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ABSTRACT

... This paper presents an interim analysis of the problem of
rg.:}iop.ctif_e fall-out from the swface detonation of ve;fy_.;:}:[.glh_ yield
mg_clee.r vespons. The problem 13 discussed. in general terms, and

the resuvlis of a sp“—ci.‘fic analysis of the CASIE.E ERAVO event are

presented. The contours developed by this g.:_:a._'l,ygis T_:ig.vg_be_gn‘ o
idealiz_ed fclar the purpoze of sealing t.hese‘ contours to other weapon
yields e.nd. to other wind ﬂonditicms *:.han a.ctua.'i_ly existed a.'b CASTLE
BRAVO, a.nd 'bhe manner of perfonning this scaling ig described. Ex-_

amples of scaled contowrs for 1, 10, 15, and 60 megaton ylelds are

_glven. The possible courses of defensive action againgt large m{E ARCHIVES

gcale fall-out are dizcusszed, including the relative advantages
a.fforded by evacuation _of the area and by seeking optiznmn shelter
within the area. A dei',ailﬁd. EUTMATY preced:es the body of the

raport.
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STMMARY

_ _Tl_lge_;‘esi_dusl_radiation hazard resulting from the fall-cmt of

xjgd;oz_a.c_tijre_ particles generated in the surface d.ei_:qng._i_:ﬂ_.op of very

high yield nuclear weapons has been demonstrated in the cl_xw_:';;ent__;_ o
| CASTE test series to favolve vast aress extending well beyond those
affected by damaging blast m-:xd. thermé.l, effects. Reconsij.rpgﬁiq_:;_ of
fall-out patterns from the CASTLE ERAVO event, using ‘gt_ielprgal_.;r_niu:
ary data a.vailaﬁle at Hags., AFSWP, leads to the conclusion that _‘___
land sur"ace detonation of a 15 megaton yield. Weapem can 'be expected.
to deposit radiocactive fa.]_l-out over an area of the order of 5,000
squsre miles or more in such intensities as to be hazardous to h}qt}ag
life. Indeed, if no passive _defense measwres at all are taken, this
figure probably represents the minimum area within which nearly one

hundred per cent fatalitles may be expected. DPOE ARC\HlVES

The location of the bulk of the hazard area with respect to .
ground zero 1g dependent primarily upon wind direction a.nd. velocity,
end may be expecdecl to cover a roughly elliptical pattern extending
downwind from the burst point. Figure A is an idealized _repz_'ese:t_rba.-
tion of how the totsal dose contowrs Prom a 15 megaton lz_a.nd;swface

. burst with a 15 knot effective wind msy sppear at 50 hours after
burst time. It will be seen that the area representing en accumu-
lated lethal dose of 500 roentgens extends abctrt 180 miles’ dow:rw:[m‘:‘.
and 1s sbout 40 wiles across et 1ts widest point. These contowrs
are based directly upon survey -data. taken after the CASTLE FRAVO event.
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e shielding afforded by an crdinsry frame house may effectively
reduce the size of the ha.zard a.reas by. e:.factor“o;"gbogt_t:.%r_g,“qu a
t_)g.sem:_ent shelter by a factor of ten or more. _V_irt'_mlly comg_let_;_e
prp_tect_ion ggainat the lethalAeffects of.r_radioactive fallf-o}'rb can be
obtained if personnel have protection equal to or betier than that
afforded by a simple underground shelter with at least three feet of
-es..a.rth co‘.ver, and if they are evacuated after a week or ten days In
such & aﬁelter.

One may draw the following concluéions from this analysis:

a. Very lerge areas, of the order of 5,000 square miles or
more, sre likely to be contaminated by ‘the detonation of a 15 meg-
aton yleld weapon on land surface, in such intensities as to be
hazardous to human life.

b. The faet that a large percentage of 'l;he radiologically
hazerdous srea will lie outside the range of destructive bomb
effects for normel wind conditions, extend.iné up to several hundred
miill.eﬁ dowmwind, mekes the radiological fell-out hazerd a primary
anti-personnel effect. E ARCHW'ES

¢. Accurate pre-shot prediction of the location of the hazard-
ous ares with respect to the burst polint is ﬁ:rtﬁa.]ly imposgible
without extensive wind data at altitudes up to sbout 100,000 feet,
'orw“.!.ng to the sensitive wind-dependence of the distribution mec;hanism.

d. The fall-cut contaminant can be expected to decay at such
a rate that all but the most highly con*l;aminated. areas could be

occupied by previously unexposed persomnel on a calculated risk




The approximate areass involved for dosages acctmmlated up o 50 hours
after shot time are as follows: |
2,000 roentgens . . . ..., . . 1,000 square miles
1,000 roentgens . . . . .. .. 3,k00 square miles '
500 roentgens . . . .. . . . 5,500 sgua.re niles
200 roentgens . . . . . . . . 9,hoo square miles
_ 100 roentgens . . ., , . . . 15,000 square miles
In arder to obtain estimates of contaminated areas which are
probably involved for other Yields in the megaton range, it is
postulated that scaling besed upon simple conservation of%\%:&&? HIVES
will proba:bly not introduce serious errors for yields between 1 and
60 megatons, using 15 megaton Input data. On this basis, one scales
linear dimensions and contour values as the cube root of yield, and
areas as the two-tﬁird.s power of yield. Sealing in this manner, one
obtaing the following approximate contowr dimensions for a cum:la.-.
tive dose of 500 roentgens in the firgt two days, assuming a 15 knot

BN

effective wind:

Contour Length Contour Width -Contour Area
Yield (miles) (miles) (square miles)
1M 52 ‘ 12 | k0
1o Mp 150 -1 | 3,900
15 MT 8o ~ho 5,400
60 T 340 70 18,000

It must be recognized that these vast danger areeas apply to

Perzonnel in the open, unshielded by fuildings or even rough terrain.
. [ ]
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basis_w;thin a8 few days after the contaminating event; and even these
highly conteminated areas may then be entered briefly by decontam-
Ination tea.ms

e. Fasslve defense measures, intelligently_applied,_can dragti-
gaqulrgdncg the lethally hnznndous areag. A cnurse_oflngnion_
invo}ying the seeking of optimum shelter, fpllowgd:by”evaguation of

the contaminated area afier a week or ten days, appears tp‘offnruq‘“
the best chance of survival. At the ddstant dovnwind areas, as much
as 5 to 10 hours after detonation time may be available to take
shelter before fall-out commences. DOE ARCHIVES

f. Universal use of a simply consfructed deep underground_
shelter, a subway tunnel, or the sub-basement of a large building
‘could eliminate the lethal hazard due to external radiation from
fell-out completely, 1f Followed by evacuation from the area when

ambient radiation intensities have decayed to levels which will

permit this to be done safely.
g&- It is of vital iﬁportance for individuals in hazardous

avess to seek optimum shelter at once, since the dosage received
in the first few hours after fall-out has commenced will exceed
that received over the rest of & week spent in the contaminated

aresa.
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gi.etons.tion_ of a nuslear device is about 300 megecuriee per kilo-
ton yleld at & time of one how after the burst; and that for a
 surface burst, a large amount of this activity (20, to 80 per cent)

can be expected to fall out within: contours enclosing ra.t_i:_[e.‘bi_.en

intensities of military interest. _Just where this activity is

eventually deposited. depends upon' & great ‘many fac_tors ; the mos!:_ .

Important of which is weather, wind d.irection in particular. Other

important_ factors are the fcrm and height- of the radioacti..vel cloud.

and the pariicle glze distv'ib‘ution of radioactive ma.tter within- the -

cloud. These factorre ‘determine, in a2 large measure, the ultigxite

d.estina.tion and the time of arrival on the ground of a given par-

ticle within the bamb cloud. DOE ARCHIVES
One can oﬁtain & feel for the radiation intensities ir_wolved‘. _
from the fact that one megacurie of fission preducts per sgquare
nile wniformly distributed over a flat surface, produces a.. radla-
tlon intensity of about four roentgens per hour measured three feet
gbove that surface. As an'1llustrative example, 1f the roughly 150
megacuries of mctivity at H+Ll hour that 1s apt to fall out from &
1-kiloton slmfaee burst, is distributed uniformly over a one square
mile area, the radiation intensity three feet sbove this surface at
E+l bour would be asbout 150 x k&, or 600 roentgens per houwr. For
luniform distribution of thisz game activity over larger areas, the
radiation intensity wo‘uld'be reduced proportlonstely. We sce iﬁ-
medigtely that a 10 megaton swrface burst could, by the seme
reasonlng, cover a 10,000 equae:'e mile area with a radiastion

2
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RADTOQACTIVE FALL-CUT HAZARDS FRCM SURFACE BURSTS (F
VERY HIGH YIELD NUCLEAR WEAPCNS

I. INTRODUCTION

B Of the eight nuclear weapons or devices which have been d.eton-
ated on the surfa.ce by the U.S. up to this time, only two have been
i_nstmented in sufficient deta.:l.l to permit the construetion of
;-e.fi_jlation dose rate contours with reasoneble accuracy. The fal‘l.--out
patterna from the lov-yileld JANGLE-Q event in Nevada (1.2 KT) in
I{ovembe_r 1951 were ccmpletely docmented, and established that = aur-:_
fa.ce burat of a nuclear weapon ar d.evice is poten'bially & highly
conta.minating event In November 1952 a8 10 M device vas detonated
on la.nd-surfa.ce at Eniwetok in Operation IvY, from vhich event only
crosgwind and upwind fall-out data were obtained. The_ve.st downwind
eeeem areas over which the fall-ocut from such a Zﬁ?g%ﬁgglgon
ocewrs make a good determination of the fall-out pattern almost an
imposeible task if the shot 18 to be fired safely It was not untdl
the BRAVO event of the cwrrent CASTLE series that sufficient land
areasg dcmwind were contaminated by a very high yield surface detona.-
tion to pemit 8 reagonably accurate delinestion of the i‘a.ll-ont
pattern from such a shot. The date obtained from surveys of these
conteminated 1slands provides an favelusble ble-point for the seeling
of radiologleel effocts from high-yleld veapons, even as the JANGIE.S
event has ‘pzl'qvid.ed Jnst such a tie-point for- low yield veapons.
In order to gain an Lmd.eratanding of the: ‘nature of the fall-out

Droblem, one must recall tha.t the available gamma activity from the
1




mud and could be expected to fall out locally resulting in large
local high dose rate contours and. smaller- low dose ra:be contom's .
than for the dry land cese. In each case, however, the same amount
of conteminating activity is available, and only the distribution
of this activity is likely'to vary to any great ex_tent‘. o

The rate of decay of the fission product con';‘.'.aminant follows

quite closely the approximate exponential rela.tionship

-1.2
Iem . DOE ARCHIVES

vhere I is the intensity at time t and k is a constant and can be
t.ak_eﬁ_as the dose rate at H+l hour. This relation is useful for
_p;eﬁ.icti_ng the deqay of__the'contaminé.nt in most cases for wh:{.cp
the_:_re iB_x.zq-e_seripus dilution of the f:!.ssion prod.uct contaminant ‘by
neutron-induced activity; either in bomb- components oxr-in-soil or
other materia.‘l.s contacted by the fireball _In some: ca.ses, however,
the contribusion to the residusl activity by neubron-induced contame
Inants such as Hael" or Hp239 may equal or even exceed the fission
product activity for brief periods. This introduces prerturbations
Inte the slope of the decay curve which may cause the exponent of
t to vary for brief periods of time between -0.8 and -2.0. In |
general, however, the over-all deviation from the basic fission
product decay slope of -1.2 is not exﬁected to be very great over

. long periods of time. -This decag; rate is such that the intensity
at one hour is reduced by a factor of ten by-H-;-T hours, and by &

factor of 100 after two days.




int_'.gnsity of 600 roentgens- per howr et a reference"time of Btk
how, if wndform- d:lstri‘bution of the- contamimmt _over tha'l: area g.nd.

— e mia B T G LR ST P - misa e

at that time could be assumed: Fartmtely, this 1s not the case,

- ea ———— ee—e TEY e ewtmt mm wmwe

since i'all-out time _may req'ldre ﬁ-cmr one to- twenty or-more- hcruru :

e mamma

over some parts of this vast area, dm-ing vhich time the- raﬂ.io-_

e.ctive pa.rtieles still a.irborne are deca.ying s.nd expending their
energy ha.rmlegsly in the atmonphere.- Also, distri'bution 1s not

*

uniform, and. aome relatively sma.‘L'L areas are very heavily contam-

ina'bed, ﬂhile much le.rger arens are ]J.ghtl;y contaminated. ;Ieg'er-

theless, very J_arge supralethal contamina.ted_ a_a.rggg_ can be e:‘cpe:;:l?ed.
to result fram such @ detonstion, and the fact that wp Yo 90% or
even mare of thig_ supralethal area can be cutgide the range of blast
and thermal effects from the explosion mskes fall-out contamination - -
& primary rather than a bonus effect for surfa.c;.e-bm'st nuclesr
Veapons . | WE ARCHIVES

Rather extensive and scmewhat complex changes in the mechanism
of fall-out may be expected 1f the weapon 18 burst on deep water
rather than on a land sewrface; o sgain, 1f the veapoﬁ is buxrst on
shellow watex over & eley md bottom. For t_he deep water case, one
would expect-the contaminant to be distributed as a very fine serosol
mist, and that as a result the lower dose rate contowrs would be
larger and the high dosze rate econtours smaller thaix' for & correspond-
ing buret over a land-surface. Conversely, :ror. a burst over wet

clay mud, much of the contaninant is likely to be entrained in the
3
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II. FALL-OUT CONTUURS FCR A 15 MI LANWD- SURF.ACE BURST

The only true land-surface urst Fired by the United States whose'
total residual radiastion contours kave been adeqpately documented to
the present is the JANGLE surface shot. However; ‘uncertainties in the
postulated mechanism of fall-out even for small yleld bursts, snd '
unknovn veristions hetm‘ee;n fall-out mechanigms for small y;].eld and
very ].a.rgé yleld devices, allow little confidence to be placed in-
scaling of data from the 1.2 KT JAQGLE experience up to the megaton
ra.ng;.'. Consequently, the epproach followed in th:i.s peper has been
_ Eo'amlyz_e the dats which constituter fragmentary documentation of
' .the CASTLE BRAVO shot in the light of postulated fall-out mechanisms
and scaling re;-la.tionships derived from extensive study of JANGLE
information. | DOE ARCHIVES

CASTLE TRAVO was flred on the surface of a.coral reef, and gave.
a yield of approximately 15 MT. Although coral ie not & typical soil
material, nor is & wa.ter-levei reef surfa.ce‘truly comparable to dry
land, this particular shot provided & unique opportuniiy to gain at
least partial documentation of fall-out radiation effects from a
large yield weapon burst unier conditions at least approximating
a land-eurface detonatio.n. This iﬁ 80 because at least a portion
of the downwind fall-out patterm from this shot covered several
atolls and islands, thus emablirg radiological surveying and fall-out
sampling to be ca.rried.out. Thig cannot be accomplished with compar-
eble effectiveness in the case of over-water fall-out, which chdrac-

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




_ One can see from the number of variables 1nvolved that the fa.ll-
out In'oblem is In practice largely a non-definitive one. An unex-
pected (e.nd. yet very posei'ble) change in any one of & number of these
va.riablea can change the fall-out picture radically. However, 1‘;. is
possible to define the extent of the danger aress 1nvolved. within
rather broad 1imits for the 15.MT yleld of the BRAVO event, and to
indicate the manner in which corresponding danger areas can be pre-:
dicted for other ylelds in the megaton range, and for other wind
conditions. Hagnitudeé of areas involved are not 1likely to be al-
tered greatly by chenges in varisbles other than yileld; spéc:l:fic loca-
tions of ;bhese areas, however, are more wuncertain. It mst be
emphaslzed that detalled analysis of this problem is still in
rogrees, so that the material pregsented in this paper, although
the best that 1s currently available to the HQ,; AFSWP, may later be
' subjeet to modification. The importance of the Problem is such as

to make this presentation of an interim analysis desirable at this
POE ARCHIVES |

This paper is limited to coverage of the immediate, short-term

time.

Droblem, which is of paramowunt interest in military operations. XNo
consideration 18 given at this time to the long-term effects of ex~

ternal radtiation upon 1ong vity, nor to internal radiation health
hazards following 1nb.alation or ingestion of radioactive meterials.

PP S
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region are more rersitive to the type of surface involved than are tho
fall-out effects far dowawind. Since the CASTLE ERAVO shot may be
characterized as a hybrid between a laﬁd-Mface and a water-surface
shot, probably most 1ike the former, its ground zero radiation data
may not be very repregentative of a true land-surface detonation.
For this reason, the IVY MIKE shot has been used &s the primary source
of data for scaling of radistion effecte in‘the ground zero region. '
IVY_ MIKE was detonated at approximately 10 MT at the ltip of en island
.on. & coral reef. ‘

The downwind fall-out contours consiructed for CASTLE ERAVO
were based essentially'upon su:'rvey‘dé.ta @en on the islands involved
in the fall-out region. (Reference 2). After construction of con-
tours based on this approach, predicted fall-out contours based on
meteorclogical date (from R. H. Maynard, verbal communication) were
then compared ard minor adjustments were made to maintain coz;sistency

vith both appreaches. ROE ARCHIVES

Since the CASTLE H_R.AVG survey da.ta. consisted of a considerable
rumber of differert dose rate surveys taken at different *l;imes » the
varicus data had to be normalized to some reference time before
downwind dege rate contours could be construéted.. For this purpose,
consideration had to be given to the decay characteristics of the

residual gamma radiatien.
A. Decay of Gammn Doze Rate with Time

In general, gamma radiation from fission products is said to
decay as £71°2, qnig analytical representation permitz easy
8




Furthermsre, thc other high ylelid detona.tions of the CASTLE operation
were water-surface bursts (barges), whereas the IVI MIKE shot, a.lthoug:
a la.nd.-surface burst, lacked downwing fall-out d.ocumentation.

Since fall-out contours depend in large measure upon the active-
particle gize diaﬁ:jibution, and since this distribution in turn is
.rela.ted to the nature of the surface materials contacted by the fira-
ball, CASTI:E ERAVO might not be expected t0 behave exactly as a
typical land-surface burst on other than coral sand. However, the
fall-cut pattern from a contamipating miclear burst is essentia].'l.y
unique for that particu.‘lar detons.tion, dependi.ng very atrongly on
the par’cicular meteorological conditions existing at the time, so
that only an approximate gereralization of fall-out patterns and areas
is being attempted in this pa.pe:;. Ftlrthemoi'e, very preliminary dats
to date suggest that the magnitude and extent c;f the downwind fall-out
pattern may not be overly dependent upon the type of surface involved.
For these reasons, CASTLE ERAVO will he utilized as a representative
land-gurface shot at approximately 15 MT for purposes of downwind
fall-out scaling in this report.  DOE ARCHIVES

Residual radiation effects in the Imediate upwind and crosswind
vieinity of grourd zero appear to be more highly dependent upon the
rapid fall-out of relatively large particulate material from the
turbulent mushroom eloud apd upper stem. Since the smount of relp-
tively large barticulate materinl ig vastly decreased in wa.ter-surface
shots » 1t 18 possible that the fall-cut effects sbout the ground zero




DELETEBten, kmowing the characteristic decay times of the radio-
miclides involved ard aesigning anm appropriate gamms e?-zergy Per decay,
the gammm .emission of the nsutren induced activity was plotted againat
time. Since this has been dome previously for fission fragnents by
Heiman (Reference 5), the relative gamma aét:t.vi‘bies from induced com-
ponents and from fission products themselves were then plotted together
againet time ; snd the results were sdded to give total fell-out gamma -
activity against time. This is seen in Fig. 1, vwhere the activities
are normalized to 1 r/hr at one hour (H+l). .DOE ARCH IVES
This total activity curve may then be compared with & total
activity predicted by g-1.2 decay. In Fig. 1, 1.2 decay is repre-
gented by two curves; cne normalized to the caleulated total decay
at Hel hr., and the other normalized at H+240 hr. This latter time
repreceunts the approximate time that the majori'l.:.y of the surveys
used in establishing the BRAVO fall-out batterns were made, and this
z~1-2 curve may be termed the "neminal® t~1e2 decay for use with con-
tours presented in this paper. It can be seen that at least during
times of greatest interest (less than 1000 hours) the “ﬁon;inal" and
calculated activities are within approximstely 25¢% of each othe.r, .
(1.e., the calculated curve predicts garma activities at H+l that are
only 785 of those predicted by extrapolation of the "nominal® curve.)
Because of the much greater esze with which it can be manipulated,

the nominal curve can Probably be used with reasonsble accurscy to

represent the gumma activity of fall-out material when the curve is

. . it . e iy
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manipula.tionl of data, but it rrovides only a statistical fit to the
best data. It would not be gpplicable to‘jbhe decay of gamm dose.rz;;te
in a field situstion if, during fall-omt, there vere considerable
fractionation of the various fission products with distance, or if:

there vere considerable in sith physical decay due to veathering -

effects or ; if there were considerable radiation from neutron induced

radioactivity.
Preliminary collected evidence to date has not suggested important
fission product fractioratior with distance at_CASTI.E. Also, the
veather during the two weeks following ERAVO shot was dry, with 1ittle
‘or ne rain, and fairly large islands- probably show little cha.nge; in
average gamma doce rate dus to the effect of ordinary trade winds.
Induced activities, on tha other hand,, probably were quite important
in this shot, as ie suggested by the marked deﬁarture from t~1+2
decay messured for samples of fall-out material followed in the
. laboratory ard aleo measured with fall-out time-intensity dose-rate
meters in the field. The importance of induced activities is further
suggested by preliminary radiochemical analyses and cloud BGI%J}?IBZC HIVES
Preliminary radiochemica.l data from cloud samples taken by
AFOAT-1 (Dr. W. D. Urry - verbal commmnication) were used to deter=-
mine ratios of various neﬁtron induced activities to the number of

fissions oceurring in BRAVO shot. DELETED .
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the t™1+2 decey curve of Fig. 2, the dcse &t 168 hours (3.20r) less
the dose &t T2 hours (2.86r) leaves 0.3ir. Multiplied by the nominal
doge rate at Hal (200r/hr), this would give an ansver of 68r to the
problem. A

In & similar fashion the “calc;u.‘ua.ted curve" of Fig. 2 might be
utilized when the "true" dose rate at H+1 is kuovn (i.e., 78% of the
nominal d.ose rate at II+1, as determined from Fig. 1). It appears:
that in the worst possible case an error of the order of 35% might-
be intreduced by utilizing nomin.a.l H-l-l dcse rates with t~1° 2 decay
rather than utilizing "true™ H+l dose rates with the caleculated decay
curves DOE ARCHIVES

The pomiral t-1:2 method ig therefore probably sufficiently
accurste for purposse of this arslysis. Because of its greater ease
of manipulation, it is recommended for general a.pplica.i;ion with the
isodose-rate contours prezented in this paper. For greater ease of
analysis by the neminal t71:2 msthed, isodese-rate contours presented
in the figures of thie report are labeled with their "nominsl™ Hel
dose rates (U—]:B—- = 1.28 times the "true"H+l dose rates).

The - general a.pplica.t ion of Fige. 1 and 2 should be noted. In

the constructicn of the caleulated decay curve in Fig. 1,
DELRTED
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normaliz=3 to dava measured at apzroximately two dmys, or at about one
to one _anﬂ. cue-hslf weeks,
Vhichever deca:a.r curve is used, it can be zeen from Fig. 1 that
the gamma doge-rate is most intemee in the Tirst few hours and decays
most rapidly at early times. Betwsen one hour and seven hours, the
lntensity falls about ten times. After two weeks, however, more tham
80 days are required for a-other tenfold decresse in dose rate.
Actually; ce‘mve:g'sion of gamms activity curves to gemm dose rate
over a wide ares of fall-cut is mot exact, because gemms dose rate
depends upon actusl photon energy ag well a8 upon 'botal gaINE, energy
. emitted per radizactive disin"-eg:ra.tion. Decay schemes for many impor-
tant muclides involved in the fall-out gemme radiation are not known,
and even when kuswn, thelr cenversion to. gamma dose ratez over a wide
contaminated plane is lsborious (gee AFSWP 5024). 1In 81l probability,
the calculated gamms activity versus time presents s reasonably accur-~
ate plcture of the gamma dose rate in the fa.]_'l.-;out field against time;
and 1t will be 80 used in this paper. DOE ARCHIVES
In Fig. 2, tke docse rate decay curves of Fig. 1 are integrated

with time. From this figure, total integrated dose between any two
times after H+l hr. may be detsrmined. The suggesied method is to - - —

subtract the dose at the esrlier time from the doge at the later time

axd them mltiply by the dese rate at H4l hr.

If the problem were to utilize the t~2-2 decay assumption to

determire the total drze between three days arnd seven days at a loca~

tion where the "nomirel™ dose rate st Hel was caleulated to be 200r/nr.,

the soluticn comli be fourd by tke euggeﬂted method.




Just slightly north of the measured pointe on the islends. In this
fashion, the center line of the fall-cut pattern ran very close to
the northern aspects of the isiards, and the resultant- fall-out con=
tours were drawn &3 narrow as the data would permit, agsumiﬁg symmea -
try on the northern ami gcuthern silc’les of the center line.

A later comparison of this portion of the contours with predic-
tions of fall-out based on meteorological date suggested that the
highest dcse contours might have been farther north of the islands
than was drawn in the overlays. This would have resulied in & more
northerly positicn of the center line of the fall-out pattern and a
conrequent increase in the width and thus in the areas of the down-
wind contour zones. Thus the meteorological date suggest that the
contours as drawn from the radliologieal eurvey information nﬁy be
somewhat conservative. Furthermore, the downwind extent of the lor;rer
dose ccntours wag poorly documerted by data avallable. As & further
cop.servative approach, the contours were closed off in distance as
short as was consistent with the cne or two survey points available
for downwind distances. DOE ARCHIVES

The resultant "pomival” H+l dose rate contours that ve;:'e drawn
are indicated in Fig, 3. It will be noted that the contour lines
overlay several atolls on the southern side of the pattern. It is
at these points that the c_cntou:: lines are most firmly "pegged®.

It can be seen that the far dowrwind extent of the contours is docuf

mented orly by the readinge from Bikar Atoll and Utirik. The data




DELETED

A A oy

not savere.

(3
Similar total activity curves cam be drawn for such cages,
B. Idealized Dowzwind Fall-out Cemtours for 15 M

The a.ctual survey data from CASTLE ERAVO was assembled and

corrected to a reference time of H-l br. according to the "nominal®

$1-2 decay noted in Part A, These mmbers were then placed in their

proper locations on e mep of the fall-out area and contours were

drawn 88 shown in Fig. 3. The dats relied upon most heavily for

this purpoze were the surveys taken from approximately seven to
eleven days following ehot time {Reference 2).

Through each atoll a gradient ecould be Placed, indicating increag-

ing H#l dose rate ccntouré in a northerly direction. . By connecting

gradiente made ir. this fashion on those few iaslands from which data

vere availsble, rough contour lineg for "nominsl"™ Hel hr. dose rates

could be dravn. It was =ssumed in the mbsemce of any data points on

the northern gide of tkhe fall-out pattern that a Tough symmetry

existed, end the contour gradisnts therefore were duplicated on the
northern side of the pattern. DOE ARCHIVES
The region of the maximm doge rate could not be definitely

determir.ed from the data at kard, asnd might bave been at any distance

within a few miles to thae acrth of the islands involved in the rattern.

In an effert 4o be conesrvative in drawing the areas of the dose rate

contours, the maximum daze

rete was assumed to have been delivered




as such at that time. The dose rates at the time of actual fall-out
would be lower than indlcated on the figure and could be determined
from Fig: 1 for each appropriate time of fall-out slong the downwind
pattern.  The H+l hr. dose rate contours‘ do serve as reference 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 & very narrow fall-out band downwind with
less wind shear of the mushroo;n 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 inte_nsity .of the
isodose lines. However, as previously noted, the contours as drawn
are somewhat conservativé and parrow based on the data from ERAVO,
aﬁd consequently they may be taken ms reasonably repfesentative for
scaling purposes. DOE ARCHIVES

In order to generalize the contours from BRAVO for sca.lipg
purposes, an "effective wind" is assumed. A single hypothetical
line of wind flow is assumed)rhich 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 a single wind of constant velocity, the
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cn fall-out radiation inm tre lmnediate vicinity of ground zere vere
scanty on the ERAVO shot, an? the dewswind fell-out contours are not

closed about ground zero.

The arens of the dowzwird ccontour zores are measured by planimetry,

DELETED

This 16 felt 1o e a reasomable figure in the light of
fﬁll-out mechanismg a5 brezently understosd; but it alse allows some-
what lsrger coxtours to be constructed without demarding an unreason-
able aﬁ:unt of deposited fiesicn prcduct. Accordingly, as breviously
nected, the contours as drewn may still be thought of as conservative
in tkat tﬁsy are prebably smaller thsn those that actually existed
at ERAVO. DOE ARCHIVES

It should be noted that since in actual fact fall-out does not
commence at distances downwind urtil saveral houra,have elapsed, the

"neminal™ H+1 dose rate conteurs ghovn in Fig. 3 do not actually exist

-
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Some uncertainty remains in the use of ‘Fig. 5 to represent the:
ideallzed ground zéro contours, 'becausé the fragmentary data taken
near ground Zero on' ERAVO do not indicate as extemsive a fall-out:
pattern about the detonation site as was seen with IVY MIKE. Although
the earth surface composition was not identical in the two cases
(p. 8), the difference may not have been sufficient to account for
the variation in the ground zero contours. It is possible that varig-
tions of this order in the ground zero pattern will be encouﬁtered.
characteristically with land-surface detomations. DOE ARCHIVES
D. Estimation of Actual Dose Received in the Fall-out Pattern

" As noted in Part B of this chapter, the nominal Hel isodose-rate
cont“.ourB are very desirable for basic reference purposes, but they
lack physical meaning. In order to estimate actual radiation dose
recelved during some interval after burst time » the time of-actuaL
fall-out must be taken into account. For CASTLE ERAVO an effective
wind of about 15 knots may be shown to give a reasonable it with the
estimated or measured time of fall-out at various distances downwind.
This 1s based on the assumption that the time of fall-out can be
taken roughly as downwind distance divided by effe_g:_t?.ve wind velocity.

Since the rapid lateral spread of the mushroom cloud at ea;ly
times results in a fall-out particle source of finite volume (perhaps
60-70 miles in dimmeter for a 15 MT land-surface burst), some fall-out
will '_hegin at ea.rlie:_!:' times than predicted 'by t}le__ above approach; but

by the same token fall-out will contimie-over an apprecisble tinme,




Some uncertainty remnins in the use of'Fig. 5 to represent the
idealized ground zero contours, because the fragmsntary data taken
near ground zero on HRAVO do not 1ndica£e-as extensive a fall-out'
pattern about the detonation site as vas seen with IVY MIKE. Although
the earth surface composition was not identical in the two cases
(p. 8), the difference may not have been sufficient to account for
the variation in the ground zero contours. It 1s possible that varia-
tions of this order in the ground zero pattern will be encouﬁtered
characteristically with land-surface detonations. DOE ARCHIVES
D. Estimation of Actual Dose Received in the Fall-out Pattern

" As noted in Part B of this chapter, the nominal Fe1- izodose-rate
confours are very desirable for basic reference purposes, but they
lack physical meaning. In order to estimste actual radiation dose
recelved during same interval after burst time, the time of‘actual‘
fell-out must be taken into account. For CASITE FRAVO an effective
wind of about 15 knots may be shown to give a‘reasongblé fit\with the
estimated or measured tlme of fall-out at various distances dowvnwind.
This is based on the agsumption that the time of fall-out can be
taken roughly as downwingd distance divided by effective wind velocity.

Since the rapid 1atera1 spread of the nmshroom elcud at early
ti?es Tesults in a fall-out particle source of finite volume (perhaps
60-70 miles in diameter for a 15 MT land-gurface bﬁrst), some fall-out
will begin at earlier times than predicted by the above approach, but

by the same token fall-out will contimie-over an appreciable time,
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' 'and. yet the noorly evaluated effects of biologica.l recovery froun

radietion damage ha.ve not yet 'become 1mport.en+ in a.ltering the criterla f'

" as the isodose-rate contours.

Fig. 3 and Table T. H+50 brs. was selected as a reference time of some

pertinence ’ because by that time all perte of fhe'doér:w-iuﬁ fali-out

pa.t tern have had sufficient time to a.ccumu]ate significent dosages,

..{.

of redia.tion response from the acute a6 situa.tion, _where they are 3

-

known w:.th greatest confidence (see Chapter IV) th rmore, although

:mfinite residence wlthin a fa.ll—out pattern ie not a realistic assump-
.tion, neither is evacu.etion in L3 few hours a. v'aln.d cox.;.idera.twn to
‘a.pply to a large popula.tion w:.‘bhin a. V&bt conua:n:mated area ._.nﬂ. 50

hours although an arbitrary figure, is of r.,al in‘terest in th:Ls regard.

For illustrative purposes, however, the fall-cut-to-H+50 hr. dose

' contours will serve to demonstrate th_e;t ; because fall-out occurs at

later times downwind than it does mear ground Zero, the effect on the
shape of the total dose contours is to make j;hem.s’uorter than iscdose-~
rate con“-bowc-sl , wider at the head end ,. and nerrcwer at the downwind
end. This is because fall-out-tc-reference time is‘ a longer interval

close~in than it is fa.r-out resulting in longér integ,raﬁicns of dose

' rate with time at the near por*bmn of amr given if-‘oaose-rate contour

the.n at the dovnwind portion. An e.xample of the 1'ela.t:‘LW.- shapes of
isodose and 1sod.ose-rate contours from faJJ.—oat ig seen in Fig. A,

and also in Fig. . 6 where 1isodose contours from fall-out to HJ-BO hrs .
are superimposed on the isodose-rate contours of Fig. . DOE A.RCHlVES '

It can readily be secen that isodose contours for any time interval

comuencing after all fall-out iz completed will be of the same shape
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"and yet the Doorly evaluated effects of biological recovery fram

'rate with time at the near portlon of any given ieoaose

are superimposed on the isodose-rate contours of Fig. ki,

" as the isodose-rate contours.

Flg. 3 and Table T. H+30 krs. was selected as a reference time of some
pertinence, because'by that time all parts of the dowﬁwiﬁd fali-out

pat+ern have had sufflcient time to eccumnlate significant dosages,

radiation dame,ge have not yet become importa.n+ m a.lteri.ng the criteria "

of radiation response from the acute:dose situation, where they are :i_,E

kncwn wlth greatest confidence (see Chapter IV) Furt_ermore, although o

ilnfinite residence wlthin a fall—out pattern is not a realistic assump-

_tion, i+her is evecuation in a few hours a valld con.ideratlon to

-

‘apply to a large population W1thin a vaat conuaminated area _nd 50
hours although an arbitrary figure, is of rcal interest in thls regard.

For illustrative purposes;, however, the fall-out-to-4+50 hr. dose

" contours will serve to demonstrate thet, because fall-out occurs at

later times downwind than it does near ground aero, the effect on the
shape of the total dose contours is to make thcm shorter than iscdose~
rate contours, wider at the head end and narrower at the downwind
end. This is because fall-out-to-reference time is a lnnger interval
close-in than it is fer-out resulting in longcr 1ntegra dons of dese

-rate contour

than at the downwind portion. An example of the *elative shapes of
isodose ard isodose«rate contours from fell—oat ie seen in Fig. A,

and also in Fig. . 6 where isodose contours from fall-out to H&SO hrs. RN
DOE ARCHIVES -

Tt can readily be seen that isodose contours for any time interval

commencing after all fall-out ig completed will be of the same shape




(2) Tke height and linear dimepsions of the cloud both scale

in the £ame way with yield..

fm e aem e L - - ——e e

'

(5) For & given soil, the relative size distribution of radio-

active partlcles is independent pf_y;_ei!.fi._ - L L

(%) The relative spatial distribution of active particles of

any given size is independenmt of yield.
' (5) The rate of fall-ou of active perticles depens anly an
particle size. (The altitude from which fm:qut_cmmences may also-
be importan‘b for 1arge particles; vh:l.ch fa.'Ll _a_z_:cording to aeroﬂynamie
principles; i.e., particles with dlameter geat_er ‘than 250 microns .)

From these assumptions, cerisin general scaling laws may be
derived: _ L )

(1) For a constant effective wind, linear parameters of
i1sodose-rate contours scele as yield to an exppnez_it;a.l constant (i..e.
Ha) and the dose-rate intensity of a given contour gimultaneously
scales in the same fashion (Wa’). From this, conbour areaz can be
seen to scale as Wza'. This scaling preserves contour shapes with
changes Iin yleld. | DOE A-RCHIVES

(2) At constant yield, experience with mass fall-out from high
explosive tests shows total area within a glven contour to be quite
ingensitive to changes In effective wind. Thus, if the dowawind
extent of a given contour scales as wind velocslity to an exponential
constant (i.e., Ub), then the crosswind extent of the same contour

gcales inversely (i.e., U_b). This results in longer and narrower

contours with higher effective winds.
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(2) The height and linear dimersions of the cloud both saale

-
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(3 ) _For a given-soll, the relative size distribution of radio-
active particles is indepez_ldent‘. of yield. - L B
() The relative ep_a'!‘:igl_dig‘l?;_'ét't_mtion of active particles of

auy given size is Independent of yleld. -

.. (5) The rate of fall-out of active particles depends anly on
perticle aize. (Mhe altitule from which fall-out camences may also
principles; 1.e., particles vith dlemeter g:‘ea.‘_b_er_than_ 250 microns.)

From these assumptions, certain general scaling laws may be
derived: . o
(1) For a constant effective wind, linear parameters of
isodose-rate conbours scale as yield to an exppne:_lt;p.l constant (iae.
Wa) and the dose-rate intensity of a glven contour simltaneously
scales in the same fashion (W*). Fram this, contour areas can be
seen to scale as w25. This sceling preserves contour shapes with
changes in yield. | DOF ARCHIVES

(2) at constant yleld, experience with msss fell-out from high
explosive tests shows total ares within s giygg;qggto? to be quite
ingensitive to changes in effective wind. Thus, 1f the downwind -
extent of a glven contouwr scales as wind veloclty to an exponential
constant (i.e., Ub), then the crosswind extent of the same contour
gcales inversely (i.e., U-b). This results in longer end narrover

contours with higher effective winds.




ehears will be reflected scmevhat in the effectlve wind, but conzid-
ersble ghearing probebly will incresse aress of lov isolose-rate

contours and dgc;l-‘easg‘ areses of high 1godose-rate contours in e

wanner that camnot be emsily represemted.
 As en exemple of the wse of these scaling lavs, suppose that a
given dsodose-rate contowr fram an 8 M surface burst with a 15 knot
effective wind resds 100 /i normalized to B4l, sud 1ts dowmweind
extent is 116 miles. Find the downvind extent of the sealed contour
end 1ts scaled intensity for a 1 NI burst with a 30 knot effective
wind, 3 )  DOE ARCHIVES .
(1) The downwind extent of the 1 MT contour is (%)l/ 3 x 116- 58
mi. with a 15 knot wind. _
(2) The scaled intensity of the 1 MT contour is
| &3 x 100 = 50 r/nr at EeL.
(3) The downwind extent of the 1 MT contour with a 30 knot
effective wind is (%(5)_)1/3 x 58 = 73 mi.
Thus, the scaled contowr hes an intensity of 50 r/br et H+l and
extends 73 miles downwind. '
B. Assumed Contéur Shapes for Scaling

From both JANGLE a:nd. high explosive experience, NRDL generalized
e contour ghape for fall-out patterns besed upon the effective wind
concept. About ground zero is a so-~called “ground zero circle”
(GZ cirele) formed Bo.on ‘after the detonation from rapid fall-cut of
relatively large particles; It can be defined by its radlus and
by the downwind displacement of its.center from GZ, as can be seen

Jn Fig. 7. The downwind pattern of fall-out proper can be defined

AT = R Pl T
g dR PR i A N *
A a s g .
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ahea..s v'_.._'l. 'be reflected scm:ewhat in the effective w"nd but conzid-
erable ehearing probabh Wi Increase areas_ of  low ieoiose—rate
contours and decrense arees of high isoduse-rate contows in &

manner that camnot be-essily represented. = .

. As en erample of the use of these scaling lavs, suppose that a
stven iaodose-rate contour fram an 8 1T surface burst with a 15 knot
effective wind reeds 100 r/iw normalized to B+l, and its dovmvind -
extent 1is 116 miles. Find the downwind extent of the scaled contour
az_zd 1ts eca.led.‘ in*.sensity- for a 1 MT burst with a 30 knot effective
vind. _ | DOE ARCHIVES

(1) The downwind extent of the L MT contour is (g) /3 x 1_16~ 58
mi. with a 15 knot wind.

(2) The sealed intensity of the 1 M contour is
&)Y3 £ 100 = 50 r/hr at Hil.

(3) The downwind extent of the 1 MT contour with a 30 knot
effective wind is (1 ) 30)1/5 x 58 =735 mt.

Thus, the sealed contour has an inten..ity of 50 r/h_ at H+l and
extends 73 miles dowmwind.

B. Assumed Contour Shapes Ffor Secaling

From both JANGLE end high explosive experience, NRDL generalized
a contowr shape for fall-out patterns based upon the‘effective wind
concept. About growmd zero 1s a po-called "grommd zero circle”
(62 cirele) formed so‘on after the detonation from rapid fall-out of
relatively large particles. ~Ij: can be defined by its radifus and
by the downwind dieplacement of 11:3.center from GZ, as can be seen

JAn Fig. 7. The dowrind pattern of fall-out rroper casn be defined




WNER
pz_‘jrm_&i.?:_l.ly‘}}g__lra.‘la_ti_.:sttf;f_gpe _‘l_:_u_:_-s_;tig_. As discuesed earlier, water-
m'face ‘burats may sca.le aoanewhat dii‘ferez‘ztls; and in particular,
tl;e "GZ circle poc:-t:l.on of the 1dealized general sca.ling contour
may be much _smaller, and may be displa.ced farther dmmwind. than is
the case with land surfaces. At present, no definitive data is
avetlable regarding this effect. |

o Und.'e;'grmmd._bm-stsqmag scale In a fashion similar to land-
surface shoté, ‘but the parameters of the ’bé.sic_: contours will be dif:
;erent. I_Trua _mld.erg:'om:td 'bursts of very J.a;_‘ge yield wespons are not
apt to be encowntered operatiomnally, however; hence, no further
dlscussion of that situstion will be sttempted here. DOE ARCHIVES

True air 'bursté;, where the fireball radius dees not intersect
the earth's swrface, will not produce significant local fa}.l:out
areas of high intensity. However, where air bursts are detonated
at such eltitudes that theré ie considerable intersection. of the
fireball with the ground, then a situation Intermediate between =
"true” air burst end the lend-surface burst discussed in this
peper will obtain.. As a rough rﬁle of thumbd » 1t may be estimated
that the fraction of total.fission products that will fall -out
within the loeal radiation contamination contours will be sbout

equal to the fraction of fireball subtended by the surfece.

DOE
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privarily to le.nd-surface 'bursts. As dieeuesed earlier, water-
surface ?Eu-ets maa_r‘__sce._le_somewhat differently; tmd. in particular,
t_he "GZ circle” pcxrtion of the idea.lized general sealing contowr
ey e mich snaller, end may be dlsplaced farther domvind than
the case with la.nd sg?feces_.‘ At present, no definitive data 1g
a.veile.ble regerding thie effect. o ) o |

_ Underground bursts may scale in a Tashion gimilar to lapd-
surface shota » but the parameters of the basic contours vill be dif:
ferent. True underground burets of very J.e.rge yield Weapons are not
ept o be encountered operationally, however; hence, no further
d.iscuseion of that situation wiil be attempted here. _ DOE ARCHIVE‘Q
True air bursts, where the fireball Tadius ﬁ.oes__not inte:.:eect
the earth's surface, will not produce significant local fa.'_l.l:-cut
areas of high intensity. However, where air bursts are detonated
at such altitudes that there is considerable intereeetion of the
Tireball with the ground, then a situation Intermediste between a
"true” alr burst end the land-surface burst discussed in this
paper Will cbtain. As a rough rule of thumb, 1t may be estimated
that the fraction of total fission products that will fall out
within the locel radiation contamination contours will be shout

equal to the fraction of fireball subtended by the surface.
DoE
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which _:I.qs__ __t]:x_e_ most eritical varisble for the sealing of the

other conbour parameters,

Besic JANGLE data is generally disregarded in determining the -

mmerical values of paremeters for contours in the very high yield

range. Very low dose-rate contours from JANGLE are aveilsble with

less confldence in their accurscy than for the higher dose-rate

contows, since they are based on air survey data; yeb they ave

lmportent in scaling to moderate dose-rate combowrs st high yields.
Furthermore, ¥he mechanlems of fall-out et low yields (JANGLE =
1.2 KP) and at high ylelds may be sufficiently different so that
scaling idealized JANGLE data over a yleld range of greater then
1,000 times may be unsatisfactory.
’-
Q0L
(o3
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. DOE ARCHIVES _A

For the ebove reasons, basie mumerical paremeters derived from

more detalled contour charts of the same types es Figs. 3, 15 and
5 have been utilized for reference numbers in this paper. In VFigs.
8 and 9, these linear parameters are presented graphically. These
figures may‘be used to scale idealdized 1sodose-rate contours‘
(normalized to "H+1 hm‘n') of the type of Fig. 7 for yilelds in the

megaton range and gbove.




which .i_a.__jl:}z_e‘ most critical variable for the scaling of the

other conbour pa.ra:[n‘e_ygrs_ .

o {!asicJAMLE _daj:p:_.i_.s generally dtsregarded i:n dgtermining the ‘

numerical yg.‘l.ugg o;g_pazjg:_ufaters far contom's in the very h:!.gh yield.‘

range. Very lcn-r dose-ra.te contm.tru froun JANGLE are ave.ila‘ble _with

1gss'c_quidence Etn_their aceuracy t.han for the higher dose-rate

:meor’cant in Bcalin_g :bo roderate d.oag-rate contours at high yields.
Furthermore, the mechanisms of fall-out at low yields (JANGIE =

1.2 EI'.') and. at high yields may be sufficiently different so that

- s

scaling 1dealized JANGIE data over a yield range of grea'ber than
1 000 times may be unsatisfactary.

o
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For the sbove reasons, basie numerical parameters derived. Trom

mare detalled contour charts of the ssme types as Figs. 3, 1&, and
5 have been utilized for reference mumbers in thie paper. In ‘Figs.
8 and 9, these linear paremeters are presented graphically. Thea.e
figures may be used to scale idealized isodose-rate contours‘

(normalized to E+l hour) of the type of Fig. 7 for ylelds in the

megaton range and sbove.
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Conseguently, the : nuzerical scaling based on Fig. 8, £f. will be

strictly velid only for themonnclear  Weapons of the IVY_HIEa.nd .

PRS- Caem s

' CASTLE BRAVO type. __However, in general othe_z: types of @hermonuelear—

weapons are expected. to give nuclear contamination of the same order--

S0t
(3!

F. Bealing of Total Dose Contours

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

However, scaling of totel doge patterns with yield cannot be
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F. Becaling of Total Dose Contours

In Part D of Chapter II, a method of constructing total dose

contours was digcusged, and Fig. 6 and Fig. A were glven as examples.

However, scaling of totel dose patterns with ¥ield cannot be T
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. Zeble IIL  DOE ARCHIVES
Nominel Isodose-rate Contours: 500r/hr. at H+l

Yield (MT) 15 1 - 10 60
Downwind extent (mt) . 188 | ) 152 384
Crosswind axis (mt) 7.2 10.7 | 32 6Y4
GZ circle radius (m1) 7.9 1.9 6.55 15.1
szggc%;igispme- 1.22 0.1 1.04 2.1
Area (mi%) 4500 340 3360 17,620 °
Area of true ,

(k12) (3820)  (19,300)

ellipse (mia) (5500)
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Nominal Isodose-rate Contours: 500r/hr. at Htl

Tield (MT) -

Downwind extent (mi)
Crosswind axis (mi)

GZ circle .radiuvs (mi)

GZ cirele &ispls.ce-
ment (mi)

Ares (mia)

Area of true
ellipse (mi

%)

15 1 - 10 60
188 k9 152 384
37.2 10.7 32 64
7.9 1.9 6.55 15.1
.22 o.\1 1.04 2.1
4900 3ho 3360 . 17,620 °

(5500) (k2) (3820)  (19,300)




IV. DEFENSE AGAINST THE FALL-OUT HAZARD*

To evaluate the problem of passive defense a'gainst the exteroml
radiation hazard caunse by the gamma radiamtion from the bomb fall-out,
. it is necessary to consider a variety of factors which affect the
problem, Among these factors are the effect of shielding, of decon-
tamination, of radioactive decay, of evacusmtion and of the biologieal
r=covery from and repair of, acute radistion dé.mage. DOE ARCHIVES
The mathematical treatment employed in the preﬁaration of the
tables found in this Chapter is set forth in detail in Appeﬁdix A.
Hove.vér, a qualitative deseription of how the various factors enter
into the problem and play their part will be given here for the con-
veﬁience of the reader who does not care to work through the mathe-
matics of the problem in detail. If the reader will keep in mind
two parameters it will assist in understanding how the situgtioz; is
influenced. These parameters are the swift radicactive decay of
the dose rate field, and thlie biological repsir by and recovery of
the human body with respect to external gamma radiétion damage.
That the human body does repalr radiation damage cannot be denied.
For example, the peacetime tolerance level for external X- and ganmsa
radiation currently employed in the United States 1limits a worker to

0.3 .roentgens pe:.; week. If we consider that such workers may work

*Throughout the discussion in this chapter, the assumption is made
that the area making a defense against the fall-out hazard has not
been directly hit by the bomb, or is outside the damage area due to

blast and thermal effects.
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To evaluate the problem of passive defense against the extermal
radiation hazard ceuse by the gamma radistion from the bomb Pall-out,
. it is necessary to consider a variety of factors which affect the
problem. Among these factors are the effech of shielding, of decon-
tamination, of radioactive decay, of evacuation and of the biclogical
recovery from and repair of, acute radiation damage. DOE ARCHIVES
The mathematical treatment employed in the Preparation of the
tables found in this Chapter is set forth in detail in Appeﬁdix A.
However, a qualitative deseription of how the various factors enter
into the problem and play their part will be given here for the con-
veﬁience of the reader who does not care to work through the mathe-
matics of the problem in detail. If the reader will keep in ming
two parameters it will assist in pnderstanding how the situg.tioq. is
influenced. These parameters are the swift radioactive decay of
the dose rate field, and the biological repair by and recovery of
the human body with respect to external gamma radiation damage.
That the human body does repair radiation damage cannot be denied.
For example, the peacetime tolerance level for external X- and gamms
rediation currently employed in the United States limits a worker to

0.3 roentgens pei' veek. If we consider that such workers may work

¥Throughout the discussion in this chapter, the assumption ig made
that the area making a defense againsgt the fall-out hazard has not

been directly hit by the bomb, or is ocutside the damage area due to
blast and thermal effects. ) '




BIOLOGICAL REPAIR

[4

¢ oas)

100 %

ve
crofe

o7

3

TOTAL DOSE

GJ;’“
Yo A

ose, ofgofa/

rorel o

7O7AL DAMAGE DOSE

" Ca

r

of Fas

erers

Lineagr Sca/e

P3are

7ime (Linesr Sca/e)

This sketch discloses that radioactive decay reduces the dose rate-
of the gamma radistlon field as time increases. ghPeEt‘gga.cl:Hd!o‘ggs
received by a person in such a fileld approaches & finite value at
greater and ‘grea.ter times. The "damage dose”™ doeé not contimie to
increase with time but rather reaches a meximm and then dies away
with time, and is taken in this paper to approach 204 of the total
tiose delivered at greater and greater times. Obviously the criterion
pertinent to thi;s problem is the maximm "damage dose" experienced
by an individual in 2 gamme dose rate field, and this occurs at

some finite time after he enters the radiation fleld. In the
numerous tables which follow, this eriterion has been applied and

is the criterion tabulated and called "damage dose".
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This sketch discloses that radicactive decay reduces the dose rate:
of the gamms radistion field as time increases. gtht‘ggaEHd!o‘ggs
received by a person in such s fleld a.pproaéhes & finite value at
greater and éreater times. The "damage dose" does not contime to
increase with time but rather reaches a maximm and then dies awvay
- with time, and is taken in this peper to approach 20% of the total
tiose delivered at greater and greater times. Obviously the criterion
pertinent to thi;s problem is the maxinmm "damage dose" experienced
by an individual in & pamms dose rate fleld, and this occurs at
some finite time after he enters the radiation field. In the
mmerous tables which follow, this eriterion has been applied and

18 the criterion tabulated and called "damage dose".




Teble IV B

3
' Areas for Various Effects from -
- Dosage Accumilated up to H+2 Days After -
15 MT Swrface Detonation

AREA TN SQUARE MILES F(R SITUATION INDICATED

. [ . -

: : In Open In Open In City 1In Best Aver.Shelter
Damage Dose  Acute In Rwral (rural dose re-~ In City (rural dose
Within Area  Effect Area.  duced to .7 reduced to .13)
2051 soj10 8,806 7,500 2,100
25T 8f50 7,600 6,200 1,500
370 r ID/10 6,800 5,200 960
550 r In/50 5,100 3,900 " ko
630r  IDfoo . M600 3,500 . . 320
Note 1: Damage dose is taken &8s 0.9 of tiotal dose d.elive.i'ed for tl_zis

Case., . .
2: 8D/10 means sickness dose in 10% of personnel; ILD/10 means

lethal dose in 10% of personnel. S _

Table IV sérves to point up the value ofpsoegcfnﬁcargtlivgc%upying the
best available shelter should one be caught in the fall-out area. It
is seen from columng 3 to 5 of the Table that the aresn ﬁthin Tf.rh:Lch
personﬁ vould receive at leasﬁ a gickness dose 1s decressed by =a
factor of four in this example chosen for illustration. It iz also
readily epparent from examination of the aress given in Table IV that
the ra.d.:!.a.fion hazard from fall-out 18 effective over a significant
area even when- the population takes the 'beét cover which may be cur-
rently availsble to theﬁ. It is seen that even after steying in the

best cwrrently available rediation protection shelters in a




city* d{n'ing the time frem the beginning of fé.ll-but. wntil H+2 days
thet more than half of s clty population can be expected to .die from
radiation effects over an a.rea-o:.f fowr -or five hundred square miles,
and nearly‘ all vould be !.éxpecfed.'.to. 1% within en ares of ebout three
hundred sqﬁare ‘milgs'.“ An api:rec;ia‘-h.ionhof hm'r ‘t_he areas 1i.s.ted. in
Table IV compa;é with the arems of some tjpical U.S. and USSR cities

‘can be gained by inspection -of Teble IV in conjunction with Table V

below.
| Teble V
Areas end Populations of Cities o
m‘ . ' C Area.s in Sq. Milesn - Population
Rostov, USSR - 24,3 500,000
Tulo, USSR ) 23.6 289,000
Gorkly, USSR . 62.0 : 900,000
Moscow, USSR 117 4,700,000
Denver, Colorado, USA . 68.2 416,000
Detroit, Michigan, USA 12 1,850,000
District of Columbia, USA 69.2 802, 000
Rew York, N.Y., UsA T 365.4 _ | 7,892,000

* The best currently aveilsble ghelter protection factor in & city used
in Teble IV was taken from Enciosure "A" of the WSEG Report cited

(Ref. 1) . Tt was derived specifically for the city of Rostov, USSR,
but 1s thought to apply equally well for other cities in Western Europe.
For U.8. cities, variations from this factor are to be expected. For
example, the inhsbitants of Manhattan Island could protect themselves
by a factar of several thousend by staying on the middle floors of the
"sky-scraper” buildings which exist there. On the other hand, in a
city such as Los Angeles, the Ppopulation could probably not protect
itself on the aversge by a factor as favarable as .13 in the now ex-
isting sheltered locations. POE ARCHIVES
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It should be borne in mind that the time up to B+2 dsys has

been chosen In Table IV a8 a gpecific example solely for the mose

e —— e ————

of mustrat;on. Even thngh the ra.diation from the bomb debris
dies a.#a.y rapldly 'beetmse of radiocactive decay, vast ‘areas are st11l
. contamina'bed t.o 2 &apgermm level at H+2 days. The information in

Table T.[ 'below _Jlustra.tes this. Fﬁmthezﬁore » 81l but a small part
' of the areas under discussion (Table vx) 1ie well outside of those -
areas which suffer damage from the blest and thermal effects of the

weapon.

Table VI

Dose Raﬁe Levels snd Aress st Verious Times
for 15 MI' Swrface Detonation

Time After AREA IN SQ.MILES F(R RURAL AREA D(BE-RA’I’E LEVEL INDICATED

Detonation )

in Days More than 10 r/hr ' More than 1 r/hr
2 2,700 mi? 13,000 mt®
4 700 miZ 8,400 m1?
6 100 to 200 mt” | 6,000 mi®

10 " ‘within damage area 3,800 mi®

14 within demage ares : 2,400 mi®

23 within damage area 1,200 m:l.2

42 _ within damage aves 100 to 200 mi®

TL within damage area within damape ares

B. The Effect of Decontamination

The problems involved in the decontamination of the ecity of

Rostov, USSR, have been studied in comsidersble detail by the WSEQ




(Reference 1). The WSEG study regards the resulte of the decontam-
ination effocrt and the-time-and man- hm:ra involved as 'being applicable
to many of the other cities ocf Weatern Em'ope S:lnce the- pop‘nlation
d.ensity of Rostov 15 relative]q high—(a'!. 000 persons per sq;uare nile,
vwhile ‘the hig,hest urban population denaity in the United. States in
1950 was that of Nevw York City 25,000 persons per square mile),
gince a high population d.ensit;y favoara- decontamination, it can be -
‘agsumed for the pwposes of this paper thé.t'd.eccmtamina.tion efforts-
in e United States c:l.ty would probably not improve upon the results
which have been estimated to 'be w:l.thin the capaci‘by of the population

\ “

o:fRostcv far the:Lr c:l.ty. T DOEARCHIVES
The WSEG group concluded that no clty could. be decontaminated
with greater than 75% reduction in dose rate, and that in most poten-
tial target cities (this applies to ci‘hies in Western Europe) no more
than 50% reduction in dose rate could be achieved by decontemination.
The WSEG group also assumed that any decon‘bamina.tion effort would be
directed toward the total city earves, exclusive of any lerge tracts
such as parks which do not have to be 1nimb:!.ted or traversed. In
arder to indicate what varisble in dm-atidh.of effort might resson-
ably be expected, t:wo ca.lcula.tiocns were xma,de by the WSEI} ‘group. Ome
calculation was bagsed on a set of assumptions which gave the popula-
tion every possible advantege, inecluding some which bordered on the
inadmigsable because of physical impchticality. The time for decon-
tamination in this case was 2.2 days. A second caleulation was =~




baged on scmewhat more reali;tic assumptions, but-it still greatly
favored the capab;llity of the cpnlation-to- cope with i';he radioactive'
contamination :Ln the city. In the wsm repert- the decontmninaticn
effocrt was cmsidered. to have rednced the doae ratea“t;‘égﬁ o:t' 'bhose'
- which would ha.ve preva.iled. Hithont decontam:l.na‘bion. _ Since Bos‘bov
is a city of rela.tively high population d.ensity, -:l.t .vas conclud.ed. by
the WSEG group that the duration of the decontamination ef:tor‘l; in
Rostov may be taken as the minimum duration necessary in the other

. cities of Western Europe included. in the ta.rget system considered by

WSEB. L - : R G DOEARCHIVES
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Ta.'ble vII (below) vas ccmpiled for the ;_m-pose of this study by
' taking into consideration the reaults of the Rostov example, the
fell-out areas involved, and the radiosctive decay of the radia.t:!:on
£1e1d. ' The Rostov example assumes that the decontemination effort
would reduce the radiation field to 25% of what it would have been
had no decontamination been attempted. The starting times. chosen
for the example 1l1lustrated in Table VII were picked because at
thege starting times redicactive decmy will not reduce the dose rate
greater than dovn to 25% of what it was when decontamination started.
In other wards, it appears reasaonsble tc‘)-stgy in shelter, if such is
available, at these early times until the radioactive decay has
glowed down to this point. It should be apprecisted that a reduc-

tion in dose rate brought ebout by decontamination 1s over and sbove

the reduction caused by radicactive decay. _




Table VII
Minimm Dosages Within Areas- -
For City Decontamination
15 MT Surface Burst

Case When Decontmnimtion Ta.kes 2 2 Days and, Starts at H42 Da.yB

ARFA 1000 2 3000 w2 5000 mi? 8000 mi?
Damage doffe ‘a'fter stay- o .
ing in best average 160 r 65 r ko p 23 r
shelter (fall-out time o : . :
to H+2 days) ' :
' IVES
Damage dose during decon- DOE ARCH
tamination effort received . . _—
by 66f of population which 120 r 50 0r 1T r
is engaged (H+2 days to ‘
H+h. 2 days)
Total Da.mage dose ' - ‘
received up to 280 r 115 r 70 r ko »
H+4.2 dnys _ : '
Acute biological effect Ip/1 ~ Fone None None
8D/55 :
Case When Decontamination Takes 13 Days and Starts at E+6 Days
AREA 1000 mi? 3000 m® 5000 mi® 8000 mi2

Damége dose before
decontamiration begins
when in best average - 2k r 110 r 60 r 30r
shelter (fall-out time
to B+6 days)
Damage doée during
decontamination effort (¥o additioral damage dose received
received by 60% of due to biological recovery)

‘population which is
engaged (H+6 Days to
E+19 days)

Total damage dose 240 r 110 r 60 r 0 r
recelved up to H+19 days

Acute biological effect sp/ 25 None None None

1}5




Exanination of Teble VII discloses that even 1f decont‘amination
were successful e.ny ti:ne d:tn-ing the period of approx:t.mately 20 daga
:t’ollorw:lng the detonation, the persons reaiding— in-large areas down-
wind from"-ground"ze:go-would‘receive extremely hazardcms dosages of-
radiation. It ca:.n thts be argued that decontamination pr_ocedﬁes
will proba‘bly_' not "provioe ‘adequate protection to a population sub-
Jeeted to such extensive fe.li—out.-

This does not mean that d.econtamination would prove to be or
little value in all situations. Rather, it means that for early
times (days to several veeks) following bomb detonation, s population
can receive more protection :Erom the residual radiation by staying in
-sulteble shelters than- it can by attempting decontamination. On the
other hand.,.- if£ guitable shelter does not exist, decontaminstion
would be of_\‘r_alue‘e.ven. during these early'times.

C. The 'Effect" of Evacuation DOE ARCHIVES

As seen in F:Lgs A and 3 of this paper, the :f‘a]_'l.-cnt aress e:z:—‘

tend :!.n a 1ong wide band d.ownvind from ground zero. If considerab],_
wind. shear exlsts tl:;en these contowrs may be much broader, and co:r-",i.;,_ g
respondingly shorter. The effective time of onset of this fell-out
depends upon the winds a:_ld. the distance downmd from the detonation
point. If we take as an example a point in the middle .of the pattern
and gbout 150 miles downwind (referring to Fig. 4) we find that the
Pall-out occurs here at sbout H+8 hours, and that the width of the

band is shout 65 miles. If persong in the center of the fall-out




zone ab this point remain, they would receive between 65 and 130
roentgem d.uring tﬁe time froa E-hB honrs ‘bo H+2 da'ys, even if they
vere in t.he e:vera.ge; beat shielﬁad. ,ppsi‘lgicms a-raila.ble 1n a. city
(referenoe Fig- A) On thq athar hand, i:f 'l:hey vere a.'bla to a.seer-

-..s .,‘

tain ‘beforehﬂ.nd. t}m’a thay vere to ‘oq 1n suéh a. dangeroua position

4_..1- - .

and cculd. mthemore pa:edicﬁ the 1hm:te:t'. evaeuatlon route which

- l.m'.

. woul,d. ’oa.‘gp than out 'of ‘Bhe m‘&&‘%u :be conteminated, they could.

',.oto' .

““““

l‘iescﬂ,ﬁo 'che fall-nut ha@ard b:r‘ﬁ'bvine; aboui-. 35 mﬂéa. . ’mﬂs 1ine or
:'rea.aornins presupposen thut thedé ac’oiann,,noulé. ‘oa ta.ken ‘oetween H-hour

''''''

"e.na. 549, hcuz-a, "ionas; thu t:lzﬁe intmal ‘bérore a@preciable smounts

c-s-"
'-“ * “ __nq -.-, -‘- r

_g.'é ‘._1"&

‘;xﬂ.‘ fa.ll-buﬁ rea&h 1';&3 ‘pobiti\m. I.asa time fca: evacuation *befo:rc R

) a;l-dut cd:mﬂeneeu’ wouﬁ ‘bé avaiiaﬁlé"mse:’% ground zerb, and.,

u' .

' conVersely, cona?.&%z;ubiy- mere ﬂima vould. ba a.vaila‘ble e.'b a posi’ciocn

a'f.;.
.A.-"

& greaher ﬁiﬁﬁmﬂem 8“0“«'0(1 WCFO b()E ARCHWES

Even though evacuation bafo:-e fu.ll—ouﬁ ‘negins u 'bheonreticall:

.,,-

g sucoesé or the e\facua'alon oPeratioh would rewire & *mry scourate
pa.-ed.iction of where the fa.ll—out would. reach the em.-th, and. this

" would certainly po:'orve t.o be d.itﬂcult in pract:lca. Other factors
which ‘militats againﬂt th:!.l prbced\tre are the d.a.nger of 'hhe popula-
tion being caught in the raJ.l-ou'c in less shielded situaticm than
if they had not moved., et ‘bhe phyaicb.l difficvlty of -moving vas'c
numbers o:t peapld buch d.istnncel in a short t'ime vith o little
a,dvemce nohica- :n o.qéiti:op, he dmmwind. fall-out eress ere 80
m’a tiw.t :Lf the potmtry had;veen qvjadected. 3;0 severe.l detonatim
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of the yleld under discussion, 1t 1s conceiveble that a person
might find Wimself moving into the radiation field of a second bomb
vhile attempting to move out of the radistion field of a ?hst bomb.

_ The data presented in Table VIIT (_inelcrw) was Ealcula‘bed. by con-;-
sidering the situation which would prevail if & population ';rai‘h_ed.
uﬁtil the arrival of fall-out before attempting evecustion and by
essuming that the fall-out pattern is known and that people can be
directed along the shortest route cul of the contaminsted .area..

Tz;.ble VIIT
‘Dosages Re'céiveé. if Evacuation at Time
of On-set of Fall-out is Attempted;
15 MT Surface Burst
(Evacuee takes ghortest route out at rate of 10 - -

mph in aubtomoblle - shielding of the anbtomobile
reduces the radiation by a factor of 0.5)

Distance Distance Traveled | "' ¥Dogage Acute Bio-
Dowawind (Shortest route Time Interval  Ree'd. logical
from out of contamin- for Evacuation During Effect
Ground Zero ated area) ' Evacuation

.50 mi 32 mi Hth to H+7.2 hrs ~ 210r  8D/10 ..

100 ni ko mi H+7 to H+li.2 * ~ 120r probably’
ROE ARCHIvVES none
* Tolren to be the damage doge in ssseseing blological effect.

Every adventege was granted the po_pulat-ion belng evacuated in
the two examples of Table VIII; hence, in an act;l&l .c:a.se, one would
expect the dosages Indicated to be a minimm. One must conclude,
therefore, that eva.cuﬁtion 'beg:lnning at the time fall-out reaches =a

peaition cannot be considered as an attractive defenge messure.




’ ey
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Evacuation becomes mcre feasible at later times because radiocactive
decay reduces the dose rates of the fall-out contamination. For ex-
ample, at H+2 days, evacuation achleved under the agsumptions of -
mgble_vzlr-youla-eesult In approximately 1/20th of the dosages dwring
evacuation indicated in Table VIIZI. Furthermore, evacuation at H+k
days under the same ‘c.onditions would result in dosages during evaeu:
aticn ef approximately‘l-/lloth of those indicated in Table VIII. An _
edded advantege of weliting for several days in ghelter before
ettempting evacuation 1s thaet by this time the fall-out areas would
probably be fairl;y well known and thus the best route out of the
contaminated areas could probably be chosen correctly.

D. Recomnendations as to Protective Measures DOE ARCHIVES

From the previous discussions on decontamination and evacuation,
the possibility of avoiding excessive doses of radiation by remaining
in suitable shelter for several days becomes more attractive. In

order to arrive at a quantitative estimate of the results of such pro-

tective measures, the information presented in Table IX below was
calculated. For the purpose of this Table it was asgumed that all =
fall-out occurred at H+6 hours. This assumption dces not detract
from the genezjal import of ﬁhe information disclosed by the table.
However, this assumption does make the dosages given in the Table for
the 1,000 square mile erea problem scmewhet lower than they should be,i!
and conversely the assumption makes the dosages given in the 8,000

square mile column of the Table somewhat higher than they should be.
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The sdditionsl as;umption that individva=le outeside of their ghelters
would regeive one-half of thé open mral ares dose rate averaged
over _1::he course of a typlcal day 1s based upon th_e;_‘géne:fal reeults_
of numerous RW s‘i;udies, and applies to elty and wrban area dwe].'l.ers..
| An examination of the various damage doges and their biologica.l
ei’fects presented in-Table IX demonstrates the value of an especi-
all;y constructed simple underground shelter to protect against fall-
out gemma radiation. C | ‘ DOE ARCHIVES
In practice the best pefseive defenege measures would in all

ﬁoﬁabihty involve the occupation of shelters for time periods
whic;n vcmld. depend upon the dose rate level of the residual radia-
tion field in the ﬁarticulﬂr locality. For some areas a time of
stay In the shelters of four days would be suffic;!.ent. In other
mcré highly contaminated areas the time of stay in the shelters
should be longer. For other still more highly contaminated areas

it can be expected ﬁha.'b the best passive defense would be to gtay

in the ghelter for a week or more, and then to evacuate the area.




i}

logical hazards from the surfaceﬂdetonation of very'large yield ST

\.

y

nuclear weapons* ; .'.: "a_ | ;..ﬂ _‘, _‘; e

a. The detonation of 8 15 megaton yield weapon -on 1and Bur-
face can be expected to deposit radiological fall-out over areas
of about 5000 .Bquare milee or - more in such intensitiea a8 to be
haza.rdous to human life. Comparable de.nger areas may be involved -
in the case. of deep water surface bursts and harbor surface
bursts, wlth some differences 1n distribution likely

b. A 1arge percentage of the radiologlcally hazardous area
can be expected to lie outside the‘range of destructive bomh ?
effects, extending up to eeveral hunﬂred miles dovnwlnd thus the
radiological hazard becomes a primary anti—personnel effect. )

The aensitzve vind-dependence of the dlstrihution of the




e. ‘The two fmld.amental passive defense measures that are
1ikely to be most effective are the seeking of optimm available
) | shelterl, and evacuation of the danger area: These two courses:
’ . of _actic;n taken in succession, with the op'bimu:m time and direction
of evgcue;tion being determined asnd controlled by competemi authority, ...
~can 'be éxbééted, in effect, to reduce lethally hazardous areas by a
{‘.’dc‘tor of ten or more. DOE ARCHIVES - |
f. Universa.l:use of a simple underground shelter with about
three feet of earth cover could reduce areas made hazardous byF fall-
out radistion by & factor of a thousand or more. Thie means that
the lefhé.l .fa.ll-out hazard can probably be completely overcoms byﬂ
remaining _:Ln such a shelter for a peribd of a wegk or ten days,
after which the ares should be evacumted.
g. Beeking optimum shelter at once is of vital importence, '

since, without shelter, the dosage received in the first few hours -

 will exceed that received over the rest of a week spent in the con- ,

taminated area; and the dosage received in & week will exceed that '

r

accumlated in the rest of a lifetime spent in the area.
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Derivation 'of Radiation Damage Dose Formulae

' In & recent study (Reference 6) it has been coﬁjectured that-

Vo

_aamage &ue to re.diation can be-divided into a permanently retained.’_

R pocrtion 1which 1s 20% of the total received, and a remainder, which-

i

is repaired. a.t a rate represented. ‘by an exponentiel decay law. Thns,

. if D is an acute d.ose received at ti.me t = 0, the "damage dose" at

time_t is given :by .
| - D(t)_lé:o‘.e D, + 0.8 noe"m, o (1)
vhere B 1s the d.eeay ‘constent. Experimental evidence indicaﬁes thet
the decay const'fant has a value of sbout 0.29. ' DOE ARCHIVES
In this report 1% has been agsumed, as was done in Reference 1,
that the dose continuously received from a decaying radioactive fleld
| can be treated in the same mamner. If the d;ose rate is glven by
R(8) = i™F (2)

vhere k is the rate at time t = 1, then the damage dose at any time T,

asswning the individual entered the field at time T, is

b :
D(t) =‘j; [0.2 + o.&'ﬁ(m't)]kt‘l'edt = (3)

o

T

- (To‘°°2-:r'°'.2) + 0.8ke” ¥ f Pyt %at,
- TO S
The integrand in the sbove expression can be ;plotte& and the definite

integral

Amf25 i (%)
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evaluated far variouﬁ '\.falues of T by Planimeter. Using etiua.t-ion‘ (4),
D(T) is given by . )
D(T) k(EE 0-2 g )+ 0. 8ke-3r A(TJ-A(T )] (;).) ‘

Ve o~ o --'

Equation (5) vas used 1in this paper to calculate the  maxinm dose i’oa:

sluple csses by calculating D(T) for various values of T wtil a rela-

.tive ma.ximwn was cbtained. o ‘ o DOE ARCHIVES
I:t' an :Lndividual 13 in & r&diation shelter :f‘rom time T to time _

i a.ncl then emerges, equation (3) must be altered to teke into account

71

the fae_t that from time To to Tl the constant k has one value, kl’

and from time T, to T a different value, k,. In this cese then,
" :

D) = L ' o2 e q.ee-acmét>]k1t.'1.a
o]

L
+f E).e + o.&'ﬁ(m't),Jket'l‘adt
T

1
(2 < 7> 1), (6)

This form can be simplified to glve

D(T)-kl(T'oe 2,°2) + 0.8x,0"T [a(r )-A(T)]

+ kp(1)-0.2 4-0.2) 6.31&@-'5" E(T ) -A(Tl)].
Equation (7) vas used to find a second relative maximum damage dose
(1f any) which occurs after an individual leaves shelter. This can %
be compared with the first relative maximm occurring before he
leé.ves the shelter. The largest of these is,. of course, the maximum

damage dose during the time interval considered.,




(,3)':

()

(5) e
- Rate of Gemma Radiastion at Various Times After an Underwater

" “Atomic Burst", W. J. Heiman, Kovember 1952. SECRET, Restricted
. ‘]}B.'b&.‘ - . i U

o "Bestricted-ﬁata_ "”.'," -_'.f. .

WSEG Report No. 9: "An Evalua‘tion of U.S. Ca.pabilities in 1956

=

and 1960 for Employment: of Radiological Warfare Weapons Syatems

in Air and Ground Opera.tionsA ). October 1953.__ TOP SECRET,. .

Headquarters i -7 1ette1* subject “Rs.diologica.l Surveys 01'
Several Marshall Island Atolls®, dated 18 March 195k, with
enclosures. . SECRET, Restricted Data. - . .

 AFSHP 351-B: "Super Effects Ha.ndbook", Second Reﬂsion, Decenber

1953. SECRET, Restricted Data. } . DOE ARCHIVES

USNRDL Draft Paper 006705: ™"Scaling of Contamination Patterns,
Surface and Underground Detonations"™, Ksanda, Hinvielle, and
Yoskin, 1953. SECRET, _Restricted Data. .

1

USIEDL-387. ' "Contri'bution of Different Chemical Elemen:ha ‘t-o the

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

" 1953. Unclassified.
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