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NOTICE 

This report is published in the interest of providing information which may prove of 
value to the reader .in his study of effectsdata derived principally from nuclear weapons 

tests. 
This document is based on information available at the time of preparation which 

may have subsequently been expanded and re-evaluated. Also, in preparing. this report 
for publication, some classified material may have been removed. Users are cautioned 

to avoid interpretations and conclusions based on unknown or incomplete data. 
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ABsmAcT 

The radioactiYe fdl4ut Born tower shots of Tm4EU3R/SmPPgR 

d UPSH~/XNoTHOLE (R) Teat Operations has been plotted in detail 

utiliaiag the radiological monitoring logs of the ground and air 

- 

. 

00 

monitors. The report brings out the folloubq points: 

. a. There is no exceasiva radioactive fall-out fkon aa 

atomic bomb if the fireball doss not touch the ground. (This refers 

a to the maximum firebaU radius.) 

b, It is poaaihle to detonate the folloving type of shots 

kgardleaa of weather ‘conditions .(other than rain) vithout producing 

aceaaive radioactive contamination: 3 e bomb exploded fioat a 

. 

loo xTf?oraloooft, and 200 Erirolauoo ft. Inthis diacuaaioa o* 

the residual radioactiva contsnfnation is considered and no acoouat is 

t8kext of the blast aad thermal daxzags parameters. 

a. It.18 poaaiblo to delineate the general faU4ut area 

adequately using a simple Stokes' Law auelyaia of the viada azri aaauuiug 

that the particle size varies from 150 micrena to 75 aimna, and the 
* 

average density of the particles is 2.5 gram per cubic centirmter. I 

d. WB r&u baaed on the actual uind observations mado 

thrro houra prfcm to ahot tize indicates the general fall-out area ado- 

qrtstdy. It is suggested that the deoiaion to fire a contazinating to=r 

ahot (i.e. where the aaair& fireball radiuaia equal to orgmaterthan 
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lethal concentration of radioactivity may extend 30 to 50 milea dounuind. 
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the height of the touer) be made after consulting the radex plot 

bad upon the 

ei, 

soil debris is 

uken a aomfnal 

latest available winds prior to shot time. 

It is estimated that 50,000 to 2C0,COO tons of sand and 

sucked up into the stem and mushroom of an atomic ?loud 

bmb is detonated from a 300 ft tower, kr vieu of this, 

it is suggested that the radioactive fall-out 

small mass of the touer would be negligible. 

f.. If it is intended,to use soil 

due to the relatively 

stabilization to reduce fall- 

out, the soil within a radius of approximately one mile from ground zero 

must be stabil.ized by cement or other permanent methods. Even if a cir- 

cular srea of only loc0 ft diameter ia permanently stabilized, it may 

still reduce c:ontaminating fall-out. &rely stabilizing the soil around 

the fmnediate ground zero area with oil or water til probably have very 

l&ls effect upon radioactive fall-out, since it vas shouu above that 

very :Large quantities of soil are involved in a contaminating tower shot. 

g. Iktrapolation of the fall-out information in this report 

&a the case of 10 megaton bombs exploded on the surface indicates that 
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~efall_aut~omT~~LER/SNAPP~(Ii6stricted) snd UPSHUT/KN~HOU 
. 

(Restricted) Test Operations Is examined in some detail in this report. 

The radioactive contamination resulting from the tower shots of the 

above-t- test operations is plotted pictorislly (see Figures 1 through 

9). Both the air and ground rsdiological monitoring data contained In 

the Eadlological 

utilized (1,2). 

II. RADIOAcTIvTe 

Safety Reporta of the test operations have been 

FaLLOUT DUET0 UNDAND SOILDEBRIS FROMTOVaZ SHOTS 

OF TU!4EWQ/SNAPPER (E) MD UF'SHCE/KNOTHOLX (R) TET OPERATIONS 

A, Radioactive Fall-out as a Aurction of Yield and Height oi 

Ibtonation Above Ground 

During high afr drops of 

stem formed to the atomic cloud. 

creased, or the yield of the bomb 
J 

nomiaalbwnbs 

As the height 

Is increased, 

there is practically no 

of detonation 1s de- 

a stm.is foraed which 

may dr may not reach the rapidly rising mushroom. As the height of a 

bomb is reducer-still further there app8ars a definite stem to the cloud 

uhich Is continuous with the mushroom. However, no extensive fall-out 

.occurs vithin lmmdiate area of the test sit8 unless the height of 

detonation ia se low that %he fireball touches the ground. An inspec- 

tiaa of Table I brings out the fact that unless the msximmfimball 
~ADIUJ 
4-kamtwis greater than the height of burst there is practically no 

radioactive fall-out uithin 200 miles of greuud zer* (fall-out being 

1MS than 1%). Dming 

in a sufficient number 

, 

the tuo test operations this factor was reriiid 

of canes uo that it is possible to put considerable 
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cenfidence in the fact that no mdioactioe 

-3 XT bombs exploded from 300 it tovem, or 

towers, 18 XT bombs fr& 500 ft towms, 45 

fall=sut'Mnld 

fodnbombs 

KTfrom7OOft 

from4ooft 

tOMF8 j 0tO* 

It is also pamibls to explode a 100 XT bomb at 1000,ft and a ZOO ST 

bomb at 1500 it; abme terrain withoat producing aoesaive fall-out ia 

’ the absencm of rain. It is realised that csnstructim of tovers higher 

thsa 300 ft'rq not be feasible from an-engineering standpoint. Howe& 

ifthemaxlmumfireball~rsdius is kept above the grsnnd, it u&d bsl 

possible to tewt atumiu bembs in 'tie do&estiu test site at XPG lade-' 

pendentlylof the usather (uith the exception that it should not be 

raining at the of detonation vithin 100 miles). The nuws of the tow 

does not ContrAbuts matsrislly to the faU+xh. Iir order to prodwe u) 

to 20%faXl-& fmanominal bombs, appmxlmtely 50,OOOto lOO,OQO tons 

of sand.aad so:U debris is required. Certainly the presence of 10 to 

100 tons of tower mater&al uould not alter the situation OraterialJy. 

'A.considerable amount of sand and soil debris is sucked up into the 

‘atomic: cloud for low air bursts vhenthe fireball oomes close to the 

grslmd. Howevier, this sand does not scavenge out any significant per- 

tiens of the b'wtb (less than 1%). This is surprising. It appears that 

before sazxi could scavenge out any radioactivity from ths atomic bsmb, 

the f'ksball~ustlaptho gronnd. Apparently, sand 1~ coated with a 

rignificant amount of fission products only during the reap early stages ’ 

of tb cloud history. Also it appeara that il3duaed autitity in the soil 

of MPG contributes little if an-g ts the fall4ut, except for the 

aonWaination on the tmget area itse,U. 
~NNASSIFIE~ 
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In the past there has been considerable criticism on the advfa- 

ability of using extrapolated airplsne data for radioloqfcal monitoring. 

&iever, in this study, it is possible. for the reader to judge for hb- 

sdv the accuracy and the usefulness of the radiological data collected 

bp aircraft, since the air readings and the ground readings are indivi- 

dually plotted for easy comparisoa, A careful study of the airplane 

data shows that it la not possible to obtain accurate indication of the 

cents&nation on the ground if the contsminated area is leas thsn five 

square miles. Ekmver, for loge area contamination, the airplane data 

f8 useful. This means that there need not be any ertremv accuracy n- 

quired in the navigation of aircraft, since errors of one or two miles 

aouldba tolerated. Ih same instances the airplane data is more useful 

than the gmti data in delineating the overall radioactive fall-out 

plccrrrs. Thiu ~8s demonstrated same&at dramatically during the first 

shot of U/K Test Operation. During this particular test, St. George, 

Utah received axa infiaitymE&ImIa dose of 0.5 roentgens in the center 

ef the aity (see plgum 51. However, the airplane reading indicated 

that the contamination at St. George vas 3.3 roentgens. This ifas quite 

disconcerting at the tim. It developed later that just at the northern 

outskirts of the city there uasa amall radioactive zone of 6 roentgena . 

aad further north there was a five mile ulde layer with an average infin- 

ity dose 02 3 roentgens. &at the airplane had done vas to average the 

total and give a 3.3 reentgen 

tude of 500 ft, and therefore 

reading beaauae it vaa nslng at an altl- 

t&e instnmreot in the plane could naeel a 

UNCLASSIFIED 



. greater area than the instrument of the radiological monitor held at 

three ft above the ground in the center of the city. Actually the 
. 

aIrplane readlng should not bepinpointed to one spot on the ground. 

It should be considered rather an average area reading of from'tuo to ,- 

five square mil!ea. In the went that the reader is skeptical about the 

value of airplane readings it would be highly inatzuctive to plot the 

oontezeination pattern using air readhgs only and then to fill in the 

ground readings on main roada. This would indicate the general accuracy 

of the method involved. It ia not clear to the writer how it would be 

possible to measure the radioactive fall-cut adequately from large twer 

ahota (lo to 50 KT, detonated from 300 ft touera) at the domestic test 

site without the use of aircraft, because in such cases the fall-out azwa 
. 

wvam~ 5000 to 10,000 square miles. Certainly it would be necessary to 

W&B at least four readings over 100 square miles. This means that 200 

te 400 stations must be established within the fall-a& sector. kperi- 

knee from past atomic test operations indiaates that the actual fall-out 

areabeeomes c3.early evidentonlythree to sixhours pretiousto bomb 

detonation. Ibis means that at least 1000 to 2CCC fall-out stations 

must be established in a given quadrant in order to obtain adequate aam- 

pling of the radioactive fall-out. Certainly the cost of such an opera- 

tion is prohibitive. If proper colmnrmications and usable road8 were 

available, it would be possible to sample the fall4trt adequately by 

usingapproximately highly~bileteams. R&ever, at the domestic 

test site there are very few usable roads. The fall-out would be dis- 

. carered only fir it centaminated a,given cearmrmity nhese there were 



monitors. If tuo or three aircraft and approximately one dozen 

trati.sd personnel are devoted solely to radiation monitoring duties 

it would be possible to delineate the general fall-out area adequately. 

A complete fall-out map could be prep&-& from ths air readings &me 

the contamination is given in relative units. Than all that is required 

is a few grouxxl readings to change the relative readings of the fall-out 

map to gamma roentgen dose values. If this suggestion is accepted, it 
. 

should be kept in mind that air readings should not be utilized to deter- . 

mine the contamination of euch small areas as ground zero etc., since it 

is futile to attempt to pin point the contamination of a given small. area 

from an airplane. Experience also indicates that although the conductiv- 

ity meter used in an airplane is very sensitive to contamination in the 

air, the normal radiological gamma ixlicating instruments (m-5 and TlB) 

are relatively insensitive to such contamination. If conductivity meters 

are used, the aerfal survey must be made 24 hours after shot time to be 

sure that the air is cleared of.alI radioactive fall-out (uithin200 

miles of ground zero). VML5 0rTlB instruments are used the aerial 

survey could start tuo or three hours after shot time. The flight. 

pattern will be governed bp the radex plot to keep the airplane out of 

the path of the fall-out. Historically there is only one incident in 

uhich the M-5 or TlB instruments carried in the aircraft became contam- 

inated during T/S or U/K Test Operations. This occurred durfpg T/S, 

Fbr Shot (see. Reference #l) and is indicated in Figure 2 of this report. 

the f2rst shot of U/K (Annie) the radex plot shoued a very 

path of fall-t, and it vaa indicated that the aircraft corild 

~N&&IFfED 
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. not GROSS this path for six hours without contamination. Since the 

. 
information was required before this time, one airplane uas allowed 

purposely to cxoaa the area that ma presumed to be contaminated. The 

aircraft r&zeived. an external contamination of 15 mr/hr, but the in- 

struments inside the aircraft did not appear effected. In many cases, 

notably during U/K, the aircraft show3 the ssme contamination pattern 

from 

into 

five 
. 

one day to the other provided the tB1e2 decay factor was taken 

consideration. In some examples readings uere displaced four or- ’ 

miles in space, but this is to be expected due to weathering and 

because of the speed of the aircraft. The very fact that an airplane 

would show about the same. intensitjr of radiation on one day as the’ next 

t 
(provided decay la accounted for) and the contaminated area remains 

. 

essentially the same from one day to the next should be sufficient proof 

to the skepti3 that air readings are useful. For greater details it is 

recommended that Reference #2 be studied more closely. 

C. Particle Size Mstribution of the Soil Sucked up into the 

Atomic Cloud 

A study of the fall-out plots shows that the sand and soil de- 

bris sucked up into the stem and the mushroom of the atomic cloud 

averages from 70 to 150 microns in diameter if it is assumed that the 

densityr of the particle8 is approximately 2.5 gq/cn?. The determination 

of the particle size distribution of the soil debris sucked up into the 

atomic cloud at Nevada Proving Crotmda is possible because the vertical 

uind distribution and the radioactive fall-out on the grouud have been 

. measured~, w 8188u~ning the Stokerr* Law of fall-out applies to the case 

. - WCLASSIFIED 
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.@f such large particles (70 to 150 microns), it is possible to prep'=8 

a &ple wind vector plot indicating where the fall-out will touch th8 

ground &ML a giWn point in the atOHLiC ClOti. Th8S8 Wind plot8 haVe 

been used prevlouely under various nameS,Snd have been described in 

great detail (3, 4, 5, 6, 7), therefOr8 no attempt uill be made to 

describe th8n&hod fnthi~r8p0& Emever, Such vector ulnd plots 

have been used extensively Q this miter to obtain a lot of indirect 

. information. There iS SOI& indication that soil particle size d8Crea88S 

with i&It&e in the cloud. It should be clearly IUKd8rStOOd that the 

paX%iale aizes'tiicated ,above refer to the median soil particle diam- 

eter, and that the Soil pEPtiC size SpeCtWll iS tide. Th8 fa&-oJlt 

at a @V’3n spot may have Come from different 18V81S of the &nId, thus 

ibrthet i?XWaS~ th8 spw'ad of the Size SpeCtrUL Th8 density of 

particles at NPG average around 2.5 gm/ar?, but certainly not all the 

particles would have the same density nor are they all spherical in 

ahape and this al80 increaees the particle size distribution. Strangely 

emu&, during the domestic test operationa it waS obmrv8d that many 

peU%iCXlea ia the Size range Of 0tiy severti microns in diameter fen Out 

dthln a few houra after bomb burst. According to Stokes' Lau (even 

uhen uorrected for the Cunningham slip factor and for the variation of 

air viscosity with temperature) it would take a 

months to reach the ground from 40,000 ft. Th8 

found in the fact that a largequantity of soil 

5 micron particle several 

explanation is to be 

is sucked up into the _ 

cloud and as this 8oil Subsequently falls back to the ground, it en- 

trains and trap8 a lot of air and a lot of small sized primary fiseion 

. UNCMSSIFIEB 
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fragments. Thismeansthat inatypicalfall-eutareavher8the wind 

vector plot -cat08 an average particle diameter of 100 miamns, them 

trill b8 fOUIMi a considerable ntnllber of Q&ltr (1 to 5 micron) a8 UOll 

a8 larger (1% to 500 IBiCmn) pWtiC18S. &Uever, th8 majority of th8 

fall-out partiClea vill be appmximat8~ 100 EiCr8nS in diameter. kt 

the majority of the fdh3Ut activity will b8 in particles greater than 

100 miCmnS Uh8n th8 ntxwrical median particle diameter is loo miOr8n8. 

Thie is because activity of ths.aoil particles coated with fission pro- 

ducts is prOpartiOLUAl to th8 square or the cube of th8 particle radiU8. 

&r 8-e; if it is assunmd that the idowing numerical particle size 

distribution 8XiStS: 

. 

9% of the 

20%Ofth8 

58Oftb8 

2O%Oftht!t 

5% af the 

Thenthe aCtiVit~lIBdia!l 

partiCl88 ~8100pliCr8XkS 

PaZTtiCl8S 8m ?s&CmnS 

patticlelr am 50 ticron 

pEWtiCl813 3X8150priC2Wn23 

particl8a are 200 microns. 

uould be carried not 9 100 micron particle8 

but by the 150 or 200 micron particles. Uithin a few &es of ground 

zero, th8 parti018 &36 distribution i8 even uider. k-tiCl08 Of 5m 

to 10,000 microns vill fall at the same tin8 aa 500, 100, 70, 5 and l 

m+cron @i&8. It is believed that the fall-e& methed of detcrrmip- 

w general partiC 3iZ8 indiCat88 the COfi8Ct Ord0r of etude .- 

, 88p8ciay when fh8 v81?ti~a &xi distribution ha8 large aq&Ar vend 

6h8a~1 (thrr8 pfnpOfntiX!g th8 8XZWt height ir811k lmfch th8 fti4Ut 

particles arrived). Houev8r, +A8 use of '&SCad8 Impactom, glectro- * 



static Precipitators, etc., yields particle size distributions that may 

have no relation to reslity;being artifacts introduced hy the ssmpli& 

rate, the sampling method, the counting technique emplayed, etc. ibren 

mecbanic~ soil sx&ysis of the NPG area produces conflicting restits. 

The m8dian soil psrticle diameter appeara to b8 a very strong function 

of the method CUI@~@ to measure partic siZ8~. The reader should b8 

oautioned that in this section only the particle size of the soil debris 

ir diSCussed and ne statements ar8 made concerning the particle size 

’ distribution of the cloud aerosol itself exclusive of the soil that is 

sucked up into the cls& during near surface explosions. 

D. n8ntirping W-out from the Stem and Mushroom of the Atomic 

Qoud 

A study of Figures 6 through 9 of this report indicates that 

there is a minimum radioactive fall-out area uhlch is presumed to have 

come from the area between the bass of th8 mushroom and th8 top of the 

stem of the atomic-cloud. The minimal radioactive 

and the mushroom has some reality in observation. 

shots of T/S aud U/K Test Operations the clear sky 

zone between the stem 

During the tower 

showed through In 

this portion of the atomic cloud after 10 to 15 minutes,from time of 

detonation, For some unexplained reason the formerly continuous stem 

and mushroom appear to separate after 10 to 15 minutes. The reader may 

have seen movies of air drops uher8 the stem is seen to be discontinuous 

rdth the mushroom from the start, because it forms after the mushroom 

has begun to rise. This is 

however, because during low 

not the proper explanation for this case, 

tover shots the stem and mushroom are contin- 

. 

. 
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uous from the very start and 

which time the discontinuity 

motion in the mushroom which 

until the cloud is 10 minutes old after 

begins to appear. Perhaps the toroidal 

forces vast quantities of outside air into 

the cloud has something to do vith this discontinuous region betwea the 

top of the stem and the lowei portion of the mushroom. Since the blue 

sky is readily observed in this region, it is assumed that the radioac- 

tive concentration is lower. Certainly the U/K fall-out plots shovn in 

Figures 6 through 9 verify this assumption. In effect then, the fall- 

out plot may be thought of,as the "shadow" of the stem and.the mushroom 

of the 15 minute old cloud. If this be true, then it may be possible 

to utilize the fall-eut plots of this report to determine the rate of 

grovth ofthe cloud with time. This lnfermation uould be of some value 

in determining the average rate of dilution of activity in the cloud vith 

. 
time. The rate of growth 

Table I& A study of the 

ksdltxsofsa atomiColoud 

time of detonation. This 

of the tower shot clouds are 

table iadicates that, on the 

Ptushroom increases four fold 

average has been observed to 

hTs after shot time. Howver, the 

elliptical area where the major tis 

astheminortis, 

indicated in 

average, the 

every hour after 

hold until eight 

fall-out occurs more or less as an 

may be twice or three times's3 long' 

& Percentage Fall-out from Stemand k&room 

Table I indicates the percentage fall-out from the stem (Ps) 

and the mushroom (P,) of the atomic cloud. The ratio of PJPs is 

approximately equal to 0.3 for Operation UPSHOT/KNOTHOLE (I?). This 

indicates that for 20 to 50 KT bombs detonated from 300 ft. towrs most 
t, 

-. 

- 
. 

. . __. 



ofthefall-outaomsa from the stem. The information avaIlable fromthe . 

fall-out of T/S tower 8hotr is not saiiicient~ detailed for this typo 

of aaaly8i8, but it appear8 that for lesser ET towr 8hotr (10 XT) the 

8oil in the. atem remaIna relatively fneictive, and most of the fall-cut 

C&38 Qonr the sandmixed inviththem~strmmoftbe alot& Therefolr 

for T/S Test Operation the PdP8 rat.'.% may be 2 er 3. If the ratio of 

P&8 contiauea to decrease tith decreacring saabd height then for a 

aurface ahot8large peraentage of the activity uiSlbe in the 8oil 

dthln the atem rather than the soil in the m&reom. Attention 18 

invited to the relative constancy of the P#/P# ratio for U/Kto#r 

llhOt8.' Thi8 type of aonetancy tend8 to fncrea80 0110'8 confidence ia 

thefau4utpicttlre indicated inthis report and Infib air ZWding8 

utlliaed t0 deliaeat the oontaminated are& During 'I/S to-r rhotr 

approximately 15% of the total residual activity of the baab fell out 

dthin six hours over au area of 5ooo te ~,~'aquare &or, 5% ea~bg 

f!&a the 8tem and IO% fhm the m&room. During the totar ahot of U/K 

the a&age percentage falLodt appear8 to be 20$, 15% eombg fram.the 

rtam, 5% fkom thexuhroo& AacoFdingto Refemnce#9,5o~ofthe 

total aatirity‘of Unity vas deporTted immediately downwInd (23 X!I, 

8hotfmm a 200 ft tever). bYever, it i8 not dear hov mapleto the 

8tudy of fall-sttt W!M during the Trinity explosion. ‘Zhere i8 8e~e 

evIdencethat kheughan attentpttiamade to delineatethefall-srrt 

quite amarately 8ome years after the Trinity explo8ion, the fall-cut 

pattern km8 not studied An tea great a detail on the day of the shot 

or som thereafter, . 
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m.Lout 

detailed 

CslcuIated Percentiage Fall-out from JANGLE (Restricted) Shots 
:; 

Diriq: JANGU (R) 

measurements were 

- Surface and JANGLE (R)-Uhdergrouud shots, . 

made only close to ground aero. Actually no 

mea9uremnt9 were made beyond three miles dounwlnd of ground 

aero, and the total 9rea covered by the measuring stations did not 8x0 

teed io ~quam miles. Ikom Table I i is readily apparent that 10 to 

50 KT bomb8 front Xl0 ft towers produce contaniination which spreads 

over several tlxousaud square miles. It woulg be logical to assume that 

evmfer t&e 1.1 and 1,2 ET yields.of the JANGLE (R) shots the fall-out 

must have spread out significantly beyond three miles downwind. wit- 

three miles of ground serol 10 to 15% of the residual aotitity of’the 

. 
JANGLE (R&-Surface bomb waa.deposited in 3.5 square miles. Similarly 

’ 5oy* 
-of the JUGI (R)-kderground.shot '~a3 deposited in the vicin- 

. lty of ground zero tit* -A 9qu9re mlles. It is the contention of 

this writer that ii the fsll-out was studied 50 to 75 miles. dounwind it 

tiuld have been found that more than 35% of the J-S and more than@% of 

the J-U shots fell oat due to soil and sand scavenging. 'This contention 

is based on the relation of percentage fall-out to scaled height as in&- 

catsd in Table I. Certainly as the height of detonation approaches the 

ground th6 percentage fall-out must be at least greater than 20%. Theie 

19 also some evidence that actually the fall-out from the JANGLE (R) 

9hot9 covered relatively large areas. An aerial survey made at D+l day 

of J-S and J-U area9 (10) indicates. that the total fall-out area was 

2500 square, miles for J-S and 1700 square 

. agreement with the relatively large areas 

\ 
. u~~&SlFlED 

miles for J-U. This is in 

found for the T/S and U/K 
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touer shots. According to Reference #10 there ia a definite secondsry 

m&mum fall-out area 50 miles NHE of the J-8 orater, and the e 

fall-out from J'U is 10 miles RBZ of the ground zero. A stokea' 'Iav 

8ndpfs of the J-S secondary mM.nuz6indicates that according to the 

vertical winddistributionpattern, this reccmdaryfall-otlt O~fPan , 

thmlpperpartionofthe CbwL since the fall4ut frcaR J-S and J-0 

ahatr ccmred one to tuo thousand spaare ndles, aad became only eight 

to l0 square miles were exminecl during fall-e& ~~IXSBS, it la the con- i 

teation of this writer that such swing una not representative. There 

ir a great likelihoed that most of the fall-out dovnuirx3 was not mea- 

sured. The Air Force Special Weapons Center also surveyed the J-S and - 

LIUfaU4utarea on D and Ikl days wing aircraft. Houwer, since all 

the readings (except ground zero aadthreemilesdounvQd)are made 

fkom &craft, it ia not considered reliable by itseli. Air readings 

must be aheoked dth several ground readings before they could be cen- 

aidered reliable. ALSO, it appears that as the pield of the bomb 

decreaaer, the apparent percentage faILout increases. As a matter of 

fact for U/q shot Ray (100 ft tower, 0.3 XT bomb)'the percentage fall- 

out appeared to. be la excess of 40%. This value ma not entered in the 

tables since it is not considered reliable. Howver,it doea Indicate 

thattienthe actaalfall-oat; ir small (because the boabpield ia small) 

there is a tendency to overestinrate the percentage falkmt. If the 

bomb yield is large, a large area is contaminated a~33 the i&en&T i8 

high ami readily measurable. Uixier suah ciroumstames eanplbg 18 

adeqarte'and the amra&xg preeees used in deteminJng pmcentagefall-out 

UMCIASSIFIED 
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XT bombs, the 

total fall-out on the ground is small even if all of the residual ra- 

dioactivi.ty is deposited, say over 1000 square miles. Integrating few 

wale rea&gs over large areas vlll produce large errors and tend to 

shou high. percentage fall-out incorrectly. As a matter of fact, U/K ’ 

Ray Shot &how 25% fall-out tithixi 225 square miles and a total of 40% 

falLoutuithini500 squaremiles. This i,s certainly too high and due 

to samples uhich are unrepresentative. An inspection of the fall-out 

pbts 8hom in Figures 1. to 9 indicates that as a aininrum there are 

fotm dr readings 

. spersed with mapy 

this study200 to 

per &o square miles. These readings are then inter- 

ground readings, It should be noted that although in 

MO redlngs’are utilized to sample 5000 to 10,000 

Square miles, in studying the world-tide radioactive fall-out only 200 

.to 500 sampling stations are available for all of the United States or 

the uerld. It is,the contention of this writer that such samplfDg may 

fncorporate large errors 'in it. 

G. The Ueight of Soil Debris Sucked up into an Atomic cloud. 

Since the percentage fall-out and.the area covered is plotted 
. . 

fn Rgures 1 'through 9 of this report, it is a relatively si;cple task . 

-to determine the order of magnitude of.the weight of soil sucked up into 

an atomic cloud for near surface 9xplosions. It vi11 be assumed that 

all fall-out particles are 100 microns in diameter, have a density of 

2.5 gm/cx&ind the specific activity of each particle is 10 micro- 

ouries of fission products at H+l hours. Under such assumptions it is 

clearly e*Pident that ~rom~1000 to 5000 tons of sand and soil debris are 

. . 
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__ ..__ 

q#&.,:,^‘;’ 

coated uith fission products. v it 18 presumed that the ratio of 

inactive soil debris to active sand in the fall-out area is 100 to 1, 

then100,ooo to 500,ooo tens of sand aud soil 
.a 

each u/xtouer shot. If this view is correct 

rence of 10 to 50 tons or tower material ulll 

on fall4utfrantower ahots, The mlrprislng 

debris were sucked up by 

then certainlythepre- 

not have a profound effect 

thing is that. even uhen 

such large quantities of roil is sucked up into the cloud in aa~or 

ln8tancer no crater i8 formed at greuad aero. This me8n8 that only a 

few inches of soil i8 lifted up from the area of ground aero. &ttib 

one inch of soil from au area of approxdJmtelytu3 square miles vould _ 

account for the total ~~8s of eoil. debris sucked up in the atomb cluud. 

It may be possible to reduce the fall-out from lou scaled height detona- 

tions bp 8tabiliting the soil in the target area. &uemr, it q be 

necessary to atabillae permanently one to five square miles of the target 

area in order to prevent a sfgnlficant amount of soil fkom being mixed 

up ulth the atam au3 mu&room of the atomic cloud. It is recomaended 

that withAn s circular area of approximately 

area.be firmly stabilized w oenent or other 

oatloa. It Is believed 

tower over such a large 

lntothecloud wouldbe 

f~4llt SigZlifiCaXlt~. 

thatiia10 IEbomb 

stabilized area, the 

one mile radius the target 

meaus of permanent 8tabffl- 

is detonated froma 300 it 

amount of 6oU rucked up 

reduced materitiy, thus reducing subsequent 

Houever, if it is impractical to permanentlf 

dabilire wch a large .wea, then it is suggested that even if a cm= 

area with aradius of 500 ft i8 permauently atabilised by cement or 

other pemament methods, there may still be considerable reduction In 
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the r8dloactlve all-out. This recoi+endation ia based upon the fact 

that no excerreive fall-out occurs uulebs and until the firehaIL actu- 

allytouchesthe ground. In ca8es vhere the fireball cam near the 

ground, but did not actually touch the ground, it vas observed that a 

large amount of sadl vas mixad into the atolnic cloud without producing - 

exce6eivefaU4mt. This ruggeste that, contaminating falLout is not 

dotem&& m much & the amount of soil mixed into the cloud, but pri- 

marily b the early time of entry of this soil into the fireball. If 

the fireball touches the ground vhich is permanently stabilized, it is 

hoped.that oaly a anall amunt of this stabilized area vould be pulver- 

ited and tbreun dp into the fIreball. It is assumed that.the sand and 

aoildebria thatvlllrush into the stemandmushroom of the cloud fma 

the periphery of the dabilited area will not arrive in tiue to be coated 

dth rirrslon producta by the fire4bd.l. Hovever, it must be kept in mind 

that the aeil stabi&ation must be of a permanent nature, 80 that the 

extreme mctioza created by the fireball will fail to pick up very much 

&at from. a relatively large areaaroundground zero. Certainly oil or 

mter atablILitation of the imediate gre&i sero area muld not possibly 

raiueethefaU43ut. Also, if the scaled height of detonation ia 80 low 

that craters are formed, no amount of penaanent soil stabilizatiod could 

possibIy be of any help id reducfng fall-out. 

III. VXRIFICATION OF FOXECASP FALLOUT PLOTS 

A. Verification of Radexes for TUHR~SNAPP&R (R) and UPSHOT/ 

gaoTHOLg (R) Test Operatlenr 

A study of the radex plot8 for T/S and U/K Test Operations 



using the actual winds three hours-before shot time, delineate the 

general fall-out area adequately. In Figures 1 through 9 the radex 

plots based on the H-3 and H-4 hour actual winds are superimposed on 
. 

the actual fall-out area. A study of these figures shows clearly that 

radex plots based on the actual winds near shot time delineate the fall- 

out area adequately. The area of meudmum intensity of fall-out could 

be located by this method tithin an average angular displacement of 

plus or minus five degrees. The angular displacement of the center of 

the mazdmum fall-out area does not show a displacement greater than 15 

degrees. Considering that the M.nds are four hours old in these radex 

plots, it becomes at o&s evident that there is considerable persistence 

totheulnds. Certainly if the decision to fire a potentially contamik 

ating shot is delayed until the last two or three hours, it is difficult 

te see hov large errors could be made in the radex plots. Fortunately 

it appears that the simple Stokes t Law assumptions are valid for 70 to 

150 mioron particles, which are the main cause of the radioactive con- 

tamination within ZOO miles of the domestic test site at the Nevada 

Proviag Grounds. 

?. Verification of Radioactive Fall-out Forecasts 

Afterthe writerhad analyzed the fall_outfromTWL~ 

SNAPPER (R) tower ehots it was possible to forecast that 10 to 15 XT 

bombs detonated from 300 ft towers would produce 5 to 20 roentgen life 

time doees within the populated areas in the periphery of the Nevada 

Test S&t?. This information was made a matter of record and called to 
#- . . 

‘_ .! 
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the attention of interested personnel in APSUP and Los Alamos several 

months prior to the start of UPHCI/XNOTHOLJ3 (R) Test 

vith the limited data available from a study of only 

Operation. &en 

the four tover 

shots of. T/S it vas possible to sake contamination forecasts which were. 

amply Yerified. This was possible only because data fmm previous test 

operations uas emmined in detail. It is the opinion of the writer that 

although sufficient information has been collected by the air and ground 

monitors during both T/S and U/K Test Operations, very little use is 

being made of the complete data gathered. Adetailed study of the pre- 

rious fall-out data should make it relatively simple io forecast qua&- 

tatively the intensity of fall-out from a bomb of given yield detonated 

fknn a given height. It is hoped that the pictorial plots of fall-aut 

indicated in the Qures of this mport will heighten the interest of 

more people in the residual radioactive contamination that uill always 

exLst for nominal bombs exploded at altltzdes less 

- terrain. The forecastsmadebythis writerduring 

listed below together with the verifkatioa of the 

casts. 

1. U/K, An&e, 16.8 ET, detonated fmm a 

than5OOftabcme 

thrw U/K shots am 

contamination fore- 

300 ft touew at 0520 

PST, 17 Nirch 1953. 
*_ 

8, Forecast at 2COO hours on D-1 day 

St. George-1 roentgen infinity dose 

Carr, - (bet-em Glendale & Caliente on Nevada 55) - 

5roentgens 

U.S. Fflahww 93 - (between Glendale and Alamo~‘- 

UNCL!iSSIF\ED 
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hvada Hinhuw 55 - (betueen Qendale and Caliente) - 

1 to 5 roentgem6 

GLendale - QI edge oiO.5 roentgen line 

b. Forecast at H-3 hcmn on D dav - 

Smeaslnsrrbparagraph6 above. 

a. Jferiflcati~ 

See pigum for actual f6U-outplcture. 

Sii. Geore - 0.5 roentgen in center of city. 3 roentgens 

in the northan outeldrt6 of the oity. 

Carr, -3.5 roentgens 

v,S. - 5 roentgeu6 a6 a maxIm6 onajmile 

Mp, 1 rottntgen on 20.-e strip of the highway between 

Glendale and Alamo. 

Bamda Hinhwas 55 - 3,5 roentgen wdmua. 2. and 1 roent- 

qSn liner ~~066 thi6 highmy. 

Uamq - I?0 uontamiuation. 

Glendale - If& coutnm4nntion. 

. 2. U.k, 26 Haney, ET, fmm a 300 ft tower at 0510 PST, 

_ ’ 24 Eirrcb 1953 

a. Porecaat at Xxx, .hou.re on D-l day. 

Qroom Mae - 3 roentgena 

Lincoln IfIne - 1.5 roentgens 

dl6Jm - 8 ruentgelv 
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caliente - 8 roentgena 

piocha- 1roeatgen - 

b, Forecast at E-3 hours on D dav. 

S88 Figure 68 for a map of the forecast fall-out. 

6B is compared vlth actual fall- 

6, one ie tempted to ask jtx& 

required from a forecaster. 

1.5 roentgena 

- 10 roentgena 

Al-. - No eontaminatlon 

Caliente - No contamination 

Rtoche - No'contamination 

krmSprings- N&4 contamination 

currant -Ho oontaminatian 

Qs- No contamination 

e. S. Highway 90 (betueen Pioche and ELy) - 1 roentgen 

Nevada Highway 38 (betueen Hike and.-) - 2 roentgens 

c. -cation 

See Figure 6 for actual faiLout picture. 

GroouMine - No contankmtion but 25 roentgen line 

~ppm%hed uithin 8&les ofthi pbCe. 

Uacoh bfh8 - 4.2 roettgens, 18 roentgens ulthin 5 

-88 Of thi.8 nrin8. 

dlapto~- Ho contamination 

cautkte - No COntnmlnatioa 
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Ely - 0.1 roentgen 

U.S. =gh=y 93 -1to 1.5 roentgens 

lkadaBghuy38 - 2 to 5 roentgens 

3. U/lr, Climax, 65 lE,_exploded at 1334 k above terrain at , 

au pm, 4 June 1953 

a. 

b. Sot delayed because of possible rain on Salt Lake City, 

lorecast . . 

Shoot this bomb at anytime regardless of the uinds. The 
. 

contamination on the ground would not exceed 15 mr/hr 

-at any paint. Since the fireball will. not touch the 

ground, no contsminatlon is forecast 

Utah. It vas feared that the rainmay bring down 

measurable 8zounts of radioactivIty (several mr/kr) 

ani thus precipitate an acute public relations problem. 

a.. Verification . 

W dose rate MS 11 mr/hr at Ii& hours. There 

. 

. 

Was no ertensfvu~ ftU-out,as forecast. 

Iv. FOREASTS OF RADIOACTIVB FALL-OUT EWN'IJIND FROM XEGATON YIELD BOYBS 
I 
, A. &recast of w (It) $KZ Fall-out .’ 
I 

kactically'no information exists of the actual fall&ut doun- 
. _.. _+ ,--. 

vind in the Pacific T& Sit.e. sfnce it is dlfVcult and very expensive 

to deter&n? the faJ.l-ou~ pattern over a%Z$a_ter utilizing buoys, 
: : 

i: . 

, 
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ok uhat might have 

that appmdmately 

greund aero tithia 

etc. Becauao dowwbd feZLout iafomation is almost completely- lacking 

for the large yield bombs exploded in the PacWc, emery statement made 

concerning such fall-out must be taken as mere conjecture until verifi- 

.cation is obtained at some future date. Keeping these provisions Tn 

mind, it ib possible to make the following forecast 

fallen out frcm IVY (R) MIXE cloud, It is belTwed 

3$of the residual actiqfty of the bomb fell around 

three miles of the crater in cross-wind or upvind direction. This means- 

that the upuind dose rate'vould be between 1Ood to. 2000 r/kw extrapolated 

to Ii+1 hours at a distance of three miles from ground zero. Dawnwind the 

dose rate may have been loo0 to 2OOO r/hr at a distance of 15 miles from 

ground zero. The dose rate 30 to 40 Ales dounvizld (?W then ZJ) n&t 

have been approximately bet-en 100 and 500 roentgens per hour extrapo- 
w.. 

late4 to E&hour. Fall-out then suerved to the ENE and then south and 

wmt. The fall-out 30 to 40 miles downwind must have been completed IS. 

83~ hcura, It probably started in one hour and the -fall4utln 

this area must have occurred at three hours (neglecting imediate fall- 

out within 15 miles of ground sero). This means that if personnel re- 

adned 12 hours in an area tithin 30 to U miles EU and R of ground zero, 

they may have received's 400 to 800 roentgen dose. 
._, .- 

.-. .--A- - -_ 
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In this’ discussion, it ha3 been as,3umeci that 15% of the 

tOtsl residual activity of the IVI (R) MTKE detonation vas ,ieposited 

doun&xd tithin 30 to 50 miles of ground zero in a period of six hours. 

It is also believed that appro&ately 353 of IVY (R) !4IiG fell out 

dthin X2 hours, and at the erd of tuo day3 50 to 75g fell out. If 

,thfs analysis is correct then a large percentage of the'residual activi- 

ti uas deposited in the Pacific Ocean uithin 500 to 700 Ipiles of ground 

SWO. It should be noted that this analysis is primarily based upon 
\ 

sc93.bg factors obtained from U/E tower shots. It may be that the 

extreme heights reached by the IVY (R) 14IXE Cloud may reduce the doun- 

ufnd f9lLout by as mu& as a factor of 10 over that indicated above. 

B. Ratrapment of Fission Roducts by Sofl Debris and Mater From 0 

Megaton Bombs in the Pacific 

It is amud that approximately l,OCO,COO tons of soil were 

cohd with fhfon products aud sucked into the stem and mushroom of 
S 

the'IVY (R) MIXE aloud. Lf the ratio of inactive soil to active soil 

ia 100 to i then approximateljr one hundred million tons of soil debris 

and wter were thrown up during this shot. Such a vast quantity of 

matter upon falling hack vill entrain large quantities of dr, gas-- 

products of the pxplosion and fission products. It should be noted that 

this statement is substantiated by the fact that the Cascade Impactors 
. 

indicated a mass median diameter of 1 to 5 micron sized particles *Aen 

the fall-out time indicated that particle3 of from 150 to 75 microns 

we- falling during TUMBLER/SNAPPER (R) and UPSHCT/KNCTHOLE (R) tover 

sliots. This means that erven for the relatively small tower shots 

I . 
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(12 XI! from 300 ft touers) a sufficient amount of soil, debris is picked 

. up to entrap micron sized particles as this soil falls back. CeFtainly 

‘&en megaton weapons are exploded on the surface, the amount of soil 
. 

throun up timeases sigaiflcantly'and uhen this re&ns to earth it 

entraps a large amount of air, 'gaseous products and fission products- 

It is assumed that water uould be equally as efficient as soil debris 

(if not more so) in this matter of entrapmnt. '&is may have izplfca- - 

tions &nportant in the radfocho=lfstry of atomic debris and in air sazpliq 

ok the atomic cloud. It also means that the close in fall-out wuld con- 

tafn large particles together tith ticron sized particles falling out 

'at the same time in apparent contradiction of Stokes1 Lsv, 

. 
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V. WUJI 'JTDE CG~~AXINATION FROM ATOIXTC BO.YBS 

Reference is n&e to Figure 10 uhich indicates the fall-out from the I 

tour touer shots of TU!!BLZf/SNAPPE3 ((R) and five large towr shots of 

UPSKOT/ICC7EIOLE (R). fn this composite plot only the faU=out dour to 

one roentgen infinity dose line la indicated. There is evidence that in 

some ereaa four shots uere superimposed. 21 other areas only two or 

three shots wre superimposed. &th the lnfomation available in this 

meport it mild be possible to detemine the amount of fission pruiuot8 

that hav& fallen In a given area of Nevada snd Utah from the NPG Test 

Cperations within MO miles of the Test Site. A close study of Figure 10 

shous that irr the Bike-Al-0 fertile valley (population lM0) the follow- 

ing three shots uere supsrisposed: U/K, timie, Rsfip and &on, Cer- 

tainly the concentration of fission products in such areas ia high 

enoqugh to study the plant and animal uptake of radioisotopes in a 

practical basis. The Figures in this report indicate radioactive fall- 

out using iaodose lines in roentgens. 'The dosage indicated would be 

received uhen exposure time is considered-infiaite. The relation betueen . 
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infinity 

one hour 

SR x x6 \ 

dose and conc&tratioa of ffaafoa prodpct~ (extrapolated to 

after shottfrPe)vithinthesreai8rerg8~4M roll0-: 
curlea per square mile, uiaere B IS the infinftg g8ma rar do8e 

in roentgena UB lndiaatad In pigum 1 thmugh 9. To 

let ua take a feu oxamplea. Refer to Egsre 7. Thia 

out fmm U/K ahot Badge+ In tbfa illu8tration there 

faodoas are8 on U.S. Eughvq 93 betnen Isa 

. . roezhgen area alao uxtandatp the Lpka Head 

the cencsntratien of fiaaion preducta veuld 

Vegas aal 

illwtrate thb, 

ahoua the rdl- 
ie a 5 roenttpn 

o?erton. Elia 5 

region. uithh this arm 

have been 2.5 x 105 a’108 

perquarem.ilehadthefall-outoccurred onehourafta ahottim. 
ti 

Since the avemgetimo of fdl-eutuaa aixhoura after detonation,ths 

mnaezrtration of fiaaion prodmtr at tine of fall-at \~ll 8pproxbwd8~y 

3 I Id, uurioa in mh 8qaare mile of the area. It should k notad t&a% 

_,,--- 
, 

doae 

aoae 

3xiiuates the fiaaion pmduot come&ration provided thr mti 

ulthb the area ir 5r throughout. Actually the aversgo infiaity 

tithin the area ia more nearly 7 roentgena 80 that the iiaalan pm- 

oonoentratlonattime of fall-at uaa ~0remarly4s~ curie8 

par quare mile. Sindlarly it fa poaafble to deternine the Strentias 

943 aonuenfmtion ulthin aa area l xml.oaed %y a given iradoae lias. If 

it i8 a88UWd that 200 mi88 Of StrOntiUU 

bmb, then the foUoving relation applies: 

of Stmntlus90 &thinan areaemloaedby 

Rmmtgen8. 'Ihi8ElWthJBttithbthe5 

the minimum eenaentration of Strontlma 90 ir 

and the avemge conuentration la 0.25 auriea 

90 iaf0z7mdfk0~aene XT 

there ara 3.3R x lOa curia8 

an ixfinitp laodoae line or 
roentgen area 7santioned abwe 

0.15 au2408 per qacrsU pil8, 

per 8quaremile. Cmiaiderbg 
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the fact that 5, 10, 15 and 20 roentgen infinity dose fall-out BPB%~ 

are shoun in the Figures, it appears that in some farming areas the 

be as high as 0.5 to 0.75 curies per 

In areas uhore the- fall-out from sevsrd 

could be higher. Emmr, 

where there is appreciable 

These areas range 

greater details can- 

suit the figures and the information contained in Table I. It seems 

apparent to the writer that the immediate area of the Test Site and the 

faming communities in the periphery of the test site (within 150 milss) 

may be examined profitably to deternine the uptake of fission products 

bs_ plants and animals, and for the effect of fission products on rela- 

tively small vater supply sources. It is hoped that the radioactive 

I 
fall-out areas indicated in this report vould be useful along these lines 

of eudeaver. The experience gain* in this study indicates that in or- 
. 

der to determine the uorld wide contamination pattern or even the percen- 

tage fall-out of residual activity in the United States relatively large 

number of sampling stations must be utilized. As indicated in Paragraph 

II, F above, when the fall-out covers a large area and if the intensity 

of the readings. are low, there is a tendency to overestate the parcen- 

tage fall-out. This is even more so in the case ;here rain brings da 

activity. If such reahings are averaged ov3r large areas by the ~39 of 

plahimeters, the percentage fall-out ms7 be highly exaggerated. 

t 

. 



. VI.. SCAVEXNG ACTION OF.SOIL REUTZD TO EPFICIEICY OF RAIfl SCAVEXGNG 

An attempt w8 msde earlier~by t+is miter to correlate sand 

rcavenglng to that of r&a ill) in order to‘obtain some itiication of 

the ezkent of the contamination area that may be produced by rain. kr 

tb pad, there hdbeen ntmm-cms statements made concerning the sca- 

venging a&ion of rain, but since no atomic bomb has been shbt in the 
I 

raia, a of these reports were based on unverified conjecturss. %me 

Of the report8 sxaggeratsd the radioactive contarnfnation by assuming 

that.25 or 50% of the totsi'residual bmb activity may be brought doun 

by rain and deposited over l0 or 100 square miles. 

. 
’ E&b&, the fall-out fro;P T'iJMSLER/SNAP?ZR 

(R) Test Opsr ti a on shoved that the conta&.natsd areas cowwed 3330 to 

. lOtOGO square miles, and not 10 to 100 square miles. Even if proper 

normalizing factors are used, it is obvious that on the average, rain 

fall-out uiU be over s&tended areas of 1000 to 3000 square miles. This 

ms8ns that the total activity deposited on the ground by rain uill bs 

comfdsrably less than earlier anticipated. Also it is obvious t&t 

sfme rain originates on the average below 20,000 ft msl, it cannot 

come .in contact tith the mushroom of a bonb greater than 5 KT, since 

tsst experistie shows that all bombs of this yield or greater reach ths 

tropopause (nonnally.at JD,ooO ft msl in ml&latitudes). This tends to 

reduce the fetis once raised concerning the lethal. concentrations of 

radioactirity that 

. that for 1 or 2 FT 

may bs brought 

bombs exploded 

dovn by rain. Housver, it is bsliewi 

during rain, a significant8mouut of 

. 



~ 

radioactlritp vfll be dep 

bombs are uaed’in a given aampalgn for area bombadme nt, rain rrcavexlging 

mn8tbdaken intO cam8iderationfB3mthemllltary8ad oirilia~defsnso 

pointofvleutithinth~ genemlbattle~area. 

VE.. ACCURACY OFTYE2ALLCUE PLOTS SHOLN IHFICURESl TRROUGH9 

Figurer1 through4 indicate the falLout fmm the last four 

. 

8Ilota of 

- cat0 .tha 

TUHE3LEB/SNAPPER (R). It is believed thatHguren1and 3 indi- 

fall4utqulto aecurately,butFQure82 andAarenota8 

acuurato; pigpro 2 dum the fall-ant Srm shot No. 6 of TUMBLER/SNAPPER 

(R). king thir. 8hot the al&f% became contaminated, hence mo8t of 

the d.r readings were unu8able. I"lgure 4 showa the fall-outfrom 91ot 

Ho. 8 of TUMB~SRAPPER (R). Since the radioaetfve contamination fell 

in area8 uhero them are no arrable roadi, there 18 pradifcally ne infor- 
. 

oration frim the gmund radiOlO&dl mOnLtoring teams. This mean1 that 

the ia&OUtfiOti8 baaed 

trapolated to the ground. 

Otlfrm .ihiS 8hOti8 U& 

practically completely on air readings ex- . 

It should be notedthatthe percentage fall- 

blow the average for this series indioatlng 

that U only air reading8 are ueed the percentage fall-cat 18 unaemsti- 

mted (see Table I for details). Figure8 5 through 9 represent the 

&U-out fkOm the large tover 8hota of UPSROT@GJTHOI.Z (R). Figure 5 

represent8 the fall-out from U/IS Annie Shot. It is believed that 

although the dbt& fall-out (50 miles to 120 -08 from ground zero) 

ia quite accurate, the fall-out within the gunnery r8.nge itself is open 

to question becaolre It Is dependent upon air reading8 only and no ground 

check8 have been made. It is presumed that the fa&otrt isdose line8 
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of ground zero probably cover too large an area. 

amR 

within 30 to LID mile3 

ActuaUy.ths reader is advised.to study the air or ground readings 

themselves that are plotted in detail in the figures. These are more 

accurate than the isodose lines dram about them. l?@re 6 represents 

fall-out from U/g Nancy shot. &spite the many readings shorn in this 

figure the close in fall-out uas not adequately covered, because there 

am no roads in the region uhere the close In fall-out occurred. T!lis 

has reduced the apparent percentage fall-out for this shot. F'Qglx-8 7 

represents the fall-out from u/K Badger sot. ??ere agaic the close in 

fall-out is not deemed accurate because there are relatively few air 

readixigs'ix this area ahd.no ground checks. However, this fti-out iS 

within the gunnery range where there is no human habitation, but the dis- 

tant fall-out in the Lake Mead region is presumed to be accurate. Figures 

8 and 9 represent fall-out from U/K Simor and Harry Shots. It is pre- 

sumed that the fall-out is adequately represented. The radex plots 

p&pared from the actual winds three to four hours prior to shot time 

are superimposed on the actual fall-out plots in Figures 1 through 9. 

These radexes uere taken. from References 3 and 4. Since the ground zero 

and the basic tips in References 3 and 4 are different fron: that used in 

this report, some adjustments were mde to correct this. This is espe- 

cially the case wfth the radex plot of Figure 7, It is fully realized 

that the infinity dose values indicated in the figures do not represent 

the actual dOgag received by people living in the indicated areas. _ 

This is because the dosage uithin a house may be less than the dosage 

outside. It should be kept in mind, houever, that ratio of dosage inside 





in the lowr stem is strongly proportional to bomb yield. The width 

of the fall-out mea from the mushroom of the cloud appears to be 

proportional.to the angular wind shears from 18,CO0 ft msl to a height 

qgroximately 7000 ft below the smximun height of the cloud. The fall- 

out from the mushroom is assumed to be elliptical in shape uith the 

aria of the ellipse obtained by a Stokes* Iaw analysis of the 

with the particle sizes indicated in the section below. The 

ads of the ellipse is generally one half the length of the major 

I&ever, if the angular vind shear from 18,000 f?t msl to the 

third of the mushroom is greater than 120° then the fall-out frem 

the mushroom is uide, The fall-out area in this case may be alzmst 

circular; In.the event that the angular shear in this same regiba is 

. only 10° or less, then the minor axis may be l/L to l/8 the length of 

the major axis. .Aa indicated In paragraph II, D, the fall-out from the 

stem and mushroom can be Sdentified separately, and it can be shorn that 

there is a ntinbmm fall-out area b&men them. The intensity of con- 

tamination in the lower stam increases with yield, but the intensity 

of falLout fkom the mushroom dees not appear to be proportional to the 

yield. As Indicated in paragraph II, E above, 10% of the activity in 

the mushroom cloud of T/S tower shots is scavenged out, but only 5% of 

the activity in U/K tower shots are scavenged out by mud. Since on the 

average the bomb yield for T/S to-r shots were half the yield of U/K 

tower shots, then this explains why the fall-out from the mushroom 

appears to be independent of yield. Actually as the yield of the bomb 

is increased for a given height of detonation (i.e.-as the scaled height 
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is reduced) the soil in the stem becomes more active, thus producing 

heavy contamination immediately dowmind. The total percentage fall- 

out Increases with yield (t&en height is constant), but the percentage 

fall-out from the xushroom decreases dth increasing yield. To a per- 

soh,uho has not analyzed the total fsll-out picture and who only chooses 

to utilize w readings, the fsll-out problem must appear even more 

complex than it really is. As a matter of faot, recently a set of 

empirical relations has beea developed on fall-out from touer shots 

utiUting only the ground readings from U/X Test Opera&n. The air 

madfngs uere not utilized out of impatience or lack of knowledge on 

how to use them. The T/S Test Operation data were not used because 

they were sore difficult to reduce, since iost of the fall-out during 

T/S Test Operations fortunately occurred North and Northeast of the 

Test Site uhere there are very few good roads and very little popula- 

tion. Sure enough a set of relations were developed uhkh indicated 

Intensity of fall-out to be independent of yield. Here is a goad 

example of the need to evaluate all of the data before mplrical rela- 

tions are developed. 

B. Construction of the Forecast PU.l-out 

1. particle Size 

Assume that the particle size distribution within a nominal 

bomb exploded at 300 ft is 100 microns if the maximum cloud height does 

not reach beyond 35,000 ft msl. The maxinnun cloud height is a function 

of the yield, the height of the tropopause, the lapse rate of the atmos- 

phere and the speed of the horizontal vinds. A nominal bomb cloud will 

. 

. 
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reach the tropopause unless the winds aloft &e above 70 lmots, in 

uhhh case the cloud may remain several thousand feet belou the tropo- 

pUSe. If it is wlculated that the cloud uill rise up to 40,000 or 

42,000 ft msl, then the particle size distribution in the cloud is 

assumed to be aa fOl.lOW8 : 125 microns in hwr third of stem, 100 

nicrens in the middle thkd, and '33 microns in the upper third of the 

stem;theparticle8 

meter. The density 

gm/ul?. mhfhls 

in the mushroom range from80 to 70 microns in dia- 

of aU sofl particles at NPG is assumed to be 2.5 

information it we&d be simple to prepare a vector 

uind plot based on Stokesf Law. This haa been done using the H-3 hour 

uinds, See F'igures l& 5A, etc. for illustration. 

2. Rkll-out Areas 

&ce the maAmum height of the cloud is established, and 

the vector wind plot is draun, one may begin to plot the faIl_out areas 

as fol.lovs: 

U. I4utl Roil! Mushroom 

Assume the mushroom is 15,ooO ft thick vertically. 

Rrau an ellipse whose maJor axis is represented & the 

vind vector plot from a level representing the top of 

the mushroom and doun 15,000 ft from this point. v 

the angular wind shear is 10 degrees or less from 

18,000 ft msl to a point approximately in the upper 

third of the mushroom, then the minor cuds is l/4 or 

118 the length of the major axis; if the wlsd shear is 

less than 120°, then the minor axis is l/2 ef the major 



b. 

, 

c. 

axis; and if the wind shear is-greater than 120’ then 

the fall-aut area from the mu&room is circular. This 

dllpcre uodd be centered at a point 7500 f't belouthe 

fepofthe~, and it will be referred to as 

gU1pr0 A. Hthin IUip~e A draw a second elliptical 

. 

B ia l/2 

major to 

F8ll43ut 

call thb ELipse B. The major cud8 of ,Ellipae 

Drau 8n elliptical area from ground sero to a point 

representing 25,CCXl ft m&L lend on the wind vector 

Plot. T!ilO minm EidS is 1/&'ths UkEhjOr cuds. '7bi8 =C- 

tangular or elliptical area is called Ellipse C. Within 

gUipse C draw Rlipae D starting from ground zero to 

a point representing the 20,000 ft ml level on the 

vimi vector plot wtth minbr axis l/1; major axis. 

bimilmitarly drau EZlipse E from ground zero to 15,000 

ft nlal level. 

Fbll-out Connecting- Stem and hhroom Areas. 

The fall-out outside of the stem and nxushroom 
I 

areas 

cannot be dram by any s$ecified methods. &UeVer, the 

general fall-out from growi zero out to 150 milea . 

appears to cmer a pie-shaped area uith an apex angle 

of 15 to x0. It is remmnended 

be following inthe coxwtruction 

that thi8 procedure 

of the fclrecaat fall-out 
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areas. The iti& COIUI8Cttrg area betuwn th8 St8ZU 

and xmlsbroom may 

tingarea%and 

%OM8Cting ama 

presenc8 of high 

k Straight. In 

be 10 to 2o” and is called gCoM80- 

th8 S8eOZId On8 25 t0 35', Cd.bd _ 

G." It shauld be noted that in the 

Shea??, th8 vind VSCtor&Ot vill not 

such iIlstanC8S th8 nam8 "8uiptiCti 

amas* or "r8ct+ar -8RS" should not b8 taken 

liter-. b a cases the shape of th8 fti_aPt 

area i8 g&ded by the wind vector plot. A study 

of F@x'ea lA, 2A, 8tC., viu. ilhStE3t8 the method 

-ployed* 

3. Iutensity Of Pa&cht _ 

ThO ~tdzuliiy of fall-orrt is deterabed by the infinity 

dose -8 v&k08 Msignad to the tnrrioua *8uiptfCti" and other BF8aS 

af fti4u't. m8 iX$fmty dose -8s are giV8n in mntg8nS. Th8 intSn- - 

ef the variOU8 rau43Klt amas arw indicut8d b8lov for different 

ax&d heights of detonation: 

EE!r DO,SgINIUIERrGWJS BOIJRDE4GTHZFOLLOMIXGAJEAS: 
Ilr ELLIPSE ELLIPSE ELLIPSB ELLIPSX ZLLIPSX AREA AREA 

A B C D E P G. 

0.1 0.01 
0.05 0.01 
0.2 0.1 
0.2 0.1 
0.5 0.1 
1 0.5 

f E 
2 l 

3 : 

0 
0 

i.5 
1.0 

3 
; 
5 

. 

0 
0 

PO 
210 
10 
lo 

ii 
10 

0 1 
0.5 
2 1: 

li : 
50 I.00 
100 200 

2 
400 E 
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DOSE M ROWTGEM BOUNDING THE FOLLOWING AREAS 
ELLIPSE 

A 

::; 
2 

: 

:. 

0.05 
0.1 
0.5 
2 

; 
5 

0 
0 
0.1 
0.1 
0.5 
2 

; 

0 

: 
0.05 
0.5 
2 

; 

0.05 
0.5 
3 
5 

0.5 

Ii 

ELLIPSE ZLLIPSE ELLIPSE ELLIPSE AREA 
B 

OI' 
1:; 
5 

E 
lo 
10 

0.1 
0.5 
1.0 

s' 
10 
10 

0 

00.5 
0.5 
1.0 
5 

: 

0 

0" 
0.1 
1.0 
5 
10 
10 

0.1 
1.0 
10 
2.5 

1.0 

t! 

C D E 

0.1 
0.5 

; 

; 
5 

0.05 
0.1 
0.5 
2 

; 
5 

0.1. 
0.1 
Oil 
c.1 
0.5 
5 
10 
10 

: 
0 
0.05 
0.5 
2 

: 

0.05 
0.5 
3 
5 

0.5 

105 

0.5 
1.3 
5 
10 
10 

: 

::: 
1.0 
5 

E 
30 

0.5 
0.5 
0.5 
0.5 
1.0 
10 
20 
50 

0 
0 
0 
0.1 
1.3 
5 
20 
30 

0.1 
1.0 

ii 

lk". 
30 

1.5 
2.5 
10 
20 
50 
200 
500 

0.5 

::: 

:: 
100 
500 

1.0 
2.0 

;:: 
3.0 

loM0 
200 

0 
0 
0 
0.2 
3.0 

1% 
500 

0.2 
3.0 

iz 

3.9 

1Z 

t F 
0 

2; 
: 
2 
2 

0 
0.2 
0.2 
0.5 
1 
2 
2 

0 
0 
0.05 
0.05 
0.2 
0.5 

i 

0. 
0 
0 
0. 
0.2 
0.5 
1 
2 

0.2 
1.5 
2 

0.2 

: 
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ii.05 
0.1 

::: 
1 
1 

0 
0,'os 
0.1 
0.2 
0.5 
0.5 
1 

0 
0 
0 
0.01 
0.05 
0.2 
0.5 
0.5 

0 
0 

0” 
0.1 
0.2 
0.5 
0.5 

0.05 
1.9 
1.0 

0.1 
0.5 
1.0 

. 
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However, such close fits me not justified in 

inherent in this process. The problem is not 

,:.& .:.; . .._.f.:_ 
.- .._ . ._ 

In the event that bombs greater than 10 RT are calculated to remain 

materially below ~,OOO ft ml (my 30,GOO to 35,OQ@ ft usl) then the 

intensity on.elipses A axd B should be increased Q one third of the 

values shown in the above tabulations. 

C, Discussion of the Forecast Fall-out Reconstructions in 

ThisReport. 

. 

A study of the reconstructions found on the transparancies 

(Figures lA, etc.) indicates that the forecast fall-out pictures 

genamlly cover more area than the actual fall-out and the mm- 

struction does not foUov the actual fall-out in detail. This is done 

purposely because the author feels that any attempt at refining the 

forecast fall-out is unjuatifieci. It is amazing enough that despite 

the simplU&Sng assumptions used (simple Stokes' Law, no vertical 
I 

~components to the uinds, assuzptions as to particle size, ueight and 

_ shape, neglect of ir.olecular and eddie diffusion, etc.) the fall-out 

occurs in the 

believed that 

Will indicate 

general tiea of the forecast reconstruction. It is 

the fall-out reconstruction based upon the E-3 hour winds 

uhich half or quarter of a given quadrant will be ‘subject 

to contamination. The reconstructions show that one is able to deter- 

mine quite u& just how far the contamination from a given bomb will 

reach during the first 10 hours. There is no doubt that if the reader 

is interested he can develop his own empirical fomulas aud prepare 

fall-out reconstructions that fit the actual fall-out more closely. 

view of the many emors 

one of%5.@castingn 



tile fsJ.l-out properly. There is no reason to expect a detailed close- 

fit reconstruction based on past analysis uill fit the fall-out picture 

of a future atomic explosion. It should be noted that in all cases, the 

radexplotbased on the E-3 hour winds delineate the general fall-out 

area amurately outside of the mediate gunnery range at NPG. Perhapr 

thisfactmaybeuseful inpredlctinggenersl areafall-outinfuture 

tests. 

Ix. RECOMMXDA'l!ICNS 

The follou5ng mcomeudations are made based upon the analysis of 

theTUMBLER/SNAPPER(R) and UPSHoT/KNoTHOU (R) towr shots: 

A. Radiological Operations during Future atomic tests in the domes- 

tic test site should utilize both aircraft and ground monitoring to 

delineate the general fall-out area Born contaminating towr ahots. 

The air readings alone or the ground readings alone do not indicate the 

fall-o& area adequately. 

B. If the tower heights at NPG are increased to 500 ft or higher, 

there will be significant reduction in contaminating fall-out. 

C. If the target area is wU. stabilized by cement or other 

permanent means the radioactive fall-out uill be reduced materially. 

Hovever, such permanently stabilized area must be large in size. As a 

minimu, a circular area af 1000 ft diameter is~requlred to cause an ’ 

appreciable reduction In fall-out. It is preferred that a circular area 

-ulth a diameter of two miles be jpennanently stabilized in order to make 

UNCLASSIFIED 
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sure that contamfnating fall-out will be decreased significantly. 

Simple stabilitatioa of the soil within the target'area by oil or 

water til not reduce co&amination. 

II, The falLout. dounuind from megaton bombs should be studied. 

Ram a study of this report it appears that surface burst bombs in the 

yield rauge of megatons may produce lethal concentrations of residual 

radioactive fall-out 30 to !50 miles ddvnuind. Since this would have 

important military add civil defense implications, the fall-out dowwind 

during the next Pacific Test Operations should be checked. 

.._ . 
. 



TABLE I . 

PERCENTAOE RADIOACTIVE PALL-OUT WITHIN 200 YILES OF GROUND 2)6RO 

,BUNST 
HEIGRT 
ABOVE 

SHOT YIfiD TERRAIN 
NAUE 'SHOT DATE IN KT td) 
ABLE 1Apr 52 
BAKER 15 Apr 52 
CHARLIE 22 Apr 52 
DOG lby52 
EASY 7Msy 52 
FOX .25 May 52 
GEORGE 1 Jun 52 
HOI 5Jw.a 52 

1.06 
1.15 

:;.6 
11.8 
'll.4 
13.8 
14 

793 
1109 
3447 
1040 
300 
300 
300 
300 

PERCENTAOE FALL-OUT " 
CALCULAT- FROM 
ED UAXIMUll FROM CLOUD 
FIREBALL D(XSE RATE . CLOUD MiMi- 
m AT GROUND YAXIMUU STEY ROOM 5 

'd%%$OH&j DOmINI? 
DOSE RATE.(P,) (P,,> Pm 

TOTAL 
(It) 
188 
193 
572 

:: 
415 

ii: 

l.Or/hr O.OOlr/hr 
1.2 0.07 
0.1 0.02 

55ow* 0.015 
3000 2 
3000 
73000 6" 
2000 1.5 

m-m 

-a- 

SHOT 
NO. 

300 
300 
300 
6150 
100 
300 
300 
2420 
300 

1334 

474 
545 
123 
410 
123 
545 
678 
545 
578 

740 

. 

U/K 
u/K 
U/K 
#U/K 
U/K 
U/K . 
U/K 
U/K 
U/K 

1 
2' 

: 

:, 
7 

;I j 

21.4% 
10 
--- 
--- 
--- 
15.5 
15.4 
--* 
12.6 

ANNIE 17 Mar 53 
NANCY 24 Liar 53 
RUTH 31 Msr 53 
DIXIE 6 Apr 53 
RAY 11 Apr 53 
BADGER 18 Apr 53 
SIMON 25 Apr 53 
ENCORE 7 May 53 

17 
26 
0.3 
11 
0.3 
26 
50 
26 

74000 
3000 
>lO 

0.1 
2 to 20 
3ooo 

2: 
0.003 
0.001 
0.03 
2.5 

.6 
0.01 
5 

m-m 

0.15 ’ 
HARRY 19 May 53 31 

65. 

--- 

U]K 11 CLIMAX 4 Jti 53 s cm- 0.1 

I * ,* Eathated to be lese than 1$ (not mewwd data) 

'., ** High Neutron Flux from this Device 
J 

. 

c 

. . . . . 



SHOT 

TABLXII 

RATE OF GRONTE OF ATOUIC CLOUDS 

are the length, 
Ihere Z,, X, and As 
width and croa8- 

UPSHOT/KNOTHOLE-Annie 

UPSHOT/KNOTHOLE - Nancy 

uPSHOT/XHOTHOLE - Badger 

UPSH~/kNOTHOLlii - Simon 

UF'SHOT/K.NOTHOLE - Harry 

8ectional area of the stea, and Z,, _ 

&, and A, aTe the 8am@ par8m8ter3 

for the mu8hroon and & 18 tine after 
detonation in hours. 

7 z,t Gat 
2 x,t I.5 xmt 

60 w 50 w 

6 Z& 4zt 
2 x&i 1.3 ct 

I2 A& 40 ht 

3.3 Z8t 6&t 
1.7 4t 2.2 x*t 
31 A& 83 A,$ 

lo z,t = w 
5 x.,t 5 x:,t 
38 w 26 Alat 
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FIGURE IA 
TUMBLER SNAPPER 

SHOT EASY 

RECONSTRUCTION BASD ffl 
H-J M)uR WlNOS [IN ACCORD 
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ANCE WITHPAR.~ Of ?-MS, 
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FIGURE 3A 
TUMBLER/SNAPPER 

TEST 0 FERATION 

SHOT -GEORGE 

RECONSTRUCTION -~.s/,v~ H-J 

HLWI) WhVDS I IN ACCOROANCE 

WITH PARAGRAPH J?ZOF THIS 

REPORT) 
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FIGURE 3 
TUMBLER SNAPPER 

TEST OPERATION 
SHOT - GEORGE 
nME - 0355 PST, I JUNE 1952 
YIELD- 13.8 KT 

0 GROW STATIONS 

0 
1 

AIR READINGS EXTRAWLATEO 
@TO~~~A~WETHEGROIJM) 

AU DOSES ARE GAMMA RCh5NT[;Dv 
ls,c,a,,N I_,._ 
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FIGURE 5A 
UPSHOT I RNOTHOLE 
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SHOT ANNIE 
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FIGURE 8A 
U/K TEST OPERATION 

SHOT StMON 

RECONSTRUCTION BASED ON U-3 
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FIGURE 9A 

U/K TEST OPERATION 

SHOT HARRY 
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