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Abstract

A brief study was made of three fallout predic-

tion models: the ENW model presented by Samuel

Glasstone , the Miller model by C. F. Miller , and the

WSEG—1O model by George Pugh and Robert Galiano.

Each of these models used an effective wind that had

constant direction and speed. A FORTRAN computer

code of the Miller model was prepared by the author

and is available in the report .

To ascertain the effects of more realistic winds

that varied direction and speed with altitude , the

author developed a model that utilized an altitude

dependent wind as well as a thin stabilized cloud ,

a log—normal particle size—activity distribution , a

gaussian distribution of activity within the cloud ,

and fall time equations based on the equations of

C. N. Davies. This model was prepared as a FORTRAN

computer code by the author , and the code is included

in the report .

The two most significant results of the variable

wind model are the asymmetric pattern produced on the

ground and the non—linear centerline of that pattern .

The model allows the user to introduce his own dis-

cription of the physical processes of fallout deposi-

tion and is therefore not constrained as are the

stylized models of Glasstone and Miller.

vi



A BRIEF SURVEY OF FALLOUT PREDICTION

MODELS AND INTRODUCTION OF A FALLOUT

PREDICTION MODEL UTILIZED ALTITUDE

DEPENDENT WINDS

I. Introduction

The most significant residual effect of a land

surface nuclear detonation is the biological hazard

from the radioactive debris or fallout of the

explosion. When a surface nuclear detonation takes

place , some of the soil nearest the explosion is

vaporized by the intense heat. Mixed with the

vaporized soil is the radioactive residue or debris

of the weapon. This debris consists of the remaining

fissile material of the weapon and the fission pro-

ducts of that portion of the fissile material that

had fissioned. This mixture is carried upward within

the cloud formed by the detonation and at once beings

to cool and condense into particles that may be as

small as a few microns (10—6 m). Each of these

particles will carry some of the radioactive debris

distributed within the mass of the particle or

condensed on its surface , and each will eventually be

deposited on the ground . The time required for this

deposition will vary from a few minutes for the

a larger particles to several years for the smaller

particles.
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The deposition of this radioactive debris , or

fallout , from nuclear exp losions has been a concern

of the public and of governmental agencies for many

years because of the immediate health hazards and

possible long range genetic damage due to the radia-

tion. To help forecast the extent and the degree of

contamination of the earth’s surface by such fallout ,

several models of the deposition patterns that would

predict the location of the fallout and the radiation

intensity were prodcued in the late 1950’s and early

1960’s. These models were idealized approximations

to experimental data gathered from American weapons

tests that included the effects of the weapon ’s total

and fission yield , and the mean wind speed. The

Miller model introduced the effects of fractionation ,

whereas the other models postulated that the activity

of a fallout particle was proportional to its volume.

The factors for which these models could not account

includ e variations in weather conditions such as

humidity and precipitation , variations in terrain and

in soil content , and variation of wind speed and wind

direction with altitude.

The purpose of this thesis was to evaluate three

of the early models and relax one of their constraints

by including a variable wind . Local fallout will be

considered as that fallout deposited within 1500 kilo-

meters of the ground—zero of the burst. Such factors2



as fractionation , entrained debris , and neutron acti-

vation of the soil and debris will not be addressed .

The author will briefly examine the fallout model

presented by Samuel Glasstone (1963) in “The Effects

of Nuclear Weapons ” (ENW), the Miller model by Carl

F. Miller (1963), and the WSEG—10 model by George Pugh

and Robert Galiano (1959) and then discuss the

developement of a model produced here that allows for

a horizontal wind that varies in direction and speed

with altitude.

F
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II. The ENW Model

This model was first presented in 1957 (Ref 1)

and again in 1963 (Ref 2) after the incorporation of

new and more extensive information. It was inter~ded

for use by the widest possible range of readers and

thus offers the advantage that a high level of tech-

nical expertise is not needed for its use. This

model is presumabl y an empirical fit to experimental

data.

Figure 1 (Ref 2:449) disp lays a typical fallou:

pattern as presented in Reference 2. This pattern

represents the unit—time reference dose~-rate

(Roentgens/hour at H÷1 hour). Reference 2 explains

how to scale this pattern for other yields and wind

speeds. The simplicity of the scaling operations for

windspeed and weapon yield make this model ideal for

use by a field commander with limited technical assis-

tance who must have some estimate of the extent and

degree of fallout contamination so that he can limit

the exposure of his men . Several charts and tables

are presented in Reference 2 that further enhance the

value of this model. These includ e protective factors

for different structures , accumulated absorbed dose

as a function of time exposed , and absorption 
or4
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or attenuation coefficients for gamma radiation in

various materials.

This model ignores neutron induced activity, stem

fallout , and throwout within a blast—damage circle

about ground zero. It assumes that the wind will

have a constant velocity and direction and will re-

main so for the lifetime of the deposition process.

As previously stated , the patterns produced by this

model are idealized , therefore the reader would not

expect them to closely approximate the experimental

data from any particular burst. This author has

found no experimentall y obtained fallout pattern

which is accurately predicted by this model. Prepar-

ing a computer code based on this model would not be

difficult if some accurate figures of the examples

in Reference 2 could be obtained. If this data

could be found or extracted , then the resultant com-

puter code would be quite fast. If not , then this

model would still be very useful in a “handbook”

status .

U
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III. The Miller Model

Carl F. Miller first published the results of his

fallout modeling efforts in 1963 (Ref 3). The Miller

model is an empirical fit to experimental data that ,

like Glasstone ’s model , utilizes a constant speed

and constant direction wind . In his model Miller

included the results of investigations into the

thermod ynamics of fallout particle formation , fire-

ball behavior , fractionation of fission products ,

the effect of wind shear , and the biological effect

of ionizing radiation.

The fallout pattern or footprint resembles the

shadow of a mushroom shaped cloud characteristic of

fluclear explosions. This cloud is described by the

Miller model as a truncated , inverted exponential

cone (stem) topped by an oblate spheroid (cloud).

Of the models surveyed , the Miller model was unique

in two respects. First , it attempted to model stem

fallout , and secondly, it constructed the predicted

fallout pattern around several characteristic points

of location and dose rate. The radiation Intensity

or unit—t ime reference dose—rate varies as an inverse

exponential with distance away from and along the

pattern centerline . The scaling procedures for

7
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windspeed and weapon yield are not as simp le here as

in the ENW model , but then the scaling procedures

for Miller ’s model are of a different type than are

those of the ENW model . The comp lexity of the

Miller model does not permit the linear scaling used

by ENW , however the Miller model does more adequatel y

describe the physical process of fallout particle

formation and deposition .

Because this model presents an idealized pattern

and isointensity contours one should not expect it

to accuratel y predict the fallout deposition from a

particular burst , but to present a generalized

approximation to many actual patterns. The pattern

predicted by this model has a shape similar to that

predicted by ENW but is considerabl y shorter and

thus encloses less land area within any isointensity

contour .

The thoroughness and completeness of this model

is exemplified by the variety of ways available to

extract data from it. One can compute the unit—time

reference dose—rate at a point , describe an isointen—

sity contour as a function of two—directional

displacement , and determine the area within a given

contour . This author chose to prepare a FORTRAN IV

computer code of this model based on the adaptation

of it presented in Reference 7. Figure 2 presents

the output from this code for a 1. MT , 100 percent8
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fission yield burst with a 15 mph wind. The most

striking dissimilarity between Figure 2 and Figure 1

is the “bud” on the upwind end of the footprint in

Figure 2. This “bud” represents the contribution

of stem fallout . One can readily see that this

contribution , though a high dose rate , may be of

slight concern to those persons within its perimeter

because they would probably be dead from other

effects. A comp lete listing, and glossary of terms

of this computer code is available to the reader in

Appendix A.

The Miller model as presented in Reference 7 has

several singularities at which the model fails or

gives unreliable results (Ref 7:16—18). These

singularities are identified by certain combinations

of weapon yield and windspeed . The program listing

in Appendix A includes a test for these singularities

in the subroutine CONST. The user must observe the

limits on wind speed and yield of

O < wind speed < 75 mph and 1KT < yield < 5000 KT.

10



Iv .  WSEG-1O

Much of the effort put into the preparation of

fallout modles was motivated by the operational needs

of field commanders. WSEG—10, first published in

1959 , was an attempt to provide such commanders with

a tool with which they could quickly estimate the

location and radiation intensity of radioactive

fallout . The authors of WSEG—1O , George Pugh and

Robert Galiano , had the following to say about the

situation:

“Fallout estimates for use in operational
planning have usually been obtained either by
use of sty lized patterns or by detailed machine
calculations. Sty lized patterns are too
inflexible and too unrealistic to answer many
questions encountered in operations research.
Detailed calculations which have been used pre-
viously are laborious and costl y, and unless
meteorological conditions are known in extreme
detail they do not produce accuracy of results
commensurate with the effort. The purpose of
this memorandum is to introduce a simplified
computational model which is more directl y tied
to the physics of fallout than the sty lized
patterns , so that changes in physical knowledge
or assumptions can be more readil y incorporated. ”
(Ref 8:1)

WSEG—10 was an attempt to describe the physical

nature of fallout by modeling the spatial distribution

of activity within the radioactive cloud , assuming a

uniform particle activity that varied only with

particle volume , and describing the fall of each

11
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particle as a sphere in a viscous medium . This model

describes the activity distribution within the cloud

as a normal distribution , and the particle size—

activity distribution as a log—normal distribution ,

as does ENW , with the mode radius equal to 28 microns ,

the average radius -equal to 44 microns , and a

standard deviation of about 0.69. The use of a con—

3tant wind direction and windspeed was probabl y due

to its intended use in operational situations with

little time and limited technical assistance availa-

ble.

The results of this model were not presented in

“footprint ” form as were the results of Miller and

Glasstone , but were given in tables that offered

dimensions and locations of unit—time reference

dose—rate isointensity contours as functions of

particular weapon yields , windspeeds , and wind shear.

Such a presentation could be very valuable to a

field commander in an operational environment.

Table I is an example of the tabular presentation of

WSEG—1O results.

The patterns produced by this model are consid-

erab ly longer and wider than those of Glasstone ,

indicate peak unit—time reference does—rates well

below those of Glasstone or Miller , and encompass

much more surface area than either of the two

previous models.

12
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The advantage of WSEG—1O is that it attempts to

predict fallout deposition based on the physical

ss operties of the atmosphere and the fallout parti-

cles and on a statistical analysis of the particle

distribution. It is not an empirical fit to experi-

mental data. This attempt to predict or model the

physical process of fallout deposition led this

author to develop a fallout model that would

describe the physical processes of falling and

dislocation , and that would allow the use of a wind

that varies direction and speed with altitude.

(

14



V. A Variable Wind Model

The previous models each used a wind that was

constant in speed and direction. Only Classtone

addressed , but did not incorporate , the fact that

atmospheric winds may vary in both direction and

speed with altitude. This author developed a fall-

out deposition model that would incorporate the

effects of an altitude dependent wind .

There were several simp lifying assumptions made

to limit the scope of this problem and form the

basis for its solution. These are listed below:

1. the source of all fallout particles is a

thin pancake cloud ,

2. all particles are solid spheres ,

3. the activity—particle size distribution is

a log—normal distribution ,

4. the distribution of activity horizontally

across the pancake cloud is a gaussian dis-

tribution ,

5. there is no fractionation of fission products;

i.e. the activity is volume or mass distributed

within each particle.

The activity—particle size distribution presented

by Miller and Sartor (Ref 10:69) was chosen to

15
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represent the actual distribution. It was a log-.

normal distribution with a mean radius of 105

microns , a mode radius of 30 microns , and a standard

deviation of about 1.1. This distribution was

separated into 97 distinct groups. Each group was

selected so that the largest member of each group

would fall 10 percent faster than the largest member

of the group just below it in size. The smallest

average particle radius used was 13.78 microns for

group number 97. The group containing the largest

particles was group number 1. The mean particle

radius for each group and the activity fraction

contributed by each group is given in Appendix B.

Each particle group was treated as a separate

cloud ; the fall time for which was computed using a

drag—coefficient Reynolds—number method (Ref 9:4)

that employed the density and viscosity of air as

given in Reference 11 , a particle of specific gravity

2.6, and Davies .polynomials. This method and the

Davies polynomials are given below where ~ is the

particl. density (g/cm ’), 
~a 

is the air density (g/oii ’) ,
d is the particle diameter (cm), -n is the dynamic

viscosity of air (g/cm—sec), g is the acceleration

due to gravity (constant) (cm/sec l), Cd is the drag

coefficient , R is the Reynolds number , Vt is the

terminal velocity (cm/sec), AH is the distance fallen

(cm), and T is the time elapsed to fall 6H(sec).

16
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CdR = 4gP~ d’/3~
2 (1)

Cd
R2

R = —

~~~~~

- — 2.3363X1~~~x ( cd
R2)2 + 2.O154X1O’x(

~d
R2)3

— 6.91O5X1s5Sx(Cd
R2YI for Cd

R2 
~ 138 (2)

log~~R = — 1.29536 + 0.986 log10C~
R2 — O.O46677(log10C~R2)2

+ O.OOll235(log10C~R2)’ f o r  l38 .�Cd
R2 .~

4.7XlO7 ( 3 )

Vt = (R~~p d ) (1+ 2*33X~~ /dp ) ( 4 )

T = ~H/ V t . 
(5)

The second term in parentheses in the V~ equation is

a correction factor for small particles at high

altitudes where d and 
~a 

are in microns and grams per

cubic centimeter respectivel y. The time—to—fall from

various altitudes for several particle sizes , as

computed by this method , are very much like those

given by Classtone (Ref 2:496), except for the smaller

particles where the times given by Glas~.tone are much

longer. Figures 3 and 4 allow some comparison of

computed fall times by the reader.

The height of the radioactive center of the

stabilized cloud is a function of weapon yield and
(

17
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Figure 3. Times of fall of parti cles of dif fe ren t
sizes from various altitudes and percen-
tages of total activity carried
(Clas stone).

was taken from WSEC—10 (Ref 8:24) in the form of the

following equation:

H = 13.411 + 1.859 m Y  — O.0625(lnY + 2.42) IlnY + 2.42 I (6)

where H is in kilometers and Y is the weapon yield in

megatons. This equation is graphed in Figure 5

(Ref 8:25) with H in thousands of feet. The equation

for the cloud radius was extracted from the Miller

model (Ref 3:14) and is the following :

R = 14.661xY~~
431 (7)
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where R is in kilometers and Y is in megatons. The

cloud he ighc is used to determine the altitude from

which particles begin their descent. Multiples or

fractions of the cloud radius as given by equation

(6) are used as the standard deviation of the parti-

cles ’ horizontal distribution. This distribution

is assumed to be a circular , symmetrical gaussian

distribution , and , because it describes the distri-

bution of each particle size group , it can be used

to describe the distribution of the activity

contributed by each particle size group . A compari-

son of this gaussian distribution of activity with

the typical distribution is given in WSEC—10

(Ref 8:23) and shown in Figure 6. To partially

account for this typical distribution , the standard

deviation of each particle size group was increased

by 0.020 of the standard deviation of group 1 over

that of the particle group just larger. This had

the effect of describing a cloud where the larger

particle sizes were more concentrated near the center .

This activity distribution is shown in Figure 7. Note

that this distribution is flatter than the regular

gaussian distribution and more nearly approximates

the actual distribution shape given in Figure 6. The

flattening of the activity distribution partiall y

compensates for the effect of wind shear by dispersing

t each particle group by an arbitrary amount .
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The residual activity available for use in fallout

formation was estimated by ENW (Ref 2:492) to be

approximatel y 550 gamma—megacuries per kiloton of

yield at H+1 hour . The average energy of these gamma

rays was computed to be 0.902 MeV (Ref 12:630),

whereas ENW used an average energy of 0.95 MeV . The

dose rate was calculated for a point in the air three

feet above a smooth infinite plane . For a particular

point on the ground , the unit—time reference dose—

rate was determined by summing the contributions of

each particle group . To compute these contributions

it was necessary to know the location of the center

of each particle group cloud on the ground . These

locations were determined by calculating the effect

of wind direction and speed on the group . Displace-

ments in two dimensions were calculated by multipl ying

fall time through a wind layer one kilometer thick by

the average wind speed and direction in that layer.

For convenience , wind data was divided into 20 layers,

each one kilometer thick. The reader will notice

that according to equation (6) the weapon yield

required to produce a stabilized cloud at an altitude

of 20 kilometers is well in excess of 100 MT and is

much larger than that of any weapon available today .

The attenuation of the gamma radiation in the air

was not an unusual problem as the following derivation

will show. The flux of gamma rays at point X in

24 
-



Figure 8 can be found by integrating

~~ ( FLux) = e~~~~’ (8)

to yield

FLUX = 2.18284 A ~~ r ays  ( 9 )

where A is the gamma activity (r_rays/sec_m 2) at area

a, u (m~) is the macroscopic cross section of 0.9 MeV

gamma rays in air at STP conditions , r(m) is the ground

distance from the area a to the point for which the

dose rate is calculated , and s(m) is the slant range

from that same point to area a. The dose rate is

represented by

D= F L U X x~~~ x o  se~.~~~ g 
(10)

where a (m2/g) is the linear absorption coefficient of

air for gamma rays of average energy ~ (MeV). The

final form of the equation for dose rate is

D — 1.147125X1(3” A R/Hr @ 1 Hr (11)
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VI. Results

The footprint or deposition pattern of the

variable wind model- for a 1 MT , 100 percent fission

yield burst with a constant 15 mph wind is shown in

Figure 9. The similarity between Figure 9 and

Figures 1 and 2 is readil y apparent. The only signif—

1 cant differences between these three patterns is the

variation in maximum dose rates , the variation in

contaminated land areas , and the node in the extreme

downw ind portion of the pattern in Figure 9.

The variable wind model does not calculate stem

fallout and thus ignores what could be a very high

dose rate area near ground zero. The variation in

contaminated land areas may be attributed to differ-

ences in fall time calculations and activity distribu-

tion . The node mentioned above is due to the lateral

separation of particle groups and is caused by the

markedly increased fall times for the smaller

particles. The separation of particle groups can be

more easily seen in Figure 10 which is the footprint

for an 18 KT, 96 percent fission yield burst with

altitude dependent winds as given in Appendix B ,

Table II. The detached “hot spots ” of radioactivity

are due to the lateral separation of the smaller

27
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particle groups. The effect is enhanced by the scale

used on each axis. A finer or smaller scale would

show areas or “splotches ” of activity instead of

activity at only a few points.

The asymmetry of the pattern in Figure 9 clearly

demonstrates an effect of altitude dependent winds.

Previous models would have predicted a symmetrical

pattern in the same general direction. An example

of the source of this asymmetry is given in Figure 11.

The figure represents the actual pattern centerline

for a 10.4 MT , 70.2 percen t f iss ion yield burs t w ith

altitude dependent winds as given in Appendix B ,

Table III. The solid curved line represents the

locus of the particle size groups as each impacted

the ground . The dashed line is a straight line

connecting the location of the first and last particle

size groups. This figure indicates that the effects

of varying altitude dependent winds are more

pronounced for the larger particles.

The width of these footprints can be manipulated

until it approximates that of experimentall y obtained

patterns or that of other models by varying the

standard deviation of the particle size groups or

adjusting the particle size—activity distribution .

The downwind extent of these contours is still con-

siderably greater than that of other models. A FORTRAN

(
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compu ter code of the var iable w ind model and a
glossary of terms is available in Appendix B.

-I

•
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VII. Conclusions and

Recommendations

The usefulness of the variable wind model is

obvious . But its complexity may make it too awkward

for use in a handbook or “yardstick” fashion and

thus unsuitable for field commanders in an operational

environment. If technical assistance and computer

facilities are available to field commanders and time

varying winds are employed , this model may provide

a much more accurate prediction of fallout deposition

than any previous model.

The value of this model lies in its potential for

describing the fallout deposition process. To improve

the existing model more effort and attention should

be given to determining accurate fall times and

terminal velocities , describing a more realistic

activity—particle size distribution , more accuratel y

describing the activity distribution within the

stabilized cloud , and to estimating the residual

gamma ray activity from a nuclear burst. To expand

the model , research into the use of a cloud with a

finite thickness , wind s that vary with time as well

as altitude , and fallout particle formation below the

( stabilized cloud should be conducted and incorporated .
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The ripples and splotches observed in the pattern

of Figures 9 and 10 could be eliminated by increasing

the number of particle size groups or by distributing

the activity of two adjacent groups on the ground so

that the separation between each group is filled with

some activity. This could also reduce the downwind

extent of each isointensity contour .

This model offers a tool for the study of fallout

deposition that should be used and explored.
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Appendix A

The Miller Model

The required and unformated input for this pro-

gram is:

1. total weapon yield (MT)

2. fractional fission yield

3. mean wind speed (mph)

4. the number of specif ic points , if any ,
for which the user des ires to know the
unit—time reference dose—rate

5. th.e number of expans ions of the pattern
des ired

6. the coordinates of those points for which
the user des ires to know the dose ra te ,
if any (miles)

The expansion mentioned in 5., above , is simp ly a

reduction in scale of the first printout by a fac tor

of one—th ird .

‘S
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Glossary of Terms

AB , Al , A2 , A3 , A4 , A5 , A6 , A7 — dummy variables used 
-

to identif y spec if ic dose rates in the fallout

pattern .

AJ — line value of the vertical axis on the deposition

pattern (miles).

DX — increment used to determine the downwind distance

at which a dose ra te is to be calculated (miles).

DXX — line values of the horizontal axis on the

depos ition pattern (miles).

DY — same as for DX but for crosswind distance (miles).

FF — fractional fission yield of the weapon.

I — the total dose rate at a specific point

(R/Hr.@1 Hr.).

IBAK — the number of DX increments upwind to enclose

the upwind portion of the pattern. 
-

IC — the dose ra te due to cloud fallout only

(R/Hr. @ 1 Hr.).

IEXP — the number of pattern enlargements desired.

IFLD — the fallout pattern as a rectangular grid.

IS — the dose rate due to stem fallout only

(R/Hr. @ 1 Hr.).

ITEST — a dummy variable used to check for discon—

tinuities within the model.

IX , IY — initial values of DX and DY respectivel y

(miles).
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123 , 16 , 17 , 19 — dose rates at the characteristic

points X2 , X6 , X7 , X9 respectivel y (R/Hr. @ 1 Hr.).

N — the number of specific points for which the user

desires dose rate values.

PX , PY — the downwind and crosswind points at which

a dose rate is calculated (miles).

V — the average wind velocity during fallout depos i-

tion (miles per hour), O < V  <75.

W , WY — the f iss ion y ield and total yield of the

weapon (megatons).

X - the upwind or downwind distance to a specific

po int for which the user des ires a dose ra te

(miles).

Xl — the maximum upwind extent of the 1R/Hr. contour

(miles) on the pattern centerline.

X2 — the center of the stem fallout pattern (miles)

on the pattern centerline .

X6 , X7 — the distance to the most upwind and most

downwind extent of the high radiation intensity

ridge due to cloud fallout (miles).

X9 , X9P - the maximum downwind extent of the 1R/Hr .

contour for a 15 mph wind and any other wind—

speed respec tively (miles).

Y — the crosswind distance to the specific point for

which the user desires a dose rate (miles).

YS — the stem pattern half—width of the jR/Hr. contour

at X2 (miles).
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Y6 — the cloud pattern half—width of the 1R/Hr.

contour at X6 (miles).

Y8 , Y8P — the cloud pattern maximum half—width of

the 1R/Hr. controu for a 15 mph wind and any

other windspeed respectively (miles).

4
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PR0G~~AII MX LL E~~(IP 1PUT ,0uTDUT)
• OINF~’SION IFLOU?0 ,2fl,’)XX 113)
COMH CNF$ .OK1/V , W ,i rE~ ’t,W Y ,rF/~ L,O (2/~ X ,PV ,IS,tC/BL0K3/X2 , X~ ,X5 ,X6,
I X7,X9P ,YS, Y8’,s’6,t23,!6,t5 5L ~

REAL I,IS,IC,123 ,I€’,17 ,19
INTEGER A9, A 1 ,A2,A 3 ,A (.,A5 ,A6 ,A?
DATA A9, A i , A2, A3 , A~~,A 5 , 46 , A7/ 1H ,1Il1, 1M2,t’13,j 144 ,1H5,IHF,,jI -$Tf

I READ S ,WY ,FF ,V,N,r!XD
!F(W Y .LT.0.0) ST~)P
PRINTO2 ,W Y ,FF ,V, F1 ,

GO 10 199
W~WY ’ FF
CA L L  CONST

GO T~ 150
- Ir (XEXP .GT.Q) GO TO

00 100 Jsj~ P4
- READ ,X,Y

px~ xPY~ A~S (Y )
CALL FIELO
TaT 3+1 C

100 PRTP4TOO ,x,Y, I ,TS,IC
GO TO I

130 PRIPT8 6, IT EST
O TO I

199 PRINT8I
- GO TO I - -

200 PRIN’S’
IYzflP/22.+1
IXz (X9 P— X 21YS )/ 1? 0. .1
IF(IV.GT.IY) IY= IX

— !F(IV.t.T.IY) IX=IY
OTaIY
0x*Ix
TeA Ic=cX2—Y S)/OX—1 .

u S  00 31.0 (=1,23
- VCa 2~ —IC

PY2 CK—1 ) 0Y
00 3’~0 L’1,120
PX.(t—1,Iq4K)’DX
-CALL FIELD
1aIs4Tc
!F ( 1 — 1.)  309,310,301

301 !F (I—30.) 310,311,302
302 IFII—ICO.) 311 ,312 ,T03
303 I ’ ( I— ~ 0 O . )  312 ,3t3 ,!C~
3C~ IF (I—1300 .) 313 ,31k,305
305 IF (t—3C0C. ) 31’.,315,306
306 IF(I— iC000 .) 315,315,31~
309 IFLfl (L,IK )~~A8

GO TO 3I.0 -

310 IF ’LO (L , I ’O zAl  - -- -

S .C0 T0 340
311 I F L D (L , I K ) A2

GO TO 3I.3
- 312 ~~~~~~~~~~~~~~ - 

- • - - -
• .00 T0 31.0 

-

(

- 
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313 TFLO (L,!K )~~Ak
- 00 10 340 -

314 I F L O (L , !, O =A 5
00 T0 340

315 I FL ( U L, IPc ~~~A6
00 TC 340 -

316 IF L f l ( L , 1 K ) : A 7
340 CONTINUE
- 00 3E0 J 1,13 -

360 OXX (J)=OX’(19A 1(4 (J—1)’1Q.)
PRINT83 ,Ox, DY, DXX
00 375 J 1,23 -

AJ~~(23 J) OY
375 PRINT6L,,AJ ,(IFLO(tl ,J) ,M= 1 ,tZ0)

00 376 J 1,22
111a23—J - - 

- -
Aja—Je DY -

376 PRINr 8~~,AJ , c1FLDu 4 ,Ip i) ,sl=I,12o) - 

- -

• IEXP IEXP 1- - IF(IEXP) 1,1,380
360 DYz2./3. 0Y - 

-OXs 2./3 . 0X -

0 0 1 C 205 -

60 FORMIIT r /5X”AT TH~ P31141 X~ “~ !s.i ~qIL~~S, A ND Y “F5.I
I - “ MILES, TI-’E RADIAT ION I9T!’ISITY OU~ TO ~ALLOUT V5X
2 — IS “F9.1 R / M R , W ITH ~~~~~~~ RIND DUE TO STE9 FALLOUT AN D
3 f’9.1 R/HR ou~ TO (

~L OUO ~~LLOWT /~II FORMAT r //10 (”X ~~)2X W IN5) SOEEO Dir OF LIMITS, PROCEED TO
I - “NEXT PROR1~ M //~ / / )  -

62 FOR~ A T r~1”kx”INP ,,r OA IA I “3F10.3,!!!,)
$3 FORIIAT(”1”5x”wORIzo*ITAL (D(’W PlW INi) SCALF IS r~~.z— 10 1. M!LCSI 5X “VERTICAL (CQOSS WIN I)) S *LE IS “F’6.2 TO I, MI LE S~~ /F

2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
84 FORH?1r “F6.1,1X ,12~~A 1)
$6 FORMAT (” 5X~ ITE~ T= ~T2, 5x O!~~~3’ 1T tN UTTV IN CONSTANT S Our TO —

1 “INPUT DATA OR MODEL LIMIT . PROCE~ 3 10 NEXT °RODL EM . I//)
$1 FORNAT (” 4X MAP LE6FN’) •~~/5~••j I TO 30 ~/PP”/5X”2— 30 ~O 10 0~I R/HR /5X”3— 1CC TO 30d R/ ”/~~X ’.— 300 ID 1000 RIHR”~ 5X

2 “ 5— 1300 10 3000 R/NP ”/5X~~ - 3000 T) 10,000 R/NR”/5X
3 “7— 10,000 OR MORE R/MR” // ) .

- . -

1 -  

- -
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SUBROUTINE CON ST
COMMtN ,~t,O’(1/V ,W ,t1EST, WY ,FF/9L3<3/~ 2,X4 ,X5,X6,X7 ,X9P,Y5,y 6P ,Y6,
1 123,16,17 ,19 -

REAL 123,16,17,19
W0S”W/5.
VZO V/20.
I23z~ 000.’(1./WO~ )~~~0.’2”(I./V20)”0-.75
I6a3720.’5OPT (W O~~~~(1.—(V—25.P’ 5 ’/2500 .)
17a5C00..SORT (IOc)* (1 ./V20) 40...G
I9z15./V - -

X 2 =1 .75+0 . 2 3 ’ (V—2 0  .
X4z3S.~~V20”WO5” 0.2 3
YSz7.1+WO5’ 0.35*(1./V20)~~’0.75
Xt~ X2~ ’fS
X6a2~ .‘V20’W05”0 • 20

- XSZXc .11. 5W 05 . ’C .  3U’ ( j . + ( V — 2 O . ’W 350 ’0 .30 )~~30. + (V — 20 . ’WO5 ” 0.30)
I “2/600~~)
X1z6?.j4WO55SO .3C~~V2O
Y6~ 2f .”(i./V2 0)’ 0 .90’I4O5’~~0. 30
Y8=1.5. *(1. / V 2 C F ~~~O . 5 6 o w O 5 . ’ 0 . 3 2
X 9 5 ~ 2. WO 5 5 C .30 V!C
V $P=Y6~~A LO~~10 (I7)i’ (~ LOGi 0 (I7)—A LO ~ t3 (19) )

pq1NTe5,wy ,v, w ,Fr,xt,xz,xk,x5,xr,,x?,x gp,ys,y6,y8P ,123,16,t7,tg
ITESIs O - 

-

I (X4.GT.X2) .AND .(X6.GT .X5) .ANO.(XT .tT. X5) .AN O. (X9° .GT.X 7)
2 ,ANC ,(X2.GE .o.0).AND .( yS.L(.(x1,—x2).AND.( yOP.L,E.(X 9p—x7 ))
3 TT E~T=1

89 F0RPI~ T~~ “//5V PPODLEM DA TA //5X 4~ A PON f~~r~ ’) — “F7.3
I W INO SPEED — F(s.j” MPH /5X F1S5104 YIELD — F7.3 MI”
2 /5X FRAC TIONA L FISSION YT~~ 3 — “r5.3,I/5X ,60(”. ~)//5X
3 ~~~ NOT ! •‘ ALL D ISTANCES (i’S AN D Y’S) ARE  IN M tLrS
4 - —, AND ALL I’ITFNS ITTFS (X’S) ~R ! 1’I RIM~ AT 1HP.”//5X
S 60( ’ “)//rX ”~PO~ tNEN T POHIS 3~ -4~~ PATT !RN”//’ X X I= “F5.j
6 ,3X X2= ‘Ft .1,3X”’C s.= ‘~~6.t,3X X5 ?6.1,3Y~~X6~ r5.j,3X
7 XTz F6.1,3X~X9P: F6.iIt~~(’!S= .1,29X Y6 “FS.j,~~
$ YIPZ ‘~F5.I,/t8X I23= ~F9.t,25X I6: ‘F7.t,2X”172 F7.t,2X
S 19z F7.1///) -
RETURN 

-

ENO -

•5
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SUBROUTINE FIELD 
-

COMMON/8L0’ (2/PX ,PY ,IS,IC/BLOK3IXZ ,X 4, XS ,~~5,X7 ,X9P ,YS,Y8P ,Y6,I23,
1 16,17,19
REAL IS,IC,123,16,I7,19
IS~ 0.0
ICZO .0 - 

-

IF (PX—X4 ) 502,502 ,~~55 
-

502 IFIPY—YS ) c03,50 ’,599
503 Ir (PY—X2+ YS) 599,515 ,505 - -

505 IF (PX— X2) 515 ,510,StC -
- 

510 IS:I23 (1.— SORT (((PX— X 2)I (X~ —X 2 ))S *2+ (PY/YS)++2))
G0 T(’555

515 I S g I 2 3 + ( t . ~~S O R T ( ( D X _ X 2 ) ~~~ 2+PY ~~3~~) / Y S )
555 !F (PX X5 ) 5V~,557 ,,5Fs
556 !F(PY— X9P) 557,5’~7,599
557 IF (PY—YSP) 560 ,SFC, 599 -

560 IF (PX—X6 ) 570,5~ C ,5i0
370 IC2I(.43 (1.— SORT( ((X ,—PX)/ (X 6—X5))’*2+ (PY/Y 6)+*2) )

RETUF 14
360 !F(PV—X 7) 59 0 ,5 9C ,53 5

590 A ( X 7 — P X ) / ( X 7 — X 6 )  -

IC’II6’~A’I7 ’B~~~ (1.— PY /CA Y6+9’Y8’))
QETUPH -

595 I C I 75 + ( 1 . — S O ~ T ( ( ( P X ~~X 7 ) / ( X 9 P ~~X 7 ) ) 5 * 2 + ( P Y ~~Y 8 P ) * 5 2 ) )
539 P~~T(JPp4 - 

-

END

_
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Appendix B

The Variable W ind Model

Table II

97 Group Particle Size—Activity Distribu-
tion from a Log—Normal Distribution with
a Mean Radius of 105 Microns and a
Standard Deviation of 0.69.

MES.’ A TFITTY MEAN ACTIVITY ME~ P4 ACTt~ tTY
r,RIUP FRAC TION ~ROU P FPACTIC~N 

r,~ OUP FRACT ION
RADIUS ~ONTRI~ ’J— ~A0II’S CON TRI~ tJ— ~AOIUS CONTRI3J—
(‘4IC~ONS) TED (MICRC NS) TED (MICRONS) T~ 3

1337 .22 .0011q1 950 - 291.02 .0i12518~~0 63.3’ .015~ 48350
i2’~..95 .001 319200 277.48 .011701520 60.39 .015!27’.30
1215.66 .0’!1’+!3300 264.56 •0121463~ 2 57.58 •0i-.555160
1I5~~.O3 .03-1599170 252.25 .0 i255~.7~~3 54.90 .014523323
1105 .1. •2Ct75281~ 240.51 .013014313 52.34. .014143700
1053.71 .001~~2121’! 229. !! .0134.33303 1.9.91 .0137.8180
1304.68 .0C’10i550 218.65 .313033790 4.7.58 .01333~1 660
957.92 .3C2!9516! 208.4.7 .014.2~ 15~~3 4.5.37 .Q12~ L7390
913.34 .00250155 3 198.77 .014637573 4.3.26 •012~.55380
870.84 .002 72139’! 1A9 .52 .014965110 ‘.1.25 .012)45450
!‘O.Sl .0C~~~553’!O 180.70 .0153025~ 0 39.33 .D1t5~ 92 9 C
741.97 eOO!20264” 172.29 .0156 1~~4.6O 37 .50  •0111’3683
754.83 .003454.530 164.27 •01591C912 35.75 .0t055~ 490
719.70 .007740510 156.63 .Ol51754~ 0 34.09 .01224.1490

149.36 .J16-.t39~~Q 32.5’! .003733370
654.27 .004.339750 162.39 •01ó6331°0 73.99 .009337760
6’3.82 .004.556290 135.75 .016817930 29.55 .C3-38~ 1t 90
54..79 .004443310 129.44 .0189723!3 28.17 .008450110
557.11 .005 737630 123.4.2 .017097050 26.86 .008315350
540.72 ~~~~~~~~~~ 117.68 .2t7t89Fi’~3 25.61 .007533560
515.56 .0060’2900 112.20 . 0 1 7 2 5 0 3 3 3  24.42 .007172553
4.qt.55 .006~ 544.80 tC6 9b .317279532 23 .28 .006765360
413,59 .0O 65’’~ 90 102.00 .017275330 22.20 .009370150
~45.88 .00 7267003 97.25 .o1723g7~ 0 21.17 .005955350
4’ .33 .0076 86200 92.7! .017171493 23 .18 .005515120
405.25 .QO8tj4.11’3 88.1.1 .017071430 19.24 .005257050
3~7.35 •0C355 027C 84.30 .015940163 18.3! .004.312580
313.32 .0089927”) 8C 37 .0167783’.O 17.~.9 .00~e59 2070
352.13 .3334.63153 76.63 .016586333 16.68 .004.265790

~~5.75 .009541970 73.0? .316366960 15.90 •02395359J
3’3.12 .01031.514.0 69.67 .016119530 15.16 .00!576460
325.22 .310793110 66.4.3 .015546280 14.4.6 .0034.07470

- 
13.78 .003144850

4.
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Table I I I

Wind Data For Figure 9

Altitude Wind Direction Wind Speed
(km) (degrees) (km/hr)

0 — 1  90 8.0

1 — 2 90 25.7

2 — 3 90 25.7

3 — 4 95 2 7 . 4

4 — 5 115 27.4

5 — 6 152 22.5

6 — 7 152 22.5

7 — 8 170 24.1

8 — 9 170 - 
- 

24. 1.

9 — 10 220 32.2

10 — 11 220 32.2

11 — 12 230 27.4

12 — 13 230 27.4

13 — 14 230 27.4

15 — 16 2~0 22.5

16 — 17 220 22.5

17 — 18 220 - - 
2 2 . 5

18 — 19 220  2 2 .5

19 — 20 220 2 2 . 5
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Tabl e IV

Wind Data for Figure 10

Altitude Wind Direction Wind Speed
(km) (degrees) (kph)

0 — 1 66 38.6

1 — 2 60 37.0

2 — 3 79 11.3

3 — 4  149 4.8

4 — 5 134 24.1

5 — 6 
- 
100 29.0

6 — 7 100 29.0

7 — 8 62 16.1

8 — 9  184 22.5

9 — 10 270 27.4

10 — 11 270 27.4 -

11 — 12 220 59.5

12 — 13 220 59.5

13 — 14 290 56.3

14 — 15 290 56.3

15 — 16 310 6 2 . 8

16 — 17 230 1 1 . 3

17 — 18 230 1 1 . 3

18 — 19 260 2 7 . 4

19 — 20 . 260 2 7 . 4
4. -
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Glossary of Terms

A , A2 — the change of altitude and the average alti-

tude respectivel y through which a particle falls

(kilometers)

ACT — the total residual gamma—ray activity from the

burst (gamma ’s/sec)

AC , AE , AF , AM , AN — variables used to reduce computer

time requirements by postulating a linear pattern

centerline

BA , Bi , B2 , B3 , B4, B5 — dummy variables used to

identify specific dose rates in the fallout

pattern

CDR — the dimensionless variable Cd
R2 used to compute

a Reynolds number and hence a terminal velocity

for each particle size

CR — the s tabilized cloud radius as given by Miller

(kilometers)

CZ — the stabilized cloud height as given by WSEG—10

(kilometers)

DB — a dummy variable used in fall time calculations

DH — the change of altitude that a particle experi—

ences as it falls. The same as A. (kilometers)

DR — the dose rate at a particle point PX, PY
(R/HR @ 1 HR)

DT — the time required for a particle to fall a

distance A or DH (hours)

48
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DX , DY — the horizontal displacements either east—

west or north—south experienced by a particle

group as it falls through any w ind layer , also

the DX and DY increments used in the fallout

pattern determination (kilometers or miles)

DXL , DYL - the number of DX and DY increments ,
respectivel y, below or behind ground zero that

would allow the minimum upwind and crosswind

extent of the fallout pattern to be included

in the fallout

DXX — line values of the horizontal axis on the

deposition pattern (kilometers or miles)

EX — the exponent used in determining each particle

group ’s contribution to the total dose rate

FF — the fractional fission yield of the weapon

GDL — the ground leve l altitude of the burst

(kilometers)

H — the same as AZ (kilometers)

I — a dummy variable used to de term ine AZ

IEXP — the number of pattern enlargements desired by

the user

IXY — a single line of the pattern for a specific

value of PY

NP — the number of points for which the user desires

a dose rate

NN — a dummy variable used in the fall time determin—

ations
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PIR — a conversion factor used to convert degrees

to radians (radians/degree)

PR — an array used to store all pertinent information

about a particle group : average particle size

(microns) of the group , fraction of total activity

contributed by this group , the standard deviation

of the spatial distribution of a group (kilometers),

the time to fall from the stabilized cloud to the

ground (hours), the east—west disp lacement of

the group cloud center (kilometers or miles), and

the north—south disp lacement of the group cloud

center (kilometers or miles)

PX , PY — the coordinate of a point within the pattern

for which a dose rate is to be calculated

(kilometers or miles)

R — the particle radius for which a fall—time is

computed (microns)

RE — the Reynolds number calr-ulated from CDR and used

to compute the terminal velocity

SIGMA - the value of the standard deviation of the

spatial distribution for the largest group

(kilometers)

SUM — a dummy variable used to sum the dose rate

contributions by each particle group

u — the dynamic viscosity of air at any altitude

(kg/m—sec)
I
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VT — the average terminal velocity of a particle as

it falls through DH

WIND — an array that stores all the wind and altitude

data: the average true direction of the wind

(360° is true north) that is later converted to

machine direction (degrees) for each kilometer

of altitud e, the average windspeed (kph or mph)

for each kilometer of altitude , and the mid-

point density of the air for each kilometer of
- 

altitude (kg/rn ’)
YH — a dummy variable used to limit the computer

- time required by the program

YLD — the total weapon yield (megatons)

YLDO — a dummy variable used to limit the computer

time required by the program

YND - the same as for AC , AE , AF , AM , and AN

51
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A FORTRAN Computer Code for the Variable Wind Model

The required and unformated input for this pro-

gram is:

1. the mid—range particle radius of each
particle group in microns and the fraction
of the total residual activity carried by
each group

2. the true wind direction and wind speed of
each 1 km thick layer of atmosphere up to
an altitude of 20 km

3. total weapon yield (MT)

4. fractional fission yield

5. ground level of the area contaminated by the
fallout (KM), burst is at sea level

6. the number of specific points at which the
user desires to know the unit—time reference
dose rate (if any)

7. the number of pattern expansions desired

8. the coordinates of those points from 4.

The expansion mentioned in 5. above uses a scale down

factor of one—half.

1~
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PROG*AM NORMAL (tNPUT,O’JT~ tJT)
C OM M CN /8 L O K j/W I NO C2 C , 3 ) ,O T , OX , DY ’ 3 L O K 2/ P~~~(97 ,6) , D q, ACT

THE PATTERN IS A ~4~ ZMUM OF 100 SP3 ES WIDE
OIME” SIQN IX Y ( 1 0 3 ) , DX X (1 1)

INTEGER ~A ,B1 ,32, 33 ,B4 ,35
- DATA 9A,31, 32, 33,34,35 u N  ,L H1,1H2,i)-I1,1’-I 4,1 M5

DATA STATE MENT LOA D S MI D—P OINT A I~ JEN SITY 0R EA CW ‘CM
jc - OF ALTITU DE

DATA W IND( 1 ,3) ,W !N0(2,!) ,W IND (3,3) ,WIND (4,3) ,WTND(5,31 ,WIND(5,3),
I WINO (7 ,3),W IP1O (8 ,3),W IN O (9,3), WIN D( 13 ,3 ),W IN tJ (i1 ,3),
-2 WINO(12,3),WIND(13,3),WIND(14,3),WIND(15,3),WINtJ (16,3),
3 WIND (t7,3),WI~1D (i8,3),WINO (19,3),WIN!D (20,3)
4 /j.16730,1.05810,0.95695,9.85343,3.77704.,0.697-.7,3.62431,
5 C.557j9,O.4qs76,0.43q6~~,0.333,7,0.33743,D.28533,O.2..666,
6 0.21066,0.18G36,C.15391,0.13157,0.11248,0.09526/
REAU . , C (PP (N ,M ) , M:t,2) , Nz1,97)

101 ~EA O~ ,((WIND(N ,M),M=1,2),M 1,20)

I ((PR(’1,M),M 1 , 3),N 21,97)
CONVEPT TRUE WIND DIRECTION TO MA 4INE DIRECTION

DO 102 J~ i,20
WINO (J,1):450.—~4INO(J,i) -

IF (WIND (J ,1) .GT.350.) W IND (J,1) W 1N2 (J,i)—3 60.
102 CONTI NUE -

I R EA O~ ,YLD,FF ,GOL,NP ,IEXP 
*O O 2 J ~i,97 -

00 2 K=4,6
2 PR(J,K)= 0.0

TEST FOP USER DIRECTIONS ’ •= CONTINUE , 0~ READ NE W YLO ,
C STOP

TF(YLD) 99,131,3
3 PRINT81,YLO ,FF ,60L,ND ,IEXD

C C! COMPUTES THE MEAN CLOUD NEIGNT D~ A SF~ LEVEL PURST
CZ 0.3048~ C 4.4.e6.I ALOC (VLO)—0.205 (ALOG(YLD)+2.4.2)
1 APS (ALOG (YLO )+2.4.2))
IF-(C7.GT.20.) GO TO 5
CR 14.G61~ YLD ’~~0.431 

-

S!GMA=1. CR -

4 ACT~ vI.D~ FF~ 2.035E#22
- GO TO 8

5 
- 
PRINT82, CZ -

XF (NF.EQ.0) GO TO I
DO 7 J i ,NP

7 PEAO~ ,PX,PY -

GO TO 1
8 00 10 J zj ,9 7
10 PR (J,3) S!GMA~ (1. + (J— 1)~~0.020)
- PRIplT83 ,yLO, FF ,YL3 ~ Fr ,GoL, cz,CR ,3tG 1A ,A C T

C COHPUTE FALl. TIMES A ND DISPLACEMENTS FOR EACH GROUP
IZC 2
AZCZ—I 

- 
- 

-

A2~ A/2.+I -

D8~ 0.0
15 00 2C JzI,97 

- -

CALl. FA LL (A2 ,PR (J,1),A ) -

PR(J,S,)ZPR (J,4)4OT - - -

— 
P~ (J,3)aPR(J,5)+flX 

-- - 
- 

-

4,
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20 PR (J,6)~ PR(J,6)+flY -
I F ( 0 8 . G T . 0 . 0 )  GO TO 32 -

- 
-

*2.1+0.5
DO 3C K~1,I
*2zA2—1.0 -

IF (A2 .LT.(GDL +1.)) GO TO 31
DO 3C J 1,97
CALL FALL (A 2, PP(J,1),1.)

30 PR(J ,60=PR(J,6)+OY
GO TO 32

31
Az DB-GDL
*2~~U8—GOL)I2. .GOL - 

-

60 T0 15 -

32 PRIN’86, (CDR (N ,M) ,M~ 1,6),N~1,97)- IF(NP.GT .0) GD TO 95 -

C TEST FOR 1500 KM LIMIT -

33 00 48 J=i,97
IF (SORT ((PR (J,5) —PR (1,5)) ’2+(PR(J,5)—PR (t,61)~~~2).GT.1500.)• 

- I G0 70 49 -

48 CONTINUE -

J’J—1
C DEFINE DISTA NCE LIM ITS OF THE PATTERN

49 AM z(PR (J,6)— PR (l ,6))/(Pq(J,5)—PRIL,5))
AN=5. PR (J,3)

- DX& ( A8 S ( P R ( J , 5 ~~~ Pq~~~~,5~~~ +5..(PQ ( 3,3 4 PP (1 ,3f l )~~ j 0 0. +2 .0
0Y=(*BS(PR(J,6)—PR(1,6)).5.~~(PR(J,3)+PR(l,3)))/100.+2.0
0~L z(PRCJ,5) ~ 5.~~ D R(J , 3)  , FOX
OYLZ(PP(J ,6)—5. 0R (J,3))/OY
IF(PP(J,5) .GT .PR (t,5)) OXL= (PR( i , )—~~~(1,3)~~5)FDX
1FCPR (J,6).GT .PR (t,6)) 3YL.(PR (1,5)—5.~ PR(i ,3))/OY

60 00 61 J 1,11
61 DXX (J) 0X’(OXL+I .(J—1) 10.)

PRINTO 4.,CX ,DY ,DXX
- ICKA~ 0

C BEGIN DOSE RATE CALCuLATroNs FOR EACH POINT (PX,PY) OF A
C REC TANGULAR GRID

00 7? K 1,101 
- - -

PY= (OYL.i31.—IC)~~DY
!CK8’O -

00 78 J I,130 -

PXa (flXL +J)~~OX
C THESE 6 CARDS REDUCE THE CPA TIME RE~~UIRED 9Y
C ELEM INA TXN G UN NErE SSADY DOSE RAT ! CALCULATIONS

YNOSAPI + (PX .PR (1,5)),-PR(1 ,6)
• AC=Sf~RT ((Px~ 0q (I,5))~~&2,(y NO_ PR (I,6 )**2)

IF (AC .LT.0.I) GO TO 65
AF .PY—YNO
AE zAPS ((PX—PR (1 ,~~))’AF/AC) 

-

IF (AE.GT.AN ) GO TO 70
65 CALL FIELD (°X ,PY)

C OcTER’qNE THE DOSE RATE RANGE AT THI POINT (PX,PY)
- I~ (OR—I.) 70,7 1,66 -

66 IF(DP—10.) 71,72,67
67 IF (OR—IOQ.)_ 72,73,68 

- -~~~~~~ 

.

- 

-

‘
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68 !F(OR—l000.) 73,74,69 -

69 IF(DP—3000.) 74,75,75 -

70 !XY(J)~~BA
TCKB=ICKR,1 -

GO TO ?8 -

71 XXV (J) =81 - 
-

XCKA=1
60 T0 78 -

72 TXV (J) =92
60 T0 78 -73 Ixy(J)=q3 -

- GO TO 7S - -

74 !XY(J)’84 -

60 T0 78
75 IXY(J) 95
78 CONTINUE -

!F((TCKA.EQ.0).AND. (1CK9.GT .99)) 30 TO 7
IF UICKA .GT.0).AwD. (IC’cq.GT.99)) 30 TO 90
PRINI8E ,PY,IX Y

79 CONTINUE
C THESE STATEMENTS .A LL OW ~OR AN EX PAND ED SC~~’E WHICH
C SHOWS MORE DETAIL OF THE MAIN PORTION OF TI-SE PATTERN

- 90 !EXP !EXP—i -IF (IFXP ) 1,1,93 - -

93 DX OXI 2. -

O Y O Y/2. - -

6 0 7 0 60 - 
-

95 CALL SINGLE(PIP ) -

tc(uxP .G-r.o~ GO TO 33 - - -
- GO TO 1

80 FORMA TL I 5X~~ AS E 3ATA TN PIJT”/F~ 5IC~~~A RT T~ LE DAT A ”25X WI’IO OA TA ”
1 l/20C6X ,F6.1,3 X ,~~10.P,3)(,F5.2 ,10X, 5.t,3X ,F5.1,3X ,F7.5/),
2 77(6X,F6.t,3 X ,F10 .8,3X ,F6.2/))

81 PORM AT ( 1”SX”IN°UT DATA t !Fj0.3 ,216//)
82 FOR WA TC// ~5 (~ X~ )2X~ C’ F5.1~ <N, AND EXCEEDS 20 KM. PROCEED

I “To NEXT PROBLEM ”//)
83 FORNAT ( SX WEAPDN’S TOTAL YIELD - “F7.3 MT”//6X FI5SION

I “FRACTION — FS.3/SX”W!APON’S FISSION YIELD — ~F7.3 MT”~
2 G X G QND LVL. Or THE PATTEDM — F7.2 KM”FSX MEAN CLOUD
3 HEIC~HT — “F5,j KM /6X MEAW L OUO RADIUS — “F5.1 KM”/5X
4 SIGMA • FS.2” ‘~M”/6X~ TOT’L GAM MA ACTIV ITY AT 1 HOUR =
5 IPEI2.5 5AMMAS °ER SECOND~~ /10X,40 (~~ ~~/10X”PJOTE* ALL
6 - OISTANCES ARE IN KILOMET!R~, AND AL L INTENS!TIE~ ARE IN —

7 R/HR AT 1. NOUR II3X,40(~~
• “1 — I TO 12 RFHR /ICX Z — 1) TO 103 R~HR Ii0X 3 — 100 TO
9 “1000 R/HR”/IOX 4 — 1000 T3 3300 R/4R~~ t0X”5 — 3000 OR
A

$4 FORMAT(19X”THE HORIZONTAL SCALE IS ~~6.2 ¶0 1 ‘CM, AN D THE —

I “VERTICAL SCALE IS rS.2 13 1 KM.~~~F~ 0X THE HOR IZONTAL —

2 AXIS RE PRESENTS THE EAST—~ !ST 3ISPLACEM!NT //7X,
3 I0(F5.1,4X), F6.1/t0X,10(~~~t2345678 3 )*”~~/) -

83 FORNA T (’ “F6.1,3X ,10041 )
$6 FORMAT (1 5 X PARTI~~LE GROU ~ DA TA //3X M!3— QAN GE~~ X A CTIVITY 5X

1 STANDA RO 5X TIM ~ TO~5X E4ST-~IES T 5X”NOR TH— SOU TN ”/6X
2 RAOIUS “SX ”FRACT ION 5X IIAT IOH 4X FALL 8X ’DISPLAC EMEN T
3 2X , DTSPL4 C!MEN T /6X ( M I C R D N 5 ) ~~15 ( K M P ~9X (H R S . ) ” 6 X
4 (ICM)”I0X” (’CM)”/57(/6X ,F7.2,6X ,FIG.8,4X ,F6.2,7X ,F7.1, X ,

I 
-
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S F8.1,7X ,Fe.l)//)
99 STOP - -

END

SUBROUTINE FALL(H ,P,DH)
COflMON/RLOK1/WIM~~(20, 3) ,I)T,OX ,DY
DATA pIR/j.7t,532Q251~ Ql 9/

C THIS SU~ROUTIN! O M PU TES FALL TIMES AN D DISPLACEMENTS
C FOR FACH GROUP

U I .4216E—05 -

IFIH.LT.11.) U=i .1894.E—05—3.3361E—3T~~H
NN ’H+l
COR=2 .7I7856E— 13 ’W IND (Nf1 ,3~~~P4~~!Fi’’2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I~~(CDR .GE.138.) RE :1C.*+ (—1.2953~~+0.9~~~~A LOG1O (CDR)—0.-04~~~77~

- - I (ALOG10 (CDR)) ’2’0.OC11235~~(ALOG1G (COR ) )~~~3)
VTSI.8E,O6 RE.U/ (WIND(9N,3) RF.Ct.+0.1165/(R.WINO (NN,3)))
01.0W/VT
DXz—DT+WIND(NN ,2)~~COS(WIND(NW ,1)’PIR/100.)
0Y=—OT~ W tHD( NN ,2) ~SIM (WIND (NN,i) ~DIR/130.)
RETURN
END -

SUBROUTINE FIELD (PX ,PY)
COMMCN/BLO’C2/PR(°7,6) ,OR,AC T

C THIS SU PROUTINE ~OiPUTE~ A ND SUMS THE DOS E RATE
C CONTQI8UTED BY EACH PARTICLE GRO’J’

SUMxC.C
00 400 L’1,97
EX= (lPX—RR (L ,5))~~~2+(PY—PRtL,6)F”2)/2 ./PR (L ,3) ’2
IF(EX .GT.50.) GO TO 4.00
SUM rSUM +PR (L ,2)~~C .3959~ !XP(_EX )FDR (L , 3)’~ 2

400 CONTINUE - -

oq=1.1 4.7125E—I6 SUM ACT
RETURN
END - - - - ~~~~~

• . - -

SURROUT INE SINGLF(N )
COMMON /BLOK2/ RR( 97 ,6),OR, ACT -

THIS SUeR0UTINE COMPUTES THE DOSE ~*TE AT A SINGL E POINT
PRINT8O
00 600 NJZI ,N
PEA D , PX, PY
CALL FIELO (PX ,PY)

600 PRINT8T ,PX, PY ,OR
87 FORMAT r D”5X AT T’IE POINT xx F6.I” ‘CM , AND Y= FG.1” ‘CM , THE

I “RADIATION INTENS ITY DUE TO ~A ..L0UT IS ~~7.1 R/’4 R AT 1 HP”)
88 FORMAT ( I”SX ”INTEN SITIES FOR SPE IFIC POINTS ARE ~S FOLLCWS Z”/)

RETU RN 
-

END

I
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