Long Term Activity Estimates
For The Northern Marshall Islands

This paper provides preliminary upper-bound estimatj
residual gamma activity on the northern Marshall lslands du
atrospheric testing at Bikini. These estimates are intended
indicative of the activity to be determined by up-coming def

surveys.
and compared with the 1572 survey.
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Estimates are also provided for islands in the Endwetek atoll
Finally, an an2lysis of pind pro-

files and fallout patterns is presented which serves to dglfneate those

northern Marshall islands which were uncontaminatec by fallq
the Bikini tests.
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I. _APPROACH BLE
After 20 y=zrs or so, the principal fission procductd of interest

are Srgo and Csl3z whose characteristics are summarized belqv.

Isotope Curies/kt of Fraction of Half Life ~ Decay Mode

Fission 2t H+l Total Curies
sro0 110 2.1x1077 29y 28 orly
cs1? © 320 6.1x10°7 30y B (100%) and
y(93%)

The fractional contribution of C$137

is not the same 2s the fraction of total Curies at one hour

Csl37 Y energy is lower than that average energy for 211 fi
ducts (.66 MeV vs. 2 MeV).

to the one-houy dose rate

since the
sion pro-

This results in 2 roentgen respgnse for

Csl37 that is 0.4] times that for the inventory taken as a yhole. At
some time after burst, when Cs137 is the only remaining fis§ion product
y-emitter, the dose rate is given by Dbl:'. ARCHIVES

7 1/30

D(T) = D(1 hr) [6.1x10"7 x 0.41] (0.5)

where T §s in years.
here on the presumption that the survey techniques distingu

~ Enclosure ()

Note that beta activity is not being fonsidered
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peta and gamma. The above equation permits estimating the 1gng term
- gamma activity, provided there are one-hour dose rate measurefents at
the locations of interest.

-

11. RESULTS

The first step in the an2lysis was to compare the dope-rate
estimates developed as prescribed above with recent surveys performs¢
for the Enewetak atoll. This comparison would indicate the fagnitude
of the difference due to neglecting the migration of the isogopes into
the soil and plant uptake. Figure 1 is 2 map of the Enewetak atoll
showing the location of 3 islands chosen for the comparisan-Alice,
Janet, and Yvonne. Table 1 lists the measured dose rate fropm the 1851-53
operations for these three islands as well as the 1972 esti:[

the cs! component.

tes for

The 1972 survey (reported in NV0D-140) provides averge exposure
rates separately for Csl37 and Coeg. (Tnis latter isotope ;t not 2
fiscion product but results from wezpon debris activation). | In addition,
average profiles 2re provided of Csl37 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 invaYidzte the
comparisons dis;ussed here) on Alice and Janet. Yvonne is § different
situation because of construction and earth moving activitigs during

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

thus, mean levels are misleading. For this reason, Yvonne 111 be dropped
from the comparison. . DOE ARCHIVES

Table 2 provide§ the Csl37 survey data for Alice an Janet.
The dose rates can be compared directly with the estimates df Table 1.
As expected, the estimates are high since among other reaso s it was
assumed that the activity was all on the surface. The soil profiles
of activity concentration versus depth can be used to develgp 2 pseudo
dose rate by relocating the activity back to the surface. I comparison
of this value with the estimate is useful in that the diffefence is
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a Figu’r:e 1. Iil'anas_;;in. the Enewetak Atoll
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Table 1.

Dose Rate Estimates for Enewetak

OPERATION YEAR ONE-HOUR DOSE RATES * (R/HR)
ALICE JANET YVORKE
GREENHOUSE 5] 850 800 J 0-1090
IvY 52 2000 2000 ° 55
CASTLE 54 50 15 0
REDWING 56 430 480 550-825)
KARDTACK 58 B50 99 305-2500 ,
* DASA-1251
1SLAKD 1972 DOSE-RATE™
. ' ESTIMATE (MR/HR)
ALICE 0.7
JANET 0.7
YVONNE - ~0.2-2.0
- e
-~
‘Cs137 only.

DOE ARCHIVES
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Table 2. Selected Cs‘37 Data from 1972 Enewetak Survey

Surface Activity Density (pli4g)
Dose Rate 8s & Function of Soil DEpth
I1s1and (mr/nr) (z in cm)
Alice 042 67 exp (-.011 2), 0 <2 <70

47 exp (-0.67 2), 0 < 2 <[8.2
Janet .025 22 exp (-.025 2), 8.2 <2< 75
0.55 exp (-.0031 z), 33 <Jz <182

DIOE ARCHIVES




then attributable not to soil migration but rather to plant juptake and
other losses. To develop this pseudo dose rate, the following eguation

was used:

Z
' - max
: A(Ci/mZ) = p x 10 B‘fr “o(z)dz
0
where a is the activity density in pCi/g, 2 is the depth injcr, p is
the soil density (1.89/cm3) and the factor of :lO'8 provides|the con-

| version from pC: to Ci and from cm’2 to m'z. 137

The dose ratelfor Cs
. 1s given by

D(R/HR) = 6.21 A(Ci/m?)

Table 3 surmarizes the comparisor between the estimated and]measured
? C5137 dose rate anc theuﬁseudo dose rate as well. As can bp seen, the
; estimate is 2 factor of about 20 higher than the measurec vplue and

é that roughly half of this difference can be accounted for by mechanisms
. other than soil migration. This comparison indicates that Eimole
 estimates can be used to provide bounding upper limits and fhat it
might be possible to refine these estimates to within an orfer of
 magnitude by correcting for soil migration. The conditions] for this

; refinement would be:

¢.) that for the location of interest, there had

been no cleanup or major earth moving prior
to the survey and

found on undisturbed Enewetak islands receivi
fallout (such as Fig. 1409 of "Summary of Findi
chapter of NV0D-140).

b.) that the soil profiles would be similar to thEE
ngS"

Having compared dose rate estimates with survey re1:1ts for
- Enewetak, we can mow turn to those islands in the northern Marshalls
that were contaminated by fallout from shots at Bikini.

DOE ARCHIVES
Because the estimating scheme being used requires g§he one-hour

dose rate as fnput, it is important to first establish tha off-site
measurements were made in all cases where there was fallouf on the

islands of interest. 1f these data are incomplete, estimaqions cannot
20



Table

3. Comparison of Estimated and Measured Cs137

Activity
) DOSE RATE (MR/HR) -
ISLAND INFERRED FROV
ESTIMATE DIRECT MEASURINMENT SOIL PROFILE™
Alice 0.7 042 q.50
Janet 0.7 025 g.10
*Ca1cu1ated by relocating activity to surface. *
RATIO (ESTIMATE/MIASURED)
ISLAND
DIRECT MIASUREMENT| INFERRZID MIASUREMERT*
Alice 17 1.4
Janet 28 7.0

3



be made. Table 4 summarizes the fallout pattern characterfstics from

the Bikini tests. The last column in most cases indicates
wind directions precluded fallout on the islands.
tions are Bravo and Yankee.
were in fact made. HNone c¢f the Enewetak shots resulted i
8ikini or other islands to the e2st, so the test operatio

can be ignored.

that the

The deflinite excep-
For Bravo and Yankee, off-sitp measurenerts

fallout on
in Table 1

N
.Figure 2 shows the Marshall Islands relative to the test loce-

. tions. The Bravo fallout pattern has been reconstructed i
by AFSWP, NRDL and RAND using some modelling, while the Yar
is based on extensive surveys. The one-hour dose rates f
. dislands are given in Table 5. A1l of the listed islands a
the lowest dose-rate [100R/HR) contour for Yankee (Rongel
~ barely); the levels 2re stated only to the nearest decade
extrapolation had to be used. The range of values for Ro
. Rongerik is due tc the variation of the Bravo pattern acr

. respective island. By and large, Bravo is the predominan

Table € provides 1977 estimates of the Csl37 dose
- these fslands. On the basis of the limited comparison pe
. the Enewetak case, these values could be reducec by a fac
: 6 to account for soil migration, provided the geology is s
; for Enewetak.

The final bart of this paper is devoted to identi
" high confidence which fslands did not receive fallout fro
" tests. Table 4, as discussed above, indicates that only

_Yankee definitely resulted in fallout on the islands; thi
" on the use of off-site measurements to reconstruct their

fallout patterns.
there were no off-site measurements, apparently were not

ndependently

ee pattern
‘affecte
e outsice
is just

o
-
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elap and

s the -
contributor.

ate for
ormed for

r of about
ilar to that
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ing with

the Bikini
ravé and
is based
spective

The other shots in the Castle operatior], for which

problem.

However, 2 det2iled investigation {s warranted and is repqrted on in

the appendix. Also contained there is an extrapolation o
and Yankee patterns to a level consistent with background;

the Bravo

3




Shot

CROSSROADS

Able (6-30-46)
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)

P REDWING

Cherokee (5-20-55)
Zuni (5-27-56)
Flathead (6-11-56)
Dakota (6-25-56)
Navajo (7-10-56)
Tewa (7-21-56)

"+ HARDTACK

-

(

Fir (5-11-58)
Nutmeg (5-21-58)
Sycamore (5-31-58)
Maple (6-10-58)
Aspen (6-14-58)
Redwood (6-27-58)
Rickory (6-29-58)
Cedar (7-2-58)
Poplar (7-12-58)
Juniper (7-22-58)

Table 4. Fallout From Bikini Shots

Wind off-S{te
Yield Type Dir (to) Meay. Concl.
23KT Rir W j No Direction
23KT uw N No Direction
l
|
18MT Surface 3 ; Yes Problex
+ Barge W i No Direction
110KT Surface Nl No Direction
+ Barge NE ! No Direction
4 Barge NE- Yes| | Provles
|i : 4
CINT Air N\ i No Direction
3.5M7 Surface NI | Yes Direction
+ Barge N i Yes Direction
+ Barge N : No Direction
+ Barge N Yes Direction
EMT Barge NW ' Yes Direction
4 Barge _ W No i Direction
N Barge W ‘No| ' Direction
- Barge W-NE No é? Direction
- " Barge W-N NO E§ Direction
- Barge N No | & Direction
. Barge Nl No £§ Direction
Barge ¥ No 8: Direct‘ion
- Barge NE No Direction
+ Barge N-W No Direction
- Barge NW No Direction

53
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Table 5.

One Hour Dose Rates for Bravo and Yankee

Dose Rate (R/Hr)

-

I1s12nd Bravo Yankee
Rongelap 200-2400 100
Ailinginae 100-200 0.1
Rongerik 200-820 10
Taka 20 0.1
Bikar 100 10
Utirik 25 0.
Ri1uk 1 0’

. Table 6. Cs'3 Dose Rate Estimates for 1977

Island Dose Rate (mR/HR

“Rongelap 082 - 3.7

Ailinginae .015 - .030

Rongerik .030 - .12

Taka .003 B

Bikar .015

Utirik .004

Ailuk .00015
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On the basis of this investigation, the following is

tests at levels higher than the background exposure of 200

Wotto E'uﬁ- ! Aur
Ujae otje Namu

ands are

. extremely unlikely to have received fallout from the Bikiniwlr Enewstak

em/yezr:

Lae Erikud Jabwol
Lib Naloelap Ailinpglanalep
Mzjuro Arno Mili
Namorik . Kili Narik
Kusaie Kwajalein Jaluip
EbOﬂ

and any other islands circumscribed by the above.

The following islands may have received some falldut

from

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

in an exposure of more than 2 rem the first year; subseguent
exposures would have been less than background:

Jemo ' Ailuk Mejid

The following islands did receive fallout with inter

anriuzl

sities

ranging from 1 to 2000 R/hr 2t 1 hr. They are listed in esyimatec

order of decreasing residual activity:

Rongelap
Taongi (basec on cloud drift only - no survey data {
Rongerik
Ailinginae
Bikar
vtirik
Taka

111. CONCLUSIONS

vailable)

DOE ARCHIVES

The above estimates, even when corrected for soil mfigration,
can only be considered preliminary; they are very 1ikely td be upper
pounds. Note that only Csl37 has been considered. The addition of

Sr90 (2 beta-emitter) and Co60 (which results from weapon

bris acti-

vation) are necessary in completing the estimates of the tqtal activity

present.

36



The distribution of the activity in the soil, plant{ and organ-
isms will not be determined by 2 simple survey of surface cqntamination.
The estimates in this paper, along with tuch a survey, would be usefy)
in determining such & distribution from the following kindsof additiona)

data:

2.) water table height and variation
b.) physical characteristics of the soil strate

€.) plant categories and root depth.

DPQE ARCHIVES
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profiles have to be examined.

APPENDIX

ASSESSMENT OF WIND PROFILES AND FALLOUT
PATTERNS FOR BIKIN] TESTS

-

The Bravo and Yankee shots, as previously discussed, both deposited
fallout on the islands east of Bikini. In both cases, fhe lowest
reported contour level was not low enough to circumscribe the tote)
fallout deposition. Extrapolation was used to define the 0.1 R/HR (H+1)
contour; this Tevel was chosen because it results in an xposure the
first year of about 200 mrem,which is about the annuz) Heckground dose.
Shown in Figure 2 is the southern periphery of the Bravoland Yankee
patterns relative to the location of the islands. *

ctive wind

The other Castle shots are Romeo, Koon and Union] off-site
fallout measurements are not avzilable so that their res%e

The Romeo winds at H+3 and H+9 (DASA 1251) were npt measured
sbove 67,000 ft. Below this 21titude the dominant directjon of the

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

2ltitude winds are uniformly to the west. Thus it is safq to state
that the Romeo fallout did not reach any of the off-site Mprshall Islands.

Shot Koon winds were documented for 211 levels of fInterest.
Except for near-surface, no winds had a2 northerly componen} that would
have carried any fallout to the south and east. It can belstated with
high confidence that Koon fallout carried to the north andjeast, and
did not reach any of the Marshall Islands. DOE ARCHIVES

Shot Union presented 2 rather unique wind problem. JAlthough

. the lower altitude winds were from the east, strong northerly and

westerly components existed from 12,000 to 50,000 feet. Th§ influence
of the winds fs not readily apparent without further examinjtion.
Therefore a crude reconstruction of the fallout pattern was pperformed
by determining the displacement of 50, 100 and 200. particlep which
are inftially assumed to be at cloud top and at cloud bottoml This
permits the construction of an envelope of a1l such particle} in the

2y




cloud. The H+6 wind profile was used and constant fall rate} of .15,
.57 and 2.1 m/sec, respectively,were used for the three partigle sizes.
(Including the altitude dependence of fall rate is probably -In over-
specification,considering the uncertainty in the spatial var]atior.

of the wind). - Shown in Figure 3 is this envelope. Taongi 1§ definitely
" affected by the Union fallout, but the other islands are outs{de the
fallout envelope. '

.

POE ARCHIVES
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