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ABSTRACT

Tris paper presents en interim anelysis of the problem of
wadiomctive Fall-ocut from the surface detonation of very high yield
puclear wespons. The problem is Clscussed in general terms, end
the resulbs of = specilic ansiysis of the CASTLE BRAVO event are
presenteé. The contours deveicped by this analysis have been
fdesiized for the purpose of sczeling these contouwrs to other weapon
vields and to obher wind conditions than actually existed at CASTLE
BRAVC, and the manner of psrforming this scaling is described. Ex-
amples of scaied contowrs for i, 10, 15, and 60 megaton yields are
given. The pogsible courses of defenslive action against large
geaie falleoout are éiscussed. including the relative advantages
afforded by evacustion of the ares and by seeking optimmum shelter

within the area. A debailed suwmmzry precedes the body of the

»eport.




The wesidusl radiation hazard resulting from the fall-out of
radioactive particles generated in the surface detonstion of very
high yield nuclesxr weapcns has been demopstrated in the current
CASTLE test series o involve vast areas extending well beyond those
sffected by damaging blast and thermal effects. Reconstruction of
fell-out pabierns from the CASTLE ERAVO event, using the prelimin-
ary dabe aveilsble st Hqs., AFSWP, leads to the conclusion that
Zend surface detonation of a 15 megaton yield weepon can be gxpected
to deposit radiosciive fsll-out over an area of the order of 5,000
square miles or more in such intensities as to be hazardous to human

iife., Indeed, if no passive defense measures at all are taken, this

th

igure probably represents the minimum erea within which nearly one

i3’

und=ed per cent fatslities may be expecled.

Te locebion cf the bulk of the hazard erea with respect to
ground zerc is dependent primerily upon wind direction and veloecity,
end mev be expested Lo cover a rougnly elliptical pattern extending
&ownwiné from the burst point. Figure A is an idealized representa-
Lior of how the Lotal dose contours from a 15 megeton land-surface
buret with s 15 knot effective wind may appear at 50 hours after
st time. It will bpe seen that the area representing an accum-
iated lethal dose of 500 roentgens extends sbout 180 miles dowmwind
snd i sbout U0 miles smorosz ab i%e widest point. These contours
are based directly upcn swrvey date taken after the CASTLE ERAVO event.
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The approximate areas involved for dosages accumulated up to 50 hours

efter shot time are as follows:

In order to

2,000 roentgens

1,000 roentgens .

500 roentgens
200 roentgens

100 roentgens

1,000 square

5,500 square

. 15,000 square

3,400 squere

9,400 square

miles

nmiles

miles

miles

niles

obtain estimates of contaminated areas which are

probsbly snvolved for other yields in the megaton range, it is

postuleted that scaling based upon simple conservation of material

wili probably not introduce serious errors for yields between 1 and

60 megatons, using 15 megaton input data.

On this basis, one scales

linear dimensions end contour velues as the cube root of yield, and

areas as the two-thirds power of yleld.

Scaling in this manner, one

obtains the following epproximate contour dimensions for a cumula-

tive dose of 500 roentgens in the first two days, assuming a 15 knot

effective wind:

¥ield

1 Mo
i0 MT
15 MT

60 MT

Contour Length
{miles)

52
150
18¢
340

Contour Width

(miles)

12
3k
Lo
70

Contour Area
(square miles)

k70
3,900
5,400

18,000

It must be recognized that these vast danger sreas apply to

personnel in the open, unshielded by bulldings or even rough terrain.




The shielding afforded by an ordinary frame house may effectively
reduce the size of the hazard areas by & factor of about two, and a
besement shelier by & factor of ten or more. Virtually complete
protection against the lethal effects of radioactive fell-out can be
obtained if personnel have protection equal to or better than that
afforded by a eimple underground gshelter with at least three feet of
esrsh cover, and if they are evacuated after a week or ten days in
such & shelter.

One may draw the following conclusions from this analysis:

a. Very large ereas, of the order of 5,000 square miles or
more, are likely %to be contaminated by the detonation of a 15 meg-
aton yield weapon on land surface, in such intensities as to be
hazardous tc human life.

1. The fact thaet a large percentage of the radiologically
bazardous area will lie oufside the raenge of destructive bomb
e*fects for normal wind conditions, extending up to several hundred
miles downwing, mskees the radiological fall-out hazard a primary

nt-personnel effect.

c. Accurate pre-shot prediction of the-location of the hazard-
ous area with respect to the burst point is virtually impossible
without exbensive wind date at altitudes up to about 100,000 feet,
owing %0 the sensitive wind-dependence of the distribution mechanism.

d. The fall-out conteminant can be expected to decay at such

& rate that all but the most highly contaminated areas could be

oceupied by previously unexposed personnel on a calculated risk
vi
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basie within a few days after the contaminating event; and even these
highly conteminated areas may then be entered briefly by decontam-
ination teams.

e. Passi%e defense measures, intelligently applied, can drasti-
cally reduce the lethally hazardous areass. A course of action
involving the seeking of optimum shelter, followed by evecuation of
the contaminated area afterdg week or ten days, appears to offer
the bect chance of survivel. At the distant downwind ereas, as much
as 5 to 10 bours after detonation time may be available to take
ghelter before fell-out commences.

£. Universal use of a simply constructed deep underground
shelter, a subwey tunnel, or the sub-basement of a large building
could eliminate the lethal hazard due to externsal radiation from
fall-out completely, if followed by evacuation from the aree when
ambient radiation intensities have decayed to levels which will
permit this to be done safely.

g- + is of vital importance for individuels in hazardous
areas to.seek optimum shelter at once, since the dosage received
ir. the first few hours after fall-out has commenced will exceed
that received over the rest of a week spent in the contaminsted

aresa .
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RADICACTIVE FALL-(UT BAZARDS FRM SIRFACE BURSTS oF

VERY HIGE.YIELD NICLEAR WEAPGNS

I. INTRUSTION

Of the eight nucleer wesavons or devices which bave been deton-
ated on the swrfare by 3he U.s, up to this time, only two have been
insirumentad in surPizient detad] L0 pexmit the construction of
radiaiion doze raie conlours with reasonable accuracy. The fall-out
ratiernz from the low-yield JFANGILE-g evens in Neveda (1.2 KT) in
Novembsr 1951 wexre completely iocumented, and established that a sur-
Tace birst of & Iuclsar ¥eapon or device is potentially & highly
contaminating event. In November 1952, a 10 Mr device was detonateqd
on land-surface at‘Eniwetok in Operaiion IVY, from which event only
CTos3wind anj Bp¥ind fall_ out gais Were obtained. The vasgt dowpwind
OZean aresas over vhish the fall-onpt fram such g large yield weapon
CLLrs make & good delermination of the fall-out rattern almost an
impozzible tesk 1 the shot 1z o be fired sefely. It wes not until
the BRAVO even: o7 the current CASTLE series that sufficlent lang
&reas downwind were contaminasted by a very high yield surface dgtona-
tion to permit o —€3z0nably acciurate delineation of the fall-out
patiern firog suzh a shot. The deta obtaineqd from sur{eys of these
contaminsted islands Drovides gn invgluablg tig—point for the scaling \
of radZclogizal eff~¢+s Trom high-yieldAweapong, €ven as the JAKGLE-S
€vent has provided Just such e tie-point for low yield weapons.

In ozder to gaip an under;tandipg of the pgﬁu;g of the'fgllfout

problem, one mus+ rezall that tha available gamma activity from the

1
m . -




detonation of & nuclear device is about 300 megacuries per kilo-
ton yield at a time of one hour afier the burst; &and thgt for a
swface burst, a large amount of this activity (20 to 80 per cent)
can be expected to fall out within contours enclosing radiation
intensities of military interest. Just where this agtivity is
eventually deposited depends upon & great many factors, the most
importent of which is weatheé} wind direction in partipglar. Other
importent factors are the form and height of the radioactive cloud,
and the particle size distribution of radiocactive matter within the
cloud. These factors determine, in s large measure, the ultimste
destination and the time of arrival on the ground of a given par-
ticle within the bamb cloud.

One can obtain a feel for the radiation intensities involved
from the fact that one megacurie of fission products per square
mile uniformly distributeé over a flat swface, produces a radia-
tion intensity of sbout four roentgens per hour measured three feet
gbove that surface. As an illustrative example, if the roughly 150
megacwries of activiiy at E+l howr that is apt to fall out from a
L-kiloton surface burst, is distributed wniformly over a one square
miie sres, the radistion intensity three feet above this surface at
E+1 hour would be sbout 150 x k4, or 600 roentgens per hour. For
miform éistribution of this same activity over larger areas, the
radistion inteneity would be reduced proportionately. We see im-

mediately that =2 10 megeton surface burst could, by the same

reagoning, cover a 10,000 square mile area with a radiation

2
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intensity of 600 roemtgens per hour st = reference time of H+l
how, if unifq:m'diatriu ;ion'bf'theico;tamingnt over that area and
&t ?hat time'goyld be aasumgdl Fartunately, this is not the case,
sipce fallfout time ﬁay require from one to twenty or “more " hours
over some parts of this vast ares, during which time the'radio;
active pardicles svill ai;borne are decaying and expending their
energy harmleszsly in the atmosphere. Also, distribution is npt
wniform; and some relatively small areas are very heavily contam-
inated, while much larger asreass are lightly contaminated. Ngver-
theless, very large supralethel contaminated aress can be expected
to result from such a detonation, and the fact that up to 90% or
even more of thié supralethal area can be outside the range of blest
and thermal effecis from the explosion maskes fall-out conteminstion - -
g primary rather than a bonus effect for surface-burst nuclear
w2apons . |

Rather extensive and somewhat complex changes in the mechanism
of fall-ont may be expecied if the weapon is burst on deep water
racher 5v on a land surface; or again, 1f the weapon is burst on
shallow water over z clay mud bottam. For t;é deep water case, one
would expect the conbtaminant to be éistributed as a very fine eerosol
mist; and that a3 s resuldt the lower dose rate contours would be .
larger ard the high dose rate coniours smeller than for a correspond-
ing burss over a land-surface. Conversely, for a burst over wet

clay med;, mmch of the contaminant i1s likely to be entrained in the

3
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mud and could be expected to fall out locally, resulting in large
locel high dose rete contours and smaller low dose rate contou:s
than for the dry land case. In each case, however, the same amount
of contaminating activity is avsilable, and only the distribution
of this activity is 1ike=ly to vary to any great extent.

The rste of decay of the fission product contaminant follows
quite clozely the epproximete exponentisl relationship

7=kl

where I is the intensity at time t and k is & constent and can be
taken as'the doge rate at H+l hour. This relaiion 1s useful for
predicting the decay of the conteminant in most cases for which
there 1s no serious dilution of the fission product contaminent by
neutron-induced activity, either in bomd components or in-soil or
cther materiels contacted by ihe fireball. In some cases, however,
th2 contribution to the residual ectivity by neutron-induced contam-

239

inants such as Naeu or Np may equal or even exceed the fission
produst aciivity for brief periods. This int;oduces perturbations
into the slope of the decsy ciurve which may cause the exponent of
t to vary for brief periods of time between j6.8 and -2.0. In

general, however, the over-all devistion from the basic fission

product decay slope of -1.2 is not expected to be very great over
long periods of time. This decay rate is such thet the intensity

at one hour is reduced by a factor of ten by H+7 hours, and by a

factor of 1C0 after two days.

Vepn
N e
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Ove can see fram the number of variables involved that the fall-
Qui problem is in practize largely s non-definitive one. An unex-
pected {and yet very possible) change in any one of a mumber of these
variables can change the fall-ouk picture radicelly. However, it is
possible to define the extent of the danger areass involved within
rather brosd limits for the 15 MT yield of the BRAVO event, and to
indicate the menmner in which corresponding danger sress can be pre-
dicted for other ylelds in the megaton range, and for other wind
conditions. Magnitudes of areas involved are not likely to be al-
tered gréatly by changes in variasbles other than yield; specific loca-
tions of these areas, however, are more uncertain. It must be
emphasized tha® detailed analysis of this problem is still in
progresg, so that the material presented in this paper, although
the best thai is currently avsilable to the HQ, AFSWP, may laler be
subject to modification. The importance of the problem is such as
to meke this presentation of an interim analysis desirable at this
time.

This paper is limited fo coverage of the immediste, short-term
problem, which is of paramount interest in mfiitary operations. No
consideration is given at this {ime to the long-term effects of ex-
ternel radistion upon longevity, nor to intermal radiation_heal#h

hazerds following inhaletion or ingesiion of radiocactive materiels.

' PRl
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TI. FALL-OTT CONTOURS FOR & 15 M7 LAND-SURFACE BURST

The oxly tros lsz2-surfscs st firsd by the United States whose
total residusl redistizz contoors k=ve besen adequately documented to
the pressnt is the JANGLE surfecs shot. However; uncertainties im the
postulated mecharnism of fallac‘t even for small yield bursfs, and

ut mecharisms for small yield and
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very large yield devicesz, allow little confidence to be placed in
scaling of data from the 1.2 KT JANGLE experience up to the megaton
renge. Comssquently, the apprcach followed in this paper bas been
1o analyze the daie which ccounsiitutes fragmentary documentation of
+the CASTLE RRAVC shot in the light of postulated fall-out mechanisms
end scaling relationships derived from extensive study of JANGLE
informaticn.

CASTLE BERAVO wss fired or the surface of a coral reef, and gave
& yield of approximately 15 MT. Although coral is not a typical soil
meterial, ror is a water-lsvel reef surface truly comparable to dry
land, this particular szhot providsd a unique opportunity to gain at

z1]l-out rediation effects from &

Hy
14

leést partial documentation o
large yield weapsr turst urnder conditioms at Teast approximating

a land-surface detonatisn. This is 30 because at least a portion

of the dowrwind fall-su® patiern from this shot covered several
atolls ard islands, thuz ensbling radiolcgical surveying and fall-out
sampling to be carrisd cut. This cemnot be accomplished with compar-
able effectivensss in the case of cver-va%er fall-out, which charac-

terized the other large yield shots of the CASTLE and IVY test serles.

jﬂﬁwf
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Furthermors, +the octher high yisid dstomations of the CASTLE operation
were water-surfice bursts [bargés); whereas the IVY MIKE shot, although
& lsnd-surface burst, lacked downwind fall-out documenfation.

Sires fall-cut conmtours deperd in large measure upon the active
particle zize distribution, axnd since this distribution in turn is
ralated to ths ratura of the surface materials contacted by the fire-
tall, CASTLE HRAVO might nct be expected to behave exactly as a
tyrical land-surface burst on other than corzl sand. However, the
fallecut tatterz from a contamirating nuclear burst is essentially
unigue for ithat pariicular datomaticn, depending very strongly on
the particular metescrslogical conditicns existing at the time, so
that only an epproximate generalization of fall-out patterns and areas
33 being ettempt=d irn +his paper. Furthermore, very preliminary data

=uggsst that the magnitude and extent of the downwind fall-out

ot
Q

dste

'll

tiern may nct b2 overly devendent upon the type of surface involved.

el
[V}

by

'or these reasors, CASTIE BRAVO will be utilized as a representative

lard-zurface shot at arproximately 15 MT for purposes of downwind

sidual radiaticn effects in the 1mmedidte upwind énd crosswind
vieinity of groumd zero appesr to be more highly dependent upon the
rapid fall-cut of ralstively large particulste material from the
turbulent muzhroom clsud and upper stem. Since the amount of rela-
tively large particulate materisl is vastly decreased in water-surface

shots, it is tozsible that ths fall-out effects about the groumd zero
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regior are more sszsitivs to the tyze ¢f surface involved than are the

fall-out -effects far dowowinc. "Since the CASTLE BRAVO shot may be

H

characterized as =2 hykrid between 2 lard-surface and a water-surface
shet, probably most like the former, its ground zero radiation data
maey not be very represzeztztive of a true land-surface detonation.
For this reaszczm, ths IVY MIKE shot has been used as the primary source
of data for scaling of radistion sffects ir the ground zero region.
IVY MIXE was detonated at zpproximately 10 MT at the tip of an island
cn & coral rest.

The dowawind fall-cut contours comsiructed for CASTLE BRAVO
were based essentially ugcn survey data teken on the islands involved
ir the fall-out regicn. {Reference 2). After construction of con-
tours bas=d oz this aprroach, predicted fall-out contours based on
metsorclogical date {from R. . Mayrmerd, verbal communication) were .
then compared ard mipor aijustmants were made to meintain consistency
witn both apprcaches.

Since the CASTLE FRAVO survsy data consisted of a considerable
runber of differert dose fate zurveys taken at different times, the

-

varicus date bad to be rormslized to some reference time before
downwird dcse rate coniours could be constructed. For this purpose,
consideration had to be given to the decay characteristics of the
residusl gamms radiatici>

A, Decay of Gamma Doze Rzte with Time

Iz geoeral, gemma rziistisn from fission products is said to

-1.2 . . . .
decay as t . This apmelytical reprssentation permits easy

P e il
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manipuwlation of date, but it provides only a statistical fit to the
best data. It would not be appiicable to the decsy of gamma dose rate
in a field sifnation if, dnriné fall-out, there were considerzble
fractionatior of the various fission products with distance, or if
there wers considerzble in situ physical decay due to weathering
effecte or, if thers ware considerable radiation from neutron induced
radicactivity.

Prelimirary collected evidence to date has not suggested important
fission prcduczt fraectioration with distance at_CASTLE. Also, the
weather during the two waeks following BRAVO shot was dry, with little
or no rain; and feirly large islands probably show little change in
average gamma dose rate due to the effect of ordinary trade winds.
Induced activities, on the other hand, probably were guite important
in this 5hot,vas iz suggested by the marked departure from g1-2
decay measured for samples of fall-out material followed in the
lshoratory exd also measured with fall-out time-intensity dose-rate
meters in the field. The importance of induced activities 1s further
suggested by preliminary radiochemical analyses and cloud samples.

Preliminary radiochemical data from cloﬁz'samples taken by

AFOAT-1 {Dr. W. D. Urry - verbal commmication) were used to deter-

mine ratics of various neutron induced activities to the number of -

fissions occurrirg in BRAVO shot.}




miclides involved a-d mssigning =n sppropriate gamme ensrgy per decay,

the gamms smission ¢f tke :sutfcn indnced activity was plotted ageinst
time. Since this has bzer doxe previously for fission fragments by
Heiman {(Refsrence 5), the relative gamme activities from induced com-
ponzsnts and from fission troducts themselves wer= then plotted together
against tims; =sxmd the resulis wsre asdded to give total fall-out gamms
activity ageinst time. This is ssen in Fig. 1, where the activities
are zormalized to 1 r/bkr =t one hour (He+l).

This total acztivity curve may than be compared with a total
activity predicted by £=i-2 decay, In Fig. 1, t‘l‘l2 decay 1is repre-
gented by two curves; cre rnormaiized to the calculated total decay
at Hel hr.,, azd the other normalizad at H+240 hr. This latter time
rerregants the anproximats time that the majecrity of the surveys
uzad in establizkbizmg the ERAVO fall-out patterms were made, and this
t curve may te termed the "nepizel” 712 decay for use with con-
tours presenmted iz this peper. I% can bz seen that at least during

times of greatest interest {less than 1000 hours) the "nominal" and

‘ -t
calculated activities ars within approximately 25% of each other,
{i.e., tha calculated curve predicts gamma activities at H+1l that are
only 78 of those predicted by extrapclation of the "nominal" curve.)
Be=cause of the much grsater eaze witkh which it can be manipulated,

the nomiral curve can probstly be used with reasomsble accuracy to

represent the gamma activity of fall-out materis]l when the curve is
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to utilizs tke cay assumption to

fn

three days and seven days at a loca-
at Eel was calculated to be 200r/hr.,

suggeated methcd as From
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the t71°2 fzcey cavvs of ¥ig. 2, the &7s2 at 158 hours (3.20r) less
the @oz2 =t 72 hours (2.8&r) isaves O0.3br. Multiplied by the nominal
dsze rate 835 ¥il {200r/kx), *his woiuld give an znswer of 68r to the

In & zimilsr fashice the "caleulsted curve” of Fig. 2 might be
otilized wher ths "trus" dose r2is st E-l is known {i.e., 78 of the
rominal drze rate 5t E-l, az detsrmizmed from Fig. 1). It appears
thet in tke worst pessibls cass an error of the order of 35% might
be i:trcdgcei By utilizing "zowizsl" H+l dese rates with t“l‘2 decay

rather than wiilizizg "trus" Z+1 do3s ratss with the calculated decay

curve.
The nomiral +-1.2 petnsd iz therefors probably sufficiently

zccurste for purTozss of this azalysis. Because of its greater ease
of manipulatisz, i% is razimmscdsl for gesneral application with the
t23 1r tkis paper. For greater ease of

izzdcsg-rate cCcoTIuY: prais

. ; . -1.2 \ .
gralyzis by ths zmomizmal % mztihcd, iscdcss-rate contours presented
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in the figures of this rezort srs




B. TIdealizsd Dow—wind Fall-oui Cozotours for 15 MT

The actual survay dsts from CASTLE BERAVO was assembled and
corracted 1o & raferenze tims o7 I-1 kr. sccording to the "nominal”

were then placed in their
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proper locstions oz 2 mep cf ths fall-cut arsa snd contours were
drawn 28 shovn in Fig., 3. Tha dzts relisd upon most heavily for

this purpozs were the survsys taken from spproximately seven to

[}

eleven days following szha% time (Rzfererce 2).

Trhrougk each atoll & gradier’t could be placed, indicating increas-

irg B4l degs rate coztours in 2 moriherly direction. By connecting
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wers aveiladls, HE+l hr. dose rates

could be draw—. It was sazumed in the absence of any data points bn

+re northern sida of the f2il-cut vatterzn that 8 rough symmetry

existed, and the contour grsiients therefore Z;re duplicated on the
-

zorthern side of <he pattsrzn,
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The region of ths maximm dos= rate could not be definitely
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ard, a=d might have been at any distance
withir a few miizz 5 +the zorth of ths islande involved in the pattern.
be eomssrvative iz drawing the areas of the dose rate

contours, the maximum é53e vtz w23 assumed to have been delivered
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just slightly morst of thz msasvrzd points on the islands. In this
fashion, tke cextsr lims of the fzlle-out pattsrzn ranm very close to
the northerz sspects of ths i3iszd=, and the resultant fall-out con-
touwrs were drevn &3 DarTov a3 tos dats would permit, assuming symme-
try on tks zmortherm and zcuthsr= zides of the cernter line.

A later compsrizon of thisz poriion of the contcurs with predic-
tioms of fall-out tassd on msisorologicsl data suggested that the
nighest dcszz conmtours migh*t have besen ferther rmorth of the islands
thar was drawn in the overlays. This would have resulted in a more
acrtherly positize of the csoter iine of the fall-out pattern and a
cozsequent izereass in ths width and thus in the sreas of the down-
wind contour zomss. Thus ths metesrological daia suggest that the
contours &3 dravz from the radizisgical zurvey information may be
somavhat conservative., Furthsrmore, The downwind extant of the lower
dose contourz wis pecrly decumsztad by data evailable. As a further

conservative appreach, itha contours wsre cloeed off in distance as
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ghert as was ceonsistant with the cme
for downwind distazces.
-

Th2 resultent "rmomirsl" E+4l dose rats contours that were drawn
are indicated in Fig. 3. It willi b= :ound thaet tke ccontour lines
overlay sevsral atolls on the scuthzrn side of the pattern. It is
2t thase poiztsz that the copicur lizes are most Pirmly "pegged".

It can be zsen that the far downwind extent of the contours is docu-

mented ozly by ths resadings from 3ikar Atoll and Utirik. The data

ik
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cn F2ll-out rafiation i= tzs immsdists vicinity

? ground zero were

scanty o= thz ERAVEC zhzw, a=? the Zowowirnd fsll-oul contours are not

cInTour zones ars measured by planimet:
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alsgo allows some-

whaet lsrger ccztours t2 bz coustructed without demarding en unreason-

abls amount of dsposited fiszsicz product. Aces
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moted, the cozmtturs as drews may still e thought

rdingly, as previously
of as conservative

actually existed

fall-out does not
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g8 such at that time. The dose rates at the time of sactual fall-out
would be lower than indicated‘oﬁ the figure and could be determined
from Fig. 1 f;r each appropriafe time of fall-out along the downwind
pattern. The H+l hr. dose rate contours do serve askreference con-
tours for dose rate and integrated dose calculations, however, and
thus they are presented in that form. |

Although the weather data from BRAVO indicate that wind velocities
were such as to result in a very rparrow fall-out band downwind with
less wind shear of the mushroom cloud and stem than would be expected
with average weather conditions and that there was a superimposed
fall-out from the stem and the mushroom, the contours may still be
taken as reasonably representative of a land-surface shot of 15 MT.
The effect of a greater wind shear would be to broaden the area of
the fall-out pattern and to reduce somewhat the intensity of the
isodose lines. However, as previously noted, the contours as drawn
are somevwhat conservative and narrow based on the data from ERAVO,
and consegquently they may be taken as reasonably representative for
scaling purposes.

-

In order to generalize the contours from BRAVO for scaling
purposes, en "effecti&e wind" is assumed. A single hypothetical
line of wind flow is assumed which gives rise to the fall-out pattern
most nearly like that which in fact occurs. This hypothetical wind

flow is then straightened out in the major downwind direction, where

it can be represented by & single wind of constant velocity, the

16
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so-called "effective wind". This is mot remlistic in fact; but since
local meteoroclogy is too variablé to trezt amalytically in a general
case, this approach permits ideélized contour shgpes to be drawm. I
an “"effective wind" is assumed for BRAVO, the effect is to straightem
out the contour lines of Fig. 3 about a single "effective wind" vector.
This results in contours as shown in Fig.Ah, and it is these general-

ized comtours that can be conveniently used for scaling purposes.

C. Idealized Ground Zero Fall-out Contours for a 15 MT Land-Surface
Burst

As previously noted, the best date concerning residual radiation
levels in the vicinity of gfound zero derive from_IVY MIKE. Here,
reasonably good crosswind fall-out data and some upwind data in the
region of ground zero were collected from lagoon and island stations
by USHNRDL. These have been compiled and analyzed in WI-615, and from
this they have been smoothed for gemeral scaling purposes by AFSWP
‘(Reference 3). In general, the IVY data are consistent with the
qualitative results of Operation JANGLE, and using the scaling method
to be outlined in Chapter III of this paper, the quantitative compari-
gon is also good. o

Accordingly, the scaling method of Chapter III hes been utilized
to scale the smoothed IVY MIKE data to 15 MT. The general patterm of
"nominsl" H+l dose-rate contours about ground zero can then be drawm
for 15 MT. This is shown in Fig. 5. Fig. 5 is then comparable to
Fig. 4 for the downwind fall-out pattern, except that the scale is

different.




AmenEy

Some uncertainty remains iz the use of Fig. 5 to represent the
idealized ground zero contours, because the fragmentary data taken
near ground zero oz ERAVQO do not irdicate as extensive a fall-out
pattern about the detonsticn site as was seen with IVY MIKE. Although
the earth surface compositiorn was not idsnticel in the two cases
(p. 8), the differenée may not have besn sufficient to account for
the variation in the ground zers contours. It is possible that varia-
tions of this order in the ground zero patiern will be encountered
characteristically with land-~-zurPsce detonatiszs.

D. Estimstion of Actusl Dsse Received in the Fall-put Pattern

As noted in Part B of this chapter, the ncminal H+l isodose-rate
contours are very desiratle for basic reference purposes, but they
lack physical meaning. Iz crdsr 10 estimate actusl radiation dose
received during some intervel after burst time, the time of actual
faell-out must be taken into account. For CASTLE BRAVO an effective
wind of about 15 knots may be shown to give a reasomable fit with the
estimated or measured time of fall-out et various distances dowvmwind.
This is based on the assumption that the time pf fall-out can be
taken roughly as downwind distance divided by effective wird velocity.

Since the rapid latersl spread of the muskroom clcud at early
times results in a fall-out particle source of finite volume (perhaps
60-70 miles in diameter for & 15 MT land-surface bﬁrst), some fall-out
will begin at earlier times than predicted by the above approach; but

by the same token fall-out will contimue over an appreciable time,




so the "effsciive! time of fzll-cut for purvoses of iztegrating dose
may be r=asscnsbly repressotiad iz this simpls way.

comparsd with best estimated times of

u

Wh=n this spproach i
fall-out for FRAVO, where actusl wind shears did exist arnd ro effective

ussd, thez the fcllowing compariscn can be

in

wind simplificsaticn w3

made:

Time of Fall-ocut Arrival fcr BRAVO

Distarce dovowiznd (mi.) 35 46 7% 103 148 210 270 310 330

Estimated fall-cut * L 6 7¢# & 13 15 18*% 20
time {hr}
Distance/e?fective 1 3 k & 9 12 15 18 19

15 knot wind

¥These times are derived freom actual chzervaticn, the rafereance times
for which are nct well stardardized.

In crder to estimate dose it is only necessary to apply the methed
of Part A, using Figs. 2 plus 3, L4, or 5. Dose m2y be estimeted from
fall-ocut or from some =rbitrary time of entry to infirity cr to some
other time of interest. To do this, one goes to Fig. 2 to determine

the dose received over the pericd of interesﬁ’(vhich may begin with

id

fall-out, as found in Table I) =%t = position where the "nomiral” Hel
cse rate is lr/ar. Thexn Fig. 3, 4, or 5 may be used to determine the
actual “nominal” dose ratfe at E+l, and the fingl answer is foﬁnd as in
the example on pages 11 ==d 12.
An sxample of how this methcod may be‘usei to construct actual total
dose contours at an arbitrary reference time has been worked out using

19
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ARt wh0

Fig. 3 and Table I. H+50 hrs. was selected as a refersnce time of gome

pertinence, because by that time all parts of the downwind fall-cut
patiern have had sufficient time to accumlate significant dosages,

and yet the pocrly evaluated effectm of biclogical rscovary from
radiaticn damage have not yet become important in altering the criteria
of radiation response from the acute dose s;tuatiou, whare they are
known with greatest confidence (see Chapter.IV); Furtkhermore, although
infinite residence within a fall-out pattern is nct a realistic sssump-

tion, meither is evacuation in a few hours a valid censzidsration o

'1
o
]
b
G
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]

apply to.a large population within a vast cocntamiratszi a
hours, although an arbitrary figure, is of real interest in thiz regard.

For illustrative purposes, however, the fall-cut-to-H¢H0 hr. dose

later times downwind than it does near ground zero, the effect on the
shape of the total dose contours is to make them shorter than iscdosze-
rate contours, wider at the head end, and narrcwer a2t tha dovowind

end. This is because fall-out-toc-reference tinme iz

j¥¢]
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close-in than it is far-out, resulting in longsr integraticos of doze
rate with time at the near portion of any given izcdose-rats contour
than at the downwind portion. An example of the wrelativz shages of
isodose and iscdose-rate contours from fall-out ig szeen in Fig. 4,
and also in Fig. 6, where isodose contowrs from fall-out %o H&SD hrs.
are superimposed on the isodose-rate contours of Fig. b, .
It can readily be seen that isodose contours for any time interval
commencing after all fall-out 1s complotcd will be of the same shape

as the isodose-rate contours.

T —




IIT APPROXIMATE SCALING (F FALL-OUT CCNTOURS WilH IISLD

v - 2 3 I I 5 g e
penidert upon smbient zonditions charazlier-

&

inating burgt are highly
izing the detoration. A% the same Sime, the ssswmpiion of an
effective wird vermits generalizasiion of fall-out coniourz thavy in
ell probability will not differ widely from tke aciual contaminsiion
patiern in any given caze, and the "deslized" patizzn allovs
reasonable expectations of area ard extent of resiiual raiiation
effect to be made for planning purpozes. It is highly desizable

t0 generalize one step further, if posaible, s0 thay vaiues of

fall-out contowr parameters derived from an expsriencze ai a Ffixed

(o]

vield and essocisied with a given effective wind zay be szaled ©
other yilelds and possibly to other effesiive winds. Tais allows at
least a qualitative edjusiment in the generalizei Fall-ou% patierns
t0 be made for actual variasfions in ambilent winds.

A. Method of Scaling

Perhaps the most promising method for sczaling gererslized
contamination patterns presently avallable iz thal develcped by
USFMRDL (Reference 4). This method is based d%sentially on Tive
primary assumptions, all of which are conzonan® with data gathered
from ectusl experience:

(1) The %otal amount of fall-out radiocszhiviiy present in
the cloud is dependent on yield; or more pariicuiarly, on total

fizzion yield.
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{2) The height ard linear dimersions o
in the same way with yield., |

(3) For & given soil, the welaitivs size diziridbuiion cf radio-
active pariicles is independent of yield.

{4) The relative spatial distribution of acilve partizles of
any given size is independent of yleld.

(5) The rate of fall-out of active particies depends only oo
particle zize. (The altitude from which fall-cut commenses may glso

be imporiant for largs particles, whizh fsll azzording o serodynamic

principlés; i.e., pariicles with diameter greater thar 250 microns. )

From these assumptions, certain general s:zaling lavws may be
derived:

(1) For a conatan: effective wind, linesr parsmeierz of
izodoze-rate conmsolrs zzale as yield So an expoaentlial comstarny {1i.e.
Wa) and the dose-—a%e Intersity of e given conitc :zimuitaneocusly
scales in the same fashion (wa). Fror this, zontowxr aresas can be

" Da
seen to egcale as W . This scaling preserves contoir 3hapes with
changes 1n yield |

(2) At constant yield, experience withemass fall-out fram high
explosive tests shows total area within a given contcur %o be qnite
insensitive %o changss in effeciive wind. Thus, if the dowowind
extent of a given contour scales es wind velozity %o an exponential

b . .
constant {3.e., U ), then the crosswind extent of the same ccntour

scales inversel i.e., U ), This results irn loage> and na-rover
3

contours with higher effective ds .

B g
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Since a bazic aim of the NRDL scg;ing method 13 %0 presexvs
material_balance and thos o retain equivalent frasiioms of Jo5al
fission prodmet yield within a given fall-out comiowr a2t ail yields,
;he exponential éonstant, a, in the sbove szaling equatigns iz set
at 1/3. Analyses of bamb clouds and radiation fall-ous zoriours at
JANGLE; the cloud and radiation contowrs near greund zero Iram IVY
MIKE, and ﬁass fall-out zontowrs from HE tesis suggezs that the ex-
ponential constant, b, also may be taken as 1/3. This results in the
82aling laws for fall-out redistion contours Thas viil be uzsed in
thisg papér, namelys

{1) At constani effective wind velocity, linesr psrametsrs of
izsodose-rate contours scale as the cube root of yield
the cube root of fission yield), =and arees scale as the ivwo-ihirds

power of yield. AL the same time, the isodose-raie irienzities of

(5
~
iy
[¢]
}-t
fr

the resvecziive contours scale also as the cube rcot cf

(2) At constant yield, eress within iscdose-rate zontours

5

probably remain constant, but dowvnwind extent varies ss the =ubse
root of wind velocity and crosswind extent veries inve:aelj as the
cube root of wind velociiy. For winds less #har egbout five knots,
dimensions become dependent upon meximm cloud growth; bub effective
windz lesg than five knots will not be seen realizticallv with high
yield devices, whose clouds ascend to great altiitunde.

The scaling described in (2) sbove depends, of course, on
veriations in effective wind only. The effect of aciual wind

23
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shears will be reflscted somevha’t in the effeciive wind; bub consid-

3
| 9
tiy
(9]
j
(9]
)
11}
1

by
)
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D

saring pecbably will incresse sreas of 1

conbowrs arni dszreases arsas of high isodose-raie csontowrs in 3

(o2
1]

manner tkai canrnol easily represented.
As an example of *he use of these szaling laws, supposs that a

given izodoze-rais contowr from an 8 MT swxrfaze bixrss with 2 15 knot

¥ h
.
I
(11
4
g
L
3
oW

effective wind reads 100 r/hr normalized Lo H+l, axd
extert is 116 miles. Find the downwlnd exteni of the s:zaled corbour

t efifsctive

[e]

ard its smzaled dntenzity for a 1 MT burst with =2 33 xn
wind,

x 116= 58

|
{1) The downwind extent of the 1 MT contour iz (5)

mi. with a3 15 knot wind.
{2} Tr2 zzaled intensity of the 1 MT zontowr iz

l .
By /3 4 100 = 50 r/h> et H+l.

The dovmwl

d extsnt of the 1 MT zontoux with a 3T znot

(97]

S
t
g

Rﬁ u

0L/3 58 = 73 mt.

effective wind is (

|~
Ut

Thus, the scaled con‘owr hes an intensity of 50 r/bhr sf H+l and
exsenis 73 miles downwind.

B. Assumed Contour Shapes for Scaling -

From both JANGLE and high explosive experiercze; NMRDL generalized

5 =ontorT shape for fall-out patiterns based upon the effective wind

PR f°

zonzept, Abous groummd zero is a so-called "ground zero circle

sfter the detomation from rapid fall-out of
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relatively lerge psrticles. It can be defined oy itz radius and
by ths downwirnd displacement of its center from GZ, &2 zan be seen

in Fig. 7. Tne downwind petternm of fall-out proper can be Zzfined
2k




zrosswind extent {(minor

in Pilg, 5, *the I¥VY MIXE

gererally conaisten?® in the regiom

Az z2sn in Figs. 3 and 4, the CASTLE ERAVO dowvawind izodose-
2 conhtowxs =re not iruly e€llipiical in shape as they are dravm.
However, fram Part A of Chapter II, it can be s3ee2n that the exa:zi

skapes of the downwind portions of the ~onfours are zomewhat

wind extent of bz patierns as drawn is taken as the major axis
en a3 The minor axis,
then the area of the comparasble ellipse generally i3 Isss thzn 13%
grsa%er than the area of the sactual isodoas-;;te contcirs a8
planimeizred. Thu=, it appears reaszonable to use Sha NRDL-3ype
downwicd ellipiizal approximaiion for generalized repressmiaiion

of downwzrd fsil-out, even for large yisld delonations.

C. Agplissbiliity of Contowr Skhapes and Swzaling

T% iz dmpor*snt %o bear in mind thad tpe ~ontor chapes and

zalidng disczuszed in this peper spply only %o zurfaze birsiz, and

U}
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p;ima;ily to laqgfsu;face bursts. As discussed esrlier, water-
gxrface bursts may scale somewhat differently; and in particular,
the "GZ circle" portion of the ideslized general scaling contour
may be much smaller, and_may be displaced farther downwind than is
the cese with lend surfaces. At present, no definitive data is
availsble regerding this effect. '

Underground bursts mey scele in & fashion similer to lend-
swrface shots, but the parameters of the basic contours will be dif-
ferent. True underground bursts of very large yield weapons are not
ep% to be encountered operationally, however; henze, no fiuxrther
discussion of that situstion will be aiiempted here.

True sir bursts, where the fireball radius does not intersect
the earth's swurface, will not produce significent local fall-out
areas of high intensity. However, where air bursis are detonated
at such sltitudes that there is considerable interseciion of the
fiveball with the ground, then e situstion intermediate between a
"true” air burst end the lend-surface burst discussed in this
peper will obtein. As a rough rule of thumb, it may be eatimated
that the fraction of totel fission products %he® will fall out

within the locel rediastion contaminetion contowrs will be gbout

_equal to the frection of fireball subtended by the swface. | '

—m e,

1




In reslity, the fireball di;meter of wespona with.yieléslin the
meg&ion range ig 40 gesny mha‘ &7 bﬁrgt Tired ai sevsral hundred
or even a thousand Tesd sbove the surfacs, in the caze of the high-
ezt y;elﬂa, ¢zn probably be thonght of as swxrface b*fsts from_thg
avandpoint of re s*dug; radiatior contowrs. FurSkermore, there are
ipdizations thsi, because of diminution of blast pressures at the
loy zmbisnt pressures azzociaied wiith even moderaie scalsd hei
cf buxrzy Tor "zupexr” weapons, even low blas’ overpressires may be
meximized by surface bursis In the case of very la:ge»yiglds. Con-

%z of weapons of mega.on yieldzs may be th=

th
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mozs desirable gituation in many operaiional cases, and in such

inetanzes the idealized fall-out contours presented in +this paper

D, Bazi: N¥umerizal Psrameierz So be Uzed in Scaling Tscdoze-rate

‘ne 1jsalized 15 MT land-sz>Pface burss zontour dizzussed in

i

Part 8 of This chapter is probzsbly the most velid referencze contour
for uze in szeling in the megaton yield rsnge. It will be recalled
tha% This patberm ulilizes CASTLE BERAVO data for its dowmind
ellipse and IYY MIKE da%s for its GZ circle é;hius. The downwind
displacement of the GZ circle, e minor parsmeter, is scaled up fram

JANCLE "S" by the method of Pars A of this chapter. I% is scaled

ez, NS

A NTRIT
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> Sagiasy TAFTNA WL R : |
azeording to tosal yieldh ¥

becauss this partizulasr parameier appears dependert primarily wupon

cloud heights and dimensions rather then upon total smowm® of
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Tission, which is the most eriticel varisble for the scaling of the
other pon;our param=ters.

ngic JANGLE data is generally'disregarded in determining the
nymerical vglues of parameters for comtowrrs in the very high yield
range. Very low dose-rate contouwrs from JANGLE are avallable with
;ess ;onfidence in their scewracy thﬁn for the higher dose-rate
contours, sincg they are based on air survey dala; yet they ere
important in scaling to moderate dosefrate cantowrs a% high yields.
Furthermore, the mechanisms of fall-out at low yields {JANGLE =
1.2 KT)-énd at high yields may be sufficiently differen: so that
scaling idealized JANGLE data over a yield range of gresier than

1,000 times may be unsatisfactory. In fact; the actiual sgcaling of
B A

JANGLE data to 15 MT
dose-rate contours that ere %00 shor® end es much as 10 times too
small in area when compared with the results shown in Fig. 3 or L;
and only a% H+l hour isodose-rate coniowrs helow about 200 r/ar

do the two predictions agree closely.

For the sbove reasons, basic numerizal parsmeters derived fram
more detailed contour charts of the seme typ#% es Figs. 3, L4, end
5 have been utilized for reference numbers in this paper. In Figs.
8 and 9, these linear parsmeters are presented graphizally. These
figures may be used to scale idealized isodeose-rate contcur§
{normalized %o H+l hour) of the type of Fig. 7 for yields in the
megaton range and gbove. .

e8




In Fig. 1C the arez2s withir the downwind contomrz zorresponding
tq the linear parametsrs listed *n Figs. 8 and 9 are p“esenued The
g:ggs.shown are de:iygi from astaal planimetry of the isodose-rate
::ontozn‘s., but &s discussed in Part B of this chapler, they are in
most cases less than 15 5% smaller than the ar aress predicted by assuming
the downwind and crosswipd exteni of the contomrs to be egulvalent
%0 the major and minor axes, respectively, of an ellirse. This is s
emall error when campared ﬁith the over-all éc:uracy of the idealized
contour sceling method.

It should be noted that the isodcae-rate intensitles indicated
in Fige. 8, 9, 10, and 11 are "nominal” H+l hour iniensitiesz, as
discussed in Part A of Chepter II. They may be utilized with the
" o oo=x.2 .

nomipal” % decay curves discussed in that part for reasonebly
azzurate calcwlations of dosages. Crester accuracy may be aczhieved
by calewlating "“true" H+l hour intensities as noited (78% of
"nominal" intensities) and then uvtilizing the calzulated itotal
activity curves of Figs. 1 and 2. "True" H+l bour intensities would

also be used with any other total aﬂtivity curve that might be cal-
: ey e N o S5 \J“""M\

\\ /'a

‘

E. Effezt of Weapor De-ign Upon Fal‘ ou* Scaling

It 1is important to realize that slihough figures in this paper
are gcaled according to total weapon energy releese (yleld), only

fission energy release was used for actuasl calculation of data.
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Consequently, the numerical Sﬂa+1ng based on Fig. 8, fT. will be
strictly valid only for thermomuclesr weapons of the IVY MIXE and
CASTLE BRAVO %type. However, in gemeral, other types of thermonuclear

weapons are expec ed to give nnclear contamination of th= same o*der
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F. S~aling of Total Dose Contours

In Part D of Chapter II, a method of constructing total dose
contours was discussed, and Fig. 6 and Fig. A were given as examples.

However, scaling of total dose petierns with yield cannot be




.

acccmplisﬁed accurately with the ease with which one may scale

i;odose-rate cpntonrs (Part'E of Chgpter‘III). This is so because
total @ose cqntours are calculated on a basis that includes time of
fall-out at verious distances downwind. Figs. A and 6 were con-
structed in this feshion, and from & similar but more detailed figure,
the datae of Fig. 11 were derived.

To scele the data of Fig. 11 directly to other yields by the
USMRDL scaling method (Part B of Chapter III) would therefore imply
scaling of‘effective wind as well as of yield. If winds remein
constant, scaled dose areas for yields greater than that applying
to Fig. 11 would be too large. Also, the downwind extent of the
contours would be too great, becsuse Fig. 11 implies integration of
dose beginning at times earlier than fall-out errival time at
scaled distances downwind. Similerly, scaling to ylelds less than
15 MT with constant effective wind would result in scaled areas and
dowvnwind distances that are too small.

Accurete construction of total isodose contours would require
re-application of the method of Part D of Chepter II in each case,
employing the scaled paremeters based on Fig¥. 8 end 9 in place of
Figs. 3, 4, and 5, as used in that Part. This technique is laborious,
however, and useful approximetions probably can be calculated using
Figs. 11 end A (or similariy celculated figures based on 15 MT) and
the scaling method of Part B of this chapter. Examples of scaling
from a figure similar to Fig. A end from.Fig. 11 are given in Table

II, and for the 60 MT case the properly calculated downviﬁd extent




agd gontour area (using the method of Part D, Chapter II) are given
for éomparisqn. The_simplified approximation based -on Figs. A and
11 is seen to bg about aS’good'aS'the best expected accuracy from
the idealized scaling method presentéd in this paper.

Table II

Total Isodose Contour: 500r from Fall-out to H+50 Hours

Yield (MT) 15 1 10 60 * 60
Dowvnwind extent (mi) 180 52‘ 152 340 (307)
Crosswind axis (mi) 4o 12 34 70
GZ circle radius (mi) 11.5 3.85 9.7 21
GZ circle displace- -

ment (mi) 3.5 1.2 3 5-75
Area (mia) 5400 k70 3880 17,900 (16,250)

Area of true 5 : :
ellipse (mi~) (5650)  (k491) (kos5) (18,700)

* Using Part D, Chapter II.

G. Examples of Sceled Fall-out Contours

Fig. 12 demonstrates on a single scale examples of idealized fall-
out contours for weapons of several ylelds, a1l for 15 knot effective
wind. The data from Figs. 7 - 11 and the scaling method of Part B of -
this chapter were utilized to scale the parameters. The scaled
perameters used are listed in Table II (isodose contours) and Table

III (isodose-rate contours).
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Table IIT

Naminal Isodose-rate Contours: 500r/hr. at Hil

Yield (MT) 15 1 10 60
Downwind extent {(mi) 188 o) 152 384
Crosswind axis (mi) 37.2 10.7 32 64
GZ circle radius (mi) 7.9 1.9 6.35 i5.1
GZ cirele displace-

ment {(mi) 1.22 0.41 1.0k 2.1
Area (mie) L9co 340 3360 17,620

Area of true
ellipze (mi™)

{5300) (h12) (3820)  (19,390)
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IV. DEFENSE AGAINST THE FALL-QUT HAZART*

To evaluate the problem of passive defense against the exterral
radiation hazard cause by the gamms radiation from the hemb fall-out,
it is necessary to consider a variety of factors which affect the
problem. Among these factors are the effect of shielding, cf decon-
tamination, of radicactive decay, of evacuation and of the biological
recovery from and repair of, a;ute radiation damage.

The mathematical treatment employed in the preparatiﬁn of the
tables found in this Chapter is set forth in detail in Appendix A.
However, a qualitative description of how the various factors enter
into the problem and play their part will be given here for the con-
venience of the reader who does not care to work through the mathe-
matics of the problem in detail. If the reeder will keep in mind
+two parameters it will assist in understanding how the situation is
influenced. These parameters are the swift radicactive decay of
the dose rate field, and the biologicael repair by and recovery of
the human body with respect to external gamms radiation damage.

That the human body does repair radiation damﬁge cennot be denied.
For example, the peacetime tolerance ievel for external X- and gamma
redistion currently employed in the United States limits a worker to

0.3 roentgens per week. If we consider that such workers may work

*Throughout the discussion in this chapter, the assumption is made

that the area meking a defense against the fall-out hazard has not

Leen directly hit by the bomb, or is outside the damage area due to
blast and thermal effects.
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S
50 wegks each year for a period of 20 years, we see that they could
receive a total dosage of 300 roentgens over this period of 20 years.
This dosage of 300 roentgens, if delivered over a time period of a
minute or two wou;d result in acute radiation effects in a consider-
able percentage of any given population. However, 300 roentgens
delivered over a period of 20 years is considered to be sufficiently
safe so thgt our pgacetime tolerance levels have been established
accordingly. The rate of biological recovery used in this paper is
the seme as that used by WSEG in Reference 1. It is to be noted |
that thé numerical velues of the paremeters employed in this paper
to represent acute radiastion damage'and the rate of biological
recovery from radiation injury are near the upper limits. As a
result of this, the tables of this chapter eveluating the effective-
ness of protective measures are conservative from an offensive
point of view and optimistic from a’defensive point of view. How-
ever, the general nature of the conclusions that can be drawn from
the materisl presented in this chapter would not be eltered if ome
picked different numerical values for the above mentioned parameters.
A general understanding of the effect of tHE various factors under
discussion on the final result, namely the "demage dose”, can be

obtained by examination of the following qualitative sketch.
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mhis sketch discloses that radicactive decay reduces the doss rate
0f the gamma radietion field as time increases. The total doze
received by a person in such a field approaéhes s Tinite value at
greater and greater times. The "damage dose” does mot continue to
increase with time but rather reaches a maximym and ther dies sway

with time, and is taken in this paper to approach 20% cf the total

dose delivered at greater and greater times. Cbviously tkhe criterion

pertinent to this problem is the maximum "damage dose" experienced
by an individual in a gamma dose rate field, and this occurs ai
some fipite time after he enters the radiation field. Ia the
pumerous tables which follow, this criterion has been aprlied and

ic the criterion tabulated and called "damage dose".
36




ere those areas which ars covsrsd by the dowrnwind tail of the fall-
out pattern. Thsse areas are fonnd in Figs. 10 s=d 11, In generzl,
they extend well ocutside the ares demagsd by ths blazt and thermal

weapon effscts.

A. The Effect of Snelter

To arrive at an appreciation ¢of tkhs damage 1o humars which

ke keavy ard sxtersive fallecut, it is instruc-

ry’
ok

would be caused by

tive to examins three cases: perszcns in the opsn in rural areas,
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exizting availanls shelfer within a city. Excluding desp uzder-
ground shelters of special construction, the heet svailabls sxisting

shelters in 23 city to protect on2 agairst the Ffall-oui gemma radiz-
I &

story buildizngs. Corsidering only the dozagz dsliversd within tws
days after detonaticn, and using the physiclaogical sTfects informs-
tion and the average shielding factor informaticn from Reference 1,

the following net effects cvser the arsas indicsizd caxn b= computed.




Table IV

Areas Tor Various Effects from

Dosage Accumulated up to H+2 Days Afier

15 MT Surface Detomation

" Minimum
Demage Dose  Acute

AREA IN SQUARE MILES F(R SITUATION IRDICATED

In Open

In Open In City
In Rural (rural dose re-

In Best Aver.Shelter
In ity (rurel dose

Within Area  Effect Ares  duced to .7 reduszed to .13)
205 = SD/10 o 8,800 17,500 2,100
275 SD/50 7,600 6,2C0 1,500
370 T 1D/10 6,800 5,200 960
550 r LD/56 5,100 3,900 Lko
630 r 1LD/90 4,600 3,500 320

Note 1: Damage dose 1s taken es 0.9 of total dose delivered for this

case.
2: SD/10 means

Teble IV serves

sickness dose in 10% of personnel; LD/10 means
lethal dose in 10% of personnel.

to point up the velue of sesking and occupying the

best availeble shelter should one be caught in the fall-out area. I%

is seen from columns 3 to 5 of the Table that the area within which

persons would receive at least & sickness dose is decreased by a

factor of four in this example chosen for i%}ustration. It is also

readily epparent from examination of the areas given in Table IV that

the redistion hazard from fall-out is effective over a significant

area even when the population tekes the best cover which may be cur-

rently availasble to them. It is seen that even after staying in the

best currently availsble redietion protection shelters in a




that more thén hal? of a zi%y population cen te 2xpected to die Irom
vadiation effects over en asres of forr cr Five hundred squere miles,
and nearly all would be expected %o 332 within er arsa of sbout threse
himdred square miles. An sppreclal iCﬂ"Cf bow the sreas listed in
Table IV compare with the areas of some typical U.S. end USSR cities

can be gained by inspection of Tsble IV in conjunciion vith Table V

below.
Table V
Areaz and Populations of Cities
City Areas in Sq. Milesa Fopulstion
Rostov, USSR 2L.3 500,000
Tuxlo, USSR 23.5 289,0¢0
Corkiy, USSR 62.C 00,200
Mcscow, USSR 117 L 7390,C00
 Denver, Colorado, USA £8.2 116,000
Detrois, Michigsn, USA —lh2 _ 1,850;000
District of Columbila, USA 65.2 802,¢C0
New York, N.Y., USA 365.4 - 7,892,000

ticm
in Table IV was teken From Enclesure "A" of the WSEG Report cited
{(Ref. 1) . It wes derived specifically For % 2i%y of Reztov, USSR, -
but is thought to apply equalliy well fcr other czities in Western Lurone.
For U.S. cities, variations from this Zacltor ave tc be expecie ¥or
example, the inhebitants of Manhaitsn Island could prote:s :gvmselves
by a factor of several *thouzand ty stayiag oz the middle floors of the
"gky-scraper” buildings whizh exiai there. Oa the ctker hard, in a
city such as Los Angeles; the popula_ion could probably not proiect
itself on the average by & Tactar as faverable as .13 in the now eX-
izting sheltered loceticns.

¥ The best currently avallable shelter protec fector in a city used
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e p v - - e - el 2 = -
= should b2 borrze irp wind theb ths time wp to H42 lays has

been chosen in Tsbls IV as z zpeszifiz example zolaly for the pmpose

PR

contaminated $o a dengerous level af F:2 Zays. Troe izformalion in
mgble VI below illusiraies this. Furihsrmore, 222 =% a 3mall part
of the aress wmder Sizzmszion (Table ¥I) lis well ouiside of those
areas whizh suffer demage from the blas® and thermal ef 22%z of the
wearol,

Table VI

Dose Rate Levels and Areas ai Varicus Times
for 15 ML Swface Detonation

Time tev AREA IN SQ.MILES F(R RURAL AREA DCSE-RATE IEVEL INDICATIED

- —an
Detonmtion :
in Days Mcre than 12 =/bx More than 1 r/hr

n 2 1R mAA 2

2 2,7C0 =2 13,000 mi
2 2

4 700 mi 8,400 mt
. - 2 2

6 150 to 200 mi _ 6,000 mi
; - 2

10 within damage swea 3,800 mi

mi
14 within damage axrea - 2,%co ni®

23 rithin demage area 1,280 m12
' 2
ko within damage area 156 1o 200 mi™
71 within damege area mi+hin damage srea

B. The Effect of Decorntamination

The problems involved in The deconidmination cf %he ity of

Roztov, USSR, have been siudied in zomsiderable detaill by the WSEG




{Reference 1). The WSEG siudy regerds the resulis of ks deccatam-
ination effort and the tire ard man hovrs irryolved =s being spplicable
to meny of the other citles cf Wezlerz Ewrope. Since the population
dersity of Rostov is relatively high (21,000 per=zors per square mile,
while the highest wrben populaticn density in Ize
1950 was thai of New York City: 25,0CC personms per sgusTe mile), and
since a high population density Zavors deconbaminaiion; 1t can Te
agzumed for the purposes of this paper thas dezcnismination effaris
in = ed States city would probably not improve upon the resulls
whish have beer esiimated tc be within ke capacity of the popuiation
of Rostoy for their civy.

The WSEG group consluded that no city could be dezonlaminated

wiih greabter thkan 75% reduction in dcze »ate; =2z that In mos% poien-

13l target ciiies {this applies %o cities ip Weztern FEi—gope } 20 moze
than 50% reduction in dose rate could be achieved Ty dezontamination.
The WSEG group alzo assumed thai any deconiamiratlon eZrort woild be
directed toward the total city srea, excluzive of any large tracis
guch as parks which do not have to0 be inhabited or iraverzed. In
o=der to indisste whei varisble in dwratior 3f effor: mighs resson-
ably bz expected, iwo calculations were made by she WSEG grouwp. One
glrulation was based on & set of assumpiions whiszh gave the pcopula-
tion every posaible advaniage, including zome which bordered on the
inadmisssble because of physizal impraciicaiity. The time for decon-

tamination in this case was 2.2 days. A secornd caelsulation was

by
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bazssd on scmewhat more realistic assumptions, but it still greatly
favored the capebility of the population to cope with the radiocactive
contamination in the city. In the WSEG report the decontamination
e?Port was ccnsidered to have reduced the dose rates to 25% of those
which would have prevailed without decontamination. Since Rostov
iz 3 eiiy of relatively high population demsity, it was zoncluded by
the WSEG group that the duratlon of the decontemination effort in
Ros“ov may be taken as the minimum duration necessery in the othexr
sities of Wesiern Europe included in the target system comsidered by
W3EEZ.

Table VII {below) wes compiled for the purpose of this s-udy by
+a¥ing into comsideration the results of the Rostov example, the
fall-out ereas involved, and the radiocective decay of the radiation

4eld, The Rostov example assumes that the decontamination effort
would reduce the radiation field to 25% of what it would have been
had no decontamination been attempted. The sterting times chosen
2cr the exsmple 1llustrated in Teble VII were picked because ai
these sitarting times redioactive decay will not reduce the dose rate
greater than down to 25% of what it wes when™lecontemination started.
In other words, it appears ressanable to stay in shelter, if such is
availeble, at these early times until the radiosctive decay has
2lowed down to this point. It should be sppreciated tha%t & reduc-
tion in dose rate brought sbout by decontamination is over and sbove

“he weduction csused by radiosctive decay.
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Table VII

Minimum Dosages Within Areas
For City Decontamination
15 MT Surface Burst

Case When Decontamimation Takes 2.2 Days and Starts at Hi2 Days

AREA

Demege dose after stay-
ing in best average
shelter {fall-out time
to E+2 days)

Demage dose during decon-
tamiraticn effort received
by 66% of population which
is engaged {H+2 days to
E+b.2 days)

Total Damage dose
received up to

H+Lk.2 days

Acute biological effect

Case When Decontamination Takes 13 Days acd Starta at E+6

AREA

Damage dcse before
decontamination begins
when in best average
shelter {fall-out time
tc E+6 days)

Damage doze during
deccntaminetion effort
received by 60% of
ropuwlation which is
engeged {H+6 Days to
E=19 days)

Total damage dose
recelved up to E+19 days

Acute biologicel effect

1000 mi2 3000 mi® 5000 miZ 8000 mi?
160 r 65 r Lo r 23 r
120 r 50 r VT i7Tr
280 r 115 r 70 r ko r
LD/l KNone None None
SD/55

Daysz

2
1000 mi? 3000 mi® 5000 mi® 8000 mi”
240 r 110 r €0 r 30 r
o

(No additional damage dose received
due to biological recovery)

2ko r 110 r 60 T 30r
SD/25 None Nore Nozne
43
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Examination of Table VII discloses that even if dscontamination
were su;cgssfgl any,fime ﬁnring the period of approximately 2C days
followiné ihe aéton;tibn; thé persons residing in large asreas down-
wind from-ground' zero would receive extremely hazerdous doseges of
rediation. It can thus be srgued that decontamination procedures
will probably not provide adequate frotection to a population sub-
Jected to such extensive fall—out;

This does not mean that deconteminetion would prove ©o be of
little vglue in 811 situations. Rather, it means that for early
times (days to.sevefal weeks ) following bomb detonation, a population
can receive more protection from the residuai radiation by staying in
guiteble shelters than it can by attempting decontgmination. Cn the
other hand, if suiteble shelter does not exist, decontamination

would be of value even during these early times.

C. The Effect of Evacuation

As seen in figs. A and 3 of thils paper, the fell-out areas ex-
tend in a long wide band downwind from ground zero. If considerable
wind shear exists then these contowrs may be much broader, snd cor-
respandingly shorter. The effective time ofggnset of this fall-out
depends upon the winds and the distance downwind from the detonation
point. If we take as an example a point in the middle of the pattern
and about 150 miles downwind (referring to Fig. L) we find that ike
fall-out occurs here at sbout F+8 hours, and thet the width of the
bend is ebout 65 miles. If personms in tge center of the fall-out

bk
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zone a% this point remain, they would receive between 65 and 130
*oentgens dm'ing the tine n-m—ma hcmrs to E+2 days, even- if they
were in the average; ‘beat sﬁe;ded';m4§igns.. gyai;ablg- in & city
(z fe*ence l‘ig. A) Cn.the »oth‘er“ ha.ndb 1f they were 4able to ascer-
tain betorehand thtt they vere to bg :Ln such. a dangerous position
erd could rurthemcra pred.icﬁ the thcr*est evacuation route which
woul,d. ta.lge ‘hhen o'at n:f the a.ra& tc ?be contaminated they could
escade the fall-out hnsarﬂwhy‘uoring a.bout 35 miles." This 1ine of
reescning preauppoﬁes 'bha.t thzse s.cticm could. Ye taken Between H-hour
a.nd BE+8. hcm:s, vhich ia' the tina interva.l béfare appreciable amounts
of f&ll-bu‘b reach t,ha pouititm. I.eaa tine fcn: evacnaticm before
fall-cut camenees \rould b ave.ilable tloear %o g:-ound :ero a.nd
ccmversehr, ccnsidera.bly nore time \muld Ye available at a poaition
e greater distance from g:-ound zero. ‘

Even though evacugtion before :m-qﬁt begins 1s 'theueticgly
poauibie,’ vmqf?m‘alctihaf.i oonglderations weigh against it. The o
success of the ;ekugticln'oﬁerétio'n‘vpuld require a very eccurate
prediction of vhere the fall-out would reach the earth, and this
would certai'n.iy prove to be difficult in pra:bice. Other factors
vhich militate against this procedure are the danger of the popula-
tion being caught in the fall-cut in less shielded situstions than
12 they hed nmot moved, and the physical difficulty of moving vest
mumbers of pecple such distances in & short time vith so little
edvance notice. In tddition, the downwind fall-cut ereas ere so

vast tha.t it the country had“'bean w.bj.cted to several detonaticsns




of the yield under discussion, 1t is corceivsble that a perzon
might £ipd hMmself moving“intO'ihe radiation field of a second bomb
while attempting to move out of the radiation field of a first bomb.
The data presemted in Table VIII (below) was czlculsted by comn-
siderirg the situation which would preveil if a population waited
wntil the arrivel of fell-out before attempting evacuation.ané by
assuming that the fall-out patiern is kmown and that people can be
directed alorng the shortest route ocut of the contaminated aresa.
Table VIII |
Dosagez Received if Evacuation at Time
of On-set of Fell-out is Attempted;
15 MT Surface Burst
(Evacuee takes shartest route out at rate of 10 -

mph in sutomobile - shielding of the automobile
reduces the rediation by a factor of 0.5)

Distance Distance Traveled *¥Dosage cute Bio-
Dowvavind (Shortest route Time Interval  Rec'd. logical
from cut of contemin- for Evacuation Durirg Effect
Ground Zero eated srea) Evesuation
50 mi 32 mi H+4 to H+7.2 hrs  ~ 210r sD/10
100 mi 42 mi BE+7 to H+1l.2 * ~ 120r probsbly
none

% Taken to be the damage dose in assessing bi®logical effect.

Every advantage was granted the population being evacuated in
the two examples of Teble VIII; hence, in an ectusl cese, ome would
expect the dosages indiceted to be a minimm. Ore musi conclude,
therefore; that evacuation beginning at the time fall-out reaches a

pesition cannot be considered as an atitractive defense measure.
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Evacuation becomes more feasible at later times becauze radioactive
decay reduces the dose rates of the fall-out contamination. For ex-
ample, at H+2 days, evaecuztion achieved under the asswmmptions of
Table VIII would result in approximstely l/20th of the dosages diring
evacustion indicated in Teble VIII. Furthermore, evacuation st H+k
days under the same conditions would result in dossges during evacu-
ation of approximately l/hOth of those indicated in Table VIIT. An
adied adventege of walting for several deys in shelter before
attempting evacuation is that by this time the fall-oui areas would
probably be fairly well known and thus the best route out of the
contaminated areas could probesbly be chosen correctly.

D. Recommendations as to Protective Measures

From the previous discussions on decbntamination and evacuation,
the possibility of avoiding excessive doses of radiation by remaining
in suitable shelter for several days becomes more atiracztive. In
order to arrive at a quantitative estimate of the resulis of such pro-
tective measures, the information presented in Table IX below vas
caleculated. For the purpose of this Table it was assumed that all
fall-out occurred at H+6 hours. This assums%ion does not detract
fram the general import of the information disclosed by the table.
However, this assumption does make the dosages given in the Table for
the 1,000 squere mile area problem somewhat lower than they should be,
and conversely the assumption mekes the dosages given in the 8,C0C

square mile column of the Teble somewhat higher then they should be.
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The sdditionsl assumption that individuasls outzide of their sheliers
would receive one-half of the bpen rurel area dose rate averaged
over the course of a typical day 1is based upon the gemeral resulis
of mumerous RW studies, and applies to city and wrban area dwellers.

An examinstion of the various demage doses snd their biological
effects presented in Table IX demonsirates the value of an especi-
ally constructed simple underground shelter to protect ageinst fall-
out gesmma radistion.

In practice the best passive defense messures would in all
probability involve the occupation of shelters for itime periods
which would depend upon the dose rate level of ihe residuasl redia-
tion field in the particular locelity. For some areas & time of
stay in the shelters of four days would be sufficient. In other
more highly conteminated areas the time of stay in the sheliers
should be longer. For otkher still more highly contaminated areas
it can be expected that the best passive defense would te to stay

in the shelter for a week or mare, and then to evacuste the srea.




V. CONCLUSIONS: !! !ll ‘

The following conclusions.may be drawn regardirng radio-
logical hazards from the surface detonatiorn of very large yield
nucleer weapons: |

8. The detonation of a 15 megaton yield weapon on land sur-
face can be expected to deposit radiological fall-out over areas
of about 5000 square miles or more in such intensities as to be
hazardous to human life. Comparable danger areas may be involved
in the case of deep water surface bursts and harbor surface
bursts, #ith some differences in distribution likely.

b. A large percentage of the radiologically hazerdous area
can be expected to lie outside the range of destructive bomb
effects, extending up to several hundred miles downwind; thus the
radiological hazard becomes a primary anti-personnel effect.

¢. The sensitive wind-dependence of the distribution of the
contaminant makes accurate pre-shot prediction of the location of
the hazardous ares with respect to burst point virtuslly impossible
without exténsive wind date at sltitudes up to meximum cloud
height (about 100,000 feet). -

d. The rate of decay of the contaminant is such that all but
the most highly contaminated aress (a few hundred square miles)
can probably be occupied by previously unexpdsed perscnnel On &

calculated risk basis within a few days after the contaminating
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event, and even these highly conmtaminated arsaz may thaz be
entered briefly by dscortamirngtion teams.

e. ‘The two fundamental passive defense measures that are
likely to be most effective are the seeking of cptimm availsble
shelter, and evacuation of the danger arez. These twc coursss
of actidn taken in successicn, with the optimm time azd direction
of evacuaticn being determined and contrslled by competeat authority,
can be expected, in effect, to reduce lethelly hazardcus areas by &
factor of ten or more.

f. Universal use of = simple undergrcund shelter with about
three feet of earth cover could reduce areas mede hazardcus by fall-
out radistion by a factor of a thousard or mere. Thig means that
the lethal fall-out hazard can probably be ccompletely cverccme by
remaining in such a shelter for a period of a veek cr tex days,
after which the area should bte evacuated.

g Seeking optimum shelter at once is of vital importance,
since, without shelter, the dosage received in the first few hours
will exceed that received over the rest of a week gpent in the con-
taminated ares; and the dosage received in agweek will exceed that

accumilated in the rest of a lifetime spent in the area.
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APPENDIX A
Derivation of Radiation Damage Dose Formulae
In a recent study (Reference 6) it has been conjectured tha$
demege due to radistion can be-divided into a permanently retained.
partion which is 20% of the total received, and a remainder, which
is repaired at a rate represented by an exponential decay law. Thus,
if Do is an acute dose received at time t = 0, the "damage dose” at

time t is given by

D(t) = 0.2 D_ + 0.8 Doe"at, (1)

where B.is the decay constant. Experimentel evidence indicates that
the decay constant has a value of sbout 0.29.

In this report it has been assumed, as was done in Reference 1,
that the dose continuously received from a decaying radicactlve field
cen be treated in the seme manner. If the dose rate is given by

R(t) = k™2 , (2)
where k is the rate at time t = 1, then the demage dose at any time T,

assuming the individual entered the field at time TO, is

T
f [0.2 + o,8e“5(T't)] it T4 (3)
T

4

D(t)

o

(T

T
O-o.z_T-o.z) + o.8ke"3Tf ePiy 1 24t
T

o
The integrand in the gbove expression can be plotted and the definite
integral T
A (T) =f ePoy - 2ay (%)
0.25
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evaluated for various velues of T by planimeter. Using equation (L)},
D{T) is given by

D(T) = k(T‘O-o.e_T-o.e) + 0.8ke PT E(T)-A(To)] ()

Equation (5) was used in this paper to calculate the maximm dose for
simple cases by calculating D(T) for various values of T until & rela-
tive maximm was obtalned.

If an individual ;s in a radiation shelter from time TO to time
Tl and then emerges, equation (3) must be eltered to take into account

the fact that from time TO to T, the constent k hes ore value, kl’

1

and from time Ti to T a different value, k In this case then,

o

D(T) =fTTl EJ.2 + o.8e‘B(T"t)]k1t”l'2dt

T
+f Ea,e + o.8e'5(T‘t)Jk £t %
T, 2

(TO<T >T). (6)

1
This form can be simplified to give

D(T) = k (To-o.e_Tlo.g) + O.81gle-ﬁT [}(Tl) —A(TO)]

+ k2(T -0.2_;-0.2

1 )+O.8k1e-BT A(T) —A(Tl)] ' (1)

Equation (7) was used to f£ind a second relative maximum demege dose .
{if eny) which occﬁrs after an individual leaves shelter. This can
be compared with the first relative meximum occurring before he
leaves the shelter. The largest of the;e is, of course, the meximum

demage dose during the time interval considered.

stntens, THED




(1)

(3)

(&)

(5)

i

REFERENCES

WSEG Report No. 9: "An Evaluation of U.S. Capabilities in 1956
and 1960 for Employment of Radiological Warfare Weapons Systems
in Air and Ground Operations", Octcber 1953, TOP SECRET,
Restricted Bata.

Headgquarters, JTF-T7 letter, subject: “Radiclogical Surveys of
Several Marshall Island Atolls", dated 18 March 1954, with
enclosures. SECRET, Restricted Data.

AFSWP 351-B: “Super Effects Handbook", Second Revisiorn, December
1653. SECRET, Restricted Data. .

USNRDL Draft Paper 006705: "Scaling of Contamimation Patterns,
Surface and Underground Detonations"”, Ksaenda, Minvielle, and
Moskin, 1953. SECRET, Restricted Data.

USNRDL-387: "Contribution of Different Chemical Elements to the
Rate of Gamma Radiation at Various Times After an Underwater
Atomic Burst", W. J. Heiman, November 1952. SECRET, Restricted
Data.

E. H. Smith & Company: Informal Study for the Chief, AFSWP;
1953, Unclassified.

54




- .
Al
.
of '
“ T e
! H .
i
. % ‘_ Lt
’ i A.
R | i R
Chelee TV "
RN 1 R A R v
. N
-
e .
D 4 =TT 2 '
. “ Pl .
: ] : : '
. ; ! .
' LI Voo
» - - M [P
o ety - Ll i .
v ov ; . K
PR [N D " e L
. !
- %
. al -
- - - [EL e - ., . »
ﬁ ~ )
) .
N
! ‘y
£ A D B O I D A R A I Sy o BN il Bt SR S e WA NGRS R B8 S GORN SV SR O WA AU SN DU O S N O N SO SO SR ' - w_ -
- ! i 3 .
) SRR z [
(v aw S o
. il .
~ »
s
.
i L]
AN
{ -
.
’ .
i
LI R
- \]
.
oo
DA
. .
. -
. '
.
’
»
'
<
-
’
v
~
-
!
; |
' H M ,
_ i

RYXIN LAY G AT



B ENRY BERRY RER e
! i
e :
i i
N -
4_ m e “v e .- e
b Y T -
i : :
¥ 7 U |
x“ -— I..anl....lix
m — o
eiees TRTHE
: —
\.\. - ; -
- . R S
ccoewe b 2 0yeg 1a80q Kajuysul e " ——————
) PN g ] . — e—
= ; P
: (onzen v -
. U/ 0T X QLT v aam)
pajvtharv) oy Py TVvaIDy) ulle
P &vasg 3 L(vujooy, s
AR O “
SRR i . -
g e . IEEEEEY XEPRE ERSON Ky B AR IR .
! .. N I
_ - /A I P .
- i il HER {T+H 3w i
: i T — PAMD PIIVMITYY +
Rt b : = i) g i —
H v A
................. B b7 o e ] .
Lo SEREE ERSty SRRSS RESRE VAERN BEEEN EREEY EURTY FRRRY B . €
4 PSRt I3 A FEST] TEEE) 2 S 0N IEREY ROTTS Fbe B
N YN NN H i A EH B £ S N R :
7 S b A : . H
s . . .\~ G tawug Lyjupgug : . T i
. ; . \ ...... L. .
.............. .- vam) pav -
[EEEETECTE FESSTY /008 oAU, - s noww vy : i
" 1 i Moo ™ MY D 0 B B0 P " o 1

. . - WOB-T HOW 300 YHHYD TYioL e 'y

(sm0q) cotesr 2323y myy




N

D

- Ton2r —a

1 ve i
‘ Avsru :
'
e 3
!

/qa 1m0

T vy
1easy wavey

457

t..\/

1304y Mrsn

.
IIOURY [T amIE IR
(34627) 7,64, 292

170sv oyvig - JOOI

_ : :
3 ! _ |
_ T+H e 44/J1 .4, 31vd 3504

ndy 371SVD WOH4 SINOLNOD

CIMU TRIIIAVA 0y 1T Cg

.
i L e e i e £ 20
! il 2aed oot
s e 2¢/ A9/ por _...E
' . . -
. A\ 1 v » . N .
. . . i
: . : .
h; I R L3
.
- i ) ., . ~ N . « JRTS .
. v A. v ] - *
B ' . » .
M . ’ - . . - ”
. . . . Al - ) fl - .




05¢

I +H 38 4y/ay =4, SIUW ILNIVIS NI SIS
00¢ _ oo_N oot sl 00l ,, 0 0 6L
- ”
L — — st
, Vv __
- Jool 1002 ;8_#.Soosl,goco_-,.._ooc_lg8&!om

Gl

SYNOLNOD 1NO T1v4 43ZIvad]

+'OI1d




J+H 38 JY/IT < d, e

;rm 0 . A0007¢

- - 1006GI

| 00| |
(aNv1) LN G S3anol1NOD z9sou

-




I+H 38 dy/a) = 4, SITIW 31N1IVLIS NI S31VIS
06¢ 00¢ _ oSz 00t Jm_ _ 001 - Io_ml.-,-t 0 ¢
~'SYH 0G+H 0L 3S0@ ‘_o~o_ ‘ \_oom.__s_ 10061 S
_ - _ — 67
ﬂll\\\..l e - . \\.._y.._.."__,..r..“r,.l.. 0
-v e - ,,. T .. P mN
—Igo1 t_owm Sﬁ 1009 4000l 1009l 400¥%Z— o5
- U A _ m S —— ]

SUYNOLNOD 1NO 11vd4 a3azivaal

9 914




L3

JONVLSIA ANIMSSO0YD / \

JONVLSId ANIMNMOQ

/ﬁ
A

\

JONVLSId aNIMdN

4

370410 29
40 H3LN3D

310410 Z'9
— 40

Y313WVIA

370410 "Z'9 40 ¥3ILN3ID V
40 LNIW3OVIdSIa ANIMNMOQ

NOILYIQVY TVNQAIS3Y HO4 »
SYNOLINOD Y001 a3zIvaal

/ 0Y43Z aNNOyo




Dose rate at H+l' (r/hr)

Fig. 8 RADIUS AND DISPLACERMENT @ GZ CIRCLE

15 MT at H+l reference .tine; 15 xrot effective wind. m
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Dose Rate at j4) (r/nr)
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Dose to 50 Hrs.

Fig. 11
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Defense Special Weapons Agency
6801 Telegraph Road
Alexandria, Virginia 22310-3398

28 July 1998

MEMORANDUM TO DEFENSE TECHNICAL INFORMATION CENTER
ATTENTION: OCQ/Mr. William Bush

SUBJECT: Submittal of AFSWP-507-SAN

The Defense Special Weapons Agency Technical Resource Center is
submitting the enclosed sanitized document for inclusion into the DTIC

collection:

AFSWP-507-SAN
Radioactive Fall-Out Hazards From Surface Bursts of
Very High Yield Nuclear Weapons, Sanitized Version.

Distribution statement “A” applies to this sanitized version only.

Please notify this office of the DTIC accession number as soon
as possible, since there are waiting requesters.

chndith ene?
Attachment: ARDITH JARRETT
A/S Chief, Technical Resource Center




