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INTRODUCTION

A number of organigations have made obsarvations of radiocactive
fallout from the bursts in the Pacifioc Proving Ground. As there has
apparently been no previous collection of this information, this
report attempis to gather together the fallout data from and nesr
Bikini and Eniwetok atolls. The upper wind data appropriate for the
study of the close~-in fallout from each of the bursts is slso given.

There sre uncertainties in interpreting some of the fallout

.. measurements and in the choice of the appropriate wind data, but

it is felt that this summary might be useful in the farthcoming
Redwing series.

Joint Task Force 7 provided the fimancial support for this
work.

FALLOUT DATA

Tables 1 and 2 describe the bursts considered in this report.
Flgures 1 and 2 show the location of the islands in Eniwetok and
Bikini atolls, respectively, as well as the barge station numbers
and locations for ths CASIL{ series.

For each of the burstis, & map is shown (Figures 3-14) which
gives the following information: (1) the dose rate measurements
converted to H + 12 hours in milliroentgens per hour, from the
various sources as identified below; (2) the approximate time of the
measuwrenent in hours or days after the exploeion, in parenthesis,
as (H+ 3)ar (D+ 2); (3) a set of numbers indicating approximate
average arrival time (in hours after the explosion) of the fallout - in
circles where the time wms estimeted from the fallout plot and in
squares where it was based on actual measurements; (L) an analysis
of the total dose from tims of fall to infinity, in roentgens; and
(5) a weighted hodograph for a particle which takes one hour to fall
from 35,000 to 5,000 feet, (a particle 291 microns in diameter if
spherical and of specific gravity 2.5).

GREDWOUSE Data

Pigures 3-6 are for the GREENHOUSE series. The reports used
in preparing these maps sre as followss :

a. WI-89 - Scientific Director's Report, Anmex 9.3, _
Rediclogical Safety. All four shots were monitored
from heliocopters. Although the readings may have L
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besn made from an altitude of from 10 to 20 feet,
the observations were considered representative of
readings three feet above ground. Therefore, the
dose rstes shown may be about 15 percsnt too low.

b, WI-l - Scientific Director's Report, Annex 6.k,
Fallout Phenomenelogy. Fallout samples collected
on s gressed aluminum plate were counted by a
beta-garms survey meter and/or a gamms murvey
meter., Some helicopter measuwremsnts from & height
of 10-20 feel are given., They were sccordingly

A incressed by sbout 15 percent to make them comparabls
with other readings.

The subsoripts after the dose rates on Figures 3<6 dsnote the
sources of dsta as follows:

From WI=89
R - R‘.d. S&fe. m‘c@w mms.
. From WT-i

& ~ Rad., 8afe. hslicopter readings.
b ~ Bota-garma swrvey meter readings,
¢ « Samma survey mester readings.

IVY Data -

Figures 7 snd 8 contain the data for the IV series from the
following sourcess

a. WPr-615 (Project 5.im) Nature, Intensity, and Distri-
bution of Fallout from MIKE Shot. Various types of
 collectirss (total, inoremsntal, and differential)
were used in this operation but the repart (Figure
k.1, psge 34) did not deseribe how the varicus
gamma dose rates were derived.

b. WI-6ll < Operation IVY, Redlalogical Safety. Rad. Safe.
helicopter readings from about 50 feet for MIKE and
sbout 25 feet forr KING are given and have all beemn
converted to graind resdings by multiplying by a factar
of 3, as suggested in the report. Also a few Rad. Safe.
ground readings are given,
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The subsoripts on data in Figures 7 and 8 denote the
following sources of datat

From WT-615
C ~ Resdings from various collectors.

From WI=61L

R - Rad. Safe. helicopter resdings.
G - Rad, Safe. ground readings.

GASTLE Data

Figures 9~1l include CASTLE fallout information from the
follouing sowrcesi

a. Project 2.5a3 USKRDL. Operatian CASTLE Final Report
(draft vopy). Far shots 1, 3, L, and 6, the report
containst (1) Rad. Safe., (2) Project 2.5, (3) totsl
collector, and (L) gumsed paper data.

b, WI-917 - Project 2.6a; USHRDL. Chemical, Physical
and Radiochamical Charucteristics of the Contamination,
For the four bursts covered by this report the
following informtion is givens

Shot 1. Average of Rad. Safe. and/ar
Project 2,53 surveys.

Shot 2, Total collector and guwmed paper
measwremsnts as evalusted.by Project

2.6s,
R Shot 3. Project 2.6a snalysis of Project
. 2.5a data (Dose rates are incensistent

with others for this burst and are believed
to be too large).

Shot L., Prelimimary estimtes from Project
6.4 data.

¢. Project 2.5b; CRL. Fallout Studies, Special Report.
(draft). For all six CASTLE bursts this report
lists: (1) Rad, Safe. gamma survey readings, and
(2) Project 2.5b readings. This report also contains
analyses (and data) prepared after activity from
previous explosions was subtracted as background,
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d. ITR-93L --Opsration CASTLE, Summary Repart of the
Commandatr, Tagk Unit 13, For shot 1, an analysis
18 givén of the gamma radiation field in the
viclrity of Bikini, as well as for more distant
.areas, apparenitly based on preliminary analysis
of the data which appears in the above CASTLE
// reports (s, b, ¢).

/é Rad. Safe. Intensity File (Original dats from
y JIF-7.3). These original dats were used to sugment
J and correct the Rad, Safe. gamma survay readings

4 ' from the PA‘OJect 205b x‘epm't.

£. ITR-912 - Project 2.1, Evana Signal laboratory.
Gamma Radiation Dosimetry. Film badge and dogimeter
readings are tabulated. The integrated doses com-
puted from %infinite fleld"® dose rates (measured en
the islands) were fownd to average roughly 2-1/2 .
times the integrated doses determined from nsarby
£11m badges and dosimeters. Accordingly, the dose
rates and infinite doses derived from film badges
and dosimeters an free floating bwoys for shot 1
ware mzltiplied by this factar to get some concept
of the. falleut int«enaity 1n the area of the buoys.

g m~915 Projact 2.53, USHRDL. E.atributd.on and
Intensity of Fallout. An estimate of 500 R/ix at
H+ 2 is given for shot 2 st a dowmdnd distarice
of 45 miles. This would be about 50,000 mr/r at
H-+ 12, The epecific measurements (if any) on
which this estimate is based are not given.

. The subscripts used to identify the. sources of data on
Figm-es 9-1l; are as followst

From Pro:]ect 2.58 rcport

B ‘B.dQ S.feo,datlo
‘A = Project 2.5a data,

" ¢ « Total oollector dats.
G - w p‘p” (ht.c
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From WI-917

a (Shot i) - Avarage of Rad. Safe. and/or
Project 2.5a data.

a (Shot 3) - Project 2.5a data - dose rates
believed to bs toc large.

a (Shot 4) - Project 6.k dats.
8rc (Shot 2) - Total collector dats.

‘ ag (shot 2) - Gummed paper dats.

Fram Project 2.5b report

b -~ Rad, Safe. gamma swrvey and Project
20;b daho

B ~ Rad., Safe. readings with background
gubtracted.

From ITR~93}

E - Preliminary estimstes of gamms radia-
tion, shot 1.

From ITR-912

F - dose rates estimated from film badge
and dosimeter dsta.

From ITR-915
C - astimated dose rate,
Additional Information

CGREENHOUSE. The many Rad. Safe. measurements listed in
Figures 3-0 near each of the burst sites show a large range of
activity., They were not takew at the same spot, howsver, but show
the gradient of activity within the first half mile or so of the -
burst site.

IVI. The fallout from IVI-2 (KIN3) on ths narthern islands
of ths atoll was not distingulshable from the high residual activity
from MIKE, so no measswrements were avaeilable thers.
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CASTLE. The CASTLE Rad. Safe. surveys were generally made
between 0000 and 1100 local time except on shot days, when they
were generally made between 1200 and 1400. For the helicopter
measurements the dats were converted to ground readings by use of
the correlation curve for air to ground readings from the report
on Radiologlcal Safety Operations for the Upshot~Knothole series.

Accor to the Project 2,53 Final Report, fallout after
Shot 1 (BRAVQ) began on the gouthern and eastern islands of the
atoll and at the lagoon stations approximataly 1/2 to 1-1/2 hours
after the detonation. The mean diameter of the particles observed
for several of these stations was about 90 microns. These times
of arriwal and this particle sizs are inconsistent with the normal
fallout process, and some mechanism othar than transport by the
wind of individwsl falling particles is sugpested. A possible
mechsnism may be descent in rain drops from the column of water
which constituted the bulk of the visible nuclsar cloud. It is
believed that part of the colum drifted to ths south and east.
Also, in WT-917 the character of soms of the lagoon samples in
question was described as a slurry defined in oné section of the
repart as “the appearsnce of ses watar plus slaked lime suspension®
and in snother described merely as being wet. The chsmical anslysis
of some of the pertinent samples reported as wet when collected
showed no evidence of sea watar, so that whatever moistwre was
present probably came fram rzin water.

For Shot 6 (NECTAR) the Rad. Safe. readings were made approxi- &
mately one day after the detomation, but to awid fwrther clutter-
ing the D + 1 has been omitted from Figurs 1lL.

L4

WIND DATA

For each of the bursts considered in this repart an attempt
was made to estimate the mesan winds at shot time through various
layers in the atmoaphere to the 5,000 foot lavel nearest to the
top of the cloud. These were generally obtained by plotting the
balloon position as a funoiion of height, based on the original
resdings of azimuth and elevation angles, and the shipt's course and
speed in the case of shipboard soundings, Then the selected alti- , i
tudas botween which mean winds were desired were interpolated on the i
curve and the vector displacements between successive heights were '
measured snd the mean speeds and directions obtained. In a few i
cages whare the originsl dsta were unaweilable, the published
coded wind messagses were used to estimate the mean winds. Usually, A
the mean winds were obtained for 3 sounding befove &hd & sounding o
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after shot time, and an interpolation was mede for the shot time
winds. Whsre those soundings nearby in time sand space did not
reach the altitude of the cloud top, soundings more remote in
time and space were used to estimste the mean winds. No attempt
was made to consider time and space variability in the wind.

Table 3 gives the selected mean winds for the various bursts,
along with the identification of the soundings used in the esti-
ms tions.

The times of f£all through 5,000-foot layers of selected siges
of a spherical particle of spscific gravity 2.5, for a tropical

atmosphere as computed by HeDivigion of the Los 4dlsmos Scientific
Laboratary, sre given in Tabls L.

The times for the 291 micron line ware used 8long with the

sssumsd mean winds in determining the positians of the 21 micron
line in Pigures 3-1l.
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Table 1. Description of mmm and IVY (MIXR) Bursts
GREENHOUSE
s
, Estim?ted Mushroon B?.ghts
§ o Burst | .Code, Date Time Yield 1000%s of feet
: 1 DOG Eniwetok | Yvonne 7ape. | 193k | 300-foot | 82.0, - 55,
(Runit) Tower
2 EASY Bniwetok | Janet 2 Apr.| 1927 | 300-foot | L7.2 -
‘ (Engebd ) ot} aET | Tower s Py hob
3 GEROR | Bniwetok | Rudy 8 ¥ay | 2230 | 300-foot [257.2, b2, 57,
(E»ariru) Towar .
I ITEM Eniwetok | Janet 2l May 1917 | 300~foot | k7.1 - ko,
3 (Bngebl) Tower
vy ‘~
S (1952) i S Eam——
Eiwstok (3L Oct.| 2015 | Sertace |10,500f" 60, 98, .
Eniwetok 16 Nov, | 0030 | 1480-foot}| 570 55 6,
i ., ;’g::‘.;‘«'}{.w«‘, Y esadieed L..Li: g.u.rst £/ \ 1 -

Progress Report No. 2,7 "Woathar Bureau Study of Physical Characteris
- Special Projects Ssctlon, Sclentific Services Division, U. S. Weath

RM=1378-AEC.
IR-933  Project 9.1

cs of Atomic Clouds", (SECRET),
Bureau, May ,,26’ 1955,

‘5 e -
S,
' L
' ‘ DL
2 .
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g“' ' Table 2. Description of CASTLR Bursts

Estimated Mushroom Heights

Location

Grownd Zero

Date
(1954)

Time
(aMT)

n-‘,.‘g -

West of Charlie
(Baxu) on Reef

28 Feb.

1845,

Surface

(1000's
Base

of feet)
Top

ROMRO

Shot 1 Crater

6z,

iy,

2 le;i l§30 Barge 62, 110,

6 Apr. | 1820 | Surface —— 53

| T . "8
I, T
I mm< mﬁn “)] On Barge st Inter-{25 Apr. 1810 |} Barge R 53, 9’%
Sl | \ saction of Arce b

) with Radii of
6900 f£t. from Dég
{(Yurochi) and 3
Status Miles from
Fox (Aomoen)

Tare (Eninmsn)

P

L ¥ay - | 1810

Barge 5 no,

| [}
6 NECTAR | Eniwetok | IVY MXKR Grater |13 May - | 1820 |Barge | L6, (<N

_:r:s.ﬂrq; A- N R ‘ nm (nm‘hb)-- §
= v

D o L Yot
" a. EIO-U6LS L \ p
i h. m‘933 ’ mject 901 \ \ (/

) 4

’&"



Table 3. Estimated Mean Shot Time Winds
for the (REENHOUSE, IVY and CASTLE Series.

4

GREENHOUSE-1 (DOG), 1934 GCT, 7 April 1951

Soundings
layer Direction Speed Used in
(1000's of feet) (degrees) (knots) Estimate
0-5 0614 3308 1,2
5‘10 081 a-6 1,2
10-15 082 17.0 1,2
15-20 061 3.4 1,2
20-25 356 13.0 1,2
25"'30 30h 1509 1,2
30-40 236 .2 1,2
10-50 25, 23.0 1,2
50-55 355 2.0 1
1 - Eniwetok, 1500 GCT, 7 April 1951
2 - Eniwetok, 2100 GCT, 7 April 1951
GREENHOUSE-2 (EASY), 1927 GCT, 20 April 1951
Soundings
layer Direction Speed Used in
(100018 of feet) (degrees) (knots) Bstimate
0-5 073 17.3 1,2
5-10 129 $.7 1,2
10-15 uk ‘226 1,2
15-20 %8 ~3e¢3 1,2
20-25 © 305 L.8 1,2
25-30 285 12,2 1,2
30-40 278 2.1 1,2

1 - Eniwetok, 1500 GCT, 20 April 1951
2 - Eniwetok, 2100 GCT, 20 April 1951

—_ [

N '.,'/;d%t.u‘".
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Table 3. (Continued)

GREENHOUSE-3 (GEORGE), 2230 GCT, 8 May 1951

Soundings
Layer Direction ‘Speed Used in
(1000's of feet) (degrees) (knots) Estimate
0-5 253 2.3 2,3 -
5-10 ’ 261 2.6 2,3
10-15 263 2.3 2,3
20-25 221 %oh 2,3
25-30 207 2109 2’3
30-L40 22 19.2 2,3
Lo-50 22 8.4 2,3
50-60 131 13.3 1,4
1 - Majuro, 2046 GCT, 8 May 1951
2 - Eniwetok, 2053 GCT, 8 May 1951
3 - Eniwetok, 0245 GCT, 9 May 1951 .
L - Majuro, 0245 GCT, 9 May 1951 . .
.k
GREENHOUSE-Li (ITEM), 1917 GCT, 24 May 1951
' Soundings o
layer Direction Speed Used in s
(1000's of feet) (degrees) (knots) Estimate
0-5 075 20.7 1,2
5-10 092 9.5 1,2
10-15% 264 6.h 1,2
15-20 287 7.9 1,2
20-25 3% 7.6 1,2
25-30 035 12.0 1,3
30-40 280 8.0 1l
1 - Eniwetok, 1500 GCT, 2 May 1951 ' .

2 - Bolwetok, 2100 GCT, 2L May 1951
3 - Kusaie, 2100 GCT, 2 May 1951

Rty &, AR
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2 .- Eniwetok, 0300 GCT, 16 November 1952 - ML |
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Table 3. (Continued)

17572

IVY-1 (MIKE), 2015 GCT, 31 October 1S55I~

Soundings
layer Direction Speed Used 4in
(1000ts of feet) (degrees) (knots) Estimate
0-5 090 iy 2,3
5-10 ’ 095 15 2,3
10-15 115 15 2,3
15-20 125 12 2,3
0-25 170 13 2,3
25-30 20 17 2,3
30-40 230 15 2,3
Lo-50 220 12 2,3
50-060 oko 08 2,3
60-70 - 100 20 2,3 -
70-80 085 08 2,k
8090 260 10 2,4
90-100 250 i) 1,2,4
100-110 300 20 5
110-120 0L0 0S 6
120-130 Noo 00 6
130-135 00 00 6
1 - Kwajelein, 2100 GCT, 30 October 1952
2 - Eniwetok, 1500 GCT, 31 October 1952
3 - Bikini, 2100 GCT, 31 Ockober 1952
L - Kusaie, 2100 GCT, 31 October 1952
5 - Majuro, 0300 GCT, 1 November 1952
6 - Eniwetok, 0300 GCT, 4 November 1952
IVi-2 (KING), 0030 GCT, lé:Newwisber:1952
Soundings
Layer Direction Speed Used in
51,000!8;& fest) "g , uQ jl:mta) Estimate
e e
* Q=8 105 0.2 . 1,2
5410 085 22.3 : 1,2
10-15 069 16.3 1,2
15-2(53 ng g.g i,g
20-2 0 . . ]
25-30 018 11-5 l,z / ) .
30-40 3 kL2 fm
ho-so 320 : 26.0 1,2 40 ,} .
S0=60. 083 12.0 1,2 2
60-T0 = . 076 8.2 -~ - 1,2 e
T0-75 288 6.0 1,2 -

1 - Eniwetok, 2100 GCT, 15 November 1952



Table 3 (Continued)
CASTLE-1 (BRAVO), 1645 GCT, 28 Pebruary 1954

Soundings
layer Direction Speed Used in
(1000's of feet) (degrees) (knots) Estimate
0-5 075 1L4.5 2,4
10-15 306 9.5 2,4
15-20 285 14.6 2,4
20-25 282 18.4 2,bL
25-30 220 25.8 2,4
30-L0 . 228 38.0 2
h0-50' . 261 ) 3807 o 2
50-60 36 a.2 2
60-70 051 6.0 3,5
70-80 083 2.0 3,5
80-90 078 4o.0 3,5
90-100 080 50.0 1,6
100-110 090 L5.0 B,7
110-115 110 40.0 8
1 - Rongerik, 1500 GCT, 26 February 1954
2 - USS Curtiss, 1707 GCT, 20 February 1954 —
3 - Bniwetok, 1800 GCY, 26 February 1954 '
L - USS Curtiss, 2000 GCT, 28 February 1954 —
S - Rongerik, 2100 GCT, 28 February 1954
6 - Majuro, 2100 GCT, 28 Ferruary 195k
7 - Eniwetok, 0900 GCT, 1 March 1954
8 - Bniwetok, 0300 GCT, 2 Msrch 1954
CASTLE-2 (ROMEQ), 1830 GCT, 25 March 1954
Soundings
layer Direction Speed Used in
(1000's of feet) (degrees) (knots) Eatimate
0-5 067 1309 2,3
5-10 133 5.3 2,3
10-15 123 10.4 2,3
15"20 093 1901 2,3
2025 122 12,6 2,3
25-30 168 10.5 2,3
L0-50 - 206 10.2 2,3
90«60 195 6.5 2
60-70 21 8.3 2
70"80 llO 22 h,l
80~90 080 60 5,1
90-100 ‘ 080 ¢ 65 6,1
100-110 100 75 6

1 - Majuro, 1800 GCT, 26 March 1954, L - Eniwetok, 2100 GCT, 26 Merch 195U, . |
2 - USS Curtiss, 1700 GOT, 26 March 19%4, § - Majuro, 2035 GCT, 26 March 1954, '
2003 GCT, 26 Marga 195k, 6 - Ponape, 2200540T, 2 March 19%. .,

,,,,,,,
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Tsble 3. (Continued)

CASTLE-3 (KOON), 1830 GCT, 6 April 1954

Soundings
Layer ~ Direction Speed Used in
(1000ts of feet) (degrees) (knots) Estimate
0=-5 082 13.8 1,2
5=10 162 12,5 1,2
10-1$ - 173 1.7 1,?
15-20 ) 182 12.0 1,2
20-25 206 16.8 1,2
25-30 206 16.1 1,2
30-21‘0 231 th h 1’ 2
Lo-50 248 36.0 1,2
50-55 25, 30.0 2

1 - USS Curtiss, 1534 GCT, 6 April 195k

2 - USS Curtiss, 2000 GCT, 6 April 1954

(

j ‘ .
CASTLE-l; (UNION), 1810 GCT, 25 April 195k

I Somndings
layer Direction Speed | Used in
(1000's of feet) (degrees) (knots) Estimate
0-5 o7 17.3 2,3
5-10 081 1.7 2,3
10-15 050 6.9 2,3
20-25 213 2]--9 2,3
25-30 240 30.8 2,3
30-L40 250 37.3 2,3
40-50 259 2 2,3
S0-~60 191 10.2 2,3
60-70 070 7.0 I, 3T
70"80 095 3900 1’3
80-90 083 54.0 1,3
90-95 085 é9.0 kL
- 1 - Bniwetok, 1500 GCT, 25 April 1954~
27="USS “Cur'tiss;~1610 GCT, 25 April 1954}/ ’

>3 UsS-Guftiss, 2030 GCT, 25 April 195

L - &uwotok 2160 GCT, 25 April-1954
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! Table 3. (Continued)

GASTLE-5 (YANKEE), 1810 GCT, L May 1954

Soundings
Layer Direction Speed Used in
(1000's of fest) (cegrees) (knots) Estimate
0-5 082 23.4 2
5-10 060 13.3 2
15-20 28 11.2 2
20-25 . 285 ' 17.5 2
25=30 220 30.4 2
30-40 264 Lo.2 2
140=50 7L - 51.8 2
50-60 20 2 1,3
60-70 . Ohs 15 1,3
70-80 080 Lo 1,3
80-90 090 45 1,3
90-100 090 35 3
100-110 100 L
1 - Rongerik, 1800 GCT, L May 195k
2 - USS Curtis, 1550 GCT, L May 1951;
| 3 - Bniwetok, 2100 CT, L May 1954
‘ L - Majuro, 2100 GCT, L Msy 1954
CASTLE-6 (NECTAR), 1820 GCT, 13 May 195k
Sounding
layer Direction Speed Used 1in
(1000'5 of feet) (degrees) (knots) Estimate
0-5 104 18.5
5-10 107 1.4
10-15 133 1.4
15-20 125 10.2
2025 192 8.8
. 25~30 257 6.1
j 30«40 206 15.0
: LO-50 236 18.0
i , S0=60 2k 10.8
60-70 on 1.7

1 - USS Curtise, 1542 GCT, 13 May 195%
2 - USS Curtiss, 1917 GOT, 13 May 1984
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Tatle L. The Times of Fall Through 5,000-foot Layers (hours),

Particle Sige (microns)

layers

(1000's of feet) 1025 555 375 91 162 120 100
120-115 .008 .027 .043 .070 .19 .33 .LS
115'110 0009 .028 .Ow.t 0071 cl9 033 0)45
110'-105 . 010 [ 05 [ OhS O 07 2 . 19 . 33 . hs
105-100 011 .030 .0h7 $073 .19 .33 .S
100-95 Q12 031 .0k 075 .19 .33 .LS
9590 , 013 D32 .050 .077 .19 .33 U6
90-85 - Lk .033 .052 .079 .19 .33 .46
85-80 Ol 034 .08 .082 .20 .33 L6
80=75 LOL5 036 .057 .085 .20 .33 U6
75-70 .mé ‘038 0%0 -ﬁ@ ! om 03h ahé
7065 019 .01 .064 .093 .24 W34 W47
65~60 022 .04 069 .7 A 34 47
6055 .02, 047 ;o074 (102 .22 .35 L8
55«50 025 (051 ,.080 .108 .23 .36 L9
50=45 2027 .056 L086 ,11i4 .25 .37 .51
L5540 030 .060 .092 124 .26 .3 .53
4035 032 .065 099 .1® .27 J1 .56
35“30 . 035 0069 0101‘ 0138 Y 8 oh3 L] 58
30‘25 - 037 . 07h .lll .lh? . 31 . h6 . 61
2520 LO0Lo 079 119 159 .32 JL9 .65
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