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ABSTRACT

The MATHEW-ADPIC eode suite has been extensively modified to give the

total external dose from the detonation of the Castle-Bravo nuclear test at Bikini

Atoll until evacuation of the inhabitants of neardy atolls. The advantages of this

code suite is that it uses all the observed winds (in a mass-conservation sanse) at and

after the detonation to provide dose rates and doses due to passage of the debris

cloud anc to the time-integrated deposition up to evacuation time. Previous

assessments have given the fallout pattern (deposition only} at time H+1 hours.

The present code formulation gives excellent agreement with the estimated

total external dose (based on measurements) to people on Rongelap and Ailinginae

atolls.
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INTRODUCTION

Operation Castle was an atmospheric nuclear test series conducted in the

Marshall Islands from March to May of 1954. The most notorious test of the series

fl)
was Bravo, a 15 megaton thermonuclear explosive. The top of the resultant

debris cloud reached to nearly 35 km at stabilization time lt!

Because of an unexpected shift in mid-tropospherie wind directions following

detonation of Bravo, the fallout pattern, instead of heading in the predicted

northeast direction, had an easterly alignment. As a result, persons on the atolls of

Rongelap and Rongerik were exposed to relatively high levels of fallout from tne

niuelear explosion. Prompt action was taken by U. S. Task Foree personnel to

evacuate the natives of these islands. Some of the natives on Rongelap, tha closest

to the detonation point, suffered temporary nausea and minor skin burns. None

exhibited any medium or long term effeets from their exposure.

However, after about 10 years, those Rongelap natives, who were young

children in 1954 developed non-maligment nodules on their thyroid glands. Since

then tne occurrence of similar nodules among the Utirik natives has been reported.

The rate of occurrence has been higher than would be expected statistically. The

purcose of this report is to calculate deposition and surface air concentration plots,

using a three-dimensional particle-in-cell suite of codes to estimate the doses at the

isLands from which the natives were evacuated. We will also consider the dose from

rainout as part of the debris cloud crossed the atolls. Finally, the calculated time

nistory of air concentrations on the downwind islands will be presented for several

nuclides.



Several fallout patterns for Castle Bravo were prepared in tne late 1950's.

Some of the better known patterns apoear in Ret. | and were preoarad by(4) the Air

Force Special Weapons Project, (b) the Naval Radiological Defense Laooratory, and

(ec) the Rand Corporation. A comparison of these three patterns shows significant

differences in the maximum dose rates, as well as the shapes of the contours. This

is due ia large part to the subjectivity involved in the calculations. Portions of the

AFSWP and NRDL contours were based on dose rate measurements at Rongelap,

Rongerik, and Utirik, as well as a crude estimate of the dose rate received by the

Japanese fishing ship, the Lucky Dragon. The remainder of these patterns were

obtained using the observed winds in a subjective manner to bend the pattern and

achieve an approximate mass balance.

The Rand contours used estimated winds between Bikini and Rongelap. These

winds were obtained from interpolation of streamline analyses at several levels at

different times.

By contrast, the altered versions of the MATHEW-ADPIC codes used in this

report allow us to use the observed winds at different locations and different times

after detonation. No artificial bending of the pattern is required. The only

subjectivity lies in the selection of code input parameters. At all times, the codes

automatically assure conservation of mass.

COMPUTER CODES

The suite of codes developed for the Atmospheric Release Advisory Capability

(ARAC) were extensively modified in order to incorporate a larger number of upper

air wind levels. All prior uses of the codes have been to handle calculations for

releases that did not rise higher than a few kilometers. Also, the standard ARAC

codes do not involve sophisticated gravitational fall velocity calculations, nor do

they include time-integrated deoosition.
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One of the major codes that was modified is MATHEW I its purpose 1s to

adjust observed winds, using variational analysis methods, so as to conserve mass

from cell to cell. After modification, all observed uoper air wind data from 19 m to

35 Km were entered as input. This vas done for four time periods, using winds for

one to three observing stations for each time. The oovious advantages of this code

(over most other fallout codes) is that mass is not permitted to accumulate in anv of

the cells and winas are available for each 3-D cell intersection for four times.

Tne MATHEWwinds are used then by the modified appicl’l particle-in-cell

code to calculate the transport, diffusion, and deposition of an instantaneous

source. Modifications required of ADPIC, to handle the Bravo test, consisted of

allowing more upper air input than is used in tvpieat ARAC assessments.

rurthermore, since particles falling from the stratosphere undergo a larga increase

in air density, it was necessary to add a turdulent wake correction to the larger

Other
. . . [-

particles; this correction follows the method set forth by \eDonald-*

modifications were to incorporate a tropical atmosphere into the fall velocity

calcuations and to make the particle activity increase as the cube of particle

radius. Finally, time-integrated deposition was added; this allows calculation of the

total dose from detonation time to evacuation.



[INPUT DATA

Surface meteorological observations were avaliaole from some atolls anc from

the U.S.S. Curtiss which cruised south of Bikini; however, since the larger particles

fall rapialy from the debris cloud to the surface and spend little time near the

surface, not many surface reports were used. Of far greater importance are the

upper air wind observations taken at four sites near Bikini atoll. Other significant

input data consisted of a flat topography, cell sizes of 34 km (east-west) by 17 km

(morth-—south}, and 1 km in the vertical, stem and cap cebris cloud geometries at

stabilization time, souree rates for both gross fission products and selected

individual nuclides, and particle size spectrum parameters.

CALCULATIONS

Gross Fission Products

The time-integrated external dose oattern (in rads) due to gross fission

oroduects from detonation time to evacuation time of Rogelap atoll (51 hours) ure

snown in Fig. 1. The numbers next to Ailinginae, Rongerik, and Utirik atolls are

integrated values up to the time peoole were evacuated from those atolls.

For comparison, the value of total dose, estimated by Dunning’! and

Strauss“! are given in Table 1. Note that the agreement is very good for

Rongelap and Ailinginae atolls. However, calculations for Rongerik and Utirik are

at odds with earlier estimates. The code ealculaticns for Rongerik are higher, while

those for Utirik are lower. This variation appears to be in part a problem of

"tuning"; also a possible variation in wind directions and speeds at late times when

the onlv wind observations were from the U.S.S. Curtis, south of Bikini (some

distance from the atolls of concern) may be an explanation.



Taoie |. Comparison of gross fission procuct total external doses for
. . . Ps

computer calculations vs. estimates by Dunning! and

 

Strauss?

Present Previous

Evacuation Time Caleulations Estimates

Atoll (hours) (racs) (roentgens) Ref.

Rongeiap
(northern oart) 51 1300 2000 (6]

nongelao
(southeastern part) 51 = 110 173 [5]

Ailinginae
(Sifo Island) 58 24 <100 {5}

Rongerik
(southeastern part) 30 340 78 .(5]

Ctirik 78 0.33 vV10 {5]

With the modified MATHEW-ADPIC code suite, it is possible to calculate the

instantaneous immersion dose rate from gross fission products as.a function of

time. This ean be done for any time inteval. Figures 2a to 2f show surface

immersion dose rate contours for every three hours from one hour after Bravo cloud

stabilization time to H+16 hours. Note that after an easterly traverse, most of the

cebris reaches the trade wind level; the contour pattern moves south and finally

toward the southwest.

Individual Nuclides
 

Calculations were made of instantaneous and time-integrated concentrations

at 2 m g50ve the surface for the several atolls affected by Castle-Bravo. The

nuclides considered were Te-129, I[-131, I-138, (Cs-137, and Eu-155. These

calculations agree well with observations at Rongelap and Ailinginae atolls, but are

too high at Rongerik and too low at Utirik atoll. The surface concentrations for

mangalac. Doth the northern and southeastern darts of the atoll, and for Ailiginue

Atoll are presented in Figures 3a to Se. The time of arrival of the first Bravo debris

is in agreement with reports made by the inhabitants.



REPORTS OF RAIN DURING BRAVO FALLOUT

Transcripts of post-detonation briefings suggest that seli-induced rainout

oceurred for a short time after Bravo was detonated. The crew of the Japanese

fishing ship, No. 5 Fukura Maru (Lucky Dragon), while fishing downwind just outsice

the exclusion zone, noted that the initial fallout on their ship was accompanied by "a

light rain or drizzle.) It is unlikely that this was a continuation of the

self-induced rainout, some two or more hours after Bravo's cetonation; it was

probably a natural rain system superimposed on the debris cloud.

Another report of rain during Bravo fallout was made by a group of Rongelap

natives after evacuation! They lived in Rongelap Village, on the southern part

of Rongelap Atoll, and stated that it "rained a little" during the afternoon of March

Ist.

Another interview with an American Air Force radio operator’?! who had

2een on Rongerik Atoll prior to evacuation disclosed that "rain commenced about

2100 [LST] and continued for 30 minutes."

Finally, the S. S. Roque, owned by Micronesian Lines, left Kwajalein at 0345

LST and arrived at Utirik at about noon on Mareh 2, 1954. The ship left Utirik

(apparently a few days later) and arrive at Majuro Atoll on March 7. A radiological

survey at Majuro disclosed radiation readings of 10 to 30 mr/h on March 7. The

ship's captain mentioned that he had encountered rain squalls during his voyage, but

was not specific about where or when. It appears certain that the S. S. Roque

encountered Bravo fallout, possioly accompanied by rain showers, either while

2pproaching or while in harbor at Utirik. If 10 mr/h are "grown back” to five or six

cavs earlier (when the Bravo debris cloud passed near Utirik), the dose rate is

estimated at about 100 mr/h.



SUMMARY AND CONCLUSIONS

Extensive modification of the MIATHEW-ADPIC code suite has produced

contours of Castle Bravo accumulated and time-integrated deposition for gross

fission products. Through the use of dose conversion factors, these contours have

been converted to dose rates and total doses up to the time of evacuation from the

atolls affeeted by the debris cloud.’ In addition, both instantaneous and

time-integrated surface concentrations have been calculated. For the nesrest

atolls, the calculations agree well with the measurements and total dose estimates

based on these measurements. At the more cistant atolls the agreement is not as

good, indicating the need for more "tuning" of the code input parameters.

The internal dose to the inhabitants of the affected atolls have not heen made

in this report. Interviews with natives of Rongelap Village and Ailinginael 8!

indicate that manv people ate fresh seafood and drank water from cisterns following

eontamination of their islands. Although there is no direct evidence that those at

Utirik ate and crank contaminated food and water, it seems likely that they did

since the dry deposition from Bravo was considerably less than at atolls to the west.

However, the previous section indicated that rain probably necurred during the time

of fallout. This would result in wet deposition, producing local doses 10 to 30 times

greater than in those areas where rain did not occur. This effect could have

resulted in develooment of thyroid nodules in those Utirik residents who consumed

contaminated food and water.

REFERENCES

1. Hawthorne, Howard A., Ed., “Compilation of Local Fallout Data from Test
Detonattons 1945-1962 Extracted from DASA 1251," Vol. If - Oceanie U. S.

Tests, DNA 1251-2-EX, DASIAC, Santa Barnara. CA 95102, May 1279,



t
s

. Sherman, Christine A., "A “ass-Consistent Model for Wind Fields over
Complex Terrzin," J. Aco“teteor., Vol. Lv, No. 3, 99. 312-319.

3. Lange, Rolf, "ADPIC - A Three-Dimensiona! Particle-In-Cell ‘Model for the
Dispersal of Atmospheric Pollutants and its Comoarison to Regional Tracer
Studies,” J. Aool. Meteor., Vol. 17, No. 3, pp. 320-329.

i MeDonald, James E., "An Aid ta Computation of Terminal Fall Velocities of
Spheres," J. of Meteor., Vol. 17, No. 3, pd. 463-465.

3. Dunning, Gordon M., "Protective and Remedial Measures Taken Following
Three Incidents of Fallout,” in Proceedings of A Symposium on Radiological
Protection of the Public in A Nuclear Vass Disaster, Interlaken, Switzerland,

26 May ~ 1 June 1968.

6. Strauss, Lewis, Statement made at hearings of the Joint Committee on Atomic
Energy, June 4-7, 1957.

7. ° Laop, Ralph E., The Vovage of the Luckv Dragon, Harper and Brothers, New

York, NY, 1958.

8. Sharo, Robert, "Exposure of Marshall Islanders and American Alilitary
Personnel to Fallout,” WT-923, Operation Castle - Projeet 4.1 Addendum,
Aoril 1957.

KRP:elm:0064E

DISTRIBUTION:

Edwarc Lessard
Bldg 535A
Brookhaven National Laboratory
Upton, NY 11973

Internal

J. B. Knox
M. H. Dickerson

P. H. Gudiksen



 

 

 

 

 

  
 

 

  
   

 
 

— LSOPLETA RPSAi lL KML,
— — 3. 0@8¢0+24759038 3, 1582-03 |

aan ( 3,28E+83=895 L.1Cil-de |

lied. | 3. 2@E+22-805 2, 78SE~84
| 3.2d06+6:-50S S.soSirds |

3.@@E+803=05 7.4ésc-0s6 |

capa 3 -OBE-0.*aS 0. e5ST-05 |
ice. 2: O6=-G2-FR905 LL. do22-35

| 3QE-23A9CS 1.0322+a5 !

i222.

| !
L3N - *- * - **

1B4E 1652 1355 172 168 (695 179E
roe 1
rudd. 5 oe mS

i .e-raa

| i

1222. 2
awl & eo a“

| 1300 | !

i - .. > ’ |

AUNGEATK aeTe |
| LIN 110

Léger | |
| A }

| RIL

| Lan WOTHO |i1e2. 4 : y . . RK .
t =

LiK.c WoT Le |

| KWAUALE IN S

Guwe
+ > + * ERIKUzZ

, 1GYE 165E 186 IB7E 1685 16SE 172

an |
we te ie |

7 tT ' “J T r T T

_ ice. #00. 54g. 532. 708. 8g, S@2. = i2ga. 1126. i?to
B2°7C CRELK CN FilreG. DEP - S/OB74 | MAX: S.2le-+é4

PSP 4 STEM 34Sc0 CN 80827 2/ 1/754

INTEGL OEP, ST g.M EXPECTED AT 3/ 2/54 USZ

Figure lL. Castle Bravo time-integrated external gamma dose from gross
fission products. Contours are for an H+5l1 hour evacuation
time from Rongelap. Numbers added for other atolls are
integrated to the aporopriate evacuation time for those atolls.



~ 190 -

 

 

L
t
.

Jif ty

w
a
g
s
f

-

  

cc:
Azgun

 
 
 

rT ca. . ~2F =

~odl-d7R/ .292t-2

|
i

isa. 4
|

[oN - + * * *

| 16ue 1ase 1S8€ 1S7E L632 1632 17@e
ratio. -

' E1<a3: G

| 12N . + + + o .

ifle. - TK!

: —

: - - <= Cr mskienec< porta
LIN . SILINGINRE e - KA.

oan

ifee. = RONGELAP

: AIL

Lean 12 LOTHO . .
Leeds. = * S SS

! KIEp
: LI WITJE !

KLACTLEIN

iGed. — *s . ei ° * * emir |
| I54E 165E 1Ss= LS7E i§6c LoSz iT70E

q

OF ' T 7 T T ‘ I 1 {

. od. t . * DLw.e te we wud. t . . 4 .__. _. 25% 40a Saga OG 7G B22 923. 188d 1160 1268
PSaVCO Cmitk ON INTEG. DEP - 5/87/81 MAX: 5. 205-24
ca? +S7E!4 BASED CN 184527 2/28/54

TAST AER AT 2.M EXPECTED ST 2/28/54 i1945z

Figure 2a. Castle Sravo instantaneous external gamma coss rate contours
from gross Fission products. Time is H+l hocr.



 

«©
(
)

G
3

(
1

--s
m
m
m
n
m
o
m
—

o
n
Y
O
©

T
O
o
f

a
7

c
mo

OM
=

5
u

C-
a
w
?

he
ut

“
W
y

O
M
E
w

TBE
Lazar

©
a
e

=
r

a
.

4
7

=
>

p
—_

r
r
r

L
e

™
O
N

a

r
e
n
e

uw

m
t
n

o
o

h
a

we
a

T
m

Wy
c

;
ta

Y
o
r

m
p

+
*

‘
VidJolel

G
L
b

tab
ted

7
—

1
T
2
)

©
3

(©)
©
)

m
o
e

s
s

C
d

«=
«©

«©
¢

C
H
m
t
e
t

a
e

™
u
w

=
w
i

o
ta

3
o
u
?

+
w
e

+
+

z
+

toa

t
u

t
~

i
n

1572

Ric

+

RCNSELPP

-

KWA

NS
;

t

3€

SLINGING

168€

~
om

16SE

 

~
=

J
=

LIN

NJ

,

13N

16

L2N

 
   

°
7
P
P

p
o
u
g
e

I
e
T

I
o

©
)

©
e
)

r
)

©
)

0
)

v7?
r
a

a
)

C
2

Ct)
tf)

a
)

t
)

C
)

C
2

m
4

C
)

r
f

«
)

tr)
c
t

a
)

W
i

oot
a

Q
)

w
a
t

4
a

w
d

4
v
t

4
m
4

hours.—exceot time is H+2a,Same as Fig.Figure 2b.

 



©
!G3Cw

nS/]

"CL
wie

i
Ie)

ify
on.

(
f
f
.

 

a
a
n
t

a
e

ee
e
t

a
p
e
r
e
e
e
R
e
t
e
e
e
e

e
e
a
t

—
~

nO+2e
#.28+Sr
LAs2?
+mt

tJ

-~“~

cOteL

T
l

o
y
1
W
E
N

H
l

(
T
c
c

e
e
,
0
0
1
m

w
a
o
r
e

m
7

—
—

2e9T3

   

E4/eLC-382"!
EH/EC?Z-3AB|
ck/ECR~SE271
en/dh2-22|

FisteCSI

~

o71Z9N0¢

OWLOM

til

t
y

any

fal

w
h

G
F

 
 
 
 
 

Aas
~

and

733T
neleeee

TATT
ehrf

tansy

weeee

BOart

wtha:

rae erheee

"ered the



“SZNOYOT+HSTSUTYcaoxe‘ez-Btgsesues-pzeanbty

ZShhAG/TEWS?1gie scx3=i

ZSIEZROTESbEWEeS-erd

30a oo

5 6"BZE“BEL“Oe"BE
d ‘BOZ1OBIT“BDI 

r
m

e
e
a

w
e
e
e

e
e

a
a

e
e
e

o
e
e
e

e
e
e
e

a
-

w
a

acc!ZEST3&9]

veoa+

39S12891u
l+!

it 8]

 

hoy

Nz

 

raat
~~*

ee

raya

heeerOF

+

WW)

€BH/SOB-320°E
"SYH/ELE-3BEne:

T
:

+ a
oe

UH/USB-320°€-
KH/kS2-S22°E

eEutH131<08:
 

t
S
G
O
)

S
S

+
+

t
o
d
o
d

dad
tod

©
*
t
N
O
0
O
©
)

V
v

F
I
N

O
W
w
W
+

e
1
)

“Ff
o
T

H
P

_
—
—

«

 

o
o

 

 



 

 

 

 

 

 

 

 

- t4 =

' ' i | as, ¢o7 mm ‘
[SSPLE iA AACE SO. KM,

7 eee 1, @25-255/HR 2, 1S22+43
! tL 1 eat-282/H9 1.989244

176d. ~ 1, 225-277 /H3 3. 1522+84
| 1.226-ZER/H8 3. 2207E+24

l6cc. -

|
> j

15235. -
!
{
1

| Les . . . . ’

1eue IESE 53E L87E tage 1898 1708
47 ‘

.

itu. “

i

| Rkaa

Len + r + + + +

1222. - BIKIAY SOS
' — toe

: f~ : . =

- CK! aOuienre OM x
LIN + ALUUNGINGZ, .

1 “aa

Zen. ~ RONGErR>

L3N

p
s

G
)

G
4 I + + +

ene
ron 3) UJRE S
l wee q =n:eu } 7 - + + > + ERIK!

|

e
e
e
e
e
e
e
e

 

—
e
a
e

  
184 1632 185E 1S7E @ 1S8E 1832 1795

C27,

|
—+ ' bo . i tT t 4 1 }

mon aeoe 48d. 5s. Sac. 722. 822. 920. — 1.290. 1iac. 1222.
Brave Chel< ON INTEG. DeP - 5/27/81 MAX: 2. 242-35

CRP + Svsm BASED ON S@eZ 3/7 1/54

PNS7 2:8 3T 2.4 EXPECTED AT 3/ 1/54 TUSZ

Figure fe. Same as rig. 2a, except time is H+13 hours.



“SaAnCyOT+HSTBwtyYasoxe‘ez“Higseeues“*Jzsankry

 

Aas

on

seitt
u

oOo;
obuinwt
+nm

©365iN22312g91as1

Ges-+‘-+-w=LCemaO4*

S7Sernsspose
NIZTECeMSN| ~~

€
-—A

Stmh

YS—emote
++.+,ewsb

 
yale

 

weds
*bey+°*SeNTONITtTS*KE

Middl

]>ie-"C
G
t
J

(i)
4

NZt

a
i

o
r

C
t

t
d

Qo)
#
W
w
s
t

tio)
mw
o

at
-

©
+

t
a
0(yy
t
otel
un)
q
q
—
_

tal4°
a
w

_
—

  =mme ~t

oeom+

eB-3S21"
Sgeaaet

EGaASt°

EQ+EZSC° coce

HEK/EZT-32S°E
KUEEP-SeI°E7"CLI
ch/2-2G0E.
eH/ele-G2°

iel

 
 

i
-

v
m

m
9
4

 
 w

o
-
—

t
u
t
o
t

("WYTDS) MS}raeta
c
t

 

--=-.oe



C
N
S
T
A
N
T
A
N
E
O
U
S

C
O
N
C
E
N
T
R
A
T
I
O
N

-
Ci

/
m
?
 

 

  

 

 

      

~4 e
lo f~ res TF ree ™m eRe enn rr lo rrr ee ee eet rr

%

’ ™
“
i

OQ

: 0! 1
a & 1 LZlo 6

‘

j
2

3 54 |

on
to"? Hl

5
rt}

| f
ie:

~ 51" 4
b

lo'%F =

Yd iodL.|.|
G GS i2 3 24 oO G 12. Is 24

TIMG - HRS TIMG ~ HRS.

Figure 3a. Castle Bravo instantaneous and time-integrated surface air concentrations for northern
part of Ronelap. The nuclide is tellurium-129.



I
N
S
T
A
N
T
A
N
E
O
U
S

C
o
u
c
e
n
T
R
a
T
I
o
N

-—
C
I
i
/
M
3

wf Oeeoopa

J0, S&
S

Io f°

  

Pr[COTee“) | OD

C
i
-
s
J
u
?

Mso

ior

 
o, +

T
I
M
E
-
I
N
T
E
G
R
A
T
E
D

C
O
N
C
E
N
T
R
A
T
I
O
N

    

creeTeeeaneeee eeaeens cenceeos

 

A ee +  
io* a hwnd fend ah. A ah. ht onan s s. Be iL - he 7 é J lo” oo ad. 4 hee A

oO G12 Ig 24.

TIME - HRS

Figure 3b, Same as Fig. 3a, except nuclide is iodine-131.

TUME.

 
rieoeBeerhdee peebe ~bnd 4

Iz iy ct
— Hes



,
3

I
N
S
T
A
N
T
A
N
E
D
U
S

C
O
N
C
E
N
T
R
A
T
I
O
N

-—
C
i
/
m
™

  

2rnnyseegreegree sangrt pepeeteegp gpemnpeetpe geeeyeoyoy

   

lo”

~~

Io ,

io

1g!

o.|TCF™FSTSCOC~mStSSS iz

TiM£ ~ HRS

Figure 3c,

Ts

Same as Fig. 3a,

-

Zh

except nuclide is iodine-133.

c
i
e
s
/
m
>

T
I
M
E
~
I
N
T
E
G
R
A
T
E
D

C
O
N
C
E
N
T
R
A
T
I
O
N

—

1o rrreen

0,

 Io
ao)

 CO ne
eooeneoeeoeedreg

 

 

TiMB = HRS

 

eeeeeee

“18
 

-
6
T

+



INSTANTANEOUS CONCENTRETON - C1/m7
°

'

S
SQ

!
mS    

    
4

4
4

A
a

4
rs

A,
be

f
C
!
 

T
I
M
E

~

F
i
g
u
r
e
s

3
d
,

12
24

H
R
S

S
a
m
e

a
s

F
i
g
.

3
a
,

e
x
c
e
p
t

n
u
c
l
i
d
e

c
e
s
i
u
m
-
]
3
7
.

we

1
0
p
r
o
n
e

—
5
}

l
o

TIME-INTEGRATED CoNICENTREATION — C1-S/m?{0  

  

¥

 
 

 
 

Oo



INSTANTANEOUS ConCewrestion Ci/mF   
a

|

n
y
m
p
n
e
e

e
o
o
y

   
 

to
4

f

I
l
o
!

ron
fH

f
o
r
'
G
L
m
e

t
s

T
i
M
e

—

F
i
g
u
r
e

3
e
,

H
R
s

S
a
m
e

a
s

P
i
g
.

3
a
,

e
x
c
e
p
t

n
u
c
l
i
d
e

c
u
r
o
p
i
u
m
-
1
5
5
.

a
a
f

l
o
C
r
t

m
F
—

r
r

¥

ay=nw
i
o
l

Uv\$W
o
t
t

2JFqF
to 8

4

E

-91
.

o
s

5
t
k
l
k

lo
oO

G
2

1g
2

T
I
M
E
.

—-
H
R
S

 

 
 

 

 

 



c
i
f
/
m
?

C
U
I
N
S
T
A
N
T
A
N
E
S
U
S

C
o
A
N
C
E
A
T
R
A
T
I
e
N
  

 
 

 

 

 

          

lo pr rs r+ VO) pmre

m,
~2

io4 | ~ 16
Fa)
i

U

ooto} {; 2 10}

:
4

| j
10 | 1o4

ri
EF

r :
h a:Io? "|
4

-

{ . apk ioLtiwi..t....,,,.,,,,,,
o's G 12 ip 24 Os G i2 1g

TIME - HRS TiMe - HRs

Figures 4a, Castle Bravo instantaneous and time-integrated surface air concentrations for

southeastern part of Rongelap. The nuclide is tellurium-1]29.



 
 

co /m?

 

oF
@

LNSTHNTANEZOUS CoNCENITRATION 
 

 
 

 
 

 
 

  
 
 

 

r
O
E
O
E
E

i
o
T
I

d
e

"éNNuu

1
au

107
\24‘a
4

Z
q

f
'

J

”
ja

1

Fog
8

aed
§

10
|

gyuw-ZzHiWw
164

,
2

L
a

}-

d
e
e
d
e
d

Seer
b
e
t
h

a
o
t
t

G
-

1,
Ig

2
4

QO
G

12
Is

24
T
I
M
E

-
H
R
S

T
I
M
E

3
H
R
s

F
i
g
u
r
e

4
b
,

S
a
m
e

a
s

F
i
g
.

4
a
,

e
x
c
e
p
t

n
u
c
l
i
d
e

i
s

i
o
d
i
n
e
-
1
3
1
.



3
INSTANTANEOUS Cenicenitmanon — Ci /m 

  

 

  
 

   

(
i
e
n
e
e

S
y
e
e
e
a
e
A

L
r

".N
10?

u§

YO)

~
ZzE:j

-
4

L
1

4
1
0

a
t
&

[
I
~

adadazfyu)

LL
2-

~
L
.

~
G

a
r
e
a
s
b
e
r
e
P
o
e
e
h

g
e
e
Bene

d
e
n
,

L
e
e
t
e
m
b
e
r
h
n
h
e

bene
b
t
h
d

{
0

L
n

tenn.
_
—
+

GC
12,

I
g

2
4

oO
G

T
I
M
E

-
H
R
s

F
i
g
u
r
e

4
c
.

S
a
m
e

a
s

F
i
g
.

4
a
,

e
x
c
e
p
t

n
u
c
l
i
d
e

i
s

i
o
d
i
n
e
-
1
3
3
,

o
e
a
t
h
e

«centh
e
h

e
s
b
n
l
e
e

b
e
d
i
n
e
d
h
a
h

we
B
S

T
I
M
E

¥
F
r
e
f
i
e
M
p
m
r

ae
aterBF

amt
e
r
i
n

dans

L
S

1
2

H
R
S  



 

NETANTANEOUS CONCENTRATION —
—
a

 
7

1
0
 

.6
—
~
F

v
¥

t
v

¥
¥

¥
r

v
¥

¥
¥

¥
e
e
o
e

¥
v

v
¥

r
C
r
r
F
y

l
o
4

¥
T

¥
¥

¥
¥

¥
r

¥
¥

¥
¥

¥
¥

v
¥

¥
v

¥
¥

 

 
 

 
 

 
 

 
  

 
 
 

 

a
”é~Vvi

i
o
r
b
e

f
]

gi
~
G

7
10

4

-
G1F
r

Z
i

L
y

:
Z

I

_
d

|

to”
'2

y
o

'2t
;Y2W
l
O
7
8
t

d
ul)

“
~
L

zf
-

o
t

|
|

|
0

G
(2

1g
24

O
G

12
Is

cx]

T
i
M
e
~
H
R
S

T
I
M
E

—-
H
e
s

F
i
g
u
r
e

4
d
.

S
a
m
e

a
s

P
i
g
.

4
a
,

e
x
c
e
p
t

n
u
c
l
i
d
e

i
s

c
e
s
i
u
m
-
1
3
7
.



INSTANTANEOUS CONCENTRATION - CI /m> 
  

  

  
 

  
 
 

  
 
 

-I0
_

i
n

~
o
I
I

O
R
e
e
e

I
o
?

eee
S
n

e
e
e

eee
r

~
}

~#
P
o
p
a

I

Tt

ny3
.

~vwsUi2
jo'2|

9
jo8

‘

|
trYW

§:
4

[|
_

i
o
.

to"! Fh
‘
t
o

tol

z
am

F
=

|

oO
CG

(2
i
g
2
4
O
G
A
R

T
I
M
E

—-
H
R
S

T
I
M
E

7-
H
R
S

F
i
g
u
r
e

4
e
,

S
a
m
e

a
s

F
i
g
.

4
a
,

e
x
c
e
p
t

n
u
c
l
i
d
e

i
s

e
u
r
o
p
i
u
m
-
1
5
5
.

 
t
s

3
]



c1
f
m
?

I
N
S
T
A
N
T
A
N
E
O
U
S

C
O
N
C
E
N
T
R
A
T
I
O
N

—

 

  

 

     
     

lo OT IIammrn I

m tot
4 =

mOoON
vi

L
U

' 1

1078 2
4

[ yi
Y lot ~~ 4

Z
yw

q u

z
0

U

r
Q
ul

<
g
wl ion}

2
i

Wy
z
}-

~\?
Io eaheneed pore errr trartinnlicarerhionan, buamet titel Leanne asateentinarDioeh-perbowrctonnt PO need te ated at nd tpl erect bree dheerdere bend

6 6 / 42 1g : 24 O G (2 ig 24
Time - HORS ' Time - HRS

Figure 5a. Castle Bravo instantaneous and time-integrated surface air concentrations for
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