
WORLD-WIDE FALLOUT FROM OPERATION CASTLE 

Weather Bureau 
Washington, D. C. 

May 17, 1955 

NOTICE 

an extract of NYO-4645, which 
classified SECRET/RESTRICTED 

DATA as of this date. 

This is 
remains 

NYO-4645 (EX) 
EXTRACTED VERSION 

I 

r 

Extract version prepared for: 

Director 

DEFENSE NUCLEAR AGENCY 

Washington, D. C. 20305 

31 August 1984 

z 
Approved for public release; 
distribution unlimited. 

T 

P 



UNCLASSIFIED 
w___-. - . w--w. .W” . .W” w- . . ..w r “_I ,-“- w-1 m.rrry 

REPORt’DOCUMENTAtlON PAGE READ tNSTRUCtloll$ 

t 
BEFORE COMPLETING POW 

MC at DC 
’ NW-&4*5u; EX; 

a. OOVT ~cccum* noI 8. ~RClmLr~‘s CATALOO Yuuo~n 

). TITLE (md &SWleJ S. WCC OF RCCOIT S l ShOO COVSngD 

WORLD-WIDE FALLOUT FROM OPERATION CASTLE 

'. 4U THOWWJ 

Robert J. List 

1. l CWO#IWC OIGAWl2Atl0M MAML AND ADORLSS 

Weather Bureau 
Washington, D. C. 

10. CROCIAM LLCYCWT. PROJECT. TAW 
ARtA A WUW Ualt MUYIIIS 

). COWTROLLInG OFFICE YAW AM0 ADDRESS 

United States Atomic Energy Commission 
Technical Information Service 
Oak Ridge, Tennessee 

IS. RLcORT DATE 

May 17, 1955 
ts. WUYBER OF l AGCS 

5. MOM~T~R~MG ACLWCT NAYS S ADDRtSSf11 d~fkmt Imm C~n~otfIn~ 0tlic.J 18. StCuRlTT CLASS. (.I #Ale WRJ , 

UNCLASSIFIED 
a. DtCLASSIClCATlOW~M)WN~~AO~~G 

SCWLDULE 

1. #STRlWlTlOW STATLYLMT fool fhIm Ro~ort) 

Approved for public release; unlimited distribution. 
t 

B. SUCCLtmEWTARY NOTES 

This report has had the classified information removed and has been republished 
in unclassified form for public release. This work was performed by Kaman Tempo 
under contract DNAOOl-83-C-0286 with the close cooperation of the ClaSSifiCatiOn 
Management Division of the Defense Nuclear Agency. 

D. KEY WORDS (Conflaw on r.v.r.. ,fW II n.r.r.y md 4&nttty by block ncnbw, 

Operation CASTLE 
World-Wide Fallout 

D. AmsTnACT (Cmrrm~ Q) ~~ve~m l l& I/ recmmry md Menotr by block -bwJ 

world-wide network of gummed film stations was established to monitor fallout 
ollowing Operation Castle. Although meteorological data were poor, a general con- 
ection of tropospheric flow patterns with observed fallout was evident. There was a 
endency for debris to remain in tropical latitudes, with incursions into the 
emperate regions associated with meteorological disturbances of the predominantly 
onal flow. As the season advanced, such incursions became more evident. Outside of 
he tropics, the southwestern United States received the greatest total fallout, abou 
ive times that received in Japan. 

Do ,;:::, 1473 LDIT~ON Ot 1 noV As IS O~SOLLTE UNCLASSIFIED 
StCUlliTT CLASSI~ICATIOY 01 TwIS CAGE (Whom Dam Lnwrd~ 

z 

s 



This report has had classified material removed 'in order to 
make the information available on an unclassified, open 
publication basis, to any interested parties. This effort to 
declassify this report has been accomplished specifically to 
support the Department of Defense Nuclear Test Personnel Review 
(NTPR) Program. The objective is to facilitate studies of the 
low levels of radiation received by some individuals during the 
atmospheric nuclear test program by making as much information 
as possible available to all interested parties. , 

The material which has been deleted is all currently 
classified as Restricted Data or Formerly Restricted Data under 
the provision of the Atomic Energy Act of 1954, (as amended) or 
is National Security Information. 

This report has been reproduced directly from available 
copies of the original material. The locations from which 
material has been deleted is generally obvious by the spacings 
and "holes" in the text. Thus the context of the material 
deleted is identified to assist the reader in the determination 
of whether the deleted information is germane to his study. 

It is the belief of the individuals who have participated 
in preparing this report by deleting the classified material 
and of the Defense Nuclear Agency that the report accurately 
portrays the contents of the original and that the deleted 
material is of little or no significance to studies into the 
amounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 
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A mrld-wide network of gwmd f’ilm stations was established 
to monitor fallout following Operation CasI+e. Al though meteorologi- 
cal data were poor, a general cammotion of tropospheric flow 
patterns tith observed falloutws evident. There was a tendency for 
debris to remain in tropical latitudes, with incursions into tti 
temperate regions associated with meteorological disturbances of tlm 
predominantly aonal flow. As th3 season advanced, such incursions 
became more elrident. Outside of the tropics, the southwestern &ited 
States received the greatest total fallout, about five times that 
receivt3d in Japan. The total world-wide fallout up to July 1, 19%, 
from the castle seriw outside of the imediate test area, is 
estimated to be about Jf thz total fission activity produced. 

The maimurn fallout on any day at an individual station in the 
whited States, correoted to sa@ing day, was 200,000 d/m/ft2. 

It is concl&ed.that the pmbability of early fallout in 
in)lebitedregions muld beredxzed by holding F'aoific test series 
in the winter months. 
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To simplify th8 procedurestU!mdiaCarrecting for dewyrrxi 
888a mWured8otiVity tOprrtiCUl8rbWt8, 8 8OmeUbt arbitrrry 
mbmof -8-t 888igrmPsnt#r8.usediatho8e ClIX38Whemtb burst 
re8po~ibleforthb rrdiO8ctivedetiirrrrs mc&rW.n. Ulrsdio- 
8Ctii&yco~eCted fran hCif'i0 bbDd8 8d for Sbip8 #)I 888Umd 
to bve oom from thd late& bur8t, 8OtiVity 018eUhem in tb wrld, 
&oaths burstpr%artothO bbrrt. &EWO t&WOW0 defixzLte 
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indicaticns that the arbitrary system IJBS in error, the actitity was 
reassigned to the appropriate burst. In the case of observations in 
the Pacific and adjoining regions, it was usually possible to 
deterzine the burst respomible for the actitity from an examination 
of t.Fle trajectories of the debris in conjunction with observed 
increases in radioactivity. Elsewhere in the world, it was ordinarily 
necessary to we the arbitrarily assigned burst. All maps of daily 
fallout values indicate the burst assignment used in computing the 
decay correction. Unless otherwise indicated, all radioactivlty Is 
reported in units of disintegrations per minute per square foot of 
gurrrwI film, decayed to 100 days after the * of the burst. -The toI* * -- -- _-- 
law ior the decay of fission product activity has been used‘throughout. 

The mapa of daily fallout incltie only the data from the land 
stations, since there is considerable uncertainty in the ship data. 
The locations of the ships were imperfectly known and the procedures 
for avoiding cross-contamination of samples In handling and mailing, 
particularly on ships exposed to heavy fallout at some time during 
their voyage, were not adequate, The ship data were utilized in the 
drawing of isolines of activity on the fallout maps and in the 
inwreta tion of the land station data. 
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T8blo 2.1. 

T8ble 2.1. Clstle Teat Serier 

1slS 
1830 
1820 
1810 
1810 
1820 

with the exception.of the third brpst, th6 hstle 8erie8 con- 

~istedof hlghqLa1ddetomtior.m. Thb first bur8t 11118 detonatedon 
BUdaiAtoll, the 8trcOlWdi43 four from hrge8inthe Bikini~goon . 
W tim 18St on Eniwetok Atoll. 

As shown in Table 2.1, aost of the r8diOaCtim clotis crerrted 
5a tb6 c8stle series extended to velour gre8t heights, with the mu8h- 
-Oftbe ClOtXimll inths Str8tOSphe+8lIdthb @W8terp8rtOf 
f& aloud In levels beymd thb reach of routine meteorologic81 
ob-tioas. For this r08bQ0, it b8 bea0 irpossible to prep8I.e 
8deqmte nH!btOOrO10~1~81 tr~~ectmle8 b de-e ths prth of the ' 
d&'iS 8t V8Z'iOtrs 1erS18. Th~netuu~kofrpp~ 8ir obser~ 
8t&im8 in tb6 trapica i8 O%tZ%tmEily -80 8t best, 8d wfnd rQOX=tS 
8t lemle rbove bO,OOO feet 8re virtu~llfr Immxistetnt, with ths 
OxC@iOY&Of8 feW frO~St8tiOZUI intbs&~8hru IllandS8pd 
8dJ80#&, 8re88 establlsbed especi8ll.y for thi8 test series. Even 
8tt&S@ 8ktim8, tbs highs~t ob8errrtioaa r8rely extend 8bo~a 
lOo,ooo it. 
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The metaorological trajectories for ths various bar&s oanaot, 
therefore, be computedatlevals abov8hO,Wft. andaredoubtfti 
man at lowar levels. All izajeotories given in this report wera 
computed bypemounelof t)re Air Weathtw Sertice (SUPA Brancrh) axi 
l ra prapared for the 8504nb. (S,ooO-ft), 7004~ (10,~ft.), 
500-I&. (l8,000_ft.), 3G0-d (30,OOO=ft.), and 2004~ (4O,OOO=fi.), 
levala only. 

The temperature 8omddnga for all of t2m Castle bursts ware 
varysiadlariutheirmrjarfeatures. Th8rswranopronoume;d 
immious inthelowerlayara krceptforanlnvarsionatabout 
'I,000 feet dming Rome). Th6 air was quite moist up to about 
5,OOOfaat, aud somwtitdriar above,withfairlyata lapse rates 
iath6 upper troposphere. Ths tropopatwe~sbetwsen T 8,000aad 
%,OOO feet with varystsble lap8e rate8 inthelouar 8tratosp)rsre 
SbOVS. Tha dnds oblAmd frola observations made at or near each 
of thel shot8 are shouninyigure 2.1. 

2.1 BRAVO 

The first burst of tIm Castle series, Bravo, was detonated fkma 
a coral reef in Bikini Atoll on I845 GCT, February 28, 1954. Tb6 
resulting cloud of radioactive debris reached to l&OQO feet with 
t)re bme of tbs mushroomatabout60,000feet. Ths tropopatlse at 
this time wl8 St about st,ooo feet, 80 that thku8hX'Oom Of th6 
cloudus entiralyinthe stratosphere. TIw~lou-levalea8tarlytrades 
extended to about 6,000 feet, with light trestarly winds increasing 
with altittie to a maximum of about 40 knots at 35-40,OOO feet, 
extee tOthO base Oftha 8trStO8phSZ?S. ~Sfarlywlnds~fe~iled 
throughout the 8lzatOspherretO the hig)re8tSltitllderS8chedbytbb 
laetaorological ObserpatiOnS, about 100,000 feet. Winds at this laval 
were aa8terly at about So bts. 

Tr8jectoriea of the lo- part8 &f thb cloud are shonn in 
Figure 2.2, butunfortuuataly, no trajectories canba cox~tructed 
!;tb highwlevals. Available evidence to abOut 100,000 feet 
0 sarvations inths kshllaaad atGtlm) indicatesgenera1easbrly 
winds inthelouar stratosphse, 80 tbtthisportionoftbb olopd 
movedtouardth8Phillipinaa. No ob8arvaUon8 to i&ioateths~- 
me& of the aloud above 100,000 feet ara available. &war, it is 
~elythrteas~ly~pre~iled8tthb~le~~. 

Thsdaily falloutmap for the period following ths Bravo bat 
ara part&cvilarly inimeatisg in that the beground of fi88iOn 
prOdIICt8CtitityfkWmprerfOtI8 tSSt8WSanegligible and thS dUJCSedi4g 
~stdidnotoco~~~l26dryr,latsr, aot~tth8prograasionof 
are88 of fallout from day to day ti more aa8il.y seen. 
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Tim oastwardaro~ deIwi8reaoImdthsAmrica8 onkmh 7 
l nd8,indioatiaganawmgauestwlnd ofaboUtIOIamtr, ingood 
l gram'uith t)lb fewwind observations available in tIm Upper 
tFopo6phm. AlthoUghtlmprogre8sionofdeWstoths mast 
appmra~beiagoodrgreemmt uithftm ~,OOO&ottrajectory, 
iMioal&x~tbtthe tran8portoootzrmdinthe trade dndlqmrs, 
it ir en- possible thmt rtratospherio debris aoplng dth tha 
tpp4lPbVBl#8br~8aOntEtbUtedtO thirfallopfal80. 

Tbb mt 8l&kiag faot whioh emerge8 fPar 8 8tw of the 
falloUt iatheperiadfolloldugtheBrarr,testi8th8 tendency 
fap.th8 &bE'i8tO~&JIi!lth8 tsopial btitade8. Byfar tb 
~gO8t~unt8 Of fallOUt oocmrad iUthB &BtitUdekndfrOIU 
10% to MoH, dthocamional asmrcrim3 into the more temperate 
htitocb8 of each h8nd8phare, psrticularly in tbe kmwicas. An 
axample of this oanbe8eminthb mathweatarn kitedstates in 
thepaz%odbegimingkohl~. At %hiS time, 8 deep low preSSWe 
6yatamextem&&thro~ghm08tof the tropo8phwe ta8 lOC8ted jwt 
Off t& .TmSt OOa8t, ldth 8tX'OUg 8OUthWaStet~ rind8 018r the 
8o~thmat&n&aIws. This depre8sim maomd.8kM.yearrtmard 80 that 
bym~hx8tb,taMMo Ukka&W~tilrareoVWthe ~SiSSipPi 
vlllW#&.&P gudrutionoithb f8zlotrt Llp8lWBal8thiBt fanOUt 
d~$&lrpar$oduas 888o~iatedUithtbe 8oat)bleStel'~wind8, 
whioh curiai.debris fr0m the tropic81 region8. It is significant 
that.tId.8 falloat Wa.8 independent of precipitrtion. The highest 
f8l'l;oPt~valUi& occmred durbg the fir8t'f&8eday8 of the period 
when'thike WI no precipftation, and even ont&l&h, when there 
msra 'semral 8tatiom reporting precipitation, the falloat occurred 
intbs~bnd~tedbythssoat~sterlydnds8ndre8~t 
~10884 8880oi8tad 6th the e%i8teme of preCi#tatiOn. A 8O1~e~ht 
r&uilar 8arie8 of event8 occwred in the period March a-25, rlthaugh 
pre~~i~tianwrsmorewlde~~cldiat~s oa8e andmay have bed 
mwe innU811Ce on the obsermd f8llOUt p8tkm3. 

2.2 R=O 

t?m second bUr8t of the kstle.series, -0, also 8 high-yield 
burst of the same orderoflnagaituie rl thekwo test, was detonated 
from a bwge at1830 WE, March 26, 19%. The reslrlting cloud of 
debris reached to llO,OOO feet, with tk bass of the nmshro~m top 
at 62,000 feet. The wind observations 8SSOCi8teddthttds burst 
Shawed light e88wly wind8 8t etturuy au level8 increasing iZl 
speed above 80,000 feet to a Wtm of 92 knot8 from the SE at the 
top of the highest observation, 95,000 feet. AlthoUgh the trajectories 
(Figure. 2.3) at all levels in the troposphere mmed westward 
initially, the 30,000- 8nd 40,000-foot trajectories curved northward 
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and then eastward within a very short time. The lowest 1~818 con- 
tinued westward and the 18,0001foot trqjectoq appeared to cttcpb 
bsok towards the United States on the 28th, elthotlgh the mteoro- 
lOgi d8ts 18 Uncertain. wiDd8 inthe 8tratOsphare up to the 
level of the top Of th8 cloud wre probably from the e88t, o8rrying 
most of the mu8~oom westward. 

Although almost 8 month el8psed b&men the first 8nd seoond 
bursts of ths C88tle 8ecie8, enough debris from tb first burrt 1188 
pre8ent to 8eriou8ly titerfere with rttmpts to tr8ce tha progrelrs 
Of the second cloud by 8n eX8ldortiOII'Of f8llOUt d8t8. FOrmeX8mple, 
an increase in deposited ectitity occurred 8t 8ome 8tatiOnS in 
%ntrcll and South America on &wch 31 and April 1, Several days 
before the meteoralogicaltr8jtctorieswauld indic8te the 8rriv81 
of debrir. It is not certain ti this is due to the CoTqlete 18ck 
of x&eoroEOgiCal obsermtions in the Eastern P8CifiC and the winds 
were really rrtronger than 8ssumed, or that the debris was 8CtU8lly 
from the Bravo burst. (Note: Since 8u f8llOUt data 18 eXtr8polated 
to 100 d8ys after the assigned burst, Values assigned to diffe?ent 
bursts cannot be compared directly. The extrapolation factor depend81 
both on ths dey of th? burst and on the day the eample ~8s counted. 
For ths 81~8s mentioned in this p8ragraph, values assigned to bur8t 
2 would have to be increased by 8bout 8 factor of three if the debris 
were assigned ta burst 1). 

By Aprils 2nd and 3rd increases in activity are etident along the 
Gulf Coast of the kited States and certainly by th8 tth and 5th there 
is good evidence U&debris fkom this btrrst hes arrived over t-k 
kited States. Again, as when fresh Bravo debris was present,frllout 
seemed to OCCUF irrespective of the occurrence of precipitation. 

The progression of debris westward from the test site appears to 
have been mom rapid than indicated by the low-level trajectories 
at 5,000 ard 10,000 feet, at le‘ast for the first few days following 
the burst. Whether the 8~~iv81 Of debris 8t x8p 8lad KorOr on Nwch 29 
is 8 result of transport of nsrterial westward in the stratospheric 
easterlies or in fester-than-observed low-level tr8des is not certain. 
Again, 8s uith Bravo debris, there ~8s a marked tendency for the 
fellout to OCCUF in the tropic81 8rea8, with occasion81 incursions into 
the United States. 

2.3 KOON 

Koon, the third burst of the series, was, by fer, the least 
powerful device tested, with a yield of 110 m. It was detonated 8t 
Bikini 8t 1820 GCT, April 6, 19%, but cloudy conditions prevented 
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aaaurate observations of the character of the aloud. Presronably, 
ths top of the ~~u~hroom tms at, or slightly sbow, the tropopause, 
which was at 53,000 feet. Ths winds wsre easterly to 5,000 feet, 
light southerly above to about 30,000 feet, becoming westerly 
about 30-40 knots to the tropopause. Because of large amounts of 
fallout from the second burst, which occurred eleven days earlier, 
it was Mosaible to trace the history of the debris from Koon. 
According to ths meteorological trajectories (Figure 2.41, the 
lowest laysrs moved uestusrd, the mid-tropospheric portion milled 
about to the north of the Marshall8 for many days a& the upper 
portion mooed eastusrd, remaining south of the huaiian ISlSnd6, 

~~hi4g the southwestern states on April 13. No fallout station 
reported debris which can be definitely assigned to tMs burst, 
although it is likely that some of ths activity assigned to Romeo 
is, a mixture of debris from the two bursts. No fallout -has been 
assigned to Koon in this report. 

! 
The fourth teat of the series, Won, detonated at Bikini at 

1810 GCT, April 25, 19%. was also a high-yield burst, wMch reached 
ml1 into thb stratotsphsre to 94,000 ft. Ths wind pattern was 
typiual, easterly trades in the lower levels, light winds abow, 
becoming wstsrly near the tropopause, and strong eestarlies abow 
70,000 feet. Trajectories of this burst are shown in Figtie 2.5. 
If tb 30,000- ati 40,000-foot tra jectorG6 are correct, wry little 
fallout was evident from these lewls, since no debris uss detected 
in Wsxico or along the Gulf coast mtil Hay 5 or later. Fallout at 
Medford, Ore., on May 2 and in the -stern states on the following 
days is in good agreement with thb 18,000-foot meteorological 
trajectory. It is vsry possible that ths lack of amtsorological 
data resulted in erroneous trajectories at 30,000 snd ho,000 feet, 
since debris arriving in Central and South America on May 5 uss 
most likely transported at these levels. Fallout to the west of 
Bikini seemed to be in good agreemnt with the trajectories. It 
should be noted that even thoxh a month had elapsed since the last 
high-field burst, considerable fallout is occurring throughout the 
tropics and it is b no mans certain that the debris assigned to 
hian is not from an earlier burst, or that some of the activity 
assumed to be from Romeo is not actually from &ion. 

2.5 YANKER 

Yankee, the fifth burst of the series, uss detonated from 
Bikini at 1810 GCT, May 4, 1954. It was a Mgh-yield device 
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I 
ths aloud mrahed llO,OOO feet. Althotlgh the dada, 

iagemr&!L,were 8imilartotho8eoftbuprepioua burstr, thb 
muterlywlndb Jwtbelowthb tropopmme8ttalzmd higk~ speeds 
fha had oaaurred during the prerlou8 test8, 55to 65 hrotr rt 
ho,ooo feet. TX.ejWt4JPie8 8- 8ham in Figtm 2.6. &&X98 
reached I%xiao City'on May 8, ad f8llOUt we8 tideoprerd over 
the lm8tern plelxm skter 8ad the Roaklos by &y 9. Frllout froa 
thi8 btlDL8tamtinUed OVer ths lR38tsm hlf Oft)lb &it& St.&48 
(tiththb exception of the plaifia COe8t) In slgnlfiarnt 8lWt&8 
faP 8pe+fOd af IUOre thru8 Vwk. Tb f8llOUt from 18IlkW In tM.6 
region exceeded, by rlmost 8x1 order of rgnittrde, the f8lloUt from 
any of the other te8t8 Of the 8erfe8. Ths WsStlRrd mow debPi8 
rpperred to proceed faster then Indicated by the low-level tr8de8, 
X'e8ahiag &l-or byhy68ad Sing8pOZV byhy9. Agrin, it18 W3Z.y 
posrible that high-leml e88brlie8 arrrietd the debrir, 8inco tba 
25-30 knot WlndS required 8X% 8OIWWtit f88ter thmn expeated la 
tb tr8de8 of t)lr, we8tarn ~Cifia. 

2.6 NECTAR 

Th6 188t tO8t Of the 8OI'ie8, &CtW, -8 t& Only bur8t 
detonatedfromEWw&ok. It oamrred rt 1820 OCT, &y 13, 195&, 
8nd -8 of 8 8OlIlftWhBt 1OUer field ti'Mn the Other high-yield test8 
Of the 8erie8. Tim rerulting aloud reached 72,000 feet. Ths 
er8terly wlada extended to 20,000 feet, with light westerlies rbove 
to the base of tbb str8to8phere. Tb tr8Jectorier from thl8 burst 
(Figure 2.7) begrn with 8 8lightly greater component tOU8rd8 the 
north t)rrn for the prerlou8 burrt8. 

SinaeIankw 8nd ~ataruere saperatedbgonlynlneday8, it . 

i8 rirtu~lly inpO88iblO to di8tingui8h bet-en debris from the two 
bWst8. Ain 8ttelllpt to 8ep8rate thb two 8OttrOe8 Of debrir tzB8 made 
forthb firs& ueek follouImg&ctir,but wa8notattmptedbeyond 
thti tlllm. &ily frllout m&p8 for the reminder of the month, 
16y 22-31, are given with 811 data extrapolated to 100 drya after 
Neatar becrtme of the arbitrary 8yetem of burst aesignment u8ed. 
However, it is likely that the IU$E portion of the frllout reported 
on thb8e dry8 originated from Ymkee. To convert the reported 
rativity to 100 days rfter xmkee, 888u11dng the debris originating 
fmn Ymkee, the altr,a given on th8 laapr 8hotid be inarecrred by 
8bout 3040%. 
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To ComerYe space, daily fallout mnps for the month of June 
are not 8bnl. Rather, a map show& the average daily fallout 
for the month is glwm, together vith th3 number of days for 
which data VII mailable &each qtatian. Again, the extrapola- 
tlcm la based on Nectar, and actitity is shoun at 100 days after 
burst. It ir 8180 likely that the major portion of the fallout 
In Jme ori 

F 
natedfronYsnkee and all valms shouldbe incre8aed 

by about 25 to give value at 100 da$s after Ysnkee. 

Although the discussion of the transport of debris in the 
etmospbsre has been confined to essentially hcwison%al trajectories, 
the actual paths of individual radioactive partioles are complex, 
three4imenslonal phenomena, influenced by the fLll velocities of 
theparticles, atmspherioturbulence,rain scavenging and 
orographic effects. 
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TOTALWCRLD-WIDEFALLOUT 

. 3.1 CASTIE TOTAL 

The total world-wide fallout from e8cb of the Castle test8 
(exceut Koon) and from the whole series has been oomputed on th 
b88i8 of reStit from the monitoring network. since none Of the 
8tstioI'lS yere located i.mediStely dounwind Of the test 8re8 80 
88 to experience f8llOut in the first day or tw0 fOllOWi,ng 8 
detonation, it i8 8ppWent tht by f8r tb largest fr8CtiOn Of 
the f'allout. the nclose-inn fa~out, h8s not been measured. 

A composite nmp for the complete series, showing the total 
of 811 fellout occurring through June 30, 19%, end decayed to 
July 1, 1951r, is rhmn iu Figures 3.1 and 3.2. These maps contain 
the cumul8tive tots1 of 8ll debris deposited on the network from 
Febrmry 28 throxh Juue 30, 19%. The debris was extmpolated 
to July 1 on thb basis of the burst assigrments indicated in 
Ap~endti A (except for fellout occurring after tiy 21, which was 
reertrauolated to Yankee, see Section 2.6). 

IsouneS Of 8CtiVity were intmpOl8tced between Stations 8nd 
the aver8ge fallout for the uusld was Computed, by numricel 
.inQW8tion, to be 919h db/ft for 8 total of 22.73 mgacuries. 

3.2 TOTALS FCR INDIVIDUAL TESTS -s 

To obtain the total fallout due to e8ch of the individual 
tests. the following procedure, ~8s used. At each station, all 
fallout assigned to the given burst, 8s indicated on tb maps 0 

‘Apt&ix A, #IS s@, and the total fallout values, in d/m/ft I 

rt 100 days sfter burst, were entered on a amp. (For t)lese compu- 
tations, fallout oocurriug after May 21 was not considered, since 
there tw8 some doubt 88 to burst assigmt?nt.) In the event that 
data were missing for 811 occ88ion81 day st 8 given station, the 
~~issing values were estimated by interpolation. If data were missing 
for 8 number of dey8, the sum was entered in parentheses rnd 
indicated 88 8 lower limit Of'8CtiVity. &OlineS Of activity were 
draun andtbe tot81 fallout computed.byntawrical integration. ’ 



It is not appropriate to compare the results from the various 
tests dthout First considering the time periods between tests. 
For example, fallout from Bravo was not masked by later debris for 
about a month in the region of tests, and could be identified for 
an even longer period in regions remote from the test site. On 
the other ha&, Union debris was quickly overshadowed by fallout 
from Yankee, uhich occurred nine days later. 

The world-wide distribution of fallout from Bravo is shown in 
Figures 3.3 aad 3.4. Assigned to the burst was all fallout-from 
the period froa February 28 to April 5, 1954, with the exception 
of debris in a limited area which was determined to be from Romeo 
(See Appendix A). The average activity of this fallout, corrected 
to 100 days afbr burst, ~8s 1937 d/m/ft2, for a total fallout of 

msgacuries, or ,asgacuries as of July 1, 1954. 

Figures 3.5 and 3.6 show the total Romeo fallout from the time 
of ths bursts through May 3, 1954. .The2uorld-wide average activity 
at 100 days after burst was l44s d/m/ft for a total of *ega- 
curies, or regacwies on July 1. No debris was assigned to 
the t&VI burst, Koon. 

Fallout from Won (Figures 3.7 and 3.8) covers the period 
through Pzay 12, a somewhat shorter period than the_ first two bursts, 
since Psnkee UN detonated only nine days after Union. ‘The worlcbide 
average fallout was 284 d/8l/ft at 100 days after btpst for a total I 
of nsgacm’ies, or aegacuries on July 1. 

Yankee cusnilative results are given in Figures 3.9 and 3.10. 
Debris uss spsctiically attributed to this burst through Hay 2l. 
However, much of the fallout which occurred beyond tizb period also 
originated from Yankee so that the total fallout is u&oubtedly 
much greater than t3 values given. 
averaged 12l9 d/m/it , for a total of 

Throush May 21. Yankee fallout 
msgacuries at 100 daxs 

after burst. Corrected to July 1, 1954, this value becomes 
megacuries. 

Nectar fallout is shown in Figure 3.ll. Since this burst 
follomd ths powerful Yankee burst by only nine days, debris from 
Nectar is identifiable as such only for a few days and in the region 
near the test area. 2T~s +‘allgut from Nectar anxnmts to a world-wide 
average of 81 d/m/f t , or. &gacuries, at 100 days after burst, 

negacuries on July 1, 19%. 
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3.3 COXPARISONWITIfTOTALBETATIBLD --- 

It ir po88ible to compare tbs total fallout ob8ermd durlag 
the &stle sorb8 with th8 8Omt of betm rctirity prodooed. 
A88uudng the relrtlmn8Mps between fi88iOn yield 8nd tot81 beti 
rctivlty given in Ths Effeots of Atcmic We8POM (&, p. 29) 18 
rrlid the bet8 8o~~~f~pprodUOt8f'roa 8 Aondxul 
bomb 120 kt).is 8pprO%imrttiy 266 IRegeCWiO8 8f t"f; $m day. Wag 
the fi88ion *Old8 given in T8ble 2.1, 8rd the t' ' l8w, thb total 
beta ratltity prodpced In the b8t1e 18 8hown in Table 3.1. 

!rABIJs 3.1 

Total Beta Activity FYodtit8 in.ti8tle series 

1. Brew, 
2. Romeo 
3. Koon 
4. won 
5. Yankee 6. Nectar * 

. . . 
Total 

A comperison of the observed f8uOUt from the first two eVent8 
errt from the series 88 8 WhOlO with thb total produced ie 8hown in 
table 3.2. The remsiningeventsr~notshoMindi~dw~y8~e 
the interva18 between bursts were too 8hort ti rdeqtmtely dlfferentirte 
thb debri8 for this purpose. 

TABLE 3.2 

Comparisonof ObservsdFs~outwithTotRl~odtaced 

Burst 
Total Fallout 

100 day8 
after burdt J\rly 1, 1954 

(megacuriea) (megacuries) 

Percent 
of tots1 
produced 

Bravo 
Romeo 

cast10 Series 

I 

t 
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The snmll percentage of total debrir accounted for by the 
ob88rHng netwoti is somwhatpuzzling. Althoughitmust be aesumed 
that8 large f'raction Of the 8CtiVe debris -8 deposited in the 
ti&Lityoftb b8t 8it0, it 18 8180 tZWthBtthb 8hbrtCOndng8 
of iha gmmedfilmtec~que, whichhave beendiscussedinprevlo\rs 
ZVpOX't8, may be rMpon8ible for ths effect noted. 

A suggestIan tbt Increased ~8traio8pburlc 8torage" may be 
important 18 ixx3icated by the fact that approximately Is of the 
de-8 fiOm ths a8tle 88riOS w88 d8teCted, a8 WIparsd t0 pver 
4% from the by 8erie8.b 

Simze tb three most powerful burst8 of the Carrtle 8erie8 were 
considerably larger than the Ivy Mke teet, it is po88ible that a 
hrgar fract5aa of tha debris ua8 transported initially into the 
lower. 8trato8gJbreb. 

;3.b l'lETEcEl~Icu, INTEFPUTATION 

Th8 total fallout from the Bravo teit (Fig=88 3.3 axi 3.b) 
clearly 8how tb bmdency fortha majoraotivityto reaain near 
tki8ourcelatitaxie. In marked oontraet idth the f8llout frown the 
l[rg 8eia8, thars 8eeM t0 be no arldenoe tbt de&i8 w8 carried 
nort)arsrd18rouM tb rrertern aide of tb Pacific hi.gh-pre8strre cell. 
-8tno fa~aatoccurredin Jlrpan, aad vemyllttle on Iwo &ma 
f’romtb Bra= te~t,uhUeIvyHike rhultedinmore fallout on 
Iwo Jima than on any of the other Pacific Islands. The difference 
b&treeZl tb tU0 test8 i8 8 r88Ult Of the 8e88OIM1 difference in 
tb loc8tion 8ad intensity Of the We8f~~ Cell Of the P8CifiC high. ’ 
Thts oell is almoSt non-existent, in the man, during the winter and 

*Tb flgare8 given in Table 6.2 of reference (2) have been revised 
following 8 recalibrationof the counting equipment. The revised 
figUZ'e88ZYk: 

observed World-wide Total 
(megacuries 88 of l/1/53) 

Hike 
I(ing 
Ivytotal . 

I 

I 
L 
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early spring, when the Aleutian lows are farther south. As the 
western cell of the Pacific high intensifies, more debris can be 
carried toward the north, so that by the time of the Yankee test 
(Figures 3.9 and 3.10), in early May, a larger fraction of the 
fallout occurred in Japan. R-estrmablp, tests in the summer and 
early fall muld result in tb greateat contamination of the 
Japanese Islands, while winter tests would result in the least. 
Also during the winter months, precipitation in Japan is at a 
minimum except for a narrow zone on the western slopes. For most 
of Japan, maximum rainfall occurs during the warm season, tith the 
heaviest rains in June and September. 

Similarly, in other inhabited regions likely to be most 
affected by relatively early fallout, ~Mexico and Central America 
to the east and the Phlllipines to the west of the test area, 
the dry season occurs in the winter and the rainiest in the warmer 
months, so t!mt here too, fallout would be at a minimum for winter 
tests as compared to other seasons. 

3.5 MAXIMUM ACTIVITY AT INDIVIDUAL STATIONS 

The highest fallout reported on sampling day on an individual 
gummed film at each of the stations of the network is shoun in 
Figures 3.12 and 3.13, together with the burst responsible (figure 
in parentheses), the ntier of days after burst that the fallout 
occurred and the precipitation observed. All activity values are 
in d/m/ft* corrected to sampling dag. As can be seen, the fifth 
burst, Yankee, was rezonsible for the highest activity at most of 
the &tions. 

The high tropospheric westerlies were faster, resulting 
m-a more rapid transport .of debris towards the Americas. ti 
addition, the wtnds in tha eastern Pacific were from tha west south- 
west, resrrlting in t)le passage of fresh debris over the southwestern 
and southern states. 

On the western side of the ?a&%, the normal seasonal increas8 

in intensity of the -stern portion of the Pacific high-pressure 
cell and the retreat of the Aleutian low resulted in the transport 
of Yankee debris towards the Japanese Islands in the .louer lemls, 
although,the direct trajectories at these levels moved generally 
ea &ward. 



Activity in excess of 200,000 dwft2 on sanpling day occurred 
at two stations in the United States following the Yankee burst 
(Billings, Hont., and Salt Leke City, &8h) and MS a result of 
dry fallout at Salt Lake city and with rain at Billings. These 
values exceed by an order of magnittxie the nmximm fallout reported 
at any of the Japanese stations and are larger thm the maximnn 
v8lues reported at many of the Pacific 1Sl8ndS much closer to the 
Pacific Proving Ground. (It should be noted that it is likely 
that Kusaie, Ponape and Kwa jalein receimd their m8Ximm 8Ctivfty 
following the Bravo burst, however, these stations did not start 
gummed film observathms until about two weeks after this burst and 
tb values given probably do not represent the maximum fallout for 
the Castle series.) 
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CHAPTER 4 

SF’ECIAL OBSEIRVATIONS 

A series of special guum@d film collections were made on 
Tonape, in the Caroline Islands. In addition to the regular gurmned 
film observations, (which were made at 0030 GCT daily et Poxiape), 
a g-d film stand was placed near the windward shore of the 
island to attempt to sample air unaffected by local dust sources. 
No significant differences m found. Another gamed film stand 
was placed near the regular stands, but the film was changed at 
12-hour intervals, in the mea and evening. &I 11 days with 
heavy fallout, the film exposed during the daytime hours collected 
about 50% more activity than did the film exposed during the night 
houps, despite the fact that precipitation was about equally 
distributed in the two periods. This nrey be a result of the 
nocturnal stabilization of the very lowest layers of the atmosphere 
which inhibited the deposi;tion of debris from turbulent eddies, 
although diurnal variations in the vertical temperature lapse rate 
are smell on a 1%.square-mile island in the trade wind belt. . 

To investigate the deposition. of debris due to rainfall, 
x%inuat 
(&.9’ft 9 

samples were collected & s 300inch diameter funnel 
) coincident with tb excosure of the &-hour films. The 

collected mter was filtered at tI%? end of each observation period 
alld the filter sent to New York, for anelysis. Gn the nine days 
dth the heaviest fallout at Ponape, the total collection on the 
rein filters averaged !!i6% as much activfty as on the one-square-foot 
gummed film. During tb month of &me, when fallout was reutively 
light, the rain filters collected twice as much actitity 88 the 
q-med film. This is again indicative of the Nortance of the . 

rsinout process in bringing old debris (and presumably sWler 
uarticles) to the ground. 

t 
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APPENDIX A 

HAPSCFDAIIXFALK)UT -a- 

bps Aowing the daily fallout on_ the monitoring network from 
Febmmry 28to Hay 31, 1954, and the average dally fallout duFlng 
tb6 math of be, 19%, are appended. All values of radioactivity 
ace in d/m collected on a square foot of gumed film in a day, 
srtirpolated to 100 days after the burst. In most cases, two films 
uem exposed simultaneously and the values for each are shown. 
WI bwst to which the debtis was assigned for extrapolation purposes 
is iuiicated on each map. (See 8ec. 2.6 with reference to burst 
assignmnts after May 21.1 

I&es delineating the areas of significant fallout (over 
100 d/m,/ft2/day extrapolated to 100 days after burst), labelled 
with the 6-t believed responsible for tk fallout, are shown. 
The lines are dashed in meas of greaest mcertainty. 

The precipitation which fell 
ah= in accordance with the code 
mduoed to its water equivalent. 

during each sampling period 18 
given on the maps. Snow has been 
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