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Long Term Activity Est(friztes
:1.,..,,,,.;.:

!:+,:
For The Northern Marshall isl?nds

,.’”!., .,
.

This paper provides preliminary upper-bound estimates of the

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

atmospheric testing at Bikini. These estimates are intended to be

indicative of th~ activity to be dete~lined by up-comin$ deteiled

surveys. Estim~tes are also pro~ridedfor islands in the Enewe:i?katcll

and compared with the 1972 survey. Finally, an analysis of wind pro-

files and fallout patterns is presented which serves to dglineate those

northern Harshall islands which were uncontaminated by fallout fro:

the Bikini tests.

, .1. .APPROACH :
EESTGCPYAVAILADLE

After 20 years or so, the principal fissior,products of in:e~est

are S-goand Cs13? whose characteristics are sur,arized below.

● Isa:ape Cu?ies/kt of Fraction of Helf Life , Decey Node

Fission at H+l Total Curies .

~r90 110 2.1X10-7 29Y B only

~*137 “ 323 6.1x10-7 3oy &(100%) and
y(93:)

- The fractional contribution of CS137 to the one-hour dose rate

4s not the same 8s the fraction of total Curies at one hour since the
~s137 y energy is lower than that average energy for all fissio~ pm-

ducts (.66 MeVvs. 2ReV). This results in a roentgen response for
~s137 that ~s 0,41 times that for the inventory taken as aWhO~e. At

some time after burst, when Cs137 is the only remaining fission product

~-emftter, the dose rate is given by DOEARCHW

6(T) ● 6(1 hr) [6.1xIO-7 xO.41] (0.5)T’30

uhere? is ~n years. Rote that beta activity 4s not being considered ~~

here on the preswnption that the survey techniques distinguish between

Enclosure (2)
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beta and g8mm. The abDVe t?QWti On permits estimting the long term

.- gam,a activity,provided there are one-hour dose rate measurements at

the locations of interest. .

11. RESULTS

The first step in the anelysfs was to cware the dose-l”bte

estimates developed as prescribed ab~ve with recent surveys performed

for the Enewetak atoll. This comparison would indicate the m?gnttude

. of the difference due to neglecting the migretion 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 the COmpariS~n--Alice,

Janet, and Yvonne. Table 1 lists the measured dose rate fro~ the 1951-5~

operations for these thm?e islands as well as the 1972 estimates for

the CS137 component. :

The 1972 survey (reportej in NY03-149) provides average expasurs
137 and (060. (This latter isotope is not arates separately for b

fi~~ion product b~~ results from,weapon de5ris activation). In adiition,

avertge profiles are provided of Cs137 concentration (pCi/g) versus

soii,depth for Alice and Janet. ‘It is important to note 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 ●arth moving activities during

the testing period. Large variations in exposure rates occur on Yvonne;

. thus, ugan,levels are misleading. For this rezson, Yvonne will be dropped

from the comparison. DOE ARCHIVES
.“

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.

& expected, the ●stimates are high since anung 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 a pseudo

dose r8te by relocating the activity back to the surface. Acowarfson

~ of this value’with the ●stimate is useful in that the difference is

%6
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Table 1, Dose Rate Estimates for Enewetak

. . “, .
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137 Data from 1972 Enewetak SurveyTable 2. Selected CS

Surface Activity Density (ti3/9)
Dose Rate as a Function of Soil Depth

Island (mrjhr) (z incm)

Alice .042 67exp (-.011 z), 0< z <70

1

47 exp (-0.67 z), 0< 2 c 8.2

Janet .025 22exp (-.025 Z). 8.2 < z <75

0.55 exp (-.0031 z), M < z < 183

\

.-
,

DOEARCHIW
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then attributable not to soil migration but rather to plant uptake and

i

I

,
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1

- other losses. 10 develop this pseudo dose rate, the following equation

was used: .

Jz
I

A(Ci/m2) = p x 10-8~ max
cx(z)dz

o

-.

where a is the activity density fn pCi/g, 2 is the depth in cr.,P is

the soil density (1.Bg/c~3) and the factor of 10-B provides the con-
-2 -2, version frompCi to Ci and from cm tom . The dose rate for CS137

i

ts given by

6UVHN = 6.21 A(Ci/m2)
●

Table 3 sunmrizes the comparison between the estimated and rneesured
~J37 dose rate and the.-pseudo dose rate as well. As can be seen, the

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

that roughly half of this difference can be accounted for by mectlanisns

other than soil migration. This comparison indicates that si~ple

estimates can be used to provide bounding upper limits and that it

might be possible to refine these estimates to within an order of

megnituc!eby correcting for soil migration. The conditions ”for this

refinement would be:

8.) that for the location of interest, there had
been no cleanup or major earth moving prior
to the survey and

b.) that the soil profiles would be similar to that
.- found on undisturbed Enewetak islands receiving

fallout (such as Fig. 1409 of “Sumaryof Findings”,
chapter of NVOO-140).

t(avingcompared dose rate ●stimates with survey results for

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

that were contaminated by fallout from shots at Bikini.
~OEARCHIV~

Because the estimating scheme being used requires the one-hour

dose rate as input. $t 4s tmportant

measurements were made tn all cases

fslands of interest. Ifthe$e data

to first establish that off-site

where there was fallout on the

are incomplete, estimations cannot
-30
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Table 3. ~omparison of Utimted and Measured CS’37
Activity

●

I DOSE RATE (~R/~R) -.

ISLA?(D StJFERREDFRX

ESTIMATE DIRECTFfMSURZ~;El{T S011 PROFILE’

0:7 .042 0.50
Alice

O*7 .025 0.10
Janet

1 I 1 1 1

*calculated by n?locating activity to surface.
●

.

RATIO (ESTI~IqTE/~:ASU?:D) 1

ISLA!J
DIRECT HEASURW1~~T INFERRED?=SLJRWf!~T*

Alice I 17 1.4

J8net 28 7.0
b

.

●

. .
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be made. Table 4 su~mrfzes the fallout pattern cbracter~st$cs fro-

the Bikini tests. The last column inmost cases indicates that the

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

tions are Bravo and Yankee. For Bravo and Yankee, off-site mez?sure~ertts

were in fact made. lJonecf the Enewetak shots resulted in fallout on

3ikini

car!be

tions.

or other islands to the test, so the test operations in Table 1

ignored.

~

lFigure 2 shows the Marshall Islands relative to the test lo:z-

“The Bravo fallout pattern has been reconstructed independently

by AFSW, NRDL and RAN3 using some model~in$,wt~ilethe Ya~kee pattern

4s b~sed cm extensive surveys. The one-hour dose rates for ’affecte~

islands are given in Table 5. All of the listed islands are outsidz

the lowest dose-rate ”[lOWHR) contour for Yankee (Rongelap is just

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

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

Rongeri~ $s due tc the variation of the Bravo p?ttern across the

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

Table 6 provides 1977 ●stimates of the (s137 dose rate for

these fslands. On the basis of the limited comparison performed for

the Enewetak cu;e, these values could be reduced by a factor of abou:

6 to~ccount for soil migration,provided the geology is similar to th?t

for Enewetak.
~OIZARCHWm

The final part of this paper Is devoted to identtfyin$ with

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 ~n fallout on the Islands; this is b~set

on the usc 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.
.“
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shot

Baker (7-24-46)

CASTLE

“ Bravo (2-28-54)

“ Romeo (3-28-54)

‘ Koon (4-6-54)

, Union (4-25-54)

~ Yankee (5-4-54).

:f?ED’J]N~
.

Cherokee (5-20-55)

, Zuni (5-27-56)

. Flathead (6-11-56)

.: Dakota (6-25-56)
“ Navajo (7-10-56)

“ ?ewa (7-21-56) “

NuW9 (54-58)

Sycamre (5-31-58)

Mple (6-10-5~)

Aspen (6-14-58)

Redwood (6-27-58)
Hickory (6-29-58)
Cedar [7-2-58)

PopJar (7-12-58)

iMfper (7-22-S8)

Table 4. Fallout Fror Bikini Shots

.

?Yve

Air

w;

Surface

Barge

Surface

Barge

Barge

Air

Surface

Barge

Barge

Barge

Barge

6arge

Barge

Barge

‘ Barge

Barge

Barge

Barge

Barge

Barge

Barge

Uind Off-Site

DuQ
Mets.

I

U-NE

N-N

N

W/

u

NE

N-\i

NW

ND

No

Je.s

ND

NCI

NCI

Yes

No

Yes

Yes

No

Yes

Yes

!40

No

No

No

No

NO

No

No

No

No

.

concl .

~irectiOn

~irectiOn

prob~e~.

DfrectiOn

DireCtfOn

Dire:tiOn

problefi
!

DirectiOn

Dire:tiOn

DireCtfOn

DirectiOn

DirectiOn

DirectiOn

! DirectiOn

DirectfOn

DfrectiOn

DfrectiOn

Direction

DfrectiOn

DirectiOn

Direction

DirectiOn

Direction

-77-
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Table 5. One Hour Dose Rates
for Bravo and Yankee

Dos~ Rate (R/~r) --

BTEVO Yankee
]slendd.

200-2400 100
ROngelaP

100-200 0.1
Ailinginae

200-B3S 10
Rongerik

20
0.1

Taka
100 10

Bikar
25 0.1

Utirik
1 o’

Ai 1uk
...----

● .— .-...---- . .
Cs137 ~se Rate Estimates for 1977~ Table6=

i

. .

Island
I

Dose Rate (rF,/H?)~

...-
Ronge!E?

Ailinginae

Rongerik

Taka

Bikar

Uttrik

Atluk

.044 - 3*7

.0]5 - .030

.030- ●12,

.003 .

.015

.004

.00015 I

..
.*,
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On the basis of this fnvest$gation. the following tslands are

Qxtremely unlikely to have received fallout from the Bikini or Enewetak
. tests at levels higherthan the background exposure of 203ugem/ye~r:

Motto +& Aur
Ujae Uamu
lae Eriku5 Jabvwt

Lib Waloelap Ailinglapelzp
Hajuro Arno tlili
Namorik Kili fiarik
Kusaie Kwajalein Jaluit

Ebon
.

and any other $slands circumscribed by thE above.

The following islands may have received some fallbut from

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

in an exposure ofmo& than 2 rem the first year; subsequent annu?l

exposures would have be~n less than background:

Jerm Ailuk Mejit

The following islands did receive fallout with intensities

ransing from 1 to 2099 R/hr at 3 hr. They are listed in estim?te<

order of decreasing residual activity:

Rongelap
?aongi (based on cloud drift only - no survey date avai~a51~)
Rongerik
Ailinginae
Bikar

. Utirfk
Taka

,.

111. - CONCLUSIONS .
,

The above estimates, even when corrected for soil migration,

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

137 has been considered.bounds. Note that only Cs The addition of

Srg* (a beta-emitter) and CO60 (which results from weapon debris acti-
.~

VatiOn) are necessary fn completing the estimates of the total activity

present.
.-
i

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

isms will not be detemfned by a simple survey of surface contamination.

- The ●stimates in this paper, along with such a survey, WOul# be useful

in determining such a distribution from the following kinds of additional

data:

a.) water table height and varietfon

b.) physicalcharacteristics of the soil strata

c.) plant categories and root depth.

b
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APPENDIx

ASSESSMENT OF MIND PROrlLES A!JDFALLOUT
PATTERNS FOR BIKINI TESTS

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

fallout on the islands ●ast -of Bikini. In both casesD the lowest

reported contour level was not low enough to circumscribe the totel

fallout deposition. Extrapolation was used to define the 0.1 h/llR(W 1)

contour; this level was chosen because It results in an exposure ths

first year of about 200 mrem,which is about the annu?l background dose.

Shown in Figure 2 $s the southern periphery of the Bravo ant!Yanke~

patterns yelative 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 examined.

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, ‘thehigher

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

that the Romeo fallout did not reach any of the off-site Marshall Islands.

Shot Koon winds were documented for all levels of interest.

Except for near-surface, no winds had a northerly component that would

have carried any falloutto the south and east. ltcan be stated ~th

high confidence that Koon fallout carried to the north and east, and

did not reach any of the Marshall Islands.
DOEARCHIV~

- Shot Union presented a rather unique wind problem. Although

the Ioweraltftude winds were from the ●ast, strong northerly an’d

westerly components existed from 12,000 to 500000 feett The influence

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

Therefore a crude reconstruction of the fallout pattern was performed
.
. bydetemining the displacement of 500 100 and 20DJ particles which

are Initially assumed to be at cloud top and at cloud bottom. This

( permits the construction ofan ●nvelope of all such particles in the.

. . . 3Y
. .. . . .. . . . . . .
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. The Ji+6wind profile was used and constent fall rates of .15,

~~”~nd 2.11n/sec,wspectively,~~ere used for the three particle sizes.

(Including the altitude dependence
of fall rate is probably4n over-. .

specificationtconsidering the uncertainty in the spat~a’ ~ar’at’or; .
of the wind)” “Shown fn Figure 3 is this envelope. Taon9~ i: def~nJte~Y ~

affected by the Union
fallou&but the other islands are outside the

fallout envelope.
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