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FOREWORD

This report has had classified material removed ’inorder 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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ABSTRACT

A world-widenetworkof
to monitorfalloutfollowing

gumnedfilm stationsuss established
%eration Cai3tlse Althoughmeteorologi-

cal datawere poor, a gener~l‘&xmectionof troposphericflow
patternswith observedfalloutwss etident. There wag a terxlencyfor
debristo remainin trmical latitules,uith incursionsintoth
temperateregionsassociatedwith mstiorologicaldisturbancesof th
predominantlyzonal flow. As th seasonadvanced,such incursions
becamemore evident. Outsideof the tropics,tb southwesternUnLted
Statesreceivedthe greatest to~l fallout,aboutfive timesthat
receivedin Japan. Th totalwrld-wide falloutup to JulY 1, 19%,
from thg &stle series Qutsideof tk hf3diat9 test area,is
estimatedto be about ~f t* titalfissionactitityproduced.

The maximumfallouton any day at an indltidualstationin the
Wt%d Mates, correctedto sawUng day, was 200,000d/m/ft2.

It is concluiedthat tb probabilityof earlyfalloutin
inhbited regionswouldbe red=ed by holdingPaoifictest series
in the winter months.
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CmPTEtl

m!mmmm

b * 8pz’iJM3of 19*, Opemtlon @uue, ● wsz’les of ●tcmie
tetia, -e otiwtad ●t theAtodo ~ -a8ionts Pacifio
Pro@xg Q~ in ths lkrslmll 1818ds. Ag* ●s in otbr reoent
Wti tioa (1, 2, 3), ●n ~ive mtwork of #aed 00~tiOOO

●otat@ 4’Um ~Ung stationa -S establishedby th % York
@mtiona Offioe@alth and Safe& IAorstory to monitortlm
&pooit&on of radloaotivedust redting from tlm detonatla. For
tlm Oastleteete,th g- f- netmrk -S expwbd conaidembly
to inoltde● mpreeentativeworld+%de networkof 122 stations
(Mguros 1*1 and 1.2). T& U. S. tither Bureauoparaw 39 abtions
a the mlltimntsl mted statesad U ●t o?wse8s lomtlone; th
U ktbr Serrwloe operated23 0V808S stations,tb StateDepart-
-t 31, $--0 q+amtad by - *V ●d bat hard, ad two by
the Mo=io _ ~smltY ~x lb C8n8dim ~teorolo@081
Setie~ ooopomted by oparatingnim stotiOBU ●d the Canad4anAtomla
a @miaeion one* All *t&ma m eohxltiedto make tw
dmltaneoua 2&hour collection atartl.mz●t 1230 G.C.T. each daY.

In ●ddition,sing144“gmmd tlJm tixds mxw ineWled on moot
SMPS of tlm Mlitmv Sas TransportServioesolmduledto be m routes
343 tam P80ifioQxM1l. The @Imp OdbCtiOM we 8160 %DdO d8~.

lb mclmnim of tmnmortof ●tmd.c
tivuness of gummedfilm sa~les lmm been
fh o- changesin tetolmiqueimelmd in
Obe-tiona eonoernthe deo8ymlrmotion

debris ●d tlm represent8-
dleowseed in pmwioua reports.
th presentSeriesof
8* the Wtallatlon of emu

mltlxq detices●t cer~in north stationa.

‘T
ed gunnedfilm stud forwe in enowycktes coneisted

of 8 0.S ft phte warredby a tbxmcetatlcally-controlledelectric
tit- el~tio The ~lt ua~ ws sllowd to run off tlm mmface,
mklng tho obeervathns eoqmmble to thoeeof rainfallon a con-
Wmtloml gulmedfilm s-.

70 slqlify the proceduresused in correctingfor deoay●d
Sa8~x ~a=~ ●ctivityto particularburets,a somewlmt=bi~a~
e@m of burstaeeigznumtwas ueed in thosecaeeswhere th burst
respoqsiMlefor th radioactivedehriawas mcertaln. All radto-
●ctititycollectedfrom PacificMan& ●nd from ships=S assumed
to lmve 00W from the latest burst, ●otixityeleenhereIn tlM world,
fPom tb burstpfi= to t~ latest. tie a =0 clef-a

-1- r
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indicationsthatthe arbitramysystem:@s in error,the activity~S
reassignedto the appropriateburst. In the case of obsermtions in
the .?acificand adjoiningregions,it -s wmallypossible to
deterninethe burstresponsiblefor tb actitityfroman examination
of t.% trajectoriesof the debrisin con$mction with observed
incmeasesIn radioactivity.Elsewhereti the world,it was ordinarily
necessaryto we the arbitrarilyassignedburst. All msps of dally
falloutvaluesindicatethe burstassignmentusedfnccmputlng the
deoay correction. Lkilessotherwiseindicated,all radioactivityis
r~orted in unitsof disintegrationsper tinuteper equarefoot of
gum-+ film,decayedto 100 days after the ~ of the burst. The t-l*2.— —— ——
law for the decayof fissionproductactiti~ hasbeen= throughout.

l?m maps of dailyfalloutincluieonly the dati from the land

stations, sincethereis considerableuncertaintyin the ship data.
The locations of the shipswere imperfectlyknownand theprocedures
for amidimg cross-contaminationof samplesin handlingati mailhg,
particularlyon shipsexposedto heavyfalloutat sometimed@ng
their voyage,were not adequate. T& shipdata were utilizedin the
drawizgof isolinesof actitityon the falloutmaps ●ndin the
interpretationof the land stationdata.
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CEAF’Jm2

OMTLE TES15——

Tlm bwsta of the Caatle

Table 2.1.

Brmo
Romo
Kcon
won
Xmkee
Neclar

*

Feb.28
Mar.26
Apr. 6
Apr. 25
May h
hy 13

GOT

MM

1830
1820
1810
1810
1820

eeriesare given in

Castle Teat Se@es

Table2.1.

Eatdmatedwwti-
Ual Ruahoom

15 “ : 62 114
U \ 62 I.lo
O.11
7 “ 5; ii

13.5
1.?

llo
72

With tlm exceDtbn.of the thirdburst, tha Gstle seriescon-
tiatedof Mgh+eiddetomticna. T~ ftitib=st =6 deti~~d =
BikiniAtoll,tlm swceeding four frombargesIn the Bikinilagoon
ad th last on Mwetok Atoll.

As alxmnin Table 2.1,mat of tlm rudioactiw CMXIS crealxd
in tla Castleaerlesextendedto very great heights,uith tb meh-
room of the C1O* well In th atratcaplmre,ati tb greaterpart of
tb aloudIn levelsbeyoxdthe reach of routinemeteorological
obeermtlxma, For this reaem, it ha been iqosslble to prepare
~ti =teoz’ologicaltr~jectcriesto deturnrinetk path of the
~ ●t variom levele. Tlm netwrk of war air observing
statlma in the tmgics is extrmmly apsrae●t best, and uid repcmta
st lewls ●bom kO,000 feet ●re -mlly nonexistent,with tlm
exceptionof ● few from stationsIn tb ~rshall Is&mis apd
●d~cent areas eatabllshedespeciallyfor this test sties. Eh8n
●t thae statlcms,tlm hlghat obaervationararelyextendsbova
100,OOOft.

-5-



Th meteorological trajeotiries for tla varioua~sts ca-t,
tlwrefore,be computed●t levelsabovem ,000ft. ati are doubtful
even at lower levsls. All trajectoriesgimn in thisreportwere
coquted by personuelof tlm A- WeatherSertice(SUPABranoh)ad
●e preparedfor tlm 850-mb.(~,000-ft), 700-mb.(10,000-ft.),
%xI-mb.(18,000-ft.), 30G+ab.(30,000-ft.), and 200-mh (hO,Gft. ),
lenls only.

Tb teqmraturs eomdlngs for all of the Castleburstswere
very similarin theirnmjor features. Thereuareno pronounced
inversionsIn the lowerlayers (exceptfor an invsrslcaat ●bout
7,m feet ddng Romeo). Tb air was qtitemist up to ●bout
~,~ feet,and so--t dri= UbOVO,with fairlyste lapse raf=a
in tlm qper troposphere. TTlm tmpopause uas betuaen 8$~ ●ti
5b,000feet tith mry stablelaws rates in the louer stratosphere
above. The windsobtiinedfrom observationsnmde at or neareach
of th shte are shownin Figure 2.1.

2.1 BRAVO

h firstburstof the Gstle series,Braw, was detonatedft’om
a coralreef in BikiniAtoll on 18L5 GCT, February28, 195&. Th
res~t~ cloudof radioactivedebrisreachedto m, 000 feet with
th bee of the mushroomat ●bout 60,000 feet. T&J tzopopause at
this time was at aboutn,OCNlfeet, so that th’ mushroomof t~
cloud-s entirelyin the s~tisphere. T& Iou-lnl essterly~dSS

extended to about6,000feet,tith llghtwesterlyulds increa~
tith altittieto a maximumof about hO knots at 3%0,000 feet,
exte~ to th Mse of tb _tosplzIre. EIMlturlyW$ndsprevailed
througkut the stratosp&reto the Mghst altittiereachedby tlm
meteorologicalobservations,about 100,000feet. ma ●t this hl
were easterlyat about x kmts.

Trajectoriesof the louurparts bf th cloudare ahonnin
i?igure2.2,but dortmatdy, no tra jeotorles can be constructed

for tb M@9r Ievals. Amilable etideaueto ●bout 100,000feet
(obser=tionsIn th -sWIM and ●t Guam) indicatisgeneraleae+=lY
wlrxlsIn the lower stratosp-e, so tint this portionof th OH
rovedtowardth PhilllpixMs.NO ob~tdons to Mc8t0 the ~w-
ment of the cloudabowe1~,000 feet ●re available. &nwer, it 18
likelythat easterlyuindepre-iled ●t tbss levels.

Tlm daily falloutmaps for the pcmiodfollowingth Bravo toot
are particularlyMx3restiag In that th backgroundof fission
productactivitymm prewiouetestswas negligibleand the suc~
bmst did not occ~ until 26 days lata, so tlmt tlm progressionof
areas of falloutfromday to day is more easilyseen.

-6-
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TbD wutuard mm delu5sreactbdtlm hmicas on March 7
●nd 8, iadtoating ●n ●veragewest wind of about40 knots,in good
●greant with tlm few uimd obsamtiona availablein t& upper
~poq)b?ao Although the prO@OSIKfOZlOf d8ti tO th =Ut
●ppears to be in good●graenmnttith tlm ~,000+ot tra$dory,
tndloa~ tbt tb transportoocurredim the trade* layers,
it is amtlrely~O13Sib10 that str8toflph8ri0 deM5s mo~ with the
Wpar le-1 oastmlias oontri~ted to thla fallout●lso.

T& -t striMmg taut whloh emergesfrm 8 st@y of tb
falloutin tb periodfo~o~ the Braw test 1s tb tendency
far t& dams to rerninin the tropioalUtitties. By far the
largest~unta of falloutocc~d In tlm latitudeband from
10’S to @N, with oooasionalexoursiansinto tlm more temperate
latitu%s of each hsmlsplmre,partloularlyin the Americas. An
exaqle of tlxisean be seen in tlw eouthueslxm Wted Statesb
the ptiod beginningMarch 15. At this t~, ● deep low pressure
_ ~ t~ough most of the tropospkm ma locatedjust
off tlm ~at mast, xlth strongsoutheasterlyUIJXISover tb
southWe* 8tats19.This depreaelonmoved sloulyeastwardso tht
by 14d*h Y&h, the eo~ ly lmda -0- the Mississippi
Va~ Am axaminatlomof tlw fallout-B rewealattitfallout
durlmg-s p~iOd ma auqodated with th?)southwesterlyId2Xh3,

whioh ~ed de&is from the tzwpicalregions.It i8 significant
that th@ falloutwas imdspendentof precipitation.Tb Mghbst
fallout~1~ occurredduring the first t!nwedaya of tlmperiod
when -e ws no precipitation,ad ewenon tb 18th,when there
wmre aevurelstat.lonareportingprecipitation the falleutoccumwd
In tb -on dmlmated by the southwesterlywimis and was not
closely●ssodated ulth tb existenceof precipitation.A somwhat
mLndUr seriesof eventsoccurredIn the periodMrch 21-25, although
precipitation was more uidesvreadIn thin oaaeand nmy hava had
‘&re ‘Muence on the obse~d falloutpatterns. -

2.2 ROM30

T& secondburstof the Castleseries,Rawo, also
b~st of the sanM orderof maznittie●8 the Bravo test.

a high-yield
was detonated

fiorn● barge at 1830 WT, Mar&h 26, 1954. Tk remilti& cIoudof
debrisreacbd to 110,000feet,with tb be9e of the mushroomtop
at 62,~ feet. The wind observations associated with this b~st
showd light easterly wtxxisat vtrtually all levels increasing b
speed ●-e 80,000feet to a tim of 92 knots from the SE at the
top of the highestobservation,9$,000feet. Althoughthe trajeclarles
(Figure.2.3) at all levelsin the troposplmw =ved ~stward
Initially,the 30,00& and 40,0CN2-foot trajectoriescurvednorthward

-9-
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and then eastwardwithina very shorttime. Tlm lowestlevelscon-
tinued westward and the 18,000-foot trajectoryappeared * cm’ve
back towardsthe Uted Ststee on tb 28th,altio~h th ~teoro-
logicaldata is unoertiln. Winds b the dratoaplmrs up to the
level of the too of tlm cloudwre probablyfrom the east,oarr@ng
most of the mushroomwestward.

Althoughalnmsta monthelapsedbstuaenthe firstand seoond
burstsof the Castleseries,enoughdebrisfrom tb firstburst-s
presentto seriouslyinterferemith attemptsto tracethe prognm
of th secozniclod by an examinationof falloutdata. For example,
an I.norease In depositedactiti~ occurredat aoms atationaIn
Centraland SouthAmerica on Mroh 31 and April 1, sevursldays
beforethe meteorologicaltra$sctorieswouldindioatethe arrival
of debris. It is not certainif this is due to the completelack
of meteorologicalobser=tlons In the EasternPacMic and the winds
were really strongerthan assuaed,or that tb debrisuas actually
from tlm Bravoburst. (Nob: Stice all falloutdata is extrapolated
to 100 days afterthe assignedburst,valuesassignedto Wferent
burstscannotbe compareddirectly. The extrapolationfactordependsI
both on the day of tlm burstand on the day the ample was counted.
For th areasmentionedin thisparagraph,=luas assignedto burst
2 would hve to be increasedby about a factorof threeif the delmis
were assignedto burst1).

By April 2nd and 3rd inoreasesin activityare evidentalongth
Gulf Coast of the UnitedStatesand certainlyby tb 4th and Sth there
is good etidencethatdebrisfrom this burst Ws arrivedover t-he
kited States. Again,as when fresh Bravo debriswas present,fallout
seemd to occurirrespectiveof the occurrenceof precipitation.

The progressionof debriswestwardfrom tb test siteappearsto
bve been morerapid thanindicatedby the low-leveltrajectories
at ~,000ad 10,000feet,at least for tb firstfew days following
tb burst. Whethr the arrivalof debrisat yap and hror on March 2’9
is a result of transportof materialwestwardin the stratospheric
easterMes or in faster-tban-observed low-level tradesis not certain.
Again,as withBravo debris,tbre was a markedtendency for th
falloutto occw in the tropicalareas,with occasionalincursionsinto
the UnitedStites.

2.3 KOON

Koon, the thirdburst of t~ series,ms, by far, the least
powerfuldevicetested,with a field of 110 KT. It was detonakd at
Bikiniat 1820GCT,April 6, 19%, but cloudyconditionsprevented

-11-



aacurateobservationsof tlm character of the clod. Presmbly,
the tip of the mushroomws at, or slightlyabove,tlM tropopause,
which WSS 8t 53,000feet. The winds ware easterlyto S,000 feet,
light southerlyabove to about 30,000feet,becomingwesterly
about 3M0 knotsh the tropopause.&cause of largeamountsof
falloutfrom tlm secondburst,which occurredelevendaya earlier,
it was impossibleto tracetlxsMetoq of tb debrisfrom Koon.
Accordi~ to the meteorologicaltrajectories(Figure2.b), the
lowestlayersmovedwastward,the mid-tropospheric portionmilled
about to the northof the Marshal.lsfor many days and the upper
portionmoved eastward,remainingsouthof the Uuaiian Islands,
reachfngthe southwesternstabs on April 13. No falloutstati~
nported debriswhich can be definitelyassignedto thisburst,
althoughit is likelythat some of the activityassignedto Romeo
Is a mhture of debrisfrom the two bursts. NO fallouthas been
aueignedto KoonIn this report.

2*L mm

The fourthtest of th! series,Union,detonated at Bikiniat
1810 GCT, April 25, 1954,wss also a Msh-field b~st, w~ch reached
well inlm th stratosphereto 94,000ft. T* wind patternwas
typioal,easterlytradeein the louerlevels,lightwinds above,
beaomingwasterlynear the tropopauee,and strongeasterliesabove
70,000feet. Trajectoriesof thisburst are shownin FiguPe 2.5.
If th 30,000-ad 40yO00-foottrajectoriesare correct,very little
fallout-S evidentfrom these levels,sinceno debriswas detected
in Mexicoor along the Gulf coestuntil&y 5 or later. hUout at
Medford, Ore.,on I%y 2 and In the wstern stateson the following
days is b good agreementwith the 18,00o-footmeteorological
trajeatary. It la verypossiblethat the lack of meteorological
data resultedIn erroneoustrajectoriesct 30,000and 40,000feet,
sincedebrisarrifig in Cenlmaland SouthAmericaon May s was
most likelytransportedat theselevels. Falloutto tk west of
Bikini seemedto be in good agreemnt with the trajectories.It
shouldbe noted thst ewn thougha month had elapsedsincethe last
high-fieldburst,considerablefalloutis occurringthroughoutthe
tropicsand it is by no means certainthat the debrisassignedto
biuI is not from an earlierbmst, or that someof the actitity
assumedto be fromRomeo is not actuallyfrom Mon.

2.5 YANKEE

Yankee,tk fifthburst of the series,was detonatedfrom
Bikhi at 1810GCT, May h, 19%. It was a high-fieldde~ce

-12-
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h cloudnaehed 110,000feet. Altho~h the winds,
in g~, were slxllarto thoseof the prwloua bursts,tlm
uweterlyUiJdS jwt below tlx tropopa-o ●ttained Mgbr epeeda
than had occ-d during the ~tiOUll taste,55 to 65 knotsQt
@OOO feet. *jeo=os ●m U- b Figure2.6. Debr%B
reacbd HexiaoCity on Hay 8, and falloutwas widespreadover
tb uestem plalne states●d the Roekloeby ~y 9. Falloutfrom
this b~st aatlnti OT9r tb WJStern hlf of the kited Stataa

(withtl’m,exceptionof the PauifioCoaat) In sign#fioant●nmmts
for s periodof sore than ● week. TIM fslloutfrom Xsnkee in tMs
regionexceaded,by shoot ●n order of rngnlttie,the falloutfrom
●ny of the otlmr tests of tlm series. Tb west~rd novingdebriu
●ppearedto prooegdfaaterthan India ted by the low-leveltrades,
reachingKoror by &y 6 ●nd Mngapore by My 9. Again, It is VWY
possiblethat high-leveleasterliescarriedtha debris, alnce the

2s-30knot wl!xlsrequired●re someuht fastertbn expeutedIn
tlm trsdesof tlm ~esternPacifio.

2.6 liECTAR j

Tlm last test of the series,lk!ctar,was tb onlyburst
detonatedfrom Eniwbtik. It occurred●t 1820 OCT, May 13, 19%,
●nd um of ● somawlmtlower fieldthan tlm other high-fieldteats
of the 6erlea. The resultlngcloudreacbd 72,000feet. TIM
easterlyulds extendedto 20,000feet,with lightwesterllea●bove
to the ba8e of tlm stratouphre. TkI tia$ectoriesfrom thla burst
(Figure2.7) beganwith a slightlygreatercomponenttowardsthe
north tbn for the pretiousbursts.

Si.noeYankee and Nec*r were eeparatedby only nine &ye, It
is virtually~ossible to distinguishbetweendebrisfrom the two
b~sts. An ●ttemptto separate the two sourcesof debrisWJ made
for tlm flrat ueek follouLngkctar, but was not atten@ed beyond
this time. Daily falloutmaps for tlw re~inder of the month,
Hay 22-31,are givenwith ●ll data extrapolatedto 100 daya after
ha tar bees-e of the arbitrary~tem of bur8t assignmentused.
Howewar,it is likelytlat the rnjorportionof the falloutreported
on thue daya orig~ ted from Yankee. To convertthe reported
●ctitityto 100 deya ●fter Yankee, ●sauiuing the debrisoriginating
from Yankee, the valtws gimm on the maps shouldbe Increasedby
about 30-40%.
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To eczwerveapace,dailyfallout~ps for the nmnthof June
are not skun. Rather,a -p showingth averagedailyfallout
for tlw month is given,togetlxwwith tim nuder of daysfor
whichdata uas ●vailableat each station. Again, the extrapola-
ticm is baaed on Nectar, ●nd actitityis shoun at 100 days after
burst. It is ●lso Mkely that the majorption of the fallout
in Jme originatedfrom Yankw and all.valtmsdmld beIncreased
by ●bout 25%to @m valuesat 100 days afteryankee.

Althoughthe discussionof the transportof debrisin the
atmosplx3rehas been confinedto essentiallyhorizontalha jectories,
the actualpaths of individualradioactivepartioleaare complex,
three41menslonalphenomena,influencedby tla fall velocitiesof
the particles,atnmsphericturbulence,rain scmenging ati
orograpMc effects.

-18-



mm 3

TOTALW~LD-WIDE FALLOUT

3.1 CASTIE TOTAL——

Tlm totalworld-widefalloutfrom each of the Castle
(excamtKoon)and from the wholeserieshas been oomputad
basis of resultsfrom the monitoringnetwork. Sincenone

tests
on tb
Qf the

stitionswere locatedinsftediatelyd~wnwlndof the test area so
as to experiencefalloutin the firstday or two follow@ a
detonation,it is apparentthat by far tlw largestfractionof
the fallout.the “close-innfallout,has not been measured.

A COmOSite map for the completeseries,showingthe total
of au falloutoccurxzhgthroughJune 30, 19%, and decayedtm
July 1, 195b,is slmn in Figures3.1 and 3.2. Thesenaps contain
tk cumulativetotilof all debrisdepositedon tb networkfrom
February28 thro~h June 30, 19% Ths debriswas extrapolated
b July 1 on th basis of the burstassignmentsindicatedin
ApD@~ A (exceptfor falloutoccurringafter May 21, whichwas
reextrapolatedto Yankee,see Section2.6).

Isclinesof activitywere titerpolati betweenslationsad
the amrage faI.loutfor the wc ld was computed,by numrical

$titegration,to be 919b djm~ft for a totalof 22.73m?gacuries.

3.2 TOTALS F~ INDIVIDUALTESTS—.

To obtainthe totalfalloutdue to each of the individual
tests, the follouingprocedm, was used. At each s~tion, all
falloutassignedto tb givenburst,as indicatedon th maps o
Ap~ndix A, ws se, and tlw totalfalloutvalus, in d/m/ft5

at 100 days afterburst,were enteredon a maD. (For tbse compu-
tations,falloutoccuming afterMay 21 was not considered,since
there was aom doubt aa to burstassignment.) ti the eventtht
data were missingfor an occasionalday at a given station, the
mdssl.ng valueswere estimtad by intexwolation.~ dab me miss@

for a numberof days, the sum was enteredin parenthesasand
indicatedas a lowerlimitof “activity.holines of actitity-re
drawn and tb totalfalloutcomputedby nurmricalintegration.

-19-



It is not appropriateto comparethe resultsfrom the w?rioua
testswithoutfirstconsideringthe timeperiodsbetueentests.
For example,falloutfromBravowas not nwskedby laterdebrisfor
abouta month in the regionof tests,and couldbe identifiedfor
an even longerperiodh regionsremotefrom the test site. @
the other hard,lhiondebriswas quicklyovershadowedby fallout
fromYankee,vhichoccurrednine days later.

Th world-widedistributionof falloutfromBravo is shownin
Figures>.3 ad 3.4. Assignedto the burstwas all falloutfrom
the periodfrom February28 to April S, 19%, with th exception
of debrisin ● limitedarea whith was determinedto be from Romeo
(SeeAppendixA), The averageactitityof this fallout,corrected
b 100 days afterb~st, was 1937 d/m/ft2,for a totalfalloutof

migacties, or megacuriesas of J~y 1, 19%

Mgures 3.5 ad 3.6 show the totalRomsofalloutfrom the time
of the burststhroughhy 3, 1954. The2world-wideaverageactivity-
at 1~ days afterburstwas ~s d/m/ft for a totalof nega-
cmies, or wgacurieson July 1. No debriswas assignedto
the thirdbursm, Kcon.

Falloutfrom Union(Figures3.7 and 3.8) coversth period
throughMy 12,a somewhatshorterperiodthan the<first two bursts,
sinceYgnkee~s detonalad only nine dan after Union. . ‘k World-@d e
averagefalloutwas 281J dimfftat 100 days after b~st for a total
of mgactiies, or megacurieson July 1.

Yankeectiative resultsare given in Figures 3.9 and 3.10.
Debrisuas specificallyattributed to this byrst through Hay Z1.
However,much af th falloutwhichoccurredbeyondthisperiodalso
originstid fioR Yankeeso thatthe total falloutis undoubtedly
much greaterthan t~ valuesgiven. Thro~h May 21.Yankee fallout
averaged1219 d/m/ft , for a totalof magacuriesat 100 da?zs
afterbmst. Correctedto July1, 194, ttisVSIU =omes
megacuries.

..

Nectarfalloutis shownin Figure3.11. Since this burst
f ollouadthe powerfulYankeeburstby only nine days,debrisfr~
kctar is identifiableas such only for a few days ad in the region
near the tgst area_ *TMS f’all~ut from Nectaramcnnts to a world-wide
averageof &l d/m/ft , or Iagacuries,at 100 days afterburstt

negac~es on July 1, 19%
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3.3 OCWARISCN WIIll TUTALBETA XIBLD—— ———

It is possibleto conqm’et& totalfalloutobeervaddting
the Oautleserieswith tlm ●uxmt of bets sctitityproduced.
Assumingthe relatlmnohipsbhmen fissionyieldand totalbeta
actititygiven in Tlw Effects~ At-c ~apo~ (b)P. 2~ ) lo
valid the beta •a~ti~b f= produotsfmm ● nominal
bomb t 20 kt) Is ●ppmxima tely 266 megamrles ●f

Y Y ‘a’” biwthe fission@elds gimn In Table 2.1, and tk t- ● law,the total

beta aativltyprochmd h the Mstle is sbwn h Table3.1.

T&m 3.1

TotalBeta Activity hoduts in Castle series

Burst

1. Bravo

2. Romo
3. Koon
4. Ulion
s. Yankee
6. Nectar

Total‘

A comarison of the observedfalloutfrom t~ first two events
ad from the seriesas a whole with tb totalproducedis shownin
table 3.2. The remalnlngevants are not akmn Individuallyshoe
the
tlm

intervalabetweenbvists
debrisfor thispurpose.

nere too slmt b adequatelydlfferentiate

TABU 3.2

Comparisonof ObservadFalloutwith TotalReduced

TotalFallout
Burst 100 days JQY 1, 195b

Percent
after bur8t of total
(megacuries) (megacuries) produced

Bravo
Romeo

CastleSeries

$’
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The snnllPemantage of totaldebrisaccountedfor by the
observingnetwmk is somuhat pussling. Althoughit -t ti ass-d
thst ● large fractionof tb activedetriswas depositd in the
ticinityof tlm tast sib, it 10 81s0 true thattlm sbxtcomlngs

of tb gwned flla teckique, which ham been discussedIm previous
reports,may be responsiblefor the effectnoted.

A suggeatim tbt increased “atratcqhric storagemmsY be
important is Idiostd by tkm fact that●pproxtnmtely1% of the
detuM from th Caatle serieswas detected,as compared to omr

4$ from tb Ivy series.*

Slme tlm threemst powerfulburstsof the Castleserieswere
condderably larger thanthe Ivy Hike test,it is possiblethat a
largerfractlcn of th debrisuas transportedinitiallyInto the
lowsr stratoapbre.

%b HEIEQWLOOIW INTERPRETATIoN

The totilfalloutfrom the Bravo test (Figmes 3.3 and 3.4)
clearly show tb tende~ for tim - jor●ctivityto raaai.nnear
the sourceI,atltzxle.In markedcontrastui.ththe falloutfrm the
Ivy sarlee,there eeemato be no etidenoetbt debriswas carried
narthwarci●roud tb -stern side of tb Pacific high-pressure cell.
Almost no falloutoccurredin Japan,ad very little on ho Jima
from tlm Bravo ta6t,while Ivy Mike resultedin more fallouton
IWO JIJSSthan on any of the othsr PacificIslands. = difference
betweentlm tvc tests is a result of t~ seasonalclifferencein
tlm locationad intensityof the westerncell of tkm Pacifichigh.
This oell is akxt non-existent,in the mean, d- the m~r ad

*Ths figuresgimn in Table6.2 of reference(2) hSVBbeen ~~sed
followinga reca~brationof the countingequipment. The revised
figuresare:

@served World-wideTotal
(megacuriesas of l/1/53)

Mike
King

Ivy total
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early spring, when the Aleutian lows are farther south. As the
western cell of th Pacific highintensifies, more debris can be
carried toward the north,so that by the time of the Yankeetest
(Figures3.9 and 3.1o), in early My, a larger fraction of t~
fallout occwred in Japan. Presumably, tests in tb swuner and
early fall would result in thg greatest contamination of tfx?
JapaneseIslands,w~e wintertestswouldresultin the least.
AISO duringt~ titer mont~, strecipitaticm in Japanis at a
minimumexcept for a narrowzone on the westernslopes. For most
of Japan,maximum rainfalloccursduring the warm sea snn,with the
heaviestrains in Juneand September.

Similarly, in other inhabitedregions likely to be most
affected by relativelyearlyfallout,Lllexicoand CentralAmerica
to the east and tlm Phillipinesto the west of the testarea,
the dry seasonoccursin th titer and the rainiestin the warmer
months,so tlmt here too,falloutwouldM at a minimumfor titer
testsas co~ared to otbr seasons.

3.~ MAXIMUMACTIVITYAT INDIVIDUALSTATIONS—— .

The highest falloutreportedon samplingday on an individual
gummedfilm at each of the stitionsof the networkis shownh
Figures3.12 and 3.13, toget&r with the burst responsible (figure
in parentheses), tb ntier of days after burst thkt tm fallout
occurred and the precipitation observed. AU activityvaluesare
in dfi/ft2correctedto sa~ling ~. As can be seen,the fifth
burst,Yankee,was responsiblefor the highestactivityat most of
the stations.

The high tronosnheric westerlies were faster, resulting
m- a more rapid transport of debris towards ths Am=icas. h
addition,th winds in tlm eastam Pacific were from th west south-
west, resd.ting in th passageof fresh debris over th southweskrn
and souttin states.

On the -stern sida of tim ?acific, the nomal seasonalincrease
in intensity of the western portion of the Pacific high-pressure
ceU and the retreat of the Aleutianlow restited in the transport
of Yankee debris towards the JapaneseIslandsin the lowerlevels,
althoughtha directtrajectoriesat theselevelsmoved generally
eastward.

-3J-l -



Activityin excessof 200,000d~/ft2 on samplingday occurred
at two stationsin tb &ited Statesfollowingthe yankee burst
(Billings,Hont.,and Salt Lake Ci&, Utah)and was a result of
~ falloutat Salt Lake City and tith rain at Billings. T&se
VSIWS exceedby an orderof magnittiethe maximumfallout reoorted
at any of the Japanesestationsand are largerthan the maximwn
valuesreportedat many of t~ PacMic Islandsmuoh closerto the
PacificProvingGround. (It shouldbe noted that it is likely
that Kusaie, Ponme and Kwajaleinreceivedtheirmaximum actitity
followingthe Bravo burst,however,tbse stationsdid not start
gummedfilm observationsuntilabout two weeks after this burst and
tk values given probab~v do not r-sent the maximum fallout for
the Castle series. )

$’
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CHAPTER4

SPECLALOBSERVATIONS

A series of scecialginnedfilm collectionswere made on
?onape,in tb CarolineIslands. h additim to tb regulargummed
fih observations,(wMch were mde at CQ30MT dailyat pompe ),
a ginnedfilm standwas placednear the wixxiwardshoreof the
islandto attanptto sample air unaffected by local dust sources.
k significant differences ware found. Another gumxl f’i~ stafi

WS placed near the regularstands,but the filmwas changedat
12-hourinterwls, in the morruimgand evening. on 11 days with
hsavyfallout, the film exposed during tb daytime hems collected
about so% more activitythandid th film emosed duringthe night
hems, despitetb fact that precipitationwas aboutequally
dlstilmted in the two periods. This xmy be a resultof the
nocturnalstabilizationof the very lowestlayersof the atmospbre
whichinhiMted the depositim of debrisfromturbulenteddies,
although diwnal variationsin the verticaltemperaturelapsera*
are srMllon a 1~-square-mileislandin the tradewifi belt.

To investigatetb deposition, of debris due to rainfall,
~inxt~ W@es were collected ~ a 3C-inch diameter funnel
(h.9 ft ) coincident with th exposure of the 2~-hourfilms. l’hs
collected w ter uats filtered at the eti of each observation period
amj the filter sent to New York, for analysis. On tb nine days
with the heaviestfallout at Ponape, t b totil collection on the
rein filtersawraged $%% as much activityas on the one-sqzare-foot
gumed film. Dur@ t~ month of June,when fallotiwss relsti~~Y
light,the rain filterscollectedtwiceas much actitityas the
gumlledfilm. This is again indicatiw of tb importanceof the
-nout process in bringingold de~s (andpres=blY ~~er
mrticles) to th ground.

-38-
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APPENDIXA

M4PSW DAIIlFALLOUT—.—

-s sho~ the dailyfallouton tti nmitofing networkfrom
Fez 28 to XSY 31, 1954,and the awrage dailyfalloutd~@
t& ~th of J~e, 1954, ●re appended. All _lUSS of ndi-ctitity
●re ti d/incollectA on a squarefoot of gumed fih In a day,
extmpolated to 100 days after tb b~st. In most cases,two films
ware exposedsinniltaneouslyand the valuesfor each are shown.
Th ~st to which t,hedebtiswas assignedfor extrapolationpurposes
is iniicatedon each map. (seesec.2.6withreferenceto bwst
assigmmnts afterMy 21.)

Lines2delineatingthe areasof sigrdficantfallout(over
100 d/m/ft/day extrapolatedto 100 days afterburst),labelled
with the eventbelievedresponsiblefor th fallout,are shown.
Th linesare dashedin areas of greatpstumertainty.

7~ precipitation wtich fell
slmunin accordancewith t~ code
red~ to its water equi=lent.

duringeach samplingperiod is
givt3n on th maps. Snow hasbeen

-39-
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