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Long Term Activity Estimates

For The Northern Marshall Islands
.

This paper provides preliminary upper-bound estimates of the

residual gzuma activity on the northern Marshall Islands due to U.S.

atmospheric testing at Bikini. These estimates are intended to be

indicative of the activity to be detemined by up-comin$ detziled

surveys. Estimates are also provided for islands in the Enewe:ak atoll

and compared with the 1972 survey. Finally, an analysis of v!indpro-

files and fallout patterns is presented which serves to dglineate those

northern Harshall islands which were uncontaminated by fallout fro:

the Bikini tests.

EIE.STCH3PYAVAIMBLE
. s. .APPROAC14 ‘

After 20yezrs or so, the principal fission products of interest

are S.90 and CS13< whose characteristics are suma~ized belov:.

. Isxap? c~vje~~kt of Fr&ction of Half Life . Decey Mode
Fission at H+l Total Curies .

Srgo 110 2*1X10-7 29y ~ Orlly
~*137 . 320 6.1x10-7 3oy B(IOC:) and

y(93:)
.

The fractional contribution of CS137 to the one-~Qur dose rate

is not the same as the fraction of total Curies at one hour since the
~#37 y energy 3s lower than that average energy for all fissio; pro-

ducts (.66 FleVvs. 2 PleV). This results in a mentgen response for

G337 that Is 0.41 times that for the inventory taken as a whole. At

some time after burst, when Cs
137 is the only remaining fission product

. . ~-emttter, the dose rate is given by DOE ARCHiV=

6(T) = 6(1 hr) [6.1X10-7 X0.41] (0.5)T’30

where? is in years. Note that beta activity is not being considered ~~-

here on the presumption that the survey techniques distinguish between
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beta and gamm. The above equation pemits estimating the long terrl
.- ganna activity,provided there are one-hour dose rate measurements at

the locations of $nterest. .

11. RESULTS

.

The first step in the analysis was to compare the dose-l-~te

estimates developed as prescribed ab~ve with recent surveys performed

for the Enewetak atoll. This comparison would indicate the fiegnitude

of the difference due to neglecting the migration of the isotopes into

the soil and plant uptake. Figure 1 is a map of the Enewetak atoll

showing the location of 3 islands chosen for th~ comparison--Alice,

Janet, and Yvonne. Table 1 lists the measured dose rate fro~ the 1951-52

operations for these three islands as well as the 1972 estimetes for

the CS137 component. :

The 1972 survey (reported in WOO-149) provides avera9e exposur?

rates separately for 0 137 and C069. (This letter isotope is not a
fi~:ionproduc~ ~ut results from wee~on debris activation). In addition,

average profiles isreprovided of Cs137 concentration (pCi/g) versus

soii,depth for Alice and Janet. “It is important to not~ that there

evidently have been no cleanup activities (which would invalidate the

comparisons discussed here) on Alice and Janet. Yvonne is a different

situation because of construction and earth moving activities during

the testing period. Large variations $n exposure rates occur on YvOnne; “1
\

thus, mean levels are misleading. .For this reeson, Yvonne will be dropped ‘
\

fmmthe comparison. .’ DOE ARCHNES

Table 2 provide; the CS137 suwey data for Alice and Jan’et.

The dose rates can be compared directly with the estimates of Table 1.

AS ●xpected, the estimates are high since anmng other reasons it was

●ssumed that the activity was all on the surface. The soil profiles

. . of activity concentration versus depth can be used to develop 8 pseudo

dose rate by relocating the activity back to the surface. Aco>parison

of this value-with the ●stimate is useful in that the difference is~
36
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Table 1. Dose Rate Estimates for Enewetak

1

opER&Tloti

GR~EN~o~$E

IVY

CASTLE

REDWNG
~~qDTACK

●C*l37only.
..” “,

.

[ ml? ()!+[-HW~

AL]CE

51 550

52 2000

54 50

56 430

58 B5CI

..

I ALICE .

JANET

E

1{

(

..0:7
!

0.7

0.2-2.0
.,

.:&*.,...

●

DOE 14RCHIV=

.-

(
. .



,. ‘.

’37 Data from 1972 Enewetak Survey
.

Table 2. Selected CS

Island

Surface
Dose Rate
(mr/hr)

.042

.025

c

Activity Density (lfl/9)
es a Function of Soil Depth

(Z incm)

67exp (-.011 z), OZZ c70

1
47 exp (-0.67 z), o < z < ~02

22exp (-.025 Z), 8.2 c z c 75

0.55 exp (-.0031 z), 75 < z < IX

Alice

Janet

#

DOEARCHIVB
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then attributable not to soil migration but rather to plant up:akc and

- other losses. To develop this pseudo dose rate, the following equation

was used: -.
.

#
~

‘m x
A(Ci/m2) = p x 10-8 - o(z)dz

o

where a is the activity density 4n pCi/g, z is the depth in CK, P is

the soil density (1.89/CIT3)and the factor of 10-8 provides the con-
-2 -2~ version fro~pCi to Ci and from cm to m . The dose rate for CS137

~ Is given by

i
i(RIHR) = 6.21 A(Ci/m2)

b
i
I
i Table 3 surmrizes the conparisor,between the estimated and measured

; CS137 dose rate and the:pseudo dose rate as well. As cefibe seen, the

! estimate is a factor of about 20 higher than the measured value and

i that roughly half of this difference can bE accounted for by mectt?nisns
d:

other than soil migration. This comparison indicates that simple

estim?tes can be used to provide bounding upper limits and that it
t
might be pussfble to refine these estimates to within an order of

magnitude by correcting fGr soil migration. The conditions ”for this

refinement would be:

~-)

,
b.)

that for the location of interest, there had
been no cleanup o.rmajor earth moving prior
w the survey and

that the soil profiles would be similar to that
found on undisturbed Enewetak islands receiving
fallout (such as Fig. 1409 of “Sunsnaryof Findings”,
chapter of NVO&140).

Having compared dose rate estimates with survey results for

Enewetak, we can now turn to those islands in the northern ~arshalls

that were contaminated by fallout from shots at Bikini.
.’ DOEARCHIVM

8ecause the estimating scheme being used requires the one-hour

dose rate as input, ft is Important to first establish that off-site
i measumwnts were made in all cases where there was fallout on the

. Islands of interest. If these data are incomplete, estimations cannot
-o

.

.
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Comparison of Estimated and Measured Cs

137
Table 3. Activity

D!)SERATE (W~~) -r 1

ISLA!;D INFERRED FRW
ESTIMATE DIRECT PWaSUR;t;El;T SOIL PROFILE*

Alice ob’7 .042 0.50

Janet 0.7 .025 0.10

*
Calculated by n?locating activity to surface.

RATIO (ESTIHLTE/M:Asu~~D)

IFFERKD ?4MSUREP,Et(T*

1.4

7.0

,

. .
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be made. Table 4 summarizes the fallout pattern characteristics fro”

the Bikini tests. The last column in most cases indicates thzt the

wind directions precluded fallout on the islands. The detinite excep-

tions are Bravo and Yankee. For Bravo and Yankee, off-site Ineasurenents

were in fact made. None cf the Enewetak shots resulted in fallout on

3ikini or other islands to the east, SD the test operations in Table 1

cartbe ignored.

k
;Figure 2 shows the Harshall Islands relative to the test loce.-

tions. “The Bravo fallout pattern has been reconstructed independently

by AfSW, NRDL and RAN3 using some modelling,while the Ya;kee pattern

$s b~sed en extensive surveys. The one-hour dose rates for ’affected

islands are given in Table 5. All of the listed islands are outsi6:

the lowest dose-rate -(lOWHR) contour for Yankee (Rongelap ~S Just

‘ barely); the levels ere stated only to-the nearest decade since

extrapolation had to be used. The range of values for Rongelap ant

: Ronge’ri~is due tc the variation of the Bravo pzttern across the
.

respective island. By and large, Bravo is the predominant contributor.

Table 6 provides 1977 estimates of the tS137 dose rate for.
~ these tslands. On the basis of the limited comparison performed for

~ the Enewetak ca>e, these values could be ~educed by a factor of about

; 6 to account for soil migration,provided the geology is similar to th?t

* ; for Enewetak.
bOEARcHfVm

?he final ~art of this paper is devoted to identifying wittj

‘ high confidence which Islands did not receive fallout from the Bikini*
tests. Table 4, as discussed above, indicates that only Bravo and

Yankee definitely resulted in fallout on the islands; this Is based

on the use of off-site measurements to reconstruct their respective

fallout patterns. The other shots in the Castle operation, for which

there were no off-site measurements, apparently were not a problem.

However, a detailed investigation is warranted and is reported on in

the appendix. Also contained there is an extrapolation of the Bravo\
and Yankee patterns.to a level consistent with background..

.



Table 4. Fallout Fror Bikini Shots

. .
. .

.,..
.,

Yind
Off-Site
- ?teEs. Concl.

Dir (tO)-

I

. yield Type
shot

DirectiO~

DirectiOn
c~osslloms

~le (6-30-46)

Baker (7-24-46)

h’;Air

W
23KT

23KT ti

proble~

DirectiOn

Direction

~ire:tiOn

problefi,

CASTLE

Bravo (2-28-54)

Je,s
Surface

Barge

Surface

Barg~

Barge

15F!T

+

11oKT

+

!’43

NCI

NCI

Yes

Ii;
iNE ,- Romeo (3-28-54)

t Koon (4-6-54)

~ Union (4-25-54)

~ Yankee (5-4-54).

.:

~irectiOn

Dire:tiOn

DirectiOn

DireCtlOn

~irectiOn

:PFD,.IING
.

Cherokee (5-20-55)

, Zuni (5-27-56)

. Flathead (6-11-56)

. Dakote (6-25-56)
“ Navajo (7-1o-56)

“ Tewa (7-21-56) -

No

Yes

Yes

No “

Yes

I
1

I

I

i

i

Air

Qrface

Barge

Barge

Barge

Barge

Barge

Barge

Barge

● Barge

Barge

Barge

Barge

Barge

Barge

Barge

w’

R

u
toi

Yes
DirectiOn

NO
! Direction

HAR2TACK

: Fir (5-11-58)
,.

NuW9 (5-21-58)

Sycamore (5-31-58)

mple (6-~0-5~)

Aspen (6-14-58)

Redwood (6-27-58)

~ . Hickory (6-29-58).-
Cedar (7-2-S8)

Poplar (7-12-58)
. ~ Juniper (7-22-58)

u

u

M-NE

N-N

N

Kd

u

NE

N-ii

NW

No : Direction .

No
!!

Direction

No
8

DirectiOn

NO & Direction

No ~ Direction
0: DirectiOn

No ~

No
Direction

---

NO

No

DirectiOn

. DirectiOn
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Table 5. One Hour Dose Rates for Bravo and Yankee

Dose Rate (R/Hr) --

Brevo Yankee
lsltnd

Rongelap

AiJ$nginae

Rongerik

Taka

Bikar

Utirik

Ai1uk
..-.----

{

i
,
.1

.

.
----- -

200-2400

“1

100

100-200 0.1

200-B03 10

20 0.1

100 10

25 0.1

1 0’

.-

Cs137 ~se Ratelabl e 6.

.

~slsnd
-.
Rong?le?

Ailinginae

Rongerik

Taka

Bikar

Utirik

Ailuk

.— .-

Estimates for 1977

1

Dose Rate (KRIH?)

.044 - 3.7

.030

.12
. .

i

.015 -

.030-

.003

.015

.004

.-

;,

‘..0
..
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On the basis of this
investigation, the following islands are

.

●xtremely unlikely to have received fallout from

the Bikini or Enewstak

tests at levels higher than the background exposure

of 200 wem/yezr:

w

Aur
Motto Namu
Ujae Erikub

JatnWt

Lae WaloelaP
Ailing~ep21~P

Lib Arno
tlili

M8juro Kili
harik

Namorik Kwajalein
Jaluit

Kusaie Ebon

and any other islands
circumscribed by the above.

The following islands may have rece~ved some
fallbut from

nuclear tests. lt is unlikely that the intensities would have resulted

in an exposure ofmn
than 2 rem the first year;

subsequent ann~zl
.

●xposures would have been less than background.
Ailuk

plejit .
Jerm

The following islands
did receive fallout with intensities.

1 to 239S $!/hrat 1 hr. They are listed In

estim?tet

r~nsing fro~l

order of decreasing residual activity:

.

.-

{

111.

Rongelap
?aongi (beset on cloud drift only -

no survey data available)

Rongerik
Ai~inginae
Bikar
Utirik

CONCLUSSONS .

The above estimates, ●ven when corrected
for soil migrat;on$

can only be considered preliminary;
they are very likely to be upper

137 has been considered ●

bounds. Note that only Cs
The addition of

Srgo (a beta-emftter) and CO
60 (which results from weapon debris act

Wationl are necessary In completing the estimates of the tote~ activ

i-

ity

present.

-736 .
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The distribution of the activity in the soil, plants and organ-

fsms will not be detemined by a simple survey of surface contamination.

- The estimates in this paper, along with such a survey, WOul~ be useful

in deteminin!l such a distribution from the follo~’in!)kinds of additional

data:

a.) water table height and vari?tfon

b.) physical characteristics of the soil strate

c.) plant categories ant root depth.

. .

.

.

..

. .
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. APPENDIx

ASSESSMENT OF WND PROTILES A?KIFALLOUT
PATTUWS FOR BIKINI TESTS

The Bravo and Yankee shots, as previously dis6ussed, both deposited

[

fallout on the islands east-of Bikini, In both casesD the lowest

. . reported contour ]evel was not low enough to circumscribe the tot?l

fallout deposition. Extrapolation was used to define the 0.1 ft/llR(H+l)

contour; this level was chosen because it results in an exposure th~

first year of about 20Dmrem,which is about the annuel background dose. .

Shown in Figure 2 is the southern periphery of the Bravo and Yankee

patterns ~lative to the location of the islands. b

The other Castle shots are Romeo, Koon and Union; off-site

fallout measurements are not available so that their respective wind

profiles have to be ●xamined.

The Romeo winds at H+3 and H+9 (DASA 1251) were not measured

above 67,000 ft. Below this altitude the dominant direction of the
.

profile is to the north; while not measured for the test, the higher

altitude winds are unifonrilyto the west. Thus It is safe to state

that the Romeo fallout dio not reach any of the off-site b!arshallIslands.

Shot Koon winds were documented for all levels of interest.

Except for near.surface, no winds had a northerly mnponent that would

have carried any fallout to the south and east. It can be
o

high confidence that Koon fallout carried to the north and

did not reach any of the Marshall Islands.

Shot Union presented a rather unique wind problem.

stated tith

esst, and

DOEARCHIV~
Although

the lower altitude winds were from the east, strong northerly an’d

westerly components existed from 12,000 to 50,000 feet. The influence

‘ of the winds fs not readily apparent without further examination.

Therefore a crude reconstruction of the fallout pattern was performed

bydete~ining the displacement of 50, 100 and 200~ particles which
●re initially assured to be at cloud top and at cloud bottom. This

( permits the construction of an envelope of all such particles in the.

. . . .

. . . . . . . . . .
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cloud. The M+6wind profile was used and constent fall rates Of .15,

.57 and 2.1 m/sec,respectively,blere
used for the three partiCle sizes.

(Including the altitude dependence of fall rate is probably an over-

specification,considering the uncertainty jn the spatial variatiori

of the wind).. Shown in Figure 3 is this envelope. ?aongi ~s definite~y.

affected by the Union fallou~ but the other islands are outs~de the

fallout envelope.
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