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PREFACE

This paper was prepared by tne Institute for Defense Analyses.
for the Federal Emergency Management Agency under Contract EMW-
C~0377 (Work Unit 4112C) issued August 1980.

The research conducted under this contract deals with an
assessment of fallout deposition resulting from two different
types of attacks on the continental United States (counterforce-
only and counterforce plus countervalue) given twelve typical
wind patterns--one for each month of the year. Representations
of fallout deposition are given 1in two categories--one accenting
higher dose ranges to indicate shelter requirements and the other
accenting lower dose ranges to present the complete spectrum of
the fallout threat. '

The research 1s reported in descriptive presentation of
the model, the winds, the attack, and the results. Appendices
present the fallout deposition maps.

The research was scheduled for completion and publication
as the contract deliverable on 15 Spetember 1981. This paper
is issued in fulfillment of the contract.
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FOREWORD

This paper was prepared by the Institute for Defense Analyses
under Contract EMW-C-0377 (Work Unit 4112C) for the Federal
Emergency Management Agency. The author wishes to express his
appreciation to Mr. James Jacobs, Project Offlcer for this
Contract, for his assistance and suggestions.
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SUMMARY

A. THE BASIC FALLOUT CALCULATIONS

This report presents a set of maps drawn from results of
calculations of fallout deposition as a result of two attacks
on the continental United States--a counterforce-only attack
and a counterforce plus countervalue attack. These maps are
drawn for twelve typical wind patterns--one representing each
month of the year. Two types of representations of the fallout
deposition are presented, one accenting hlgher dose ranges to
indicate, shelter requirements and the other accentin~ lower
dose ranges to present the complete spectrum of the fallout
“hreat. The principal outputs of the study eire these fallout
deposition maps (in Appendices A through D); their persual 1s
recommended to see how the fallout threat varies with the type
of attack and the winds.

The fallout model used in the predictions is the WSEG-10
fallout model. This model has remalned in its present form
for about two decades and is used extensively for fallout pre-
dictions. A computer program called GUISTO, developed for FEMA,
drives the WSEG-10 model under appropriate attack and wind con-
ditions to produce the data files from which the fallout maps
are generated. The winds are twelve historical winds, one
selected from each month to give patterns typical of those
particular months. The counterforce attack is 2,570 megatons
and 1s directed principally against missile silos. The full
attack consists of 6,541 megatons--the counterforce attack plus
additicnal weapons directed primarily agalnst urban-industrial
targets. It was developed by FEMA to assist in theilr crisis

relocation planning.
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B. THE MODEL

The WSEG-10 model computes a radiation dose as a function of
yleld, fission fraction, height of burst (always taken as zero in
this study), effective fallout wind speed, effective fallout wind
shear, downwind distance, and crosswind distance. The model pre-
dicts elther an H+1l hour dose rate or an "effective maximum bio-
logical dose." It is the latter quantity which is used exclusively
In this study.

The area covered from a single weapon at various dose levels
was determined for a variety of wind conditions. The area varles
drastically as a functlion of dose level. The area coverage does
not vary in any simple way with dose level; however, the area times
dose level as a function cf dose level approximates a log normal
distribution.

To study the varlation of area coverage with the wind, a set
of contours of constant area coverage at a particular dose level
as a funtion of wind speed and wind shear was developed. At low
dose levels, increasing either wind speed or wind shear (i.e.,
moving cutward from the origin) increases area coverage, whereas
at high dcse levels, Just the opposite effect occurs. At 1inter-
mediate dcse levels, ridges of higher area coverage are seen at
intermediate wind values, sloping to lcwer levels at more extreme

values.

If coverage 1s presented as a functlon of dose divided by
total fission yleld, only a relatively small sensitivity to yileld
1s observed with the coverage decreasing with yleld especially at%

high dose levels.

Pattern shapes are presented for a variety of conditilons which
appear as ellipses (somewhat flattened downwind) with the bomb lo-
cation near the upwind edge of the ellipse. The shape does not
vary strongly with dose level over an appreciable range of levels.
As a rough approximation the ratio may be taken to var; directly
with wind speed and inversely with wind shear.

S=2



Finally, pattern shapes for a cluster of nearby weapons,
such as would be obtained from an attack on a missile field,
show a widening from an ellipse near the upwind section but a
much smaller dependence on wind shear.

The fallout maps 1in the Appendices present examples of all
of these effects.

cC. THE WINDS

The winds used in this study for the fallout maps are
"effectlive fallcut winds;" these are real winds averaged over
several altitudes through which a "typical" fallout particle
falls. Such winds may show somewhat different properties than

actual winds.

The mean wind speed averaged over all parts of the country
and over all 12 monthly winds was 40 mph, and the mean wind
shear was 0.126 mph/kilofoot. There was only a small correlation
(0.12) between wind speed and wind shear. The wind speed dis-
tribution was close to a normal distribution over its mid range.
The wind shear distribution was close to half of a normal dis-
tribution, where the mean value of the distribution was zero.

Wind speeds and angles can be approximately represented as
the sum of a8 mean wind vector which points Eastward and a random
wind vector which has a clrcuiar normal distribution.

Considerable variation 1n wind statistiecs is found for dif-
ferent seasons of the year and different sectlons of the country.
In particular, mean wind speeds for winter months are a factor
of two larger than for summer months. This would imply that the
ratio of pattern length to wildth 1s twice as great in summer as

in winter.

D. THE ATTACK

The counterforce attack consists primarily of an attack on
nine missile fields in the Western and Yest Central part of the

S-3



United States. The full attack adds clusters of weapons .n major
urban areas plus an appreciable number of weapons scattered
throughout the country. For assessing risk for blast damage where
effects are relativzly localized, the precise weapon locatlons

are needed, whereas for estimating the fallout ricsk, a means of
defocusing the weapon locatlions 1is desired. A "weapon density"
was defined for a monitor point as the sum of yilelds of weapons
about a monitor point times a distance weighting factor which
decreased with distance from the monitor point. Wnen contours of
constant weapon density are drawn for the counterforce-only attack
(see Figure IV-8), a peak 1in weapon density is seen covering the
Colorado to North Darota missile flelds which slopes downwind

to low values in each direction. For the full attack (see

Figure IV-7), to this peak is added another peak centered in

the Washington-New York corridor with a ridge extending Westward.

Since the prevailing winds are West to East, a modification
of the weapon density calculation emphaslizing upwind weapons
should better indicate fallout risk. A weapon density was computed
which has the distance weighting factor constant on an elllipse
which has 1ts downwind focus at a monitor point. With an ellipse
wilth semi major axis 200 miles and semi minor axils 100 miles
(see Figure IV-9), weapon density contours were obtained which
nad marked similarity to the observed mean fallout dose, 1l.e.,
those averaged over all twelve months. Decreasing the semi minor
axls to 40 miles (see Figures IV-13 and IV-14) gave results
which are simillar in appearance to fallout deposition contours

from a single wind.

E. RESULTS

The fallout deposition maps 1n the Appendices present directly
the results of the calculations. The mean doses averaged for all
attacks (see Figures V-3 and V-4) show rather smooth general con-
tours. A number of hot spots, of dimension of one to several
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hundred miles across, are seen in areas where a large number of
weapons are concentrated.

The doses in a particular locallity can vary over wlde ranges
for different winds. Histograms for the counterforce-only
attack (see Figure V-4) show only a small chance of significant
doses for most of the country. However, in some locations there
1s only a low chance of an insignificant dose, with the chances
of belng in low, medium or high ranges are rather uniformly spread.
For the full attack (Figure V-5), the histograms show much smaller
sectlons of the country with low chance of significant fallout,
while much of the country shows the rather uniformly spread chances
of low, medium or high doses.

F. RECOMMENDATIONS

This report has concentrated exclusively on describing the
fallout threat. It 1s appropriate at thils point to hypothesize
implications for countermeasures to this threat. These recommen-
dations should be placed in context by recalling first that the
relation between blact-devastated areas and fallout-infected
areas 1s not explicitly considered, and second that procedural
or cost limitations may impede following up some of these recom-

mendatilons.

1. Planning

For counterforce attacks, the primary threats are the
downwind tails of attacks on milssile flelds which usually
extend over an angle within 45 degrees from the East. The
high intensity region of the tails are about 40 to 80 miles
wide and extend downwind for close to 1,000 miles. A
number of missile fields are located significantly close together
so that for many attacks the talls merge in the crosswind
direction. 1In those areas behind several adjacent missile flelds,
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a high level of fallout protection (a protection factor of 40

or greater) 1s required to achleve a moderate chance of surviving
an attack. Further downwind the chances of any significant dose
are less and the doses received are of less intensity. If high
quality shelter 1s to be installed, it should be nearer the
missile site where the chance of need 1s greater. If lower
quality shelter is installed, it should be done further away
where 1t 1s more likely to be adequate.

The Eastern section of the country generally has only a low
chance of insignificant risk for a full attack and often high
quality shelter 1s required. Especially along and east of the
Washington-Boston corridor a very high quality shelter is required.

Most sections of the country and usually all of the East 1s
covered with at least some levels of fallout (see Appendix B).
Even if the levels are not high enough for immediate sickness or
lethal effects, they are almost always high enough to give an
appreciable radiation burden which could have signiflcant long
term effects.

2. Operations

A great amount of detail 1s not seen in the fallout patterns;
effects occur over tens of miles rather than a few miles. (The
patterns shown are averages over ten miles square, but only in
the near vicinity of exploslon would a higher resolutlon be
appropriate.) Thus the general level of radiation observed at
a local observatilon post should apply over an appreciable area.
For many areas, detalled monitoring of individual weapon fallout
patterns will not appreciably help in overall fallout prediction.

The above comments ignore the problem of hot spots, which
might arise from individual weapon explosion,! details of surface
wind patterns, terrain and cultural features. After assessing

1
The WSEG-10 model does not attempt to predict hot spots.
S-6



the general background levels, the prime question in local radia-
tion level determination should be the location of hot spots.
These may range in slize from a few feet to tens of miles, and
these locations are often determined by random factors.

The fallout maps seem sensitive only to very gross scale
features, extending over most of the continent. This gives rise
to the hope that such gross features may tend to be reasonably
enduring so that pre-attack predictions of such fallout patterns

may be held reasonably accurate.

S-7
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Chapter 1
INTRODUCTION

This study deals with the problem of providing protec-
tion against radicactive fallout resulting from nuclear weapon
detonaftions--a major element of Civil Defense programs. Plan-
ning such programs 1s made more difflcult because of the
uncertalnty assoclated with nuclear attack as well as the
daily variability in the winds which transport the radiocactilve
material. The purpose of this study 1s to illustrate the
range of varlabllity from these uncertainties by presenting
nationwide maps of fallout deposition from two different
attacks and a set of twelve different winds. .These maps are
presented in four appendicies as the principal output of this
study.

The basic attack used is the current "Crisis Relocation
Planning Attack" developed by FEMA; 1t uses a SALT II compat-
ible Soviet Union inventory of weapons. For Attack A, all
weapons are surface burst to produce a representation of the
maximum fallout threat which might be expected. For Attack B,
only those weapons against time-urgent strategic targets are
used. This produces a threat representative of a counter-
force-only attack, or an attack where most weapons are air

burst.

A set of 12 historical wlnds are used, one for each month
of the year. These winds might be considered typical of the
type and range of winds to be expected during each month and

throughout the year.

Eﬁ
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Chapters II through V are descriptive presentations of
the model, the winds, the attack, and the results, respectively.
appendices A and B present Attack A wilth a dose intensity scale
which emphasizes the higher intensities (A) and the lower
intensities (B); Appendices C and D present Attack B with high
intensity dosage (C) and low intensity dosage (D). Each of
the U8 plots covers the entire continental United States; the
plastic overlay may be used to ldentify specific locations.
We belleve these fallout maps will enhance the readers' judgment
by their visual presentation of representative fallout threats.
We recommend that a reader study the results presented 1in the
appendicles first, and then proceed to the more detailled
chapters as interest directs.



Chapter 11
THE MODEL

A. GENERAL DESCRIPTION

In this report all fallout deposition is estimated using
the WSEG-10 fallout model which was originally defined in
1959 [Ref. 1]. Reference 2 documents the final version of
the model after modiflications were made to better represent
fallout deposition near ground zero. The model has the
advantage of belng able to produce a prediction of dose from
a nuclear weapon for gilven values of downwind distance and
crosswind distance in a relatively short time; this char-
acteristic makes it well sulted for use 1n damage assessment
models. It has been the standard model used in a large
percentage of natlonwide damage assessment calculations,
including those at FEMA.

The WSEG-10 model predicts directly the H+l dose rate
as a function of position, that is, the radiation rate one
hour after the detonation of all fallout which will eventually
be deposited at a location. A biologlical dose 1s defilned as a
peak total dose received, modified by bilological repair rates.
A formula in the WSEG-10 model enables converting from H+l dose
rate to biological dose.

Beside the downwind distance, x(miles), and crosswind
distance, y(miles), to the weapon, the inputs to the model
are: the weapon yield, Y(MT), the weapon filsslon fraction,
F, the helght of burst, HOB(feet), an-effective fallout wind
speed, W(miles/hour), and a crosswind shear, S(miles/hr/kilo-
foot). For a surfacz burst, the total amount of fission

3



d2po.ited 1is proportional to the product of the weapon yield
and the fission fraction. For an air burst this total deposi-
tlon 1s reduced by some fraction of the burst height. The
shape of thils deposition pattern is determined by the weapon
vyield, wind speed and wind shear. The effective fallout wind
speed 1is obtained by averaging winds from the top of the cloud
to the ground. The wind for each layer 1s weighted by the
time an "average" fallout particle stays in that layer. The
crosswind shear is the rate of change in wind speed with
height at the "cloud stabilization" altitude in a direction
perpendicular to the wind. If V 1s the wind speed at an
altitude h, and a 1s wind direction at altitude h, and a” is
the wind direction at altitude h+Ah, the wind shear 1s defined

as (V!/sin(a-a”)]|)/ah.

The complete formulation of the model 1s too complex to
present in this report; it is given in [Refs. 2 and 3].

At distances reasonably far from ground zero several
simplifications can be made to the basic model without
introducing significant error. With these simplifications,
Reference 3 glves the following equation for bilological dose,

Dy (roentgens):

0.382 2
= 2.71 W exp (=x/WT) ( (y w) )
D, = KF exp |-} .
B /STBRT S x1.382 xB3

where F = fission yileld = YF,
K = normalization factor = 2x106 : ﬁoentgens/hr/MT/
21
mile~,

'The WSEG-10 model is designed so that the H+l dose rate can be written as

Dyyy = KF £ (x) g (y)
£ (x) and g (y) are choosen sof £ (x) dx = 1 (almost) angfg (y) dy = 1.

Thus K represents the area integral of the total radloactivity deposited,
normalized to radiation rates at one hour, which is independent of wind
speed and wind shear, and any expliclt dependence on yleld. Since the
ratio of biological dose to H+l dose rate depends on deposition time,
this normalization does not apply to biclogical dose.

4
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T

7.5 + 1.5 loglo Y,
characteristic time = 7.5 + 1.66 logy, Y.

The last exponent represents the decay crosswind. The
xBS
W
wind spread is proportional to downwind distance and shear

coefficient could be written y/oc with 0, = The cross-

and 1s inversely proporticral to wind.

If 1t 1s desired to compute the maximum dose at some
distance, l.e., the hotline dose, the last exponential term
1s equal to one since y=0. To determine the distance at
which a particular hotline dose 1s obtalined one would have to
solve for x in

exp(- =m) - S-D
Pi= T’ _ JVIWBT B
XI.SBE 2.71 RF w.382
Unfortunately this equation must be solved numerically since
no explicit representation in terms of elementary functlons

1s possible. We can see, that 1f for example, the shear 1is
doubled and dose halved, the hotline distance 1s not changed.

The 1.382 power enters from the conversion from H+l dose
rate to biological dose. The simplified formula for H+l dose
rate 1is

o 2
KR exp(-x/WT) ( (y w) )
D = exp =g | e
H+1 /SRS X xBS

Although the expression for x is now somewhat simpler, still
no solution in terms of elementary functlons 1is possible.

In many cases in the attacks used (e.g. over missile
fields or citles), a number of weapons are so close together
that there patterns effectively merge 1nto a single pattern.
Although 1n the actual assessment the weapons were treated
separately, 1t is possible to estimate the effect of such a
cluster by approximate methods. As discussed in Reference 3,

5



this 1s done by using a pseudo standard deviation for the
crosswind dose distribution obtained from

There, oy is the standard deviation used to estimate
cluster effects, o, is the usual standard deviation calculated
in the WSEG-10 model, and O is the standard deviation in the
crosswind direction of the fission yleld from the weapons in
the cluster.

Since 1t 1is necessary to resort to using numerical
methods to obtain values of distance to a certain hotlline dose
level from the simplified model, 1t 1s almost as simple,
numerically; to exercise the complete model to obtain descrip-
tions of dosage patterns. A simple computer program was
written to numerically compute certain values of interest
resulting from the detonation of a single weapon. The cal-
culations were restricted to the yield ranges in this attack,
i1.e. 1 megaton to 20 megatons. The results are described below.

B. AREA COVERED AT VARIOUS DOSE LEVELS

The fraction of the country subjected to radloactive fall-
out will depend upon the area covered with fallout from in-
dividual weapons. Thils section will present the results of
area coverage calculations for different values of the input
parameters influencing the model, weapon yleld, wind speed
and wind shear.

The results will be presented per megaton of fission
yleld. Thus the area covered in the figures to be presented
at a nominal dose of 10 Roentgens for a one megaton weapon
with a fission fraction of 1 represents an actual dose of 10
Foentgens; however, for a 1 megaton weapon with a fissilon
fraction of 0.5, this represents an actual dose level of 5
Roentgens, and for a 20 megaton weapon with a fission fraction

6



of one, this represents an actual dose level of 200 Roentgens.
This method of presentation 1s used for two reasons: first,
the area as a function of dose per megaton of fission yield is
not very dependent upon weapon yieid; second, this method of
presentation assists 1n directly estimatling the variations

due to different amounts of weapon yileld delivered to a

target area.

Figure II-1 presents the area covered by at least a
particular dose as a function of that dose. This figure is
for a nominal wind of 20 mph and wind shear of 0.2 mph/kilo-
foot. This granh is presented on linear paper, and as can
be seen, three scales are needed to adequately represent the

areas covered.'

In Figure II-2a the area covered is presented as a func-
tion of dose on logarithmic paper. These areas are presented
for a 20 mph wind and a variety of wind shears. As will be seen
in Chapter III, values of wind shear from about 0.0 to 0.4 are
typical. At a little over 100 Roentgens dose, the curves all
cross. At low dose levels, high values of wlnd shear spread
the patterns and give larger area coverage. This 1s com-
pensated for at high dose levels where the reverse pattern is
evident. Here less area 1s covered at high shear values.

Thls occurs because at high shear value the dose 1is spread
crosswind more at low dose levels, and since the total amount
of radiocactivity to spread 1s almost constant, there isn't as
much left at high dose levels.

A 20 mph wind is at the low end of typical wind levels.
In Figure II-2b, areas are plotted for a wind speed of 40 mph
which 1s about the mean wind speed; in Figure II-3 the same

'As a comparison, the area of the Continental United States 1s about
3,100,000 square miles, Texas is 262,000 square miles, Illinois is
£5,000 square miles, Maryland is 9,900 square miles, Rhode Island is
1,000 saquare miles, and a typical county is 100 square miles.

7
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Figure II-2a. AREA COVERED AS A FUNCTION OF DOSE FOR A 1 MT
YIELD WITH A 20 MPH WIND AND VARIOUS SHEARS.
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values are plotted but for an 80 mph wind, which is near the
high end of typical values. The same general patterns are
seen, with the high wind speeds giving larger coverage at the

lower dose levels.

As is seen 1in Figures II-2 and II-3, the area covered

decreases drastically as the dose 1s increased. The product

of area covered times dose should be a slower varying function
of the dose. This product is illustrated in Figure II-4 where,
in fact, a much slower variation with dose 1is seen; in fact,
the curves appear somewhat like a normal distribution prob-
ability -density curve. If thls 1s taken to be the case, then
an approximate expression for area covered as a function of

dose, D, would be

lng(D/Dm) )
- 2 />

A = g exp(—‘/z
o}

where K, Dm and o would depend on yield, wind speed and wind

shear.

In order to illustrate the variations of area with wind
speed and shear, a set of flgures are presented giving area
covered as a function of wind speed for different shears, all
at constant dose levels. The dose levels are 1, 3, 10, 30,
100, 300, 1000 and 3000 Roentgens. In Figures II-5a to II-5h
these areas are presented for a 1 megaton weapon with a
fission fraction of one. As will be seen later in the report,
the maximum value of wind speed and shear for the 12 winds
considered are 118 mph and 0.67 mph/kilofoot. For purposes
of illustration of the trends, values 1in these filgures are
carried beyond the extreme values.

As 1s evident in the figures, at low dose levels the
area covered increases wilth both increasing wind and increasing
shear. Thils 1s to be expected since higher winds will blow
particles farther downwlind during their settling time, and

12
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higher shear will spread the pattern further crosswind. Since
the total amount of radiocactivity 1s constant, it 1s to be
expected that this spreading at low dose levels will be
achieved at the expense of the area covered at higher dose
levels. Again, an inspection of the figures (e.g. Figure III-
S5g) shows thils to be the case (except at very low wind speeds)
where eilther increasing wind speed or shear decreases the area
covered. At very low wind speeds, an 1ncreasing wind speed’
will transport the entire pattern further downwind and over-
come the loss to lower dose levels,

At intermedlate dose levels, a transition occurs between
the characteristic patterns seen at low and at high dose
levels. Here the curves Increase, decrease the cross each
other in a rather complicated faction. As was seen on
Figure II-3 for an 80 mph wind, the curves for all different
shear values cross near a dose of about 37 Roentgens. This
is reflected in Figure II-5d for 30 Roentgens where at 80 mph
the areas for a variety of different shear levels are all
nearly the same. In fact, in Figure II-54 it can be seen that
for a considerable range in wind speeds, the areas are rather

close in value for all shears.

_ Another way to exhlbit the varlation of area covered 1is
to plot contours of constant area as functions of wilnd speed
and wind shear. This 1is done in Figures II-fa through II-6h
for dose levels of 1, 3, 10, 30, 100, 300, 1000 and 3000
Roentgens. The tendency shown in the previous figures for
area covered at low dose levels to increase with both increasing
wind speed and shear 1is reflected in Figure ba where, for
example, the contours of constant area have theilr lowest
values near the origin, and increase as the distance from the
origin 1s increased. 1In fact the curves are approximately
hyperbolic which indicates that, for a constant product of
wind speed times shear, the area is constant. At high dose
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levels (see for example Figure II-5h) the tendency 1is reversed,
which is reflected in Figure II-6h by the higher value contours
to be near the origin.

At intermediate dose levels both tendencies ére reflected.
For example, in Figure II-fe for a dose of 100 Roentgens, a
ridge of high area in the center of the figure slopes down to
lower areas in two directlons, both toward the origin and in
the opposite direction. As can be seen from inspection of
the filgures, as the dose increases, the high area ridge moves
closer and closer to the origin. Thus, where for typical
shear values the ridge 1s at very high wind speeds at 100
Roentgens, at 300 Roentgens the ridge 1s located at typilcal
wind speeds.

At higher weapon ylelds larger'areas are covered. How-
ever, as mentioned before, 1f the dose level is divided by
the yield, comparable area coverages might be expected, at least
in the restricted range of yields covered from 1 to 20 MT. Thus
a 20 Roentgen contour for a 20 megaton weapon should compare
wlth a 1 Roentgen contour for a 1 megaton weapon with a
fission fraction of one. An alternative way of achieving the
same effect 1s to lower the weapon fission fraction. If the
fission fraction is divided by the weapon yield, then the
total amount of fission materials produced is the same as for
a standard 1 megaton weapon and comparable area coverage
might be expected. Thus, 3 1 Roentgen contour for a 20
megaton weapon with a fission fractlion of 0.05 should compare
with a 1 Roentgen contour for a 1 megaton weapon with a
fission fraction of one.

The following series of figures are for a 20 megaton
weapon with a fission fraction of 0.05. Figures II-7 and
II-8 show the area covered for a 20 mph wind and a 80 mph
wind for a 20 megaton weapon with a fission fraction of 0.05.
They are comparable to Figures II-2 and II-3 for a 1 megaton
weapon. As can be ceen, with a 20 megaton weapon the areas

23
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are comparable, or slightly higher at low dose levels, but
somewhat lower at high dose levels.! (Recall, however, a 1000
Roentgen dose level on these filgures 1s actually a 23,000
Roentgen level.) Moreover, the point of crossing for curves
with various shears 1s at a lower dose level for 20 megaton
weapons. Thus the crossing at 20 mph goes from about 130
Roentgens for 1 megaton to about 30 Roentgens at 20 megaton,
at for an 80 mph wind from about 30 Roentgens to 10 Roentgens.

Two primary mechanisms occur to cause a difference 1in
the shape of the 1 megaton and 20 megaton curves. The first
is the hilgher cloud rise for a 20 megaton weapon which will
tend to transport radioactive material further downwind, thus
enhancing lower dose level contours for higher ylelds. The
second factor 1s due to the ratio of WSEG blological yield to
H+1l hour dose rate which 1s lower for higher y;eld weapons
due to the longer fall time for radiocactive particles. The
structure of the model demands that the integrated area
covered by H+l hour dose rate contour is the same for all
ylelds. However, for bivlogical doses, the lower values of
the biological dose to H+l hour dose rate ratio implies the
integrated area 1s lower. Thus, 1f the 1 megaton and 20
megaton weapons have comparable areas at low dose levels, the
20 megaton weapons must be lower in area at high dose levels.

Areas covered as a function of wind speed for various
shears are shown 1n Figures II-9a through g for dose levels
of.l, 3, 10, 30, 100, 300 and 1000 Roentgens/MT. The same
general behavior 1s seen as for 1 megaton as presented in
Figures II-5. The smaller areas for the 20 megaton weapons
at high dose levels are reflected in this set of curves by
the transitions from one pattern to another occurring at lower
dose levels for the 20 megaton weapons than for the 1 megaton
ones.

IAgair_l the reader 1s reminded that for weapons appreciably outside the
vield range of 1 to 20 MT this approximate correspondence might not hold.
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Contours of constant area covered as a function of wind
speed and shear are presented 1n Figures II-10a through f for
dose levels of 1, 3, 10, 30, 100, 300 and 1000 Roentgens/MT.
Again these filgures show the same general features as Figures
II-6 except that the transitions occur at somewhat lower dose
levels. The main purpose 1n illustrating the areas covered
by 20 megaton weapons 1s to illustrate the similarities (once
the total fission deposition is accounted for) between the
different ylelds. For the purposes of many comparisons for
yields in the 1 megaton to 20 megaton range, it 1s adequate
to take the 1 megaton patterns, recalling that at high dose
levels the areas covered for larger yleld weapons 1s slightly

less.

In Figures II-11 to II-13 the areas covered as a function
of dose level are presented for weapon clusters of 10, 20 and
40 mile crosswind standard deviations. Each of the figures
is for a total of 1 megaton fission yield with a 40 mph wind.
This can be compared with Figure II-2b which is for the sane
conditions but for a single weapon, i.e., with a cluster
standard deviation of 0. If, for example, a cluster consisted
of 15 one megaton weapons with a total fission yleld of 15
megatons, then the dose level for these filgures should be
multiplied by 15.

As would be expected, a cluster of weapons increases the
area covered at low Jdouse levels due to the 1ncreased crosswind
spread, and decr=ases coverage at high dose levels due to less
concentration of the released fission products. The changes
due to different wind shear become less pronounced as the
cluster size 1s increased since the cluster 1tself contributes
an appreciable crosswind spread. (3ince the contours are so
close in Figures II-12 and II-13, for clarity only three
values of shear are plotted.) In Figure II-13, two additional
curves are presented for two extremes of high wind speed and
low shear, and for low wind speed and high shear. 1In this
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MILES WITH A 40 MPH WIND AND VARIQUS SHEARS.
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Figure II-13. AREA COVERED AS A FUNCTION OF DOSE FOR A 1 MT
YIELD WITH A CLUSTER STANDARD DEVIATION OF 40
MILES WITH VARIOUS WIND SPEEDS AND SHEARS.
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case, with a large cluster standard deviation, even these
extreme cases do not make too great a difference.

In Figure II-14, areas covered as a function of dose are
presented for a range of cluster standard deviations at mod-
erate wind speeds and shears of 40 mph and 0.2 mph/kilofoot.
As can be seen, the curves are almost parallel at low dose
levels, but turn sharply downward more rapidly as the cluster
standard deviation 1s increased.

C. FALLOUT PATTERN SHAPES

Another output from the WSEG-10 model is ground contours
at a number of dose levels. An example of these 1s presented
in Figure II-15 for a 1 megaton w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>