

C INITIAL HORIZONTAL CLOUD RADIUS 5*g7 KM

__.Y_-OFFSET C.00 KH

WINI VELOCITY 25.00 KM/HR

S...._ _WINO SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

.__ A(R) PARAMETERS$ MEAN 37.30 MICRONS, SLOPE 1,.(
MAX G(T), 11736E+00 PER HR, OCCURPED_AT . 66? HOURS

( --.-- MAX UTRO RATE, 8152.536 RADS/HRq OrCURRED AT 12*5t KM

MAX ACCUM DOSE# 32961,527 RAOS, OCCURRED AT 13.42 K4(
ACCUMULATED DOSE OF 973.601 RAOS OCCURRED Ar i0.OoO KM

._. ACCUMULATED DOSE OF 492.868 RAOS OCCURRED Ar 2C2,08 KM

--_ACCUMULATED DOSE OF. 99424 AAOS OCCURRED Ar 389.58 KM

UTRD_RATE OF ....2994.483 RADS/HR OCCUPREO AT F4917 KM

( ___ UTRO RATE OF 96o522 RADS/HR OCCUFRED AT 110.42 KM

___ UTRD RATE OF 299.133 RADS/HR OCCUFRED AT 212.50 KM

UTRO RATE. O . . .36_RA.S/_HR _OCCURRED AT--- 372.92 KM.....

SELECTED CUMULATIVE G(T) DATA
( " 167 HOURS, CUMULATIVE G(T) IS 0.00

AT 2,750 HOURS, CUMULATIVE G(T) IS .23
AT 5.333 HOURS9 CUMULATIVE G(T) IS .34

( _ AT 7,917 HOURS, CUMULATIVE G(T) IS :40
AT 10.500 HOURS, CUMULATIVE G(T) IS e45
AT 13.083 HOURS, CUMULATIVE G(T) IS ,49

( AT 15.667 HOURS, CUMULATIVE G(T) IS .52
I AT. 18,250 HOURS, CUMULATIVE G(T) IS .54

AT 20,833 HO'URS, CUMULATIVE G(T) IS .56
*_ AT 23.41? HOURS, -CUMULATIVE G(T) IS .58

Fig. E-25.
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( _____---YIELD, 20.000 MEGATONS . .

• FI$SION FRACTION .50C
INITIAL TIME .... 67 HO.URS .....

( __ FINAL TIME 24.000 HOURS-

---- CLOUD CENTER HEIGHT 27483.8" METERS(
____ I__3-MGA CLOUD THICKNESS 20612.8 HEIERS------

C INITIAL HORIZONTAL CLOUD RADILS 9.'3 KM

_ Y-OF#SET 0s60 KM

c
WIND VELOCITY .. 25_.00 KM/HR ...

( ___ _ IND SHEAR 1.20 KM/HR PER KM OF CLCUO THICKNESS

A(R) PARAMETERS1 MEAN 37.30 mrCFOafSt SLOPE 1945

MAX___G(T) .. 10748E+.0 PER HR, P0CJPrEDAT .... .753 HOURS

( ...._ _ MAXUTRD RATE, .9768.007 RADS/HR, OCCURRED AT 4.56 KM

MAX ACCUM DOSE9 38601.039 RADS, OCCURRED AT 13.42 KM
AC:UMULATEO DOSE OF 998..6 1A1OCCurREA r E1. 25 KM _

ACCUMULATED DOSE OF 499.609 RADS OCCURRED Ar 24.63 KM

ACCUMULATEO DOSE OF 99.566 RADS OCCURRED Ar 475.00 KH

UTRO RATE OF 2 .9039726 RADS/HR OCCUFRED AT 70.83 KM

( _ UTRO RATE OF 979.249 RADS/HR OCCUPRED AT L41.7 KM

UTRORATE OF 299.382 RAOS/HR OCCUPRED AT- 272.S2 KM

UTR RATE OF 99.797 RADS/HR OCCUPRED AT .79.17 KM

SELECTED CUMULATIVE G(T) DATA

T .167 HOURS, CUMULATIVE G(T) 3S 0.00.
AT-- 2.750 HOURS, CUMULATIVE G(T) S _ .21..
AT 5.333 HOURS, CUMULATIVE G(T) IV .32

( AT - 7.917 HOURS, CUMULATIVE G(T) IS .36
AT 10.500 HOURS, CUMULATIVE G(T) IS. .43
AT 13.083 HOURS, CUMULATIVE G(1) IS .47
AT 15.667 HOURS, CUMULATIVE G(T) IS .50
AT 18.250 HOURS, CUMULATIVE G(T) IS .52
AT 20.833 HOURS, CUMULATIVE G(T) IS 054

( AT 23o417 HOURS, CUMULATIVE G(t) IS .56

Fig. E-28
124
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( - YCIELD - .001 MEGATONS

_ .fISSION FRACTION .50

INITIAL TIME _ 0.000 HOURS . .. .

( __________ FINAL TIME 24.000 HOURS

CLOUn CENTER HEIGHT J463,0 METERS(
3-STGMA CLOUD THICKNESS 1097.3 MElEPS ...........

( __ INTIAL HORIZONTAL CLOUD RADIUS 1LI KM

___ YDFFSET 0.00 KM(
WIJ.OVELOCITY . 25.00. KM/HR

( -I.ND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

.. A(Q) PARAMETERS$ MEAN 67s14 MICFONSt SLOPE .31(
MAX G(T), .__*21743E401 PER HR,_CCCURPED AT .. .91? HOURS

( .... MAX UTRD RATE, 137.313 RADS/HRI OCCURRED AT 8,33 KM

MAX ACCUM DOSE, 608.886 RADS, OCCURRED AT 8.33 K4

ACCUMULATED DOSE OF 392e.804 RAO .OCCURRED Ar 2. 5 KM

C ____ _ ACCUMULATED DOSE OF P8.9D7 RAGS .CCURRED AT 20.83 KM

UTRO RATE OF 99o466 RADS/HR OCCUrRED AT 12950 KM(

SELECTED CUMULATIVE G(T) DATA

AT 0.000 HOURSt CUMULATIVE G(T) is 0.00
AT 2.667 HOURS, CUMULATIVE G(T) IS 1.00

( AT 59333 HOURS, CUMULATIVE G(T) IS 1.D
___AT . 000 HOURS, CUMULATIVE G(T) IS 1.Oc

AT 10 .67 HOURS, CUMULATIVE G(T) IS 1,0
-AT 13,333 HOURS, CUMULATIVE G(T) IS 1.00
AT 16.000 HOURS, CUMULATIVE G(T) I . 10o0
AT 18.667 HOURS, CUMULATIVE G(T) IS 1.00

C AT 21*333 HOURS, CUMULATIVE G(T) IS 1.00

127( -- •-....
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C- -

C ___~~YIELD. -0010 MEGATONS---

----_FISSION FRACTION .50 1

I,-NI-TrA-L TIME - 0.000. HOURS-----__

( ______--_FINAL-TIME 24.000 HOURS

_____ __COUDCENTER HEIGHT 4358.6 METERS

3-SIGMA CLOUD THICKNESS 3269* .METEPS

C ________ INITIAL HORIZONTAL CLOUD RADIUS o73 _KM

____Y-OFFSET 0000 KM

__________WIND VELOCITY _25.00 KM/HR __

( _____ __WNDSHEAR 1o20 KM/HR PER KM OF CLOUD THICKNESS

___- A(00. PARAMETERS1 MEAN 67.14 MICRONS, SLOPE *31

_____ MAX _G(-T) 1  77829E +GO- PER_ HR, #. CCLRPED--AT i-A.tC83 HOURS

( ___MAX UTRO RATE, 249.404 RADS/HR, OrCURRED AT 25.00 KM

------ ,MAX ACCUM DOSE, 803.542 RADS, OCCURRED AT 22.92 KM

__________ACUMULATEO DOSE OF_ 49~3823 RAO!~ OCCURRED_ Ar_ 35.42 KM _

( _____ AC:UMULATEO DOSE OF 99*995SRAOS OCCURR iED Ar 562 KM

______ URORATE OF 86.865 RADS/HR OCCUPREO AT -k531KM

SCL t-TED CUMUL ATI VE -G (If CAT A-

AT 0.000 HOURS, CUMULATIVE GCT) IS 0.00
______ AT 2.667 HOURS, CUMULATIVE GCT) IS .93

CAT 5.333 HOURS, CUMULATIVE G(T) 'r5 l.go
_______A-T_ 8.000 HOURS, CUMULATIVE G(T) IS 1.00

AT 10.667 HOURS, CUMULATIVE G(T) IS 1.00
( ______AT 13.333 HOURS, CUMULATIVE -G(T) IS 100

AT 16.*000 HOURS, CUMULATIVE G(T) IS 1000
____ AT 18.667 HOURS, CUMULATIVE G(T) IS 1900

AT 21.333 HOURS, CUMULATIVE G(T) IS 1*00

4L _ _ __ _ _

C ~-~-----.1-"0
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C. - _ ___YELnl .10 0 MEGATONS .

__________FISSION 
FRACTION .50

INITIAL TIME 09000_HOURS _ _-.----

C _______ FINAL TIME 24*.000 HOURS

__ COUDCENTER HEIGHT 9753.6 METERS

3-SIGMA CLOUD THICKNESS_ 7315.2 METEPS

( _________ INITIAL HORIZONTAL CLOUD RADIUS 1*78 KM_

Y -OFFS ET .0.00 KM

_________ WI.n? VELOCITY 25.00 KM/HR _-.

( ______ WIDSHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

______ A(R) PARAMETERSS MEAN 67.14. MICROut SLOPE .31

MAX _G(T), __ 375±8E.OO PER HIR, OCCIRPED AT_ 2.167 HOURS

C MAX UTRD RATE, 416.320 RAOS/HR, OCCURRED. AT 500 KM

______ __MAX ACCUM OOSEv 1078.157. RADS, OCCURRED AT 47.92 KM

ACCUMULATEDDOSE OF 970*3~~24 PADS cOCCURRED Ar 56925 KM

CACCUMULATED DOSE OF 474e972 PADS rVCCURRED Ar 79.17 KM

ACCUMULATED DOSE OF -98@099 PADS OCCURRED Ar 118*75 KM

UTRD RATE OF __ 82.971 RADS/HR_ OCCUrREDAT__ 70*83 KM_

C ________ UTRO RATE OF 97.086 RADS/HR OCCUF.RED AT 102*C8 KM

( SELECTED CUMULATIVE G(T) DATA

AT 0.000 HOURS, CUMULATIVE G(T) IS 000
A T______-A 20.667 HOURS, CUMULATIVE- G(T) IS .47 .

AT 5.333 HOURS, CUMULATIVE G(T) IS .92
_________ -A 8.000 HOUPS, CUMULATIVIE G(7) IS .99

(AT 10.66? H4OURS,9 CUMULATIVE G(T) IS 100
______ AT 13.333 HOURS, CUMULATIVE G(T) !S lo1.0co

-if 16.00 0 HOURS, CUMULATIVE G( 1) IS- -1-GO
-------___AT 18.667 HOURS, CUMULATIVE G( T) s15 .0

AT 21.333 HOURS, CUMULATIVE G( 7) IS 1.00
( - ---- ---- --- Fig. E-37.
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c_ .... YIEL . 10,000 MEGATONS

__FISSION FRACTION .50

INITIAL TIR1E , a167 HOURS - .. .....

__ _ ,---FINAL TIME 24.000 HOURS

_____ ___ CLOUD CENTER HEIGHT 23652.5 MST ERS

3-SIMA CLOUD THICKNESS .17739.4 ME ..S.

(- INITIAL HORIZONTAL CLOUD RADIUS 5.97 KM

___ _____Y-OFl'SET 0.00 KM
(

V1 IN0 VELOCTTY - 25*30 KM/HR .-----------.

(INO SHEAR lo2O KM/HR PER KM OF CLOUD THICKNESS

___..A(R) PARAMETERS: MEAN 67.14 MIC;ONSt SLOPE 031

MAX G(T)J 18098E400 PER HR, OCCURPEOAT 452 3 HOURS

( - --- _ MAX UTRO RATE, 5093*418 RAOS/R , OCCURRED AT 93.75 KM

MAX ACCUM DOSE, 10550.930 RACS, OCCURRED AT 87.50 KM

C ACCUMULATEO DOSE .OF 986.590 _RADSOCCURRED Ar 229,.17 KM

c - -ACCUMULATED DOSE OF 491.9487 RADS OCCUFRED Ar 264.5B KM

_____ACCUMULATED DOSE OF 97996 RADS OCCURRED Ar 352,08 KM

UTRo RATE OF __2996766 RAS/HR OCCUrREDAT L5.83 KM

(-UT.O RATE OF 977o066 RADS/HR OC CUFRED AT 213o42 KM

__UTRO RATE OF 298.1?7 RADS/PR OCCUORED AT 277.8 KM

UTRO RATE_OF. . .97.327_RADS/HR_. OCUrRED AT 34375__KM

SELECTED CUMULATIVE G(T) DATA

( A - .167 HOURS, CUMULATIVE G(T) is 0.00

AT .. 2.*750_HOURS, CUMULATIVE G(T).IS .06 .
AT 5.333 HOURS, CUMULATIVE G(T) IS *48

( AT 7.917 HOURS, CUMULATIVE G(T) IS .78

AT 10.500 HOURS# CUMULATIVE G(T) IS .91

AT 13.083 HOURS, CUMULATIVE G(T) IS '96

( AT 15.667 HOURS, CUMULATIVE G(T) IS o98

AT. 18.250 HOORS CUMULATIVE G(T) !S .99.

AT 20.833 HOURS, CUMULATIVE G(T) IS 1.00

c AT 23.417 HOURS, CUMULATIVE G(T) IS 1:00
Fig. E-40.
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_ _ YIELD 20000 MEGATONS

_ FISSION FRACTION .sO0C
INITIAL TIME .167 HOURS - . .

( _ FINAL TIME 24.000 HOURS

___ CLOUD CENTER HEIGHT 27483.8 METERSC
3-SIGMA CLOUD THICKNESS 20612*8 MEIEPS

C -_ .__INITIAL HORIZONTAL CLOUD RADIUS 9o3 KM.

._ Y-OFFSET O0 KM
(

WINO VELOCITY 25.00 KM/HR

( -.... WND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERS1 MEAN 67.14 MICONS, SLOPE .31(
MAX _G(T),_ .o_60b5E+ 0_ PER HRp _OCCURRED AT__ 4s.750 HOURS

- ------- MAX UTRO RATE9 6400o230 RADS/HR, OCCURRED AT .±L4.17 KM

MAX-ACCUM DOSE, .12726.960 RADS, OCCURRED AT 97.92 KM_C
AC #UMULATEO DOSE OF____ 984o671 PADS CCCURED At_ 258.75 KH

_ACCUMULATED DOSE OF 498,391 PADS PCCURRED Ar 308.33 KM

_ACCUMULATED DOSE OF 99.897 RADOS OCCURRED Ar 4C8933 KM
-

UTRD RATE OF 2938.269 RADS/HP. OCCUrRED AT 181.25 KM

S...__ UTR)O RATE OF 973,855 RADS/HR OCCUPRED AT.- ?F.:08 KM

UTRO RATE OF 295s164 RAOS/HR OCCUPREO AT 329.17 KM(
UTRO_ RATE OF 99.364 RADS/HR_ OCCUrRE AT 4C4.17 KM

SELECTED CUMULATIVE G(T) DATA

( AT o167 HOURS, CUMULATIVE G(T) IS 0.00
AT 2,750 HOURS, CUMULATIVE G(T) IS .- 03
AT 5.333 HOURS, CUMULATIVE G(T) IS q 39

(__ , AT 7.90T HOURS, CUMULATIVE G(T) IS .71
AT 10.500 HOURS, CUMULATIVE G(T) IS .87

._A AT .13.083 HOURS, CUMULATIVE G(T) IS e94
AT ±5o.67 HOURSt CUFULATIVE G(T) IS ,,97
AT 1B.250 HOURS, CUMULATIVE G(T) IS .99
AT 200 33 HOURS, CUMULATIVE G(T) IS .99

C .... AT. 23.417 HOURS, CUMULATIVE G(T) IS 1.00
Fig. E-43
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YIELO CO1 MEGATONS

i_ __ FISSION FRACTION .50C
_____INITIAL TIME 0.000 HOURS . ... _ .........

FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 1463.0 METERS

__3-SI.GMA_ CLOUD THICKNESS_ 10970.. MEIERS

C __INITIAL HORIZONTAL CLOUD RADIUS .Lt KM

Y-OFFSET 0.00 .KM
(

______ __ .lNO ._VELOCI TY 25o 00 KM/HR .. . .

C _INn SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

AMq) PARAMETERS1 MEAN 67,114 ICsOrOSt SLOPE 1.5cC
MAX _G(T), .20971E401 PER HR, OCCLRREO AT_ ,r83 HOURS

( __ .... MAX UTRD RATE, 2049280 RADS/9R, OCCURRED AT 2.08 KM

MAX ACCUM DOSE, 1312.375 RAOSp OCCURRED AT 2.08 K4

ACCUMULATED DOSE OF 556.630 RAOS OCCURREO Ar 4.17_KM

- ACCUMULATED DOSE OF 289,941 RAOS OCCURRED Ar 6.25 KM

__ __ AC:UMULATEO DOSE OF. 81o918 RADS OCCURRED Ar 12.Sc KM

UTRO RATE- OF_ ._ .60.,364 RADS/.H OCCURRED AT ........ e.25 KM

-- SELECTED CUMULATIVE G(T) DATA
AT 0.030 HOURS, CUMULATIVE G(T) IS 0.00 .

,.__ AT 2-o'667 HOURS, CUMULATIVE G(T) IS .671
AT 5.333 HOURS, CUMULATIVE G(T) 1S *79

-.... AT 8.000 HOURS, CUMULATIVE G(l) IS *83 -

AT 109657 HOURS, CUMULATIVE G(T) 7S .65
---AT 13.333 HOURS, CUMULATIVE G(T) IS *Bb

AT 16o003 HOURS, CUMULATIVE G(T) IS .87
AT 18.667 HOURS, CUMULATIVE G(T) IS .88
Al 21333 HOURS, CUMULATIVE G(l) IS 0$9

Fig. E-46.
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Ii

S " --YIELD .010 MEGATONS

-_ - FISSION FRACTION .50C
___INNITIAL TIME _0.00_HOURS ........

C ______ FNAL. TIME 24.000 HOURS .

..... CLOUD CENTER HEIGHT 4358o6 METERS(
3-5sGMA CLOUD THICKNESS 3269*0 METEFS

I INITIAL HORIZONTAL CLOUD RADIUS 7,3 KM

_______ Y-ODFFSET 0,00 KM(
WIND VELOCITY 25oOC KM/HR

( _.-WIND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

_A(R) PARAMETERS$ MEAN 67.lih HICRONS, SLOPE 1.50(
MAX .G(.T). .-_ 84068E+00 PER, HR..DCC LRPEO AT . 1,!67.HOURZS

( .... MAX- UTRD RATE, 4999701 RADS/HRv OCCURRED AT 2*0e KM

__MAX _ACCUM DOSE, . 3210.281 RAOS, OCCURRED AT .. 2.08 K4(
ACCUMULATED DOSE OF 955,978 FAD OCCURRED Ar 10.42 KM ...

( _ ACUMULATED DOSE OF. 443*417 RAOS OCCURRED Ar 16.67 KM

_ _ ACCUMULATED DOSE OF 91.283 RAOS OCCURRED Ar 37.50 KM

UTRD RATE OF 293.921 RADS/HR _OCCUPRED AT . 8.33 KM

( - UTRD RATE OF 86.905. RADS/HR OCCUPRED AT 20.83 KM

( L.. SELECTED CUMULATIVE G() DATA

AT 0-000 HOURS, CUt4ULATIVE G(T)- IS 0.00
( AT _ 2.667 HOURS, CUMULATIVE G(T) IS *63

AT 5.333 HOURS, CUMULATIVE G(T) IS .73
....- AT 8.000 HOURS, CUMULATIVE GiT) IS *78

AT 10.667 HOURS, CUMULATIVE G(T) IS .81
AT__ 13.,333 HOURS, CUMULATIVE G(T) IS ___,4
AT 16,C00 HOURS, CUMULATIVE G(T) IS .85

( -- -.- AT 18.667 HOURSt CUMULATIVE G(T) IS 87
AT 21.333 HOURS, CUMULATIVE G(T) IS .88

. .... Fig. E-49.
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C. ____ __YXE.L_ 9100 NEGATONS

-- FISSION FRACTION ,so

INITIAL TIME 0.000 HOUR'___

__....__ FINAL TIME 24*000 HOURS

___-CLOUD CENTER HEIGHT 9753.6 METERS(
3-SGMA CLOUD THICKNESS _ 7315 . METERS__

( _INITIAL HORIZCNTAL CLOUD RADIUS t.78 KM._

Y-OFFSET C*00 KH
c

WINO_ VELOCITY 25o00 KM/HR

c _ _IND SHEAR 1.20 KM/HR PER KM CF CLOUD THICKNESS

____ A(R) PARAMETERSI MEAN 67.14 NIC;ONSs.SLOPE 1.5V
c

MAX G(T), .43496E0O0 PER HR9 OCCURPEDAT . 2F HOURS

C .... MAX UTRO RATE, 1070.274 RADS/HR, OCCURRED AT b,25 KM

MAX ACCUN OOSE, 5534e827 RADS, OCCURRED AT 4.17 K4C
ACCUMULATED DOSE OF 955.646 PADS OCCURRED Ar 27.08 KM

c _ACCUMULATED DOSE OF 464.101 RAODS OCCURRED Ar 39.58 KM

ACCUMULATED DOSE OF 96.971 PAO OCCURRED Ar flo2E KM
c

UTRD RATE OF __972*468 RADS/HR OCCUFREDAT .... 33 KM

S_____ U.TRD RATE OF 273.730 RADS/HR OCCURRED AT 29917 KM

__, UTRD RATE OF 96,709 RAOSIHR OCCUPREO AT 54.17 KM

SELECTED CUMULATIVE G(T) DATA

AT 09000 HOURS, CUMULATIVE G(T) IS 0.00
-_AT 2o667 HOURS, CUMULATIVE G(T) IS e49

AT 5.333 HOURS .CUMULATIVE G(T) I. o61
AT 8000 HOURS, CUMULATIVE rs(T) IS _ 67
AT 10.667,HOURS, CUMULATIVE G(T) is .71
AT 13.333 HOURS, CUMULATIVE G( T) IS *74
AT 16.000 HOURS, CUMULATIVE G(T) IS .76

- -AT 18,6.? HOURS, CUMULATIVE G(1) IS .78
C AT 21.333 HOURS, CUMULATIVE G(T) TS .80

.. .... . Fig. E -52 ...
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I. ... .-- - - - - - ---.. . -..... . . - -" II - - - -- - --. -. -7_ L. B,,

I . _ YIELD .. 10. 000 MEGATONS

__-_FISSION FRACTION .50 -

__INITIAL TIME .167 HOURS-----.......... -.

S( . FINAL TIME 249000 HOURS

CLOUD CENTER HEIGHT 23652.5 METERS
(-

_3-S.IGMA CLOUD THICKNESS 17739o4 M, E EPS-

( _-_ INITIAL HORIZONTAL CLOUD RADIUS .97 KM

___Y-OFFSET 0,00 KM

WIND VELOCITY 25.00 KH/HR

( ...__ WIND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERS: MEAN 67.14 14CROtNS9 SLOPE 1.;

MA.X_G(T) .2 3 688E+0O PER HR, OCCI.RPEO AT .ski?_ HOURS

---- MAX' UTRO RATE, 17845.225 RADS/HR, OCCURRED AT 6.33 KM

MAX ACCUM DOSE, 79131.093 RAOS, OCCURRED AT _ 833 K4

,ACCUMULATED DOSEOF 971,39 RAOS OCCURRED Ar 152.08 KM

C AC3UqULATEO DOSE OF 495 .t4 RAO$ OCCURRED Ar 200O00 KM

_____ACCUMULATED DOSE OF 99.996 RAOS OCCURRED Ar 370.83 KM

UTRO RA TE.O.F _ 286o.592._RAOS/H, OC CUPREDAT .... E .58..K .. .

C UTRD RATE OF 969.584 RADS/HR OCCUFREO AT i16oE7 KM

____ UTRO RA.TE OF 296,346 RADS/SR OCCURRED AT 213,k2 KM

UT.D RATE OF 99.754 RADS/HR OCCURRED_ AT 3. .08 KM . ..

SELECTED CUMULATIVE G(T) DATA

AT .167 HOURS, CUMULATIVE G(1) IS 0.00
AT 2.750 HOURS, CUMULATIVE G(T) IS _,36 ..
AT 5.333 HO URS, CUMULATIVE G(T) IS .48

- AT 7.917 HOURS, CUMULATIVE G(T) IS :55
AT 10.500 HOURS, CUMULATIVE G(T) IS .60
AT 13.083 HOURS, CUMULATIVE G(T) !S .63
-AT 15.667 HOURS, CUMULATIVE G(T) IS .66

. AT 18.250 HOURS, CUMULATIVE G(T) [S _ .68
AT 200833 HOURS, CUMULATIVE G(T) IS .70

C _ AT 23.417 HOURS# CUMULATIVE G(T) IS 071

Fig. E-55.
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C _YIELO 20.000 MEGATONS _

.- FISSION FRACTION ,50
c

INITIALT.IME .... 167 HOURS .... ..

c -_FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 27,,83,8 METERS(
3-SIGMA CLOUD THICKNESS 20612.8 MSIEPS --

___ INITIAL HORIZONTAL CLOUD RADIUS €.,33 KM

_ Y-3FFSET OOU KM

WIND VELOCITY 25.00 KM/HR S

14 WID SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

...... A(R) PARAMETERS$ MEAN 67.14 MICRONS SLOPE 15(
MAX__G(.T)., .- o2190QE4OQ PER HRt. PCCURPEDAT_ . HOU..

( _ ___ .MAX UTRO RATE, 21232960 RADS/HR9 O.CURRED AT 109,2 KM

MAX ACCUM DOSE, 93700.300 RADS, OCCURRED AT 8.33 K4(
ACCUMULATED DOSE OF 988o551 RADS_ OCCURRED Ar _13,33 KM

( U ACUMULATED DOSE OF 492,670 RAD! OCCURRED Ar 2 "3.7!KM

ACCUMULATED DOSE OF 99.090 PADS OCCURRED Ar 4.2.O6 KM

UTRO RATE OF .... 2961;6_1IRADS/HROCCUPREDAT__ .. 79.17 KM.

( ___UTR RATE OF 985o545 RADS/HR OCCURRED AT iL5.B3 KM

____ UTRC RATE OF 297,938 RAOS/HR OCCUPRED AT .?66,57 KM

___,__UTRO RATE OF 99o288 _RADS/HR OCCUPRED AT . 59ECO KM

SELECTED CUMULATIVE G(T) DATA

( AT .167 HOURS, CUMULATIVE G(T) IS 0,00
_AT 2.750 HOURS, CUMULATIVE G(T) IS . 34_ .

AT 5333 HOURS, CUMULATIVE G(T) 7S .47
( _ AT 7,917 HOURS, CUMULATIVE G(T) IS o54

AT 10.500 HOURS, CUMULATIVE G(T) IS .58
-AT 13.C83 HOURS, CUPULATIVE G(T) IS .62

( AT 15.E67 HOURS, CUMULATIVE G(T) 1.R ,64
t AT 18,250 HOURS, CUMULATIVE G(T) IS ,66

AT 20.833 HOURS, CUMULATIVE G(T) IS ,68
C AT 23o417 HOURS, CUHULATIVE G(T) IS ,70

Fig. E-58.
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______ IELD e.nl MEGATONS

_______ FISSION FRACTION 950

__________INITIAL TIME 0.000 HOURS___

* ~FINAL TIME 24.000 HOURS

_______ - CLOUD CENTER HEIGHT 1463.0 METERS

________3-SIGMA. CLOUD THICKNESS -1097.3 METERPS

( _____ ___ NITIAL HORIZONTAL CLOUD RADIUS .41 KM

___ ___ Y-OFFSET 0.00 KM

wIr4D VELOCITY 25.20 KM/HR----

C _________ UNV SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

________A(R) PARAMETERS1 MEAN 135.21 ICFONS9 SLOPE *3C

________ MAX G(T), 938094E+01 PER HR, OCCLRFEDAT .r83 HOURS

( ____ -_MAX UTRD R&TE, 371.077 RADS/HR, ocURRED AT 2.08 KM

_______MAX- ACCUM DOSE, 2383.952 RADS, OCCURRED AT 2w08 KM

_________AC,4UMULATEO DOSE OF '95o28l RAOS OCCURRED Ar_ 6.25 KM

( ________ ACUMLAEDDOSE OF 495o280 RADS OCCURRED Ar 6.25 KM

________ACUMUAT D OSF, OF 97.170 RADS OCCURRED Ar 12.5t KM

UTRO RATE OF _200.167 RAOS/HR OCCUrREO AT ___4.17 KM

_UUTD RATE OF 589958 RAOS/HR occuflRED AT 8.33 KM

SELECTED CUMULATIVE G(T) DATA

AT 00000 HOURS, CUMULATIVE GCT) IS 0.00
----- AT 2.667 HOURS, CUMULATIVE GCT) IS .97

AT 5.333 HOURS, CUMULATIVE G(T) IS 099
______AT ,8.000 HOURS, CUMULATIVE G(T) IS . 99

CAT 10.66 HOURS, CUMULATIVE GUI) IS 499
_______AT 13e333 HOURS9 CUMULATIVE G(T) TS .-99

AT 16*000 HOURS, CUMULATIVE GUT) is .99
--__ ____AT 18.667 HOURS, CUMULATIVE GCT) IS .99
AT 21.333 HOURS, CUMULATIVE G(T) IS .99

( Fig. E-61.
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_ _LY'IELD .010 MEGATONS

____FISSION FRACTION es;

INITIALT.t TIME _ 0.,000 HOURS -.....

( ________-FINAL TIME .24000 HOURS

CLOUD CENTER HEIGHT 4358o6 METERS

3-SIGMA CLOUD THICKNESS _3269*C MElPS

C INITIAL HORIZONTAL CLOUD RADIUS e73 KM-

.... Y-OFFSET -0.00 KH

c 1____________C___ .... 25 :.0 KM/HR .. . .....
W14DO VELOCITY 2,0 MH

C _ INO SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

.... A(M) PARAMETERSI MEAN 135921 MICRONSt SLOPE 49Wc
__ _ MAX _G(T), . 13336E.06 PER HR9 .OCCLRPEDAT_ O.20 HOURS

C --- M MAX UTRD RATE# 717,154 RADS/fR, OCCUkRED AT 4.17 KM

MAX ACCUM DOSE, 3844,295 RAOS, OCCURRED AT 4.17 KM
C

ACHUMULATED DOSE OF .. 774.996 PADS OCCURRED Ar__ 16.67 KM -...

c _AC"UMULATED DOSE OF 469381 RAOS OCCURRED Ar 20.83 KM

ACCUMULATED DOSE OF 90.286 RADS OCCURRED Ar 39.58 KMC
UTO RATE OF . 270.908 RADS/H..OCCUOREO AT 14,6 KM

C UTR_ RATE OF ....94o287 RAOS/HR OCCUPRED AT 25C00 KM

( SELECTED CUMULATIVE G(T) DATA

AT 0.000 HOURS - CUMULATIVE G(T) IS CoO
C AT.__ 2.667 HOURS, CUMULATIVE G(T) TS .90

AT 5333 HOURS, CUMULATIVE G(T) IS .96
AT. . 8000 HOURS, CUMULATIVE G( ) 3S .98
AT 10.667 HOURS, CUMULATIVE G(T) IS .99
AT 13.333 HOURS, CUMULATIVE G(T) IS _99

AT 16o000 HOURS, CUMULATIVE G(T) IS o99
( _AT .,667 HOURS, CUMULATIVE G(T) IS 1.00

AT 21.333 HOURS, CUMULATIVE G(T) IS 1o00

(.. -Fig. E-64.
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C.. _YIELQ.~ ..... 100 MEGATONS ...

_____ __FISSION FRACTION .o50

INIT..ATEL__T .OQDE HOURS O_____.O___S

( FINAL TIME 24.000 HOURS

___ CLOUD CENTER HEIGHT 9753.6 METERS

___ 3-.SIGMA .. CLOUD THICKNESS -- 7.315.2 METEPS ...

____NITIAL .HORIZONTAL CLOUD RADIUS _*"8 KM

Y-OFFSET 0.00 KM(
WI4 VELOCITY 25.00 KM/HR

( ___ WInD SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

A(Q) PARAMETERSI MEAN 135.21 MICONS2 SLOPE ,9C(
MAX G(T)_ .. 66453E+00 PER HR ..OCCRWED___ .. 17 HOURS

C _.... HAX_._.UTRD RATE, 1479,092 RAOS/HR, OCCURRED AT 10*42 KM

MAX ACCUM DOSE, 64.03.621 RAOS, OCCIURRED AT 8,33 K4

AC, UMULATEO DOSE OF 993.90? RADS OCCURRED A r _ 35.42 KM

AC"UMULATED DOSE OF 470.024 RAOS OCCURRED Ar 47*92 KM

ACCUMULATED DOSE OF .99,719 PADS OCCURRED AF E3,33 KM

UTRO. RATE OF 984.973-RADS/HR OCCUPREDAT _ _ 18.75 KM_

- UTRD RATE OF 275935, RADS/HR OCCUFRED AT 39*d8 KM

UTRO RATE OF 96.693 RADS/HR OCCURRED AT 62or0 KM

,,I SEL ECTED- C UMULATIVE- G(T) DAT- ..........
( _____________

AT 0.000 HOURS, CUMULATIVE G(T) IS 0.00
AT. 2o.67 HOURS, CUMULATIVE G(T) IS .77

( AT 5.333 HOURS, CUMULATIVE G(T) rS .90
AT_ 8.000. HOURS .CUMULATIVE G(T) IS . s..94
AT 10.667 HOURS, CUMULATIVE G(T) IS 996

( AT$ 13.333 HOURS, CUMULATIVE G(T) IS .97
AT 16.000 HOURS, CUMULATIVE G(T) TS 098

----- AT 18.667 HOURS, CUMULATIVE G(T) IS .98
( AT 21.333 HOURS, CUMULATIVE G(T) IS .99

.. ....Fig.. E-67.
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c_ IELD 109000 MEGATONS -~ --

____ _ IrSSION FRACTION *s0o-

INITIAL TIME _ 167 HOURS____---..-

( _________FINAL_ TIME 24*000 HOURS.

_________ CLOUD. CENTER HEIGHT 23652.5 METERS

3-s IGMA CLOUD THICKNESS_ 17739,@4 KEE rS _

( _-----__ INITIAL HORIZONTAL CLOUD RADIUS 5*7 _KM

______ -OFFS ET C90U KM

WINDVELOCITY _ 25.00 KM/HR_

( ______ _-WIND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

___ _ A(R) PARAMETERSI MEAN £35.21 HICAONSt SLOPE 09r

MAK _G(T)j1  - *_3S349E400 PER.HR9 OCCCtURFED_ AT o750 HOURS

C ___ ___ P4AX UTRD RATE, 23518.562 RADS/1R, OCCURRED. AT 16.67 KM

_________ MAX_ ACCIJM DOSE, 86898.501 RAGS, OCCURRED AT £4.58 KM

ACCUMULATED DOSE OF 994.338 RADS OCCUFRED Ar its.33 Km

C _______AC'WMULATED DOSE OF 49?e74'i RADS OCCURRED Ar 197.92 KM

_______A CC UMU LAT ED DOSE OF, 99.616 RADS OCCURRED Ar 322o92 KM

UTRV RATE OF _2888.838 RADS/HR OCCtUFRED AT_ 8 3933 KM

( ______ __UTRD- RATE OF .97119567 RADS/HR OC.UFRED AT 131.25 KM

___ ____UTRO RATE OF- 29*.253 RADS/HR OCCUF-RED AT ?06*25 KM

UTRD RATE_ OF 98.505 RADS/HR OCCUPRED AT _3V4917 KM

-SELECTED CUMULATIVE G(T) DATA

-A AT .o167 HOURS, CUMULATIVE G(T) IS 0.00
AT 2.750 HOURS, CUPULATIVE G(T) IS _ 59 _
AT 5.333 HOURS, CUMULATIVE GUT) IS .78

- --..--__ _AT 7.917 HOURS, CUMULATIVE G(T) IS .85
AT 10.500 HOURS, CUMULATIVE G(I) IS 9
AT 13*r-83 HOURS, CUMULATIVE G(T) IS .92
AT 15.667 HOURS, CUMULATIVE G( T) IS .93
AT 18.250 HOURS, CUMULATIVE G(T) IS o 94
Af 20.833 HOURS, CUMULATIVE G(T) IS .95

C __....Ar 23.417-HOURS9 CUMULATIVE GUT) IS 996
Fig. E-70.
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cY yIELr) 209000 MEGATONS

FISSION FRACTION .50
(

INITIAL TIME *167 HOURS

FINAL TIME 24.000 HOURS

CLOU CENTER HEIGHT 27483.8 METFRS

3-SIGMA CLOUD THICKNESS 20612.8 ME7FrS

INITIAL HORIZONTAL CLOUD RADIUS 9.'3 KM

Y-3FFSET CO0 KM

_WIM VELOCITY 25.00 KM/HR

WI4D SHEAR 1.20 KM/HR PER KM OF CLOUD THICKN-.zS

A(R) PARAMETERS1 MEAN 135.21 MIC' ONS, SLOPE .9[.

MAX G(T), ,32346E 00 PER HR, OCCURRED AT o633 HOURS

( MMAX UTRO RATE, 28148,864 RAOS/lR9 OCCURRED AT 18o7? KM

MAX ACCUM IOSE, 101465.407 RADSt OCCURRED AT 15967 K4

ACtMLILATED DOSE OF 986,072 rArln OCCURRED Ar i(,9..8 Km

ACCUMULATED DOSE OF 491o326 RAOS OCCURRED Ar 237.eC KM

ACCUMULATED DOSE OF 99,946 PAOS OCCURRED Ar 355*,t2 KM

UTRD RATE OF 2881.15 RADS/WR OCCURRED AT tV2,C8 KM

UTqD RATE OF 980.939 RADS/HR OCCUr'RED AT I61L2 KM

UTRn RATE OF 293.456 RAOS/HR OCCURRED AT 254.17 KM

UTRD RATE OF 98*459 RADS/HR OcCUrRED AT 575.9,0 KM

SELFCTED ZUMULATIVE G(T) DATA

( AT .167 HOURS, CUMULATIVE ,(T) IS 0.00
AT 2.750 HOURS9 CUMULATIVE G(T) IS ,56
AT 5.333 HOURS, CUMULATIVE G(T) IS ,75
AT 7,917 HOURS, CUMULATIVE G(T) TS .83
AT 10o.'00 HOURSt CUMULATIVE C(l) T a os
AT 13.08.1 HOURS, CUMULATIVE G(T) 1l .90
AT 15*F67 HOURS, CUMULATIVE G(l) IS .92
AT 18.2!1 HOURS, CUMULATIVE G'(T) IS o94
a ' ?0o .AI HOURS9 CUMULATIVE G(T) IS ,95
I ?1ol,7 HOURS, CUMULATIVE G(T) -IS .95

Fig. E-73.
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C'9 YILD.1 MEGATONS

_____ __ FISSION FRACTION .50

INITIAL TIME 0.000 HOURS __

c ____ FINAL, TIME 24.000 HOURS

-----.--- CLOUD C.ENTEP HEI'GHT 1463oC METERS

3-SIGMA CLOUD THICKNESS - £97.3 ME1EFS _

ZNTILHORIZONTAL CLOUD RADIUS of, KM

___Y_ V-OF FS ET C.00 KM

WINO VELOCITY 25.00 KM/HR

( __ -WIND SHEAR .60 KM/HR PER KM OF CLOUG "iICKNE~SS

___ __ AM~ PARAMETERS1 MEAN 44.60 HICRONS, SLOPE 9.69

MAX G(T), 9~ 84142E+00 PER HR, OCCURPED AT __ 333 HOURS

---- ----- MAX UTRO RATE, 59.671 RAD S/HR9 OCCURRED AT 6.25 KM4

----___MAX. ACCUM DOSE, 266.611 RADS, OCCURRED AT So Z5 Klt

ACCUMULATED DOSE OF 82.66± RAnlS OCCURRED Ar 18075 v'M

(__-_ ____ SELEC.TED CUMULATIVE GCT) DATA

_____ AT 0.000 HOURS, CUMULATIVE G(T) IS 0000
CAT 2,667 HOURS, CUMULATIVE G( 7) IS .84

_______AT ___.333 HOURS, CUMULATIVE G(7) IS - 95
AT * 0 00 HOURS, CUMULATIVE G(I) TS .98-

( ____ __AT 10,667 HOURS, CUMULATIVE G(T) IS .99
AT 13.333 HOURS, CUMULATIVE G(T) IS .99

-------.- AT- 16.000 HOURS, CUMULATIVE G(T) TS 100C
CAT 18.467 HOURS, CUMULATIVE G(T) IS 1060

7A T 21.333 HO0URS, C UMUL AT IV E IG (T) IS .CO -

( ________Fig. E-76.
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c - ... _YELt. @010 MEGATONS ". ..

------ FISSION FRACTION .50

_ INITIAL TIME 0.a 000 HOURS

( -FINAL TIME 24.000 HOURS

_CLOUD CENTER HEIGHT 4358.6 METERS

3-SIGMA CLOUD THICKNESS _ 3269eC METERS

( INITIAL HORIZONTAL CLOUD RADIUS .73 KM

...... Y-OFFSET 0.00 KM(
4WIND VELOCITY 25o OG.0KM/HR

( - 4_ _ I SHEAR .60 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERSI MEAN 44.60 PIC ONSq SLOPE .69

M AX G__T), .29695E+00 PER 4R, OCCJRPED AT .833 HOURS' ..

C _ .... _ MAX UTRD RATE, 115.519 PADS/HRf OCCURRED AT 16.67 KM

MAX ACCUM DOSE, 425.667 RADS, O'CURRED AT lt.58 K4I

ACCUMULATED DOSE_OF 98,837 RADS CCCURRED Ar 56.25 KM

S__________UTRO RATE OF 95.717 RAOS/HR OCCUPRED AT 27*,8 KM

C -SELECTED CUMULATIVE G(T) DATA

AT 00 HOURS, -CUMULATIVE G-(T) IS 0.00
c AT 2.667 HOURS, CUMULATIVE G(T) IS 053

AT 5.333 HOURS, CUMULATIVE G(T) IS .76
AT 8.000 HOURS, CUMULATIVE G(T) IS $85

( AT 10,667 HOURS, CUMULATIVE G(T) 1S .90
AT 13.333 HOURS, CUMULATIVE G(T) IS .93
At 16.000 HOURS, CUPULATIVE G(T) TS .95

( AT 18.667 HOURS, CUMULATIVE G(T) IS o96
AT 21.333 HOURS, CUMULATIVE GCT) IS .97

Fig. E-78.
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C.. ____.IELO .- . 100 MEGATONS-

_FISSION FRACTION .50C
INITIAL TIME 0.O00 HOURS

C FINAL TIME 24oCOO HOURS

CLOUD CENTER HEIGHT 9753.6 METERS(
3-SIGMA CLOUD THICKNESS 7315s2 MErEFS

, ___!_AL HORIZONTAL CLOUD RADIUS 1,78 KM ...

Y-3+FFS ET C,00 KMC
WIO VELOCITY ------ 25.00 KM/HR ...

S___ _ 40 SHEAR .60 KM/HR. PER K4 OF CLOUD THICKNESS

A(;) PARAMETERSI MEAN 44.60 MICRONS, SLOPE .69

MA _G(T)_ .14371E.O _PER HR OCCLRPEO AT._ 1. 67 HOURS

( MAK _UTRD RATE, 223.901 RADS/HRp OCCURRED 'AT 33e33 KM

_____ AX ACCUM DOSE, .6T0721 RADS, OCCURRED AT 29917 KM

AC3UMULATED DOSE OF 494.*206 RADS_OCCURRED Ar . OC KM

( AC3UMULATEO DOSE OF 97,149 FADS OCCURRED Ar 33.3Z KM

UT(R0 RATE OF 99.881 RADS/H. OCCUPRED AT 9i.E7 KP

SELECTED CUMULATIVE G(T) DATA

AT 0.-000 HOURS, CUMULATIVE G(T) IS 0.00
AT_ 2.667 HOURS, CUMULATIVE G(T) IS .27
AT 5.333 HOURS, CUMULATIVE G(T) IS .52
AT 8.00 HOURS, CUMULATIVE G(T) IS .66
AT 10.667 HOURS, CUMULATIVE G(T) IS .75

.... AT 13333 HOURS, CUMULATIVE G(T) IS o80
AT 16*000 HOURS, CUMULATIVE G(T) IS .84

-_AT- 18.667 HOURS, CUMULATIVE G(T) IS ,87
AT 21.333 HOURS, CUMULATIVE G(7) IS .90

... ... . ... .. .FFtg. E -80, .. - - . . . .. . .

_ 176I ( +* - -
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(~*._____ YELn- 10o.000 MEGATONS

________ FIsSION FRACTION *50

INITIAL TIME~ *167 HOURS_

( ________ FIN.AL _TIME 24000O HOURS

_______ CLOUD CENTER HEIGHT 23652.5 METERS

________3-SIlG.MA. CLOUD THICKNESS. 1.7?39. MET EPS _

( ____ IITALHORIZONTAL CLOUD RADIUS 5 .q,7 KM

________ Y-OFSET 0.00 KM

WIND_ VELOCITY 25.00 KM/HR------

( ______WYIND -SHEAR 460 KM/HR PER KM CF CLOUD THICKNESS

__ ___ A_(R) PARAMETERSI MEAN 4'..60 MICROPJS, SLOPE 059

MAX G(T), *702iQE-Ci PER 14R, OCCURREDAT 3.167 HOURS

( _________-MAX UTRO RATE, 3211*488 RADS/HR9 OCCURRED AT 60*42 KM

____ MAX_ ACCUM DOSE, 7960.222 RAGS, OCCURRED AT 50900 K4I

4 ACCUMULATED DOSE OF_ 993*354 RAOS OCCURRED Ar 2 2.06 KM __

(______ACCUMULATED DOSE OF 498.428 RADIS OCCURRED Ar 335.42 KM

______ ACCUMULATED DOSE OF 99s060 RADS OCCURRED Al 593.75 KM
c

UTRO RATE- 'of__ 29900.949 RAOS/HR,-OCCU-rREO-AT--79.7-KM

c ____ UTRO RATE OF 985.518 RADS/HR OCCURRED AT 2i2.r0 KM

_______ UTRD RATE OF 297.o432 RADS/I4R OCCURRED AT 595o63 KM

___________SELECTED CUMULATIVE G(T) -DATA __- - --.-

(___ _ _A_ AT .167 HOURS, CUMULATIVE G(T) IS 0000
AT 2e750 HOURS, CUMULATIVE G(T) IS .10

5_____ A a -. 333 HOURS, CUMULATIVE G( 7) IS e27
(AT 7.917 HOURS, CUMULATIVE G(T) IS .1.0

AT -10.500 HOURS, CUMULATIVE GCT) IIR 050 -

AT 13.083 HOURSp CUMULATIVE G(T) IS *58
(___AT 15.6c67 HOURS, CUMULATIVE G( T) IS .64

AT t8.251 HOURS, CUMULATIVE G(T) T S 069
AT 20.833 HOURS, CUMULATIVE G(T) IS .72

IL'AT 23.s417 HOURS, CUMULATIVE G(T) is 076.

Fi aE-82.
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C -____ ---- YIELD 20*V00 MEGATONS . . .

-.--- FISSION FRACTION o50C
INITIAL TIM.E .167 HOURS .....

-.__ _ .AL TIME 24o000 HOURS

_.CLOUO CENTER HEIGHT 2748 .8 METERSC
3-SIGMA CLOUD THICKNESS 20612,8._HERS

C INITIAL HORIZONTAL CLOUD RADIUS qo33 KM

Y-OFFSET 0.00 KMC
"~__________ I4n VELOCITY 25.0 0 KM/HR

C WINO SHEAR o6O KM/HR PER KM OF CLOUD THICKNESS

---A(R)_ PARAMETERS1 MEAN &t4.60 MICFONS, SLOPE .69C
MAX G(1)__ .6247FE-01 PER MR# CCCURPED AT . 3*500 HOURS

( -.---- MAX. UTRD RATE, 37614767 RAOS/'HR, OrCURRED AT 66.67 KM

____HAX ACCUM DOSE, 9030.008 RACSp OCCURRED AT 56.25 K4

ACCUMULATED DOSE OF 992.347 RADS OCCURRED Ar 312,06 KM

( ACCUMULATED DOSE OF 493885 RAOS OCCURRED Ar 4CZ.08 KM

_ UT;D RATE OF 2998.937 RADS/HR OCCURRED AT Li2,0 KM

UTRO RATE.OF ... 99.3.*.RADS/H_.OCCUFRED AT ..... ?669E7. KM

( ____ UTRO RATE OF 299.63i RADS/I OCCUORED AT 491.*7 KM

__ -SELECTED CUMULATIVE G(T) DATA

AT .167 HOURS, CUMULATIVE G(T) IS 0.00
AT 2.759 HOURS9 CUMULATIVE G(T) TS *68

( AT 5.333 HOURS, CUMULATIVE G(T) IS s24
AT 7.917 HOURS, CUMULATIVE G(T) IS 036 -

.AT_ 10.500 HOURS, CUMULATIVE G(1) IS o46
( AT .3o083 HOURS, CUMULATIVE G(T) IS e5.

AT 15.667 HOURS, CUPULATIVE G(T) TS .o60
AT 08.250 HOURS, CUMULATIVE G(T) IS .65

( AT 20.833 HOURS, CUMULATIVE G(T) IS .69
AT 23o417 HOURS , CUMULATIVE G(T) IS e72
- *-Fig. E-84.
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C YIELD- 00±MEGATONS

FISSION FRACTION .50C
INITIAL TIME - 0.000 HORS

S__-FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 1463o0 METER S(
___3-SIGMA CLOUD THICKNESS ia9T.3 'ME1EFS

( INITIAL HORIZINTAL CLOUD RADIUS ,LI KM

Y-3FFSET O0 KM
(
. -'WIND_ VELOCITY .25,00 KM/HR

(_ WI.If SHEAR 2940 KM/HR PER KM OF CLOUD THICKN-SS

A(R) PARAMETERS1 MEAN a46q MIC!Ot)St SLOPE 96;

--- M AX.- G(T) .84142E4CC PER HR. OCCURPED AT ._9333 HOURS

c MAX UTRD RATE, 59.026 RADS/HR, OCCURRED AT 6.25 KM

MAX ACCUM DOSE, 283,511 RADS, OCCURRED AT 6.25 K4C
AC.UMULATED DOSE OF_ 97s489 OAD OCCURRED Ar  16.5? KM

.....-----__SELECTED CUMULATIVE G(T) DATA

__AT 0.000 HOURS, CUMULATIVE G(T) IS 0. 0
C AT 2.667 HOURS, CUMULATIVE G(T) IS ,84

AT 5.333 HOURS, CUMULATIVE G(T) 7S .95
AT 8,CO HOURS, CUMULATIVE G(T) IS *98

C AT 10.667 HOURS, CUMULATIVE G(T) 1 S 99
AT 13.333 HOURS, CUMULATIVE G(T) IS .99

18*67 AT 60 HOURS, CUMULATIVE G(T) IS 1.00
0 AT 18667 HOURSt CUMULATIVE G(T) IS 1.00

AT 21.333 HOURS CUMULATIVE G (T) IS 1i _00

Fig. E-86.
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* _ YELO ,010 MEGATONS

FISSION FRACTION .50(
INITIAL TIME .. oo0 HOURS

( _FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 4358.6 METERS

3-SI.GHA CLOUD THICKNESS - 3269*0. METEPS ...

_ INITIAL HORIZONTAL CLOUD RADIUS .73 KM

Y-OFFSET C.00 KM

WIND VELOCITY " 25e00 KM/HR................

( WI4O SHEAR 2e40 KM/HR PER KM OF CLOUD THICKN-'SS

.... A(R) PARAMETERS$ MEAN 44.60 tIC9ONSq SLOPE ,59

MAX_G(_T) *29695E*00 PER HRI CCCtRFEO_ AT . _ 833 HOURS._

( ........ MAX UTRD RATE, 96.322 RADS/HR, OCCURPED AT 14.58 KM

__MAX ACCUM DOSEP 363.594 RADS, OCCURRED AT 1458 KM(
ACCUMULATED DOSE OF 91s461 RAOD VCCURRED Ar 4S83 KM

( .._ .-SELECTED CUMULATIVE G(T) DTA

AT 0.000 HOURS, CUMULATIVE G(T) 1S 0.00
AT 2.667 HOURS, CUMULATIVE G(T) IS .53
AT 5.333 HOURS, CUMULATIVE G(T) IS 46
AT 8.000 HOURS, CUMULATIVE G(T) TS .85

__AT tO .667 "HOURS, CUMULATIVE G(T) IS .90
AT 13.333 HOURS, CUMULATIVE G(T) Il .93
AT 16,000 HOURS, CUMULATIVE G(T) IS .95

( AT 18.667 HOURS, CUMULATIVE G(T) IS .96
_________AT 21.333 HOURS, CUMULATIVE G(T) IS _o97 .

( _Fig. E-88.
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____ YIELD o100 MEGATONS

_____-.-_FISSION FRACTION .50

INITIAL TIME 0.000 HOURS__

( ______ _--FINAL TIME 24.000 HOURS

___ CLOUD CENTER HEIGHT 9753.6 METERS

3-SIGMA CLOUD T.HICKNESS. 7315.2 METEPS

( _____ .-- INITIAL HORIZONTAL CLOUD RADIUS 1*78 KM

_______ Y-3FFSET 0.00 KM

_________ WlJO_ VELOCITY .25.00 KM/HR _

( ______ _ W~WSHEAR 2.40 KM/HR PER KM OF CLOUD THICKNESS

_____A() PARAMETERS1 MEAN 44.50 MICROIJSP SLOPE 069

MAXG(T), - 131.0P R HR CCCLRFEO_ AT___1._667. -HOURS

C _-__ MAX UTRO RATE, 147.886 RAOS/lHR, orCURREO AT 29.17 KM

____ ___ M.AX ACCUM DOSE, 46i.?05 RACS, OCURRED AT 25.00 KM

AC:UHULATEO DO0SE -OF --- 96.2C5 PA4O _CC-CURREO -Ar -.-89.58 KM-.__

C -UTRD RATE OF 97e686 RADS/HR OCCURRED AT 54.17 KM

C SELECTED'CUMULATIVE G(T) DATA

AT 04-000 .HOURS, _CUMULATIVE GCT)_ -S iS 0.00
------_ AT 2.667 HOURS, CUMULATIVE G(T) T.R. .27

AT 5.333 HOURS, CUMULATIVE G(T) IS o52
_____ AT 8.000 HOURS, CUMULATIVE G(T) 15 b6

-AT- 104667 HOURS, CUMULATIVE G(T) IS o75
AT13.333 HOURS, CUMULATIVE G(T) 7S .80 _

AT 1i6.000 HOURS, CUMULATIVE G(T) Is .84-
C________AT 18.667 HOURS, CUMULATIVE G(T) -IS .87

AT 21.333 HOURS, CUMULATIVE 6(1) IS .90
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__ _YIELD 10.000 MEGATONS

..... FISSION FRACTION .50

INITIkL TIME_ lb.7 HOURS-

S__ FINAL TIME 24e000 HOURS

_ CLOUD CENTER HEIGHT 23652,5 METERS

3-SIGMA CLOUD THICKNESS 17739 A, WElEPS

( .... INITIAL HORIZONTAL CLOUD RAOIUS .97 KM

.... Y-OFFSET (0,00 KN

WINr' VELOCITY 25.00 KM/HR

_ _ IND SHEAR 2,40 KM/HR PER KM OF CLOUD THICKNESS.

. . . A(R) PARAMETERS: MEAN '460 MIROFNSt SLOPE ,69(
MAX G(T) .*70210E-01 PER HR, OCCURPED AT 3.16 HOURS

c --.- M MAX UTRO RATE, 1821.724 RAOS/HR, OrCURREO AT 5090C KM

-.--- MAX. ACCUM DOSE, 4802.248 RADS, OCCURRED AT 43.75 K4

c
.A.CC.UMULATED DOSE OF___ 973,_910 RADS_.OCCURRED Ar. 18.33 KM

. ACCUMULATED DOSE OF 493.914 RADS OCCURRED Ar 21'..Se KM

ACCUMULATED DOSE OF 98.604 AGS OCCURRED Ar 395983 KM

UTRO RATE OF .- 982.0O1 RADSIHR OCCUPRED AT . 112.50 KM

C _ ___UTRO RATE OF 297o926 RAOS/HR OCCURRED AT 229.17 KM

UTRO RATE OF 99o382 RAOS/HR OCCURRED AT -61.25 KM

SELECTED CUMULATIVE G(T) OATA ......

AT .167 HOURS, CUMULATIVE GCT) IS 0.00

.__.....T. 2.750 HOURS, CUI.ULATIVE G(T) IS .10
AT 5.333 HOURS, CUMULATIVE G(T) IS *27
AT 7.917 HOURS, CUMULATIVE G(T) IS .40
AT 10-.500 HOURS, CUMULATIVS G(T) IS .50

C AT 139GR3 HOURS, CUMULATIVE GET) IS .58
AT 15.667 HOURS, CUMULATIVE G(1) IS .64
AT 18.250 HOURS, CUMULATIVE G(T) TS 969

C AT 209C33 HOURS, CUMULATIVE GET) IS 072
AT 2_3117. HOURS, CUMULATIVE G(T) IS .. 76

4 . . .. Fig. E-92.
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C ._______ YXELn - 20.000 MEGATONS

_ FISSION FRACTION .50

INIT.AL_.TIME .167 HOURS . . ..... .

______ __FINAL TIME 24,000 HOURS

... CLO0UO CENTER HEIGHT 27483.8 METERS

__ 3-SrGMA CLOUD THICKNESS 20612.8 NETEPS

..... INITIAL HORIZONTAL CLOUD RADIUS 9.33 KM

_Y-OFFSET ,0.00 KM

WINn _VELOCITY _25.00 KM/HR

_ WIN SHEAR 2.40 KM/HR PER KM OF CLOUD THICKNESS

A(R.) PARAMETERS$ MEAN 44e60 MICROPS9 SLOPE 069

MAK__G(T) 3  -. 62476E-01 PER HR, OCCURREO AT_ _.....3,00 HOURS

MAX UTRD RATE, 2387*216 RAOS/Rt OrCURREO AT f1e4i7 KM

MAX ACCUM DOSE9 6078,030 RADS, OCCURRED AT 47.92 K.4

AC4IJMULATED DOSE OF .999,549 PADOCCURRED Ar 195.83 KM

_-A.CCUMULATED DOSE OF 498.17? F#DS OCCURRED 4r 2E4.58 KM

----- _ACCUMULATED DOSE OF 99,853 RAO$ OCCURRED Ar 479.17 KM

UTO RATE OF ...... 993*686 RADS/HR OCC.UFRED AT_ U52*E8 KM

UTRD RATE OF. 295.748 RADS/MR OCCUrRED AT '97.92 KM

____ UTqDORATE OF 99228 RADS/HR OCCURRED AT 405ok-2 KM

SELECTED CUMULATIVE G(T) DATA

AT .167 HOURS, CUMULATIVE G(T) iS 0.00
AT 29750 HOURS, CUMULATIVE G(T) IS .08

* AT 5.333 HOURS, CUMULATIVE G(T) IS .24
__________ .. 917. HOURS, CUMULATIVE G(T) S . 3b-----
AT 10,500 HOURS, CUMULATIVE G(T) IS .4b

----- ,-AT 13.083 HOURS, CUMULATIVE G(T) 1F *54
AT 15.667 HOURS, CUMULATIVE GCT) IS .60
AT 18.250 HOURS. CUMULATIVE G(T) 15 ,65
AT 20.833 HOURS, CUPULATIVE G(T) IS 069

_______AT 234l17 HOURS, CUMULATIVE G(T) TS -. 72 .

Fig. E-94.
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________Yj IELO. .001 MEGATONS

______- FZSSON FRACTION ._50 .

INITIAL TIME 0,000 HOURS

( _ ___ FINAL TIME 24.000 HOURS

CLOUD CENTER HEIGHT 1463.0 METERS

_ ___3-SIGMA CLOUD THICKNESS 10g9,3 METEFS"

( INITIAL HORIZONTAL CLOUD RADIUS ,* 1 KM

___ Y-OFFSET 0.00 KM

wNmD VELOCITY 50.00 KM/HR

( ...... WIND SHEAR 1.20 KM/HR PER KM CF CLOUD THICKNESS

.... A(R) PARAMETERSI MEAN 44.60 MIC;ONS9 SLOPE ,69(
MAX G(T), o84142E+00 PER MR OCCLPFED AT ,333 HOURS

( ---- , MAX UTRO RATE, 29e768 RADS/HR, OrCURRED AT 12s5C KM

--- MAX ACCUM DOSE, - 142.981 RArSv OCURRED AT 12,50 KN

ACCUMULATEO DOSE ' OF . 97.114 RAO_OCCURREO A_ _ 20.83 KM . _

C ___ SELECTED CUMULATIVE G(T) DATA

__._ AT 06000 HOURS, CUMULATIVE G(T) I.S 0.00
( AT 2.667 HOURS, CUMULATIVE G(T) I S .84

AT .333 HOURS, CUMULATIVE G(T) IS 095 .
AT 8.00 HOURS, CUMULATIVE G(T) IS ,98.

( AT 10.667 HOURS, CUMULATIVE G(T) IS ,99
AT 13.333 HOURS, CUMULATIVE G(T) -S ,99
AT 16,000 HOURS, CUMULATIVE G(T) IS 1.00

( AT 18.667 HOURS, CUMULATIVE G(T) TS 1.00
AT 21.333 HOURS, CUMULATIVE G(T) IS - 1.00

.. .. .... . .. .. Fig. E-96.

(192

( ... . .... 192

( -.. . . . ..- l l f l a l I l i'l . -L- ,



C)~

C0 0

Ca,
0(

4,C

I-.'

Li

oj

L- C,

cr.r

C-)

C.., 0ep L bll9 . ) J

x (bA i 91bN0101

Ob %?T S & l %JTL J 0a30

SLbi1 90
Fi . -9

193)



C-

YIELD .010 MEGATONS

FISSION FRACTION 050C
_ _ IN ITIALTIME _ 0.000 HOURS

( FINAL TIME 24.000 HOURS

CLOUDCENTER HEIGHT 4358.6 METERS(
_ _ 3-SIGMA CLOUD THICKNESS 3269.4 METEPS _ __

INITIAL HORIZONTAL CLOUD RADILS o73 KM

Y-OFFSET 0.00 KM(
e WIND VELOCITY 50.00 KM/HR

( HINn SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

A(Q) PARAMETERS1 MEAN 44,64 MIC OrS, SLOPE 06a

MAX_ G(T), *29695E+00 PER KR, OC.cLRPED AT~. _ _e33 HOURS

( MAX UTRO RATE, 55.364 RADS/HR, OCCURRED AT 33.33 KM

MAX ACCUM DOSE, 2059354 RADS, O(CIRRED AT 23.17 K4C
ACCU.MULATED DbSE OF ....... 96.830 RAOS..OCCURRED Ar__ 70083 KM

S....... .SELECTED CUMULATIVE G(T) DATA

AT 09000 HOURS, CUMULATIVE G(T) IS 0.00
-AT 2.667 HOURS, CUMULATIVE G(T) IS .53
AT 5.333 HOURS, CUMULATIVE G(T) IS .76
AT 8.000 HOURS, CUMULATIVE G(T) IS .85

C. ... AT 10*.-67 HOURS, CUMULATIVE G(T) IS .90
AT 13.333 HOURS, CUMULATIVE G(-) 1 .93
AT 16.000 HOURS, CUMULATIVE G(T) IS .95

- AT 18.[67 HOURS, CUMULATIVE GUT) IS o96
AT 21333 HOURS1 CUMULATIVE G(T) IS . .97. .

( _Fig. E-98.
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- YED 100. EGATONS

__________ FISSION FRACTION. ,50 ... . .

INITIAL TIME 0,000 HOURS

( _FINAL TIME 24.000 HOURS

_ CL3IU CENTER HEIGHT 9753.6 METERS

3-SIGMA CLOUD THICKNESS 7315.2 _METEFS

S___ ___INITIAL HORIZONTAL CLOUD RADIUS 1.-8 KM

..... Y-DFFSET Ce00 KM

Wr' D_VELOCITY 50.00 KM/HR

_ __ INO SHEAR 1o20 KM/HR PER'KM OF (LOUD THICKN-SS

A(M) PARAMETERS1 MEAN 4o60 MICOtSq SLOPE 5.9

MAX _G(T). 914371E+00 PER HR, OCCLtPEO AT 1.667 HOURS

( HAX UTRD RATE, 99.159 RADS/HRt OCCURRED AT 52e5C KM

MAX ACCU$ DOSE, 302,431 RADS, OCCURRED AT 54,17 K4

AC,'UMULATED DOSE OF 96.575_RA0 _CCURRED Ar_ 162e50 KM

--. SELECTED CUMULATIVE G(T) DATA

---- AT 0000 HOURS, CUMULATIVE G(T) IS 0.30
C AT 29667 HOURS, CUMULATIVE G(T) IS .27

AT 5.333 HOURS, CUMULATIVE G(T) 1S o52
Al 8.-802 HOURS, CUMULATIVE G(T) IS .66.
AT 10.667 HOURS, CUMULATIVE G( ) IS 075 -

AT 13.333 HOURS, CUMULATIVE G(T) TS .80
- -,..AT 160000 HOURS, CUMULATIVE G(T) TS .84( AT .. 18-667 HOURS, CUMULATIVE G(T) IS .67

AT 21.333 HOURS, CUMULATIVE G(T)_ IS .90 _

- _Fig. E-1O0
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C -___Y.IELD 10.000 MEGATONS ....... ..

...... FISSION FRACTION .50

INITIAL TIME e167 HOURS

( __ FINAL TIME 24e000 HOURS

q__CLOUO CENTER HEIGHT 23652o5 METERS

_________3-5lrMA CLOUD THICKNESS 17739 o _METEPS

._ INITIAL HORIZONTAL CLOUD RADIUS F.eC7 KM

.... y-OFFS ET (.08 KH

_ WINfD VELOCITY 50.00 KM/HR

WHl4I SHEAR 1.20 KM/HR PER KM OF CLOUD THICKNESS

A(Q) PARAMETERS* MEAN 44.60 MICPONS, SLOPE .s(
MAX G(T), .. .70210E-0i PER HR, OCCLRPEO AT . 3.167 HOURS

( _______ MAX UTRO RATE, 1333.713 RADS/1Rt OCCURRED AT iC8,33 KM

__ _MAX ACCUM DOSE, 3397.573 RAOS, OCURRED AT 95.83 KM

ACCUMULATED DOSE OF 988o59 RA-9 CCCUPRED Ar 295.8! KM

( ACCUMULATED DOSE OF 495s208 RADS OCCUPRED Ar 412.50 KM

_ A CCUMULATED DOSE OF 99.866 PADS OCCURRED Ar 7750DC KM( ,
UTRD RATE. OF 993.663 RAOS/HR OCCUPFREO AT I 9i.E7 KM

____ UTRD RATE OF 299.579 RAOS/HR OCCUPRED AT 437.50 KM

UTRD RATE OF 99o475 RADS/HR OCCUPRED AT T15.B3 KM

SELECTED CUMULATIVE G(T) DATA

AT 167 HOURS, CUMULATIVE G(T) IS 063O
AT 2o750 HOURS, CUMULATIVE G(T), IS s10
AT-..AT 5.333 HOURS, CUMULATIVE G(T) IS ..27
AT 7.917 HOURS, CUMULATIVE G(T) IS . ..40
AT 10.500 HOURS, CUMULATIVE G(T) IS o50

S _ __AT_ 13.083 HOURS, CUMULATIVE G(T) IS .58AT -15,67 HOURS, CUMULATIVE G(T) IS .64'

AT 18o250 HOURS, CUMULATIVE G(T) IS .69
AT 20.833 HOURS9 CUMULATIVE G(T) IS .72
AT 23.417 HOURS, CUMULATIVE G(T) IS .76

_Fig. E-102.
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_ _ .. _YXELO. ,20.000 MEGATONS

FISSION FRACTION s50(
_ ___ _N.ITAL TIME -. -.. 167 HOURS .. .. . .

( FINAL-TIME 24.000 HOURS

...... CLOUn CENTER HEIGHT 27483.8 METERS

3-SIGMA CLOUD THICKNESS 2c612.8 ME'rEPS

INITIAL HORIZCNTAL CLOUD RAOIUS 9*,3 KM

___Y-OFFSET C00 KM

W14D VELOCITY 50.00 KM/HR

( _ WIND SHEAR 1.20 KIH/HR PER KM OF CLOUD THICKNESS

_ A(k) PARAMETERS1 MEAN 4.60 PICRONS, SLOPE .6(
MAX _G(T)t _ 6-2476E-01 PER HR 1_ CCC LRRED AT 3o500 HOURS

C __-AX UTRO RATE, 1638.345 RADS/MRt Or'CURRED AT 120983 KM

.... _MAX.ACCUM DOSE, 4026.363 RACS, OCCURRED AT 104.17 KH(
AC4"UMULATED DOSE OF 987. 49.RAOS OCCURRED Ar 366.67 KM

( _ ____ __ACCUMULATED DOSE OF 499.3411 RAO OCCURRED Ar 504.17 KM

-.... _ ACCUMULATED DOSE OF 99.935 FADS OCCURRED Ar 937.5 KMa(
UTRO RATE OF_ .. 999e.649 _RADS/ ROCCUP.REDAT_. 262,.G KM .

_ UTRD RATE OF 299.835 RAOS/HR OCCUFRED AT 562.50 KM

_UTRrn RATE OF 99*121 RADS/HR OCCUPRED AT 345B3 KM
(

SELECTED CUMULATIVE G(T) DATA -

At .167 HOURS, CUMULATIVE G(T) IS 0.00
AT Z.750 HOURS# CUMULATIVE G(T) IS @08

( AT 5033 HOURS, CUMULATIVE G(T) IS .24

_7_ . .917 HOURS, CUMULATIVE G(T) 1. -- 9.36-----
AT 10o509 HOURS, CUMULATIVE G(T) IS .46

( ATj 139083 HOURS, CUMULATIVE G(T) IS .54
AT 15667 HOURS, CUMULATIVE G(T) IS ,60
AT 18.251 HOURS, CUMULATIVE G(T) IS .65

& AT 20.833 HOURS, CUMULATIVE G(T) IS .69
AT 23*417 HOURS, CUMULATIVE ((T) IS . .7.2.

( Fig. E-104.
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C.. _~YIELD .001 MEGATONS

U__ FISSION FRACTION 1.l0(
INITIAL TIME 0.'000 HOURS

( __FINAL TIME 24.000 HOURS

-- CLOUD CENTER HEIGHT 1163.0 MEERS

3-SIGMA CLOUD.THICKNESS_ 1097.3 METEpS

INITIAL HOR17ONTAL CLOUD RAOIJS .1,1 KM

_ Y-D)F'FSET 0.00 KMC
WI N_ VELOCITY 25.00 KM/HR

( WINO SHEAR 1.20 KMHfR PER KM OF CLOUD THICKWrSS

A( )- PARAMETERS1 MEAN 4.460 MICRONS, SLOPE .*69C
MAX G(T) _ .84142E.00 PER. HR, OCCURPED AT_+._,333 HOURS . .

_ MAX UTRO RATE, 119.081 RADS/HR, OCCURRED AT 6.25 KM

__ __MAX ACCUM DOSE9 571.966 RADS, OCCURRED AT 6.25 K4

AC"UMULATED DOSE OF .. 483,761 RAO S _OCCURRED Ar .833 KM

- ACCUMULATED DOSE OF 95*22. RADO OCCURRED Ar 25.00 KM

-_____ UTRO RATE OF 93.332 RADS/HR OCCUPRED AT 19',2 KM

SELECTED CU MULATIV E G(T) DATA

AT 0.000 HOURS, CUMULATIVE G(T) IS 0.00
AT 2.667 HOUfRS CUMULATIVE G(T) TS .84

( AT 5.333 HOURS, CUMULATIVE G(T) IS .95
_ _ _ _ AT 8.000 HOURS9 CUMULATIVE G(T) IS .98

AT 10.667 HOURS, CUMULATIVE G(T) IS .99C AT 13.333 HOURS9 CUMULATIVE G(I) IS .99
AT 16.000 HOURS, CUMULATIVE G(T),IS 1.00
AT 18.667 HOURS, CUMULATIVE G(T) IS 1.00

-AT 21.333 HOURS, CUMULATIVE G(T) IS 100

.....-.. 202.. -10 . . . . . . .
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C

I __ YIELD . s010 MEGATONS .

-__FISSION FRACTION 1.00(
___ _ _INITIAL TIME 0.000 HOURS

( ____~_ -FINAL TIME 24.000 HOURS

CLOUD CFNTER HEIGHT 4356.6 METERS

3-STGMA CLOUD THICKNESS - 3269.P METFFS

_ INITIAL HORIZONTAL CLOUD RADIUS .73 KM

__ Y-OFFSET 0.00 KM(
________ WI4D. VELOCITY . 25.00 KM/HR

( _WI I SHEAR 1.2C KM/HR PER KH OF (LOUD THICKNESS

A(R) PARAMETERS1 MEAN 44.60 tICFONSt -SLOPE es5(
MAX G(T). . *29695E400 PER HR, OCCJRrEDAT o833_HOURS .

C MAX UTRO RATE9 221.460 RADS/HP, OCCURRED AT 16e6? KM

__MAX. ACCUM DOSE, 821.436 RAGS, OCCURRED AT 14o58 KM

ACCUMULATED DOSE OF 463784 _RAOSOCCURRED A_. 31a25 KH .

- ACCUMULATED DOSE OF 96o999 RADS OCCURRED Ar 72o92 KM

_ ___.U -_RATE OF 95.569 RADS/HR OCCURRED AT 45.!3 KM

SELECTED CUMULATIVE G(T) DATA

AT 0.000 HOURS, CUMULATIVE G(T) IS 0.00
AT . 2.667 HOURS, CUMULATIVE G(T) 7S .53

( AT 5.333 HOURS, CUMULATIVE G(T) IS .76
14 AT 8.000 HOURS, CUMULATIVE G(T) IS so$

AT 10.667 HOURS, CUMULATIVE G(T) IS .90
- AT 13.333 HOURS, CUMULATIVE G(T) IS 093

AT 16.000 HOURS, CUMULATIVS G(T) IS .95
-__-AT 18.667 HOURS, CUMULATIVE G(T) IS .96

C AT. 21.333 HOURS# CUMULATIVE Q(T) IS .97

........ 108' -.. .... .
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S _VIELD .0100 MEGATONS

FISSION FRACTION 1.00

_______INITIAL TIME 0, 000 HOURS

( ....___ FINAL TIME z42090 HOURS

CLOUD CENTEF HEIGHT 9753.6 METERS

3-SI4MA CLOUD THICKNESS 7315.2. MEIES , I
( _INITIAL HORIZONTAL CLOUD RADILS J. '8 KM

____ Y-OFFSET E.00 KM
(

WI.NO_ VELOCITY 25.GO KMIHR

___k__ _ WI'4?' SHEAR 1,20 KM/HR PER KM OF CLOUD THICKNESS

A(R) PARAMETERS: MEAN 44.6 PICFONSt SLOPE #65(
MAX G(T), t *14371E+00 PER HR, OCCLRPEO AT 1._6T HOURS

c _ __- _MAX UTRD RATE, 396,647 RADS/HRt OCcuRRED AT 31.25 KM

MAX ACCUM DOSE, 1209.756 RACS, OCCURRED AT 27.08 K4

c
ACCUMULATEDDOSE OF .....99.377 RAO5 OCCURRED Ar __ kl.eb? KM

c ___ ACUMULATED DOSE OF 493.194 RADS OCCURRED Ar ro.83 KM

ACCUMULATED DOSE OF 97.568 RAOS (CCURREO Ar iv 2*08 KM

__ __ UTRO RATE OF ._ .. 297_,_6'4.8RADS/HR O C:UrREDAT _.. 54.17

C __. UTRO RATE OF 971482 RADS/HR OCCUr'REO AT t164 7 KH

S. SELECTEDO CUMULATIVE G(T) DATA

AT 0.000 HOURS, CUMULATIVE G(T) IS 0,00
C __ _ AT 2,f67 HOURS, CUMULATIVE G(T) IS .27

AT 5,333 HOURS, CUMULATIVE G(T) IS *52
AT _. 8.000 HOURS, CUMULATIVE G(T) !S .66
AT 10oE67 HOURS, CUMULATIVE G(T) IS .75

_ _ _ AT 13.*333 HOURS, CUMULATIVE G(T) IS _ *B0
AT 16.000 HOURS, CUMULATIVE G(T) r S .84

( .. AT 18.667 HOURS, CUMULATIVE G(T) TS s87
AT '21.333 HOURS, CUMULATIVE G(T) IS .90

i(Fig. 4-110.
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.C- - - .

YIELD 10.000 MEGATONS

FISSION FRACTION lo00

INITIAL TIME o167 HOURS

_ FINAL TIME 24i000 HOURS

CLOUD CENTER HEIGHT 23652.5 METERS

3-SIGMA CLOUD THICKNESS 117399L, METEFS

( INITIAL HORIZONTAL CLOUD RADIUS S*07 KM

Y-OFFSET r.00 KM(
WI4O VELOCITY 25.00 KM/HR

( WIND SHEAR 1.20 KM/HR PER KM OF CLOUD THICKN'SS

A(R) PARAMETERSI MEAN 44.60 HIC$OVSq SLOPE 06a

MAX G(T). 1 70210E-VOLPER HR, CCCUPFED AT 3167HOURS

MAX UTRO RATE, 5335.176 RADS/HR, OrCURRED AT 54.17 KM

MAX ACCUM DOSE9 1?591,127 RACS, OCCt'RRED AT 47o92 KM

ACCUMULATED DOSE OF 997.836 RAOS OCCUFRED Ar 275.o KM

(____AC3UMULATED DOSE OF 496005 RAOS OCCURRED Ar 3.8,33 KM

UTRO RATE OF 2994e260 RADS/HR OCCUPRED AT t22:.,2 KM

UTRD RATE OF 991.939 RADS/H OCCUPRED AT ?Li067 KM

( UTRO RATE OF 297o523 RAOS/HR OCCUPRED AT 422o92 KM

SELECTED CUMULATIVE G(T) DATA

AT .167 HOURS, CUMULATIVE G(T) IS 030
AT 2750 HOURS, CUMULATIVE G(T) 1- .10

" _ _ AT 5@333 HOURS, CUMULATIVE G(T) IS o27
AT 7.917 HOURS, CUMULATIVE G(T) jS o1O

_AT 10.500 HOURS, CUMULATIVE C(T) 1S .50
AT 13083 HOURS, CUMULATIVE GU(T) IS 058

_ AT_ 15.667 HOURS, CUPULATIV-' G(T) IS e64
AT 18.250 HOURS, CUMULATIVE G(T) IS o69

- AT 20.833 HOURS, CUPULATIVE G(T) IS .72
AT 23.417 HOURS, CUMULATIVE G(T) IS 07b

8Fig. E-112
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C,

C __ ---- YIELD 20.000 MEGATONS

-FISSION FRACTION 1.00

I NITIAL TIME 167 HOURS_

( _-_FINAL TIME 24.000 HOURS

..... CLOUD CENTER HEIGHT 27483.8 METERS

3-SGMA CLOUD THICKNESS 20612.8 METEPS

.__ _ INITIAL HORIZONTAL CLOUD RAOILS g,73 KM

Y-DFFSET 0.00 KM

WIND VELOCITY 2f. 00 KM/HR

( INO SHEAR 120 KM/HR PER KM OF (LOUD THICKNESS

A(R) PARAMETERSI MEAN 44.60 MICKONSI SLOPE .69

MAX G(T). ._.. .62476E-i PER HR, OCCURRED AT 3500 HOURS

..... MAX UTRD RATE9, 6554.331 RADS/HR, OCCURRED AT 6042 KM

___ MAX_ACCUM DOSE, 16107.759 RADS, OrCURRED AT 52.08 KN

ACCUMULATED DOSE OF 995,599 RAOS.OCCURRE D A_ 335942 KM

_ ACOUMULATED DOSE OF 499.833 RAOS OCCURRED Ar 433.33 KM

UTRn RATE OF. 2970.108 RADS/HR OCCURRED AT t64., 8 KM

UTRD RATE OF . 987.7_32_RADS/HR.. OCUPREOA.T_...310*L2 KM

( __ UTRD RATE OF 298.364 RAOS/HR OCCURRED AT ;33.33 KM

SELECTED CUMULATIVE G(T) DATA

AT .167 HOURS, CUMULATIVE G(T) IS 0.00
AT 2,750 HOURS, CUMULATIVE f(T) TS .08

- AT 5.333 HOURS, CUMULATIVE G(T) TS 924
AT 7.917 HOURS, CUMULATIVE G(T) I S 036

_ _AT 10.500 HOURS, CUMULATIVE G(T) IS okb
4 AT 13.083 HOURS, CUMULATIVE G(U) !S .54

AT_ 15667 HOURS, CUMULATIVE G(T) IS .60
AT 18.250 HOURS, CUMULATIVE G(T) TS .65
-AT 20.833 HOURS, CUMULATIVE G(T) IS .69
AT 23.417 HOURS, CUMULATIVE G(T) IS *72

- -- --Fig. E-114,.
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