
k

..

r%
m

;’
&



ACKNUWDGEMEN7S

ILHEIRATIONS . .

ABSIY?.ACT.

CHAPTER 1

CHAPTER 2

cHAF’mR ).L

APPENDIX A

● ☛☛

. . . .

. ..*

● ✎ ✎ ✎

INTROD~TIOIJ

CASTLE TESTS

2.1 Bravo .
2.2 Romeo .
2.3 Koon. .
2.4 Union .
2.5 Yankee.
2.6 Nectir.

.

CONTENTS

. . . ..*9 ● *.**** ● =****

. . . . . . ● *O**. ● O**** ● *

.* ****. ● ****** ● *****

. . . . . . .* ..** ● **.** ● *

.* .*.* .00 .0. ● ***.- ● *

. ..0... ● ****** ● *****

.* ..*** ● ***-** ● *****

. . ...0 ● ..000 .* =**- ● *

. . . . . . . . ...* ● ****C ● =

. . . . . . . . . . . . .. **** ● *

. . . . . . . . . . . . ● O*.** ● *

W(RLD-W12ZFALLOUR’.. . . . . . . . . . . . . . . .

3.1
3.2
3.3
3.11
3.5

Castle Total.. . . . . . . . . . . . . . . . .

F

obls for IndividualTests . . . . . . . . . .
omcaris.onWith Total Eeta Yield. . . . . . . .

l%0i5S.ogical Interpretation. . . . . . . . .
@ximum Activity at Individ~_l stations . , ._,_.:

——. . .

SPECI.ALOBSERVATIONS. . . . . . ..000*****

~~PS~FDAILyFALL~~~@,. . . . . . . . . . . . . . .

.-—. - .. . .
ruLrLttdukl.....0 ● .***.**””** ““”””””””

. . .. .

Page

iv

Y

d

1

5

6
9
11
12
12
15

19

19
19 t

:;
3h

38

39

ACKNCWLEDGEMZNTS

The work reported on here was performd under tti tirection of
Dr. Lester iMachti,
Services Division,
was establiskd by
Operations Office,
&ector, ad that
Daniel E. Lynch of
coordinatorof the

Chief, Snecial Projects Section, Scientific
U. S. ‘deather Bureau. The monitortigprogram
the Health and Safety Laborato~, New York
Atomic Energy Commission,~MerriIEisenbud,
office provided tk radiologicaldata. Mr.
t~ Health and Safety Laboratory served as
program.

Many helpful suggestionswere received from colleaguesin the
Special projects Section, D. Lee Harris, Kenneth M. Nagler, Francis
Pooler, Jr., and Leo R. Quennetille. The staff of this section
performed the laborious and pimstaxlng plotting of data and prepara-
tion of the finished manuscript.

-lv -

c

●



1.1

1.2

2.1

2.2

2.3

2.L
2.5

2.6

2.’/

3.1

3.2

3.3

3.&

3.5

3.6

3.7

3.8

3*9

3.10

3.1.1

3.12

3.13

IIJJ.GTRATIONS

Page

F8110Ut Monitoring Network, Pacific Hedsphere . . . . . . 2

Fallout Monitoring Network, Atlantic Hemisph=e. . . . . . 3

‘dindsAloft for Castle Events. . . . . . . . . . ...** 7

MeteorologicalTrajectoriesfor Burst No. 1, Bravo . . . . 8

=teoroIogical Trajectoriesfor Bwst No. 2, Romeo . . . . 10

?leteorologicdTrajectoriesfor Bwst JJo.3, KOOn. . . . . 13

l+kteorologicalTrajectories for Burst No. b, won . . . . 14

MeteorologicalTrajectories for Burst NO. 5, Yankee. . . . 16

L%teorologicalTrajectoriesfor Burst No. 6, Nectar. . . . 17

Total Fallout From Castle Series as of July 1,
PactiicHemisuhsre . . . . . . . . . . . . ●

To-1 Fallout From Castle Series as of July 1,
Atlantic Hemisphere. . . . . . . . . . . . .

Total Fallout From Bravo, pacific Hemimhere .

Totsl Fallout Fron3ravo, Atlantic Heti~here.

Total Fallout FroznRomeb. Pacific Hemis~here .

Total Fallout From Romep, Atlantic He~eP~.e=

Total Fallout From Union, Pacific Hemisphere .

Total Fallout From ‘Union,Atlantic He~isphere.

Total Fallout From Yankee, ?acific He.tis?here”

Total Fallout From Yankee, Atlantic Hemisphere

Tobl Fall~ut From ~~e~tar.. . - ● ● ● ● ● G ●

Maximum Actitity on Sampling Day at Individual
Pacific Hemisphere.. . . . . . . . ...=

MaximumActitity on Sampling Day at Individml
Atlantic Hemisphere. . . . . . . . . ● ● ● ●

19511,
..00.. 20

195&,
● ..*.* 21

.***** 2&

. ...* ● 25

. . . . . ●
26

27. . . .. . . .

. . . . . ● 28

● ...** 29

. ..**. 30

. ..*. ~ 31

32. .. Oo -

Stations,
.***** 36

Stations,
.“

.*.*** J(

A.1 tA.186 Radioactive Fallout I..hthe 2&-hour Periods Begin-
ning February 28 - May 31, 1954. . . . . . . . . . . .kO-225

A.1$1 - A.188 Average Daily Fallout During Month of June,
19*. *.*..........*-- -“ 726-28

Y-



a

ABSTRACT

b
A world-wide net’workof gurmed film stations‘-s established

to monitor fallout following Operation Castle. Although meteorologi-
cal data uere poor, a general connectionof tro~osghericflow
~atterns with observed fallout was evident. Tjere was a tendency for
debris to remain in tro~ical latitudes,with incursionsinto t~
tenperateregions .associaLed with meteorologicaldisturbancesof t.%
predominantlyzonal flow. .4stk season advanced, such incursions
became more evident. Cutside of the tropics, t;+esollthwesternUnited ●

States received thegeakest total fallou~_ax’lt five ttie.St-tit— .— -
receiwd in Japan.

The maximum fallout on any day at an
United States, corrected to sampling day,

It is concluded that the probability
in,%bited re~ions would be reduced by hold@ ?acific test series
in tk winter rmnths.

individualstation in
was 200,000d/m/ft2.

of early fallout in

●

the

-vi-



APPENDIX A

MAPS OF DAIIZ FALLOUT.—

Maps showing the daily fallout on the monito~ network from
Febrwwy 28 to May 31, 19%, and the average daily fallout during
th month of June, 19!%, are a??ended~ All values of radioactivity

are h d/m collectedon a square foot of gummed film m a day,
.

extrapolatedto 100 days after the burst. In most cases, two films
were exposed simultaneouslyand the values for each are shorn.
Ths burstto wtich the debtis was assigned for extrapolationFurposes
is indicated on each map. (See sec. 2.6 with reference to burst

assignmentsafter My .21.)

Lines2delineatiW4the areas of significantfall:ut
(over
labell.ed

100 d/m/ft /day extrapo?az~d:Z 150 days after ‘ourctJ,
with the event believed responsiblefor the fallol:t,are s:.owr!.
T& lines are daskd M, areas of greatest un:er~lnt:;.

‘l’heprecipitationw~hichfell during each sarplinggeriod is
shoun in accordance “tiththe cods given on t:keFBVS. Snow has been

reduced to its ~ter eq~~~ent”

.

.;
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CHAFTER4

SPECIAL OBSERVATIONS

A series of emcial gummed film collectionswere made on
Ponape, in tk Caroline Islands. In additicn,totb regular g=d
film observations,(which were made at CK130OCT daily at ponape),
a gumned film stand was placed near the windward shore of the
island to atte~t to sample air unaffectedby local dust sources.
NO significantdifferenceswsre found. Another gumned film stand
was placed near the regular stinds,but the film was changed at
12-hour intervals,in the morning and evening. on 11 days with
heavy fallout, tk film exposed during the daytime hours collected
about 50% more actitity tbn did the film ex~osed during the night
hours,desnite t:kefact t?at ~reciritationws about equally
distributed in the two ceriods. T:hism:~ be a result of the
nocturnal stabilizationof t?,every lo~wst layers of the atm.OSK)here
which inhibited the deposition of debris frc~.tur’mdenteddies”,
although dimnal mriations in the vertical temperature lame rate
are smll OE a 134-square-rzileisland in the trade wi~ belt.

To investigatethe deposition of debris due tc raitiall,
rainwst r samles were collected by a 3Ginch diameter funnel

$(h.9 ft ) coincidentwith tb emosum of the 2L-kourfilms. The
collected water was filtered at tbfiend of each observationperiod
ard the filter sent to New York,“;foranalysis. Cn tk nine days
.#iththe hsa~iestfallou~ at ~onape, the ~o~i collection on the
rain filters averaged 56% as much.activity as on the one-sqmre-foot
gurmed film. During t.% month of June, when fallout kas relatively
light, the rain filters collected tkice as much activity as the
gummed film. This is agair.indicativeof the imortance of t:%
rai~.ou$ ~rocess in bri.~,ing01.3 de’wis (and TresLErk3~~y SPall~r
rarticlek) tc the ground.

b

.

-38-
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?Actitity h excess of 200,000 d/n/ft on sannling day occurred
at two stations in the kited States following t,% yankee burst
(Billings,Hont., and Salt Lake City, Utah) and was a result of

b dry fallout at Salt Lake City and with rain at Billings. These
Valws exceed by an order of magnitude the mximum fallout reoorted
at any of the Jananese stations and are larger than the maximum
values reported at many of the Pacific Islands much closer to the
Pacific Prov@ Ground.* (It should be noted that it is likely
that Kusaie, Ponane ant!Wajalein received their maxim*umactivity
following the Bravo burst”,however, these stations did not start
gummed film observations until about two weeks after this burst and
t~ values given grobablv do not reuresent the imximum fallout for
the Castle series.)

;
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early spring,when the Aleutian lows are farther south. As the
western cell firthe Pacific high i~tsasifies,more debris can be
Carried toward the north, so that by the time of t’tE?%?rnkeetes’t
[Figures3.9and 3.10], in earIy May, a larger fraction of’the
fallout occurred in Jacan. Presumably,tests in the simswr and
early fall would result in tb greateek contaminationof the
Japanese IsIatis, WM.~ ~~r tests would result in the least.
Also during th winter months, precipitationin JaDan is at a
minimum except for a mrrow zone on the wsstern slopes. For most
of Janan, maxim~ rainfall occurs during the warm seasan, with the
heaviestrains in June and Seutember.

Similarly, in other inhabited regions likely to be most
affected by relativelyearly fallout, LMexicoand CentralAmerica
to the east and the Phillipinesto the west of the test area,
the dry season accurs in tk winter and the rainiest in the warmer
months, so th t here too, fallout would be at a minimum for winter
tests as compared to ot,herseasons.

3.5 i4AXI14’UXACTIVTTY AT I;QIVIDUAL 5TA’TIIJW—

The +ighestfallout reported on samcling day on an incliwidual
glmrr.cdfilm at each of the stations of the network is shoun in
Figures 3.12 and 3.13, toget:her with the burst responsible (figure
in parentheses), the nunber of days after burst that the fallout
occurred and the ~reci~itationobserved. All activity values are
in d/m/ft2 corrected to sanmling~. AS can be seen, the fifth
burst, Yankee, -s re~om=ible for t% highest actitity at most of
the stations. This is a result nit only of the fact tMt yankee
had the highest fission jmeld of any of the devices tested, but
also because of the nteorological conditionsassociatedwith this
burst. The high tronosmheric westerlies were faster, resulting
in a more ranid transport of debris towards the Americas. h
addition, t?w winds in the eastern ?acific were from the west sout?-
West, res~tin~ in t~ ~assag? of fresh de’bris c\’er t ‘e suut’T.Je SteTn
and southern states.

4

.

On the western side of tlhe%cir ic, the norwl season31 increase
in intensity of the western portion of the ?acific :iigh-nressure
cell and the retreat of the Aleutian low resulted in the transport
of Yankee debris towards the Japanese Islands in
although the dtiect trajectoriesat these levels
eastward.

I

the lower levels,
moved generally

v

-3L -
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The small percentage of total debris accounted for by the
obserrLng network is somewhatpuzzling. Although it must be assumed
that a large fraction of the active debris was deposited in the
wkinity of tb test site, it is also true that th shortcomings
OZ th gunanedfilm tecimique,which have been discussed in previous
mporta, may be responsiblefor the effect noted.

b
3.4 METEOROLOGICAL XNTERPRETATION

The total faUout from the Bravo test (Figures3.3 a.ti3.~)
clearly show the tendency far the major activity to re..in near
the source latftude,

tnere seems to b no evidence that debris was carried
northward around the western side of tb Pacific high-pressurecell.

* Alnmt no fallout occurred in Japan, and very little on IWO JiIM
from tb Bravo test,

The difference
between tb two tests is a result of ti-eseasonaldifference in

& tlm location and intensity of tke western cell of tthePacific high.
This cell is almost non-existent, in the mean, durtig Lne winter and

*

-33-
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It -is not appropriate to comoare the results from the various
tests without first considering the time periods between tests.
For example, faUout from Bravo was not masked by later debris for
about a month in the region of tests, ad could be identifiedfor
an even longer period in regions remote from the test site. On
the other hand, Mon debris was quickly overshadowedby fallout
from Yankee, which occurred nine days later.

The world-wide distributionof fallout from Bravo is shown in
Figures 3.3 and 3.b. Assigned to the burst was all fallout from
the period from February 28 to Anril 5. 195&, with the exception
of debris in a limited area which was determined to be from Romeo
(See Appendix A). The average actitity of this fallout, corrected
to 100 days after burst, was 1937 d/m/ft2, for a total fallout of

14.79megacuries, or 3.714megacuries as of July 1, 195&.

Figures 3.5 and 3.6 show the total Romeo fallout from the time
of the bursts through .%y 3, 195~. I’he2world-wideaverage activity
at 100 days after burst was l)Jh5 d/m/ft for a total of 3.57 mega -
curies, or 3.71 megacuries on July 1. tio debris was assigned to
the third bunt, Koon.

Fallout from Union (Figures 3.7 and 3.6) covers the period
through .May12, a somewhat shorter pericd than the first two bursts,
since Yankee was detonated only nine days after Union. The world-wide
average fallout was 28L d/m/ft at 100 days after burst for a total .

of O.?O megacuries, or 1.13 megacuries on July 1.

Yankee cumulativeresults are given in Figures 3.9 and 3.1O.
Debris was specificallyattrib’~tedto this burst th~~’lgh MY 2.
However, much of the fallout which occurred beyond this period alSO

●

originated from Yankee so that the total fallout is undoubtedly
much greater than t~~luesgiwn. Tho~hhy 21. Yafieefalloti
avera~ed 1219 d/m/ft for a total of 3.01 megacuries at 100 days
after burst. Correct;d to July I.,195L, this value becomes 5.78
megacuries.

Nectar fallout is shown in Fi~*ure3.11. Since this DUr5t
:Ollowd Xankee burst by only nine days, debris from
Nectar Zs identifiableas such only for a few
near the ~st area. ~This fallout from Nectar
average of 81 d/m/ft , or 0.20 megacuries, at
0.L7 megacuries on July 1, 195L.

J

days and in the region
amounts to a world-k-l’;e
100 days after burst,

w

0
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TOl!ALWCRLD-WZDE FALLOW

3.1 CASTU3 ‘TOTAL——

Tb total world-wide fallout frcm each of the Castle tests
(extent Roon) and from the whole series has been comouted on the
basis of results from the monitoring network. Since none ef the
stitions were located inmediakly downwind of the test area so
as to enerience fallout in the first day or two following a
detonation, it is apparent that by far the largest fraction of
the fallout. the “close-in”fallout, has not been measured.

A co~osite rnacfor the comnlete series. sho~q the total
of all fallout occurrir.g t.krou.gh June ,30,195L, and decayed b
July 1, 19X, is snore in Figures 3.1 and 3.2. ~~ese ~Qs contain

the cumulative to”=l of all debris decosited on t:k network from
FebrM~ 28 through June 30. 195L. T:he debris %as extrapola~ed
tu Jtiy”l on the basis of tie burst assignments indicated in
ADnendix A (except for fallout occurring after Yay 21, which
reextracolated to Yankee, see section 2.6).

Isolines of actitity were interpolated between stations
the average fallout for the wo~ld was computed, by numsrical

was

and

integrat.i&, to be 91?L d/m/f;< for a total of 22.’73 megacuries.
T

3.2 TOTALS INJIVIDWL T~-TS “’”

TO obtain tk tctal fallout due to each of t+e individual
tests. the follcwing v~ocedwre, was used. At eac3 station, all
fallout assigned tc t:% gi’~en b’~-st, as indi:ate,d on tie Tars of
Annendix A, uas s’.mmed,and t% tot=l fa~lo’dtW1’JSS, in d/m/ft2

at 100 days after bmst, were entered on a ~D. (For tkse commu-

tations, fallout occurring after JMay21 was not considered, since
there was some doubt as to burst assignment. ) In the event that
data were missing for an occasional day at a given station, the

-nd.ssingvalues were estimated by intemolation. If data were missing
for a number of days, the sum was entered in ~arentheses and
indicated as a lower limit of “actitity. Isollnes of actitity were
drawn and tk total fallout conmuted by numerical integration. ‘

-19-
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‘accmate obse~tiong of the character of the clotd.
.—

The winds were easterly to ~,000 feet,
light southerlyabove to about 30,0.00feet. becoming westerly
about 3040 knots to the tropopause. Eecause of large amounts of=
~ frostt~ second burst, which occurred eleven days earlier,
it =9 impossibleh trme tk M.storyuf t~ debris from Koon.
According to the meteorological”tra~ectories(Figure 2.h),”the
lowest layers moved westward, the mid-troposphericportion milled
about to the north of the Marshalls for many days and the upper
portion moved eastward, remaining south of the Hawaiian Islands,
reaching the southwesternstatis on April 13. No fallout station
z%ported debris which can be definitely assigned to this burst,
although it is likely that some of the activity assigned to Romeo
is a mixture of debris from the two bursts. No fallout 9ssbeen
assigned to Koon in this report.

2.).4UNION J
+v

The fourth test of t~ series. Wicn’$,detonateciat Bikini at
181o (XT, April 25, 195h@

T.% wind pattern was
‘typical,easterly tra~e’s-ijthe lore-rlevels, light uinds above,
becoming westerly near the tropopause,and strong easterliesabove
701000feet. Trajectoriesof this burst are shoun in Figure 2.5.
If the 30,000- am.il@,NO-foot trajectoriesare correct, very little
fallout was evident from these levels, since no debris was detected
in Mexico or along the Gulf coast until May 5 or later. Fallout at
Medford, Ore., on Yay 2 and in thd western states on the following
days is h gocd agreement with t~’ ld,000-foot meteorological
trajectory. It is very possible tit the lack of meteorological
data resulted in erroneous trajectories●t 30,000 and ~(j,()()Ofeet,
since debtis arriwing in Central and South America on ,May5 =s
most likely transportedat these levels. Fa~out to the west of
Bikini seened tO be in ,goodagreemnt with t:% trajec:cries. it
should be noted t.%t even though a month had ela~sed since the last

bws~, considerable fallout is occurring t.kroughout the
trgpic.a .~ In ii bjj no zeans cer~ain that the debris assigned to
won is not from an earlier burst, or that some of the activity
4ssumed to be from Romeo is not actually from Union.

-3
2.5 YANkEE =

-
Yankee, the fifth burst of tlki:-~ies, wzs_&~t~na.ted from

Bikin.iat 181OGCT, May h, 19%.

●

-12-



Although the uinds,
In general,were similar to those of the previous bursts, th9
westerly winds just below tk tropopauseattained higher speeds
than had occurred during the previous tests, 55 to 65 knots at
LO,000 feet. T.rajactorie.sare .shcunin Figure 2.6. %?MB
nnfc’kd”~ ~ on‘E@ ~, ad fall-dutwas &dii&pread ovex

......

* Me@ern @8tns states a@ the Rockies by Hay $. Fallow from
this bwst cmtinued over tb we<fern %&U of tti lklted States
(with tk exception of the Pacific Coast) in signiffcant amounts
fw a period of more than a week. l!~ fallom from Yafiee h this
_ ~e~d, @ a~st an Uder of magnittie, the fallout from
~~ of the other tests of the series. The westuard moving debris
appeared to proceed faster than indicated by the low-level trades,
reaching Koror by Uay 6 and Singapore by May 9. Again, it is very
possible .ttithigh-level easterlies carried the debris, since the
2S-30 knot ulrds required are somewhat faster than expected h
th trades of tb western Pacific.

2.6 NECTAR

Th last test of the series, Nectar, was ths only burst
detonated from Mwetik. It occurred at 1820 GCT, .%y 13, 19%,

?p,? “23>.7 +4-.. -~ --- A -. .-.--, ;= ”--,- r= :, 4.-.
. . . .+ .*. .> - T&

easterly *S exGe{.kcdLO CJ,VW ~eeL, with lignt wes~rlies abov..
to the base of tlm stratosphere. Ths trajectoriesfrom this burst
(Figure 2.7) began with a slightly greater co~onent touards the
north tbn for the pretious bursts.

1
Since Xankee and Nectar were separated ‘byonly rune days, i~

is ~tually impossible to distinguishhetueen debris from the two
bursts. An at~mpt to separate the t~ sowces of debfis uss made
for ths first week follo@.m+ Nactar,. but. uas not at+tsmptedbeyond
this time. Da-flyfallout mans for the rem,atiderof the month,
hy 22-31, are given with all data extrapolatedto 100 days after
l’kctirbecause of the arbitrary system of burst assj.gnmentused.
Howver, it iS likely tbt the ,Wjor ~ortion of the fallout reDorted
on these days originsted from Yankee. ” To convert the reported
activity to 100 days after Yankee, assuming the debris originsting
fmm Yankee, the VSIWS given on the maps should be increased by
Qhn.llt3&lAo9i

I
r.
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To conserve apace, daily fallout ~ps for the month of Jme
hre not shxn. Rather, a map showing the average daily fallout
for the month is g~ve~ toget~ with tlm number of days for
whioh data was avallablsat each statlwn. Again, the sxtraDola-
War * ?)ased ofi Neokr, ad activity is shoun at IN days after
bm=st. It IS *lSO likely that the m$or portion of the fallout
la June originatd from Yankee and al). VSIWM should be increased
w ●bout 25~ to givu values at 100 days *ftsr Yankee.

Although th discussion of the transport of debris in the
atmosphere has been confined to essentially horizontaltrajectaries,
the actual paths of individualradioactim particles are complex,
three4imensional phenomena, influencedby the f●ll velocitiesof
the particles, atmosphericturbulence,rain scavengingand
orographiceffects.
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and then eastward within a very short time. Th lowest levels con-
tinued westward and the 18,000-foot trajectoryappeared to curve
back towards the hited States on the 28th, although the meteoro-
logical data is Unoertaill.winds in the stra@sphere up to the

t hvel of the too of tk cloud were probably from the east, carr’@ng
most of the mushroom westward.

Although almost a month elapsed between the first and second
8 bursts of the Castle series, enough debris from tk fi.rstburst was

present to seriously interferewith attempts to trace the progress
of tlm second clod by an examination of fallout data. For example,
an increase in deposited activity occurred at some stations in
Central and South America on March 31 and .4pril1, several days
betore the meteorologicaltrajectorieswould indicate the arrival
of debris. It is not certain if this is due to the complete lack
of meteorologicalobservationsin the Eastern Pacific and the winds
were really stronger than assumed, or that tke debris was actually
from t.% Bravo burst. (Note: Sines all fallout data is extrapolated
ta 100 days after the assigned burst, valxes ~ss~:~ed to different
bursts camot be comcared d%rectly. The extrapolation factor decends
both on the day of the bmst and on the day the sa~le was counted.
For tt-e areas ~entioned in this naragrarh, values assi~ned to bmst
Z muld &ve ‘to be increased by about a factor of thee if the debris

By ADfil ad and jrd increases in acti~.tityare evident along the
+ Gulf Coast of the Mited States and certaifiy by th ~th and ~th there

is good etidence that debris from tbds bwst &s arrived over tbe
United States. Again, as when fresh Bravo dzhris was ?resent, fallout
seemd to occur irrespective of”-:the occurrence of precipitaticno

*
—. The progression of debris westwrd from t~ test site appears to

have been more rapid than indicated by the low-level trajectories
at 5,000 aml 10,000 feet, at least for t,% first few days following
tk burst. l’hetherthe arrival of debris at yan and Koror on March 29
is a result of transnor~ of -H:.erialwestward in :% stratc=h~ric
easterlies or in faster-tfiafi-observedlow-level trades is not certain,
Again, as with bravo c?ebr:s, t+,e?e ‘-as a ,-arkedtendency for c;%
fallout to occur in the tropical areas, with occasional incursions into
the United States.

2.3 mm

Koon, the third burst of the se~ies
>A was detona-f&Zl-’at

BIkm.i $“~-~ GCT, Aoril 6. 19$’~.b~t cloudy conditionsprevented

-11-



Tlm eastward mwl.ng debris reached the Americas on Mrch ?
and 8, indicating an average west wind of about LO knots, in good
agre~n% with t~ f~u wind obge~tions available in tb upper
troposphere. Although the progression ef debris to M west
appears to be in good agreement with tb 5,ClW-foot trajectory,
ticating that the transport occurred h the trade M lay8rs,
It is entirely possible that stratosphericdebris moving with the
wpca’ level easterlies contributed to this fallout also.

l!lmmost striking fact which emerges from a study of the
fallout in the period following the Bravo test is the tendency
for tb debris to remain h the tropical latitudes. By far the
largest amounts of fallout occurred in tls latitude band from
10°S to 20”N, with occasional excursions into the more temperate
I.atittiesof each hemisphere,particularly in the Americas. An
example of this can be seen in t~ southwestern United States in
the period beginning Wrch 15. At ttis tiqe, a deeo low pressure
system extending through most of the trogos~here ‘as lccated just

*h strong sout.hwesterl:~*s ~ver t;woff th3 ~st coast, widt
Southwestern 9+Ate9. Ttig depression moved slo-tily eastward so that
by &mh 18th, the southwesterly‘winds“wereowr the Mississi~~i
Valley. An exa~ation of the fallout ~DS reveals tl&t fallout
during this period was associated with t!m southwesterly winds,
which carried debris fro.n the tropical regions. It is significant
that this fallout was independent of ?recinitation. The ;Fc@hest

● fallout “%lues occurred during the ftist three da= of %he period
when there wa9 no precipitation.ad even on the l~th, when there
were several stations reoorting precipitation, the fallout occurred
in th region dcminatid by the southwesterlywinds and uas not
closely associatedwith the existence of Drecizitaticm. A somewhat

# similar series of events occurred.M t;heperiod %rch 21-25, although
precipitationwas more widespread~ t,hiscase and may have had
nmre influence on the observed fallout patterns.

2.2 Au._.

The wind observationsassociated with this burst -
showed light easterly winds at fi-tually all levels increasing in

● , speed above 80,w feet to a X* of 92 knots from the SE at the
@p of the highest observation, 9500U feet. Klthough %fie %rajec”tikle
@igure, 2. 3) at all levelg in _the:#roposp&re mend westward
:$nitial.ly,the 30,000- and 40,OW-f oot trajectories curved northward

b
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Tb meteorologicaltrajectiies for th various bursts cannot,
therefore,be computedat levels abuvrjLO,000 ft. and are doubtful
awn at lower lemh. All trajectoriesgiven in this report were
computed by personnel of tk Air Weati~ Servica (SUPABranch) and &

uw pnspared for tb 850-mb. ($,0~-ft ), 700-mh. (10,000-ft.),
~00-mb. (l0,00@ft. ), JxI-m& (3o,000-ft.), and 200-mb. (l@,000-ft.),
levds only.

TkI te~&ature soundingsfor all of th Castle bursts were
*

very similar in their major features. There were no pronounced
inversionsh the lower layers (except for an invwsian at about
7,000feet during Romeo). The air was quite moist up to about
$,000 feet, and somewbt drier above, with fatily steep lapse rates
in tlx)

!54,000
above.
of tk

upper troposphere. The tropopausewas between 1.J8,060 and
feet with veqy slzble lanse rates in the lower stratosphere
The winds obtainedfrom observationsmde at or near each
shots are shown in Figwe 2.1. .-F

2.1 BRAVO L
/ ‘“”‘.-.

!.-
.t

The first burst of the Castle series, Bravo, was detonatedfrom
a coral reef in Bikini Atoll on 18)45GCT,Februm-y 28,_195h. TkI
resulting cloud of radioactivedebris reached to fee~

T& tropopauseat
this time was at about 5&,000 feet,

The low-lenl easterly trades
extended to about 6,000 feet, with light westerly winds increasing
with altittie to a mxhmm of aboqt &O knots at 35-LO,000 feet,
extenti~ to the ‘basscf tl=.es;=2<c.*.:Xre. %s’ierly‘tids prevailed
througtiutthe stratosphereto the tig~st altituie reached by the
meteorologicalobserwtions, about 100,000 feet. Whds at this level
were easterly at about 50 knots.

Tra.jectiriesof the lo~~r Darts Of t% cloud are she-m in

Figure 2.2, but unfortunately, no tra jec +~ries can LW cons -tiucted
for the higkr levels. Available e~dence tO abou: 190, O(3C feet

(observations b th l%rsblls and at Guam) indicatis general easterly
winds in the Iouer stratosph~e, so that this portion of tk~ cloud
moved toward the phillipines. No obserw tions to indicate tk move-
ment of the cloud above 100,000 feet are available. However, it is
likely that easterly winds prevailed at these levels.

,

The daily fallo~t maps for the p&iod following th Bravu test
are particularlyinterestingin that @e background of fission
product actitity from pretious tests was negligible and the succeeding
bwst did not occur until 26 days later, so that th progressionof
areas of fallout from day t-o day is more easily seen.

-6-
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CHAPTER 2

The bursts of tha Castle

CASTLE TESTS—.

code
mme

Bravo
Romeo
Koon
Union
Xankee
Nectar

Table 2.1.

Date
19J&

Feb.28
Mar.26
Apr. 6
Apr.25
May L
Kay 13

GCT

18L5

1830
1820
1810
1810
1820

series are given in

Castle Test Series

Yield
Total
m

15

The first burst

Table 2.1.

~was detonated on
EiI–-k%%ll, --fh succeetig :four from barges in the Bikini lagoon
and tim last on Eniwetoic Atoll.

.
most of the radioactive clouis created

h th G stle series extended to ve~ great heights,
and tk greater part of

tb cloud in levels beyond tka reach of routine meteorological
observations. For this reason, it As been impossible to prepare
adequate meteorological trajectories LO dete~’e t,% oath of the
debris at various levels. TM netmrk of upp~ air obser~
stations in the tropics is extremely sparse at best, and wind reports
●t levels above ~0,000 feetare virtually nonexistent, with tb
exception of a few from stations h the Marshall Islands and
adjacent areas established especially for this test series. i% n
●t these statims, the highest observations rarely extend above
100,OOO ft. +:

-5-
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..

cI hdicaticns tlmt the arbitra~~ systejzvas in error, the actititywas
reassignedto the appropriateburst. In the case of observationsin
the Pacific and adjoiningregions, it was usually possible to
determine tk burst responsible far the actitity from an examination

,/ of the tra~ectoriesof the debris in conjunctionwith observed
-. increases In radioactivity.‘.., Elsewherein the world, it was ordinarily

necessary to use the arbitrarilyassigned burst. All maps of daily
falloti”values indicate the burst assignment used in computing’tbe
decay correction. &less otherwise indicated,all radioactitityis
reported in units of disintegrationsper r~nute per square foot of -1 ~
gunmed film, decayed to 100@ after the dav of the burst. The t “
law for the decay of fission product activity has been used throughout.

—. —. .

The maps of. daily fallout incltie only the data from the land
stations, since there is considerableuncertaintyin the ship data.
The locations of the s~ps were imperfectlyknown and the procedures
for avoiding cross-contaminationof samoles h handling and mailing,
particularlyon ships exposed to .keavy fallout at some time dyring
their vo~ge, were not adequate. T.% s~D dab were utilized ~ tbe
drawir~ of isolines of activit:~on tbe fallout maps and in the
interpretation.of the land staticn data.
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