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ABSTRACT 

A world-wide network of guwd film stations was established 
to monitor fallout following Operation Castle. Althowh mteorologi- 
cal data were poor, a general camction of tropospheric flow 
patterns with observed fallout.wa evident. There uea a tendency for 
debris to remin in tropical latitudes, with incursions into tti 
temperate regions associated with meteorological disturbances of the 
predominantly zonal flow. As tim season advanced, such incuraiona 
became more evident. Outside of the tropics, the southwestern &zLted 
States received the greatest total fallout, about fips timea that 
received in Japan. Tb total uorld-wide fallout up to July 1, 11954, 
from the Castle aerie outside of the mediate test area, ia 
estimated to be about Jf ttE total fission activity produced. 

The maximan fallout on any day at an inditidual station in the 
United States, correoted to aelq>ling day, was 200,000 d/m/ft2. 

It is concluded, that the probability of early fallout in 
i&bit& regions uould be recioeed by holding Paoific teat series 

in the winter months. 
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&the spring of19P1,c@m~oaClrtle, l 8sri48 ofrtmle 
tO8t8, #I OOZUi~tOd 8t th8 Atode &MBrgl Cosd88i0nr8 P8Oifi.O 
~riag&XI&l ihtb br8hll Y8lrrd8. hria, 88 in OthsrrOOent 
tart -08 (1, 2, 31, 8x1 WirS x&work Of gtmed OelXt080 
8&8t&ti88@ing 8t8tiOlW lllil estrb~shedby the&twYaPk 
Up~tionrrCWfioeEbrlth8ad Safetqkboratorytoaonitort~ 
d8JO8it&OXNfr8dio8O~VOdU8t~~tiBg fromtIm detonrtiom. For 
tbs &8tti ttb8t8,t&, gtnmdiilrnetuork WI eXp8&ed comid[embly 
toia&tldO 8r8pr088&8tiVVJorld-UidOn&UOrk of 122 8t8tiOXM 
@UFO8 1.1 8nd 1.2). Tbb u. s. h8thsr hsau qmrebd 39 8frtiOn8 
tithe eon-t81 Ihft@d%8t@8urdti 8t 0Vt32'88881008ti0~;ths 
&r&8tb6rServioe upanbd 23 O--l 8trtiOII8, tbb StateDepart- 
~t31,t~~8,~bd~tb,LlrrgmdCor8tQprrd,udtwobg 
~&i0BiO~~8tra1tybopdp@O% - -di8n~t43orOlOg-l 
Semj,ua ooopurtedbyop~rtingaia8 8t8tiOM 8adth6 &mdirnAtoxd.a 
~coni88ionone. &alatrfiaUJtrare 8C~I&tdtO'rPketW 
~trneotx8 &hour oolBctson8 8-w 8t 12X)Q.C.T. 080h1 d8y, 

fi 8dditiOlI, 8iag1WgU-d fik 8tdlriS 111)rO ioe_llOd 0111 Wt 
r&p8 41tbHtll~Saa l?nrmportSerd.oa 8cbdUedtobeum routes 
intheP8olfioQ338a. T& 8hi.p co&~Cti0B8nem'8l8OlPd8 drslly. 

debrirrlld tbs rCrpremnt8- 
di8CtrsBOd illpZ'OtiOUBrSpOPt8. 
tbsplw8nt8~080f 
8d th0 iXl8kll8tioln Of SnOU 

wltfng devices 8tC~t8iXlnOrt&FXl8ktiOM. 

edgamed fib St8IBd far u8e in srmryclidx~s consisted 
arPbd b 8 thOnotitiC8lljl-COn~ollsd el.OCtriC 

bb(ltiX# 81srSnt. fh0 mlt #tsr #8 8llOUOd t0 rm Off the WXPfWX, 
rklng t& obwrvationa oomprrrble to thorns of rriafru on 8 con- 
VUtioatlgtmasdfi~8fud. 

To Si@ifjrthe procedma U8Od in CarreCting for deCay8nd 
888igning lW388Wid8CtiVit7 t0 prrtiCti8rbUNt8, 8 8OIIBUfat arbitrrz'y 
6ytsbmofb1~8t888igxm~& #II ~8&~tthO88~88e8Wht!WB thsbtmt 
rerrpomibld forthrr r8dlo8ctlvOde~is ~88 mC&t8i& AUr8dio- 
8Cti&yCo~&8d iran &if%0 blUBd8 8Ild froPr Ship8 #8 888tarsd 
to ~BYO conus from the 18tiWt burst, 8Otivity 0lmUh8r8 irr ths mrld, 
hBthl9 burstpriartoth0 18tWt. k0 tbrOUOr0 definite 
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indicaticns tht the arbitrary system was in error, the activity was 
reassQned to the appropriate burst. In the case of observationa in 
the Pacific and adjoining regions, it was usually possible to 
determine the burst responsible for tb ectitity from an examination 
of t& trajectories of the debris in conjunc@bn with obeerved 
increases in radioactivity. Elsewhere in tk world, it was ordinarily 
necessary to use the arbitrarily assigned burst. AU maps of daily 
fallout values indicate the burst assignment used in computing the 
decay correction. Unless otherwise Indicated, all radioactivlty la 
reported in units of disintegrations per minute per square foot of 
gumM film, decayed to 100 days after the % of the burst. -The t-1*2 -- -- --- 
law for the decay of fission product activity has been used’throughout. 

T?s maps of daily fallout include only the data from the land 
stations, since there is considerable uncertainty in the ahip data. 
The locations of the ships were imperfectly known and the procedlures 
for avoiding cross-contanrination of samples in handling and maiUng, 
particularly on ships exposed to heavy fallout at some time durjng 
their voyage, were not adequate. The ship data were utiUaed tit the 
dravfcg of isolines of activity on the fallout maps md in the 
inmretation of the land station data. 
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Th, brrrsts of the betlo 8OZ'iOS are given in Table 2.1. 

COd9 
aam 

BY?8n, 
RollKm 
Xooa 
mea 
YIakOQ 
NeCt8F 

Table 2.1. Cart& 'b-t %ries 

1845 
1830 
1820 
1810 
1810 
1820 

Uitb the exceptiomof the third burst, th6 Cestle series ~coxl- 

sisted of high-field detomtions. Ths first burst #I detonated en 
Bi,k3ni Atoll, the mmwding fotrc from brges In the Bikini lagoon 
mxi ths last oa &W&ok Atoll. 

As shown in Table 2.1, mst of t)re radioeotlve clouds created 
intlm CWAci series extemded to veny great heights, ulth tb mu&e 
roonofthe 0louAlmll inthe stratosphar8,rdtbb greeterpartof 
the aloud la lemls beyoxxl the reach of routine netemrologicrl 
obmrmtioas. For tId6 reman, It im bem iqoasible to preqme 
8dequnte abtmrologloal tri~ectorlea to detmndne ths prth of the 
&bia 8t v8rlO~ levt9ls. Ths networkof \ppes air observing 
ut&Aau in the tropics is exkenreu sparse at best, and ui& report8 
rt levels rbove bO,OOO feet me virtmlly aonexlsteat, with ths 
euceptioaofr fenrfror8t8tioar latbb k-still 18lmd6 a* 
adJmentrrear e&abllrhedeqmcirllyforthir tertoeries. E:vmn 
rt tbbsa stmtiam, tlm highsat obwmticm rrrsly ertead rbow 
100,000 it. 



Tb meteomloglcsl trsjectoriea for ths vsrious burst8 osnxmt, 
therefore, be computedstlemls above &,OOOft. ardsredoubtful 
even rt lower levsls. All trsjeotories given in thi8 report were 
c~~utedbypera~nnel of the Air WeatherServioe (SUPABrsnoh) and 
srs prepared for thb 8Sknb. 6,000~ft), ?OO-mb. (10,0004L), 
50Oab. (18,ooo-ft.), 3oo-sb. (30,OOO=ft.), sad 200~mb. (&I,OOO-.), 
18vm16 only. 

The tenpersture 8omding8 for all of tlm Castle burst8 nsre 
mry 8Mlsr in their major fe8turea. There mma no pronounued 
iaver8ions in the lower lSpSr8 (eXOept for Sn invsrai~ St SbOUt 
7,000 feet during Romeo). Th6 Sir WS8 quit.8 mist Up to about 
5,OOOfest, & 8OmewhrrtCkiet Sbo~3,tithfSirly8tS 

Y 
lSpSe rate8 

lnthb tpper troposphere. Ths tropopsnseus8betusea 8,000sad 
~,OOOfeetdth very stat18 lsp8e rstes inthslousr 8trsto8pk?a 
8bOPe. Ths dnds obtained fmm observations made at or nesr esch 
Of tb Shot8 Sre ShoWI in Figme 2.1. 

2.1 BRAVO 

Tbs firat burst of ths castle SBPieb, Brsvo, vl8 detonated f2-m 
s coral reef in Bikini Atoll on 18lrS GCT, February 28, 195k Tka 
resultiag cloud of radiosctivs debris reached to ll&O00 feet tith 
th6 bass of the mushro&nstsbout6O,OOOfeet. &Ths tropopspse it 
this tllse US8 at about 54,000 feet, 80 that ths nuahroom of thb 
cloudras entirelyinthe strstosphere. 'claw-lmle8starlytrsdea 
extemded to about 6,000 feet, with light mstarly winds incresdng 
tith sltitu;le to s maximum ai about k0 knots at 3$&0,000 feet, 
exha to the bsseorth9 8tzsto8pkJre. w3terlywlndspn?mn,iled 
througbrmt the 8iZ8tO8@XIre to the hi@S8tSltitlX!eR+Schedbytbb 
mtsorologicsl ob8ervation8, about 100,000 feet. wind8 St thi8 lmsl 
uere easterly at about 9 larots. 

Trsjectories of the 10~ parts 5f tIm cloud are shown in 
Figure 2.2, butmforttmstely, no trsjectories ombs co~tmcted 
forth Mgbbrlevels. Avsilsble evidenoe to sbcmt 100,000 feet 
(obeervstions inths &sbU8 Sd St@ISm) FndiOSfe8gel¶ersl ens-4 
WlndS bthe1owK' stratosphere, 80 that this portionof ths Okrod 
nWSdtoUSX'dthe~hUlipins8. No obeemstiona to Mioste ths mm- 
ment of the olotxi sbovs 100,000 feet srs available. &wevsr, 1% is 
uk84 tbt eS8tsl'ly Wi& plWSiled St thb8S lOlFe3.8. 

Thsdsilyfslloutmsps for the psriodfollouingt)lbBrsn, Ibst 
are pSI?tiCtiSrly titerem in that thS bSCk@OUZld Of fiS8iOn 
prOdUotScti~tyf2WS~eriOU8 te8tSWS#s~gli&bleSndthS 8tYlta 
btpstdid notoccuruntll26 days later, sothstths progres8ionof 
8mSb of fallout fron day to day i8 1y)fe es8ily dew. 
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t’Zm 888twrd molring debriB reahed tb Ammicas on &irch 7 

l d 8, ipdioatiq~ mrwmgeuestwinci of about Loknotr, ingood 
rpemat uith ths few wind obaermtlons available in t& uppe~r 
tropo8phem. Although the progrerrsionof&~bcis tiths rrest 
rppemrtobelagoodrgre~twiththb ~,OO&&ottrajectary, 

indim- tbtths tr8~ortoocti in the tndt3 ldd18pr8, 
it f8 @B~pOSSible tbtstr8tospheriO deh%rmor&g nithtb6 
@pm b-1 Oe8t8rlb8 OO&'ikitedtO this trlloPt8180. 

Tbs m8t striking f8& whioh enmrges fk'aa 8 8twIy of the 
f8nOUt tn thb peeloci following the Brow test la the tendency 
f= tb &kt8tORB=iDinths tVOpiOd ~titIXie8. By far the 
brge8t 8mUnt8 of f8nOUt oocurred in tb tititude bend from 
10’s to Z@M, dth oc0a8ion81 eXOUr8ioIlS into the more temperate 
latitPbe8 of each hmispherre, pertimlarly in the Amrims. An 
m84~le of this CJ8nbe 8een inths 8OUthweS~ kitedState8:in 
thepez%odbegi&ngkroh1~. At %hiS tinre, 8 deep lowpressnre 
8y8tem&x&ingthrotrghmost of the tropospbm ma located just 
Off tb .m8t W88t, d.th S~ZYXQ SOUt)#eS&P~ E&d8 over th3 
8OUthHrrtgn 8%0%8. This depre88ionntoved.8lowlyea8twsrd 8othat 
by a3CihZ8th, th8 8o-lyuindf~ -8 OVUrthe~si88ip~>i 
V8Ulrp,..AZParufartiolloit& f8llotrt LIpS ZWWBl8thIItf8UOUt 
dmchy thl8 per.iod ~88 888oatited with the 8oUt&!tsterly Ma,, 
whioh curAd *de&is from the tropicrl regions. It ie signlfiarnt 
the+tJ+ falloUt Wa.8 iadependent of precipitation. The high&et 
fallqti__v8lM occwred dming the fir&t!wee day8 of the period 
uhea,tbare w8 no precipftation, 8~1d emn on tbb 18th, when them 
we aevmr8l StrtiOnS repartirrg precipitation, the f8llOUt occurred 
intbarsgion datbatedbythe 8OUt~Jter~ti 8ndUaanot 
clossl~ r8soclrirted dththe existence of prec&itetion. A s-hat 
si&l8r mies of events occurred In the period flrrrch P-25, rlthcmgh 
pr~ipi~tioa~smorewideaprerdinthis c88e8ndmay have hadl 
more inflmnce on the observed fallOUt patterns. 

2.2 Rmm 

Tbb -cord burst of the %8tle Series, -0, 8130 a high-yield 
burst of the 8ame order of mgnittie 8$ the Bravo test, was detonated 
front 8 barge at1830 (XT, March 26, 19%. The resulting cloud of 
debris reached to 110,000 feet, with t)le bass of the mushroom top 
8t 62,000 feet. The tind obmrvationa associ8t0ddththi8 burst 
showed light easterly winds at vlrttnlly all levels Increasing in 
speed above. ~O,OOO feet to d WMJWI of 92 knots from the SE et the 
tip of the highest observation, 95,000 feet. Although the trajectories 
(Figure. 2.3) it all lewd8 in&e &oposphere~oved rsestward 
initially, the 30,0(X%and 40,000-foot trajectories curved nortkward 
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and then eastward within a very short time. The lowest levels con- 
tinued westward and the 18,000-foot traJectory appeared to ours 
bsok tousrds the &lted Ststes on ths 28th, rlthopgh the reteo~o- 
logioal data is uncertain. WKlr in the stratosphsrs up to th@ 
level of the top of thb cloud mre probably fro8 the east, esnry~ng 
most of the mushvoom westward. 

Although almost a month elapsed between the first and seocnd 
bursts of ths Castle series, enough debris from tb first burst was 
present to seriously interfere dth sttempts. to trace ths progress 
of ths 3econd cloud by an exmdmtion of fallout data. For -example, 
an lncrssss In deposited ectivity occurred at son18 stations In 
Centsal and South America on Hsrch 31 sad April 1, several days 
before the meteorological trajectories would indicate the errivsl 
of debris. It is not certain Li this is due to ths cqlete lack 
of meteorological observation8 in the Eastern Pacific and the winds 
were really stronger than assumed, or that ths debris was 8ctWlly 
from the Bravo burst. (Note: Since all fallout data is extrapolated 
to 100 days after the assigned burst, values assigned to dif'faeent 
bursts cannot be compared directly. The extrapolation factor depends I 
both on the dsy of the burst and on the day the sample was touted. 
For th areas mentioned in this paragraph, values assigned to ‘burst 
2 would have to be increased by about a factor of three if the debris 
were assigned to burst 1). 

By AptiP 2nd and 3rd increases in actitity are evident along the 
Gulf Coast of the Uted States and certainly by th6 kth and 5th them 
is good evidence that debris irola this burst hs arrived over th8 
kited states. Again, as when fresh Bravo debris was present,fallout 
seenred to occur irrespective of the occurrence of preCipitdiOn. 

The progression of debris westward from the test site appears to 
have been more rapid than indicated by the low-level trajectories 
at 5,000 aad 10,000 feet, at last for th3 first few days following 
ths burst. Whether the arrivsl of debris st Yap and bror on March 29 
is a result of transport of material westward in the stratospheric 
easterlies or in faster-than-observed low-level trades is not certain. 
Again, as with Bravo debris, there was a marked tendency for the 
fallout to occur in the tropical areas, with occesio~l incursions Fnto 
the United States. 

2.3 I(ooN 

Koon, the third burst of the series, was, by far, the least 
powerful device tested, with a field of ll0 iCT. It 118s detonated at 
Bikini at 1820 GCT, April 6, 1954, but cloudy conditians prevented 
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aaaurate obsemtions of ths character of the cloud. Pres\wably, 
ths top of ths mus)lsoom ~0s at, or slightly above, tb tropopctuse, 
which was at 53,000 feet. Ths winds wBre easterly to 5,000 feet, 
light southerly above to about 30,000 feet, beaoming westerly 
about 30-40 knots to the tropopause. Because of large amountrs of 
fallout from the second burst, which occurred eleven days ear:Lier, 
it was impossible to trace the history of the debris from Koon. 
According to the metsorological trajectories (Figure 2.&l, the 
lowest laywa moved ueatusrd, ths mid-tropospheric portion milled 
about to the north of the Marshall8 for many days and the upper 
portion moved eaatwsrd, remaining south of the Hawaiian Islands, 
reachz@ the southwestern states on April 13. No fallout station 
xwported debris which can be definitely assigned to this burst, 
although it is likely that same of the activity assigned to Romeo 
is a mixture of debris from the two bursts. No fallout has been 
assigned to Koon in this report. 

2.L UIon 

Ths fourth test of th/ series, Won, detonated at Bikini at 
1810 GCT, April 25, 19%, wsa also a high-yield burst, which reached 
wall into ths stratosphsre to 94,000 ft. The wind pattern was 
typioal, easterly trades in the lower levels, light winds above, 
becoming westerly near the tropopause, and strong easterlies ‘above 
70,000 feet. Tra’jectoriea of this burst are shown in Figtie 2.5. 
If ths 30,000- aad LO,OOO-foot tra jectori& are correct, very little 
fallout was evident from these levels, since no debris ~3s detected 
in Hexico or along the Gtilf cosst until May 5 or later. Fallout at 

Medford, Ore., on May 2 and in the western states on the following 
days is in good agreement with the 18,000-foot meteorological 
trajectory. It is very possible tbt the lack of matsorological 
data resulted In erroneous trajectories at 30,000 and 40,000 feet, 
since debris arriving in Central and South America on May 5 was 
most likely transported at these levels. Fallout to the west of 
Bikini seemed to be in good agreement with the trajectories. It 
should be noted that even though a month had elapsed since the last 
high-yield burst, considerable fallout is occurring throughout the 
tropics and it is w no means certain that the debris assigned to 
Uniar is not from an earlier burst, or that some of the activity 
assumed to be from Romeo is not actually from Union. 

Yankee, the fifth burst of the series, was detonated from 
Bikini ‘et, 1810 GCT, May h, 19% It was a high-yield device 
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ths oloud reeohed llO,OOO feet, Althoeh the dndr, 
b gem+ mro rriailar to Chom'of ths previous bur8t8, th6 
uo8terl~wind8 Jwtb8lowths trqop8u8erttained higher speads 
thra bad ocmmd during the pzwloos to&, 5s to 65 lrnotr at 
~0,000 feet. tij8etmler 8zw rhmm In plgure 2.6. Debrlr 
r88ch8d &Woo city Oa by 8, and frllout ~88 wlde8pmrd over 
th6 -8tex-a plrbs 8ktm ad the Rookle8 by ky 9. ?8llout fxm 
thi8 btlrrt8mtlmed OVW'th9 wb8teZ'n hu Oftb Urited st8t;ee 
(with thb eXCeptiOn Of the hoifi0 &8t) in 8ignifiOat WWXEIt8 
fcsrqeilod ofmoreth8nrmdL Th fallout from Ymkee in this 
region-exceeded, by rlnmt 8n order of rgnittde, the frllout from 
8w Of the Other te8t8 Of the 8Orie8. The We8tmZ'd &Bring debri8 
rpperred to proceep faster than indicated by the low-leml Wede8, 
rerching ltoror bypby68nd Singapore by by 9. Again, itirr very 
pO88fblO thrt high-18VBl 088terliO8 Crrried ths dObri8, 8inCO th8 
25-30 knot -8 required 8re 8ONUm faster thn ezpoted in 
tkm trrdes Of tim ~OSteX'Il p8Cii10. 

2.6 MECTAR ! 

Thb 188t teati Of the 8OfiO8, hCtW, -8 the O&r bur8t 
detonated fromEniu&ok. It ocmzred rt 1820 OCT, PIsy 13, 195&, 
8ti lls8 of 8 8OlWWiSt 1Owler yi8ld thrn tb Othsr high-yield test8 
of the 8erlO8. The resulting cloud reached 72,000 feet. The 
e88terly ulzxI8 extended to 20,000 feet, with light we8torlies above 
to the bese of thb strstoephere. The trrJectorle8 from tM8 burst 
(Figure 2.7) began with a slightly greater component towards the 
north thn for the pretiOU8 bursts. 

Sinae Yankee and &bCtW were 8ep8r8ted by c&y nine &pa, It 
ir rirtuany impo88ible to distinguilrh between debrl8 from the two 
btlr8t8. An 8thIpt to 8ep8r8hY ths tU0 8OflTOeI Of d&XT%8 1~38 ude 
far&b flrti week follouing)bc~r, butua8notrttempted beyond 
thi# tilrs, &ily fallout haps for the reminder of the mcmth, 
MBJ 22-31, are given with 811 data extrapolated to 100 dry8 after 
hater became of the rrbitrrry 8yetem of burst assignment treed. 
However, it 18 likely that the odor pdiion of the frllout reported 
on there drya originated from Yankee. To convert the reported 
rctivity to 100 daye after ~aakee, rs8usdng the debris orlginetlng 
fmm Ymlcee, tib alms given on tlm map8 8hould be increa8ed by 
about 3040%. 
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To cczmerw space, daily fallout wps for the math of &me 
are not 8houn. Rather, 8 map shoulng th8 average daily f8llout 
for the month Is gleen, togetbw with the number of days for 
which data wa8 available at each static& bgain, the extrapola- 
tim 18 based on kkr, and 8Ctitity i8 shorn at 100 day8 after 
burst. It 18 8180 likely t&t th8 mjor portion of tha fallout 
in&me origln8bdfronY8nkeemdall v8lms Shouldbe incre88ed 
by rbotrt 25% to @.rS V81Il88 8t 100 d8ps after Yankee. 

Although the discussion of the tramport of debris Ln the 
atmcmpbere ha8 been confined to essentially horizontal trajectories, 
the 8Ctt~~l p8ths Of individual r8diOaCtiVB pWtiOle8 are COIIIplex, 
three-dimensional phenomena, influenced by the fill velocities of 
the particles, atmxpheric turbulence, rain scavenging ard 
orogr8pki.c effects. 



TOTALWCRLD-WIDEFALLOUT 

3.1 CASTIX TOTAL 

The total world-wide fallout from each of the hatlo test8 
(excwt Koon) end from the whole reries ha8 been oomuted on ths 
basis of result8 from the monitoring netwrk. Since none of the 
8tations were locsted iamediately dovnwiad of the test area 10 
as to experience fallout in the first day or two following a 
detonation, it is apparent that by far the largest fraction of 
the fallout, the nclose-inn fallout, ha8 not been measured. 

A composite map for the complete series, 8houing the total 
of all fallout occ\lrting through June 30, 19%, end decayed to 
July 1, l9%, is 8houn in Figure8 3.1 and 3.2. These map8 contain 
th? cumulative total of all debrir deposited on tb network from 
Februwy 28 throtlgh June 30, 19% The debri8 was extrapolated 
to July 1 on th basis of the burst assignments indicated in 
A~~ebdti A (except for fallout occurring after &y 21, which Wa8 

&xtrapolated to Yankee, 8ee Section 2.6). 

Isollnes of activity were interpolated between stations ard 
the average fallout for the uosld was computed, by nunmrical 
.integration, to be 919h d/m/ft for a total of 22.73 megacuries. 

3.2 TOTALS FCR INDIVIDUAL TESTS 

To obtain the total fallout due to each of the individual 
tests. the following procedure, was used. At each station, all 
fallout aesigned to the given burst, a8 indicated on the maps o 
Apbendix A, wa8 swmued, and ths total fallout ~81~88, in d/m/:ft d 

at 100 day8 after burst, were entered on a map. (For tbse compu- 
tations, fallout occurring after Easy 21 was not considered, 8:ince 
there WJ8 8om8 doubt a8 to burst 88SigrYrrent.) &l the event that 
data uere missing for an occa8ional day at a given Station, ttm 
missiq values were estimated by interpolation. u data were missing 
for a number of days, the sum ~738 entered in parenthe8es and 
Indicated a8 a lower limit of'ectivity. Isolines of activity were 
drawn and. tfib total fallout covuted by nwrioal integration, 
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It Is net appropriate to compare the results from the various 
tests without first considering the time periods bet-en 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. CJn 
the other hati, Union debris was quickly overshadowed by fallout 
from Yankee, which occurred nine days later. 

The world-wide distribution of fallout from Bravo is shown in 
Figures 3.3 ami 3.t. Assigned to the burst was all fallout-from 
the period from 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 1. Ths average activity of this fallout, corrected 
to 100 days after burst, was 1937 d/m/ft?, for a total fallout of 

*aclzries, or .wgacuries as of July 1, 19%. 

F’igures 3.5 and 3.6 show the total Romeo fallout from the time 
of thb bursts through May 3, 1954. +The2world-wide average activity 
at 100 days after burst was l44s d/m/ft for a total of qlega - 
curies, or Isgacuries on July 1. No debris was assigned to 
the t&d bursti, Koon, 

Fallout from Union (Figures 3.7 and 3.8) covers the period 
through Hay 12, a somewhat shorter period than the. first two bursts, 
since Yankee -8 detonated only nine days after &ion, . The world-wide 
average. fallout WN 284 d/ar/ft at 100 days after burst for a Ma1 
of megactziies, or megacuries on July 1. 

Yankee c&alive results are given in Figures 3.9 and 3,,10. 
Debris was specifically attributed to this burst through Msp 2l. 
Howaver, much of the fallout which occurred beyond this period also 
Originated from Yankee so that the total fallout is taxdoubted3.y 
much greater than t3 values @wan. Throush May 21, Yankee fallout 
averaged 12l9 d/m/ft , for a total of Plegacvries at 100 ciapg 
after burst. Corxwcted to July 1, 1954, this value becomes 
megacuries. 

Nectar fallout is shown in Figure 3.ll. %ICS this burst 
followed 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. This +‘allput from Nectar amolats to a world-wide 
average of 81 d/m/ft2, or. ,.sgacuries, at 100 days after burst, 

negBc+iea on JuIy 1, 19%. 
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3.3 COMPARISONUITHTUTAL BETAPIBLD m--- 

It ir, pomible to compare tb6 tot81 fallout ob8ermd durlqg 
the Castle rerlsr with the l m\mt of beta activity pro&wed. 
Assund.x# the rel8tiIUMhip8 between fi88iOn field 8nd tot81 beta 
8CtiVity @em in Ths Effect8 Of AtaariC haPOn (&, p. 25l) 18 
v8lld the beta 8o~~~f~prodUOt8innr no-1 
bomb fm kt).is 8ppXWimrt8ly 266 B8g8OWiO8 8f t”f 5” dry. Wng 
the fi88iosl *Old8 given in Table 2.1, 8d tb t’ ’ lm, tb totrl 
beta rativity prodwed in the bStl0 i8 Shown in T8bl8 3.1. 

Tots1 Beta Activity RodWt8 in ti8tl0 %'ie8 

hrst 

1. Bravo 
2. Romeo 
3. Koon 
Ir. won 
5. Yankee 
6. Nectar 

. I 
Total 

A comparison of the observed fallout from t)re fir8t two event8 
ani from the series 88 8 whole with thb total produced ir shown in 
table 3.2. The remelning event8 8re not 8houn lndividwlly slnoe 
the intervals between bursts were too short ti rrdeqtnrtely dlfferentirte 
thb debris for this purpose. 

TIBLE 3.2 

Comperi8onof Observed Fd.lo~t withl'otrl Produced 

TotalF8Uou-t 
Burlrt 100 days 

July 1, 1954 
Percent 

lrfter burdt of tot81 
(megacurie8) (ZIK@ClEi08) produced 

Brew 
Romeo 

Castle Series 
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The mmll percentage of total de&is rccomted for by th 
oboe- network ia somewhat puzslzing. Although it must ba ammmed 
that a large fraction of the active debris ~8 deposited in the 
ti+nity of th test alto, it Is 8180 tme that tbb 8imrtcotings 
of ths gmmd Film teclmique, which have been discllssed in previous 
report8, my be reapon8ibl.e for the effect noted. 

A rugge&~m tbt increased %ra&pher~c storage9 may be 
important 18 irdicrted by th9 fact that l ppmriBaately l.% of the 
de-8 from ths Caetle emrim was detected, 88 mupared to ovetr 
4% from tb9 Ivy 84wierr.i 

Since tb three mst powerful bursts of the Castle 8eries were 
oon4,derably larger than the Ivy ltrke test, it is possible thal t a 
larger iractiasr of tb debris was transported initially into the 
lover. etratoaghre. 

3.4 lWWROLOGICU INTERPRETATION 

Ths to-1 fallout from the Bravo test (Figures 3.3 and 3,,4) 
clearly show tin9 tendency for the mjor rctivity to rsaoin near 
tin9 eoux%e latlkrde. In marked contra& idth the fallout from the 
Ivy aerleo, thara seema to be no evldenae t)let debis ws carried 
northwardmouW tb rrertern side of tbs Pacific high-pressure cell. 
Almmt no fellcmt occumed in Japan, aad vecy little on Iwo Jim 
f’ron tb Bravo te+t, while Ivy Mike timlted in more fallout on 
Iwo Jima than on any of the other Pacific Islands. TbE difference 
between tb two teats is a result of the seasonal Uference 21 
tb location aad intensity of the western cell of the Pacific Mgh. 
Th!.s oell is almost non-existent, in the mean, during the winter and 

*The flgtmw given In Table 6.2 of reference (2) hwe been revised 
folbuing a recalibration of the counting equipment. The redsed 
figure6 are: 

Observed World-wide Total 
(megacuries a8 of l/1/53) 

. 

Hike 
King 
Ivy total 
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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 tbt by the time of the Yankee test 
(Figures 3.9 and 3.101, in early May, a larger fraction of the 
fallout occurred in Japan. Presumably, tests in the summer and 
early fall would result in the greatest contamination of tb 
Japanese Islands, while winter tests would result in the least. 
Also during the winter months, arecipita'ticn in Japan is at a 
minimum except for 8 n8rrow zone on the western slopes. For most 
of J8p8n, maximum rainfall occurs during the warm season, with ,the 
heaviest rains in June and September. 

Similarly, in other inhabited regions likely to be most 
affected by relatively early fallout, ~%xico and Central America 
to the east and the Phillipines to the uest of the test are8, 
the dry season occurs in ths titer and the rainiest in the warmer 
months, so tbt here too, fallout would be at 8 minimum for winter 
tests 8s compared to other seasons. 

3.5 MAXIMUM ACTIVITY s INDIVIDUAL STATIONS 

The highest fallout reported on sampling day on an individ,ual 
gummed film at each of the stations of the network is shown in 
Figures 3.12 and 3.13, toget- with the burst responsible (figure 
in parentheses), the nu&er of days after burst that the fallout 
occurred and the precipitation observed. All activity vsluea are 
in db/ft* corrected to samliq dag. As can be seen, the fifth 
burst, Yankee, was rezonsible for the highest activity at most of 
the stations. 

The Mgh tropospheric westerlies were faster, resulting 
m-a more rapid transport-of debris towards the Americes. Ih 
addition, the winds in tb eastern Pacific were from the west SOUt?+ 
west, resUi.tlng in the passage of fresh debris over the southwestern 
and southern states. 

on the Wstern sids of t'ne ?acific, the normal Se8SOml increase 
in intensity of the western portion of the Pacific high-pressure 
cell and the retreat of the Aleutian low resulted in the transport 
of Yankee debris towards the Japanese Isl8ndS in the,lower levels, 
elthough the direct trajectories at these levels moved generally 
eastward. 



Activity in excess of XX&O00 db/ft2 on sampling day occurred 
at two stations in tb kited States following th Yankee burst 
(Billings, Itint., end Salt Lake Citg, Ut8h) 8nd was 8 result of 
dry fallout 8t Salt Lake city 8nd with rain 8t Billings. T)lese 
valid exceed by an order of magnitude the maximm f8lIoti reported 
at any of the Jap8nese stations and are lsrger than the maximum 
values reported 8t many Of the P8CifiC ISl8ndS much Closer to the 
Pacific Proving Ground. (It should be noted that it is likr?ly 
that Kusaie, Pon8pe and Kw8jalein received their maximum activity 
following the Bravo burst, however, these ststions did not stwt 
gummed film observations until ebout two weeks after this burst and, 
the trelues givm probably do not represent the maximum fallout for 
the Cestle series.) 
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CHAPTER 4 

SPEXIAL OEiSERVATIONS 

A series of special gumned film collections were made on 
Tonape, in th3 Caroline Islands. In additiat to the regular gwnaed 
film observati&s, (which were made at 0030 GCT daily at Ponape), 
a gumnsd film stand was placed near the windward shore of the 
island to attempt to sample air unaffected by local dust sources. 
No significant differences wure found. Anotbr gwaned film stand 
was placed near ths regular stands, but the film was changed at 
12-hour intervals, in the morniq and evening. On 11 days with 
heavy fallout, tha film exposed during the daytime hours collected 
about 50% more activity than did the film exposed during the night 
bows, despite tb fact that precipitation was about equally 
distributed in the two periods. This wy be a result of the 
nocturnal stabilization of the very lowest layers of the atmosphere 
which inhibited the depositian of debris from turbulent eddies, 
although diurnal varriations in the vertical temperature lapse rate 
are small on a 13&square=mile island Fn the trade tind belt. 

To investigate the deposition,of debris due td rainfall, 
Fsinwat 
(t.9 ft F 

samples were collected e a JO-inch diameter furmel 
) coincident with the ext)osuFe of the 2b-hour films. The 

collected mter was filtered at hs end of each observation period 
arxi the filter sent to New York, for analysis. On the nine days 
with the heaviest fallout at Ponape, tba total collection on the 
rain filters averaged 56% as much actitity as on the one-square-foot 
gunmed fUa. During the month of June, when fallout was relatively 
light, the rain filters collected twice as much activity 88 the 
iylmned film. This is again indicative of the importance of the 
rainout process in bringing old debris (arx.I presumably smaller 
particles) to the ground. 
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APPENDIX A 

M'SCFDAILYFULOVI! --- 

kps showing the daily fallout on. the monitoring network from 
Fobnary 28 to Xay 31, 1954, and the average dally fallout during 
t& rrnth of June, 1954, are appended. All values of radioac,tivity 
are ia d/m collected on a square foot of gumed film in a day, 
ertm&rted to 100 day8 after the bwst. In most cases, two films 
uere exposed simultaneously and the values for each are shown. 
Thb burst to which the debris was assigned for extrapolation purposes 
is iadicated on each map. (See INC. 2.6 with reference to burst 
assigmamts after May 21.) 

Lines delineating the areas of significant fallout (over 
100 d/m/ft2/day extrapolated to 100 days after burst), labelled 
with the event believed responsible for t& fallout, are shown. 
The lines are dashed in 8rea8 of gre8t& mcert8inty. 

The precipitation which fell 
simun in accordance with the code 
redtzed to its water equivalent. 

during each sampling period ia 
given on ths mps. Snow has been 
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