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PRELIMINARY EXTERNAL-DOSE ESTIMATES
Fm wrmw mim~ ATOLL DJ13ABITANTS

Abstract

With the objectiveof evaluatingthe potential radiationdoses that may be received

.’ chc retu-ningBikinians,a s]nwev was -onductedduring June 197S cf the residualradio-

activityin the terrestrialenvironmenton Bikini and Eneu Islands of Bikini Atoll. The

survey includedmeasuring environmentalgamma-rayexposure rates for use in evaluating

?he externalgamma doses, and collectingnumerous soil, lens water, and vegetationsamples

ior use in assessingthe internaldoses via pertinent food chains. This report describes

the gamma-rayexposurerate measurementsand their use in conjunctionwith population

statisticsand expected life styles for evaluatingthe potentialexternal gamma-raydoses

dissociatedwith various options for housing locationson Bikini and Eneu Islands. (The

evaluationof the internal dose contributionvia food chains will be published in sub-

sequentreports.)

The results of the survey reveal that the external exposure rates on Bikini Island

-e nlghly varlaDle.L. v’aluesnear tne >iloresare ,generaliyof the order of 10-~J .i:’~lr,

wnile those within the interior average about 40 UR/hr with a range of roughly 3O-1OO uR/hr.

Eneu Island,however, is characterizedby more or less uniformly distributedgamma radia-

tion levelsof less than 10 uR/hr over the entire island.

For the external dose determinationa set of most likely living patterns was chosen.

ihese were based upon the various opclons for housing locatlonsalong the lagoon roaciand

within the interiorportions of Bikini Island as well as along the lagoon side of Eneu

Island. As expected, living on Eneu Island results in the lowest doses: 0.12 rem during

‘he first year and 2,7 rem during 30 years. The highest values, 0,28 rem during the first

~ear and 5.7 rem over 30 years, may potentiallybe received by inhabitantslivingwlchln

the interiorof Bikini Island. Other options under considerationproduce intermediate

values,

Introduction

A radiologicalsurvey of Bikini and Eneu Islands of the Bikini Atoll was conducted

during June 1975 to assess the potentialradiation doses that may be received by the

returningBikinians. Bikini Atoll was one of the U.S. nuclear weapons testing sites in

the Pacific. It is situated in the northernpart of Micronesia in the Central Pacific

Ocean about 3600 km southwestof Honolulu. The atoll consists of a number of small

islandson an ellipticalcoral reef surroundinga lagoon with major and minor axes having

dimensionsof 35 and 27 km, respectively. The islands are shown in Fig. 1. The total
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land area is about 6 km-, and the land hci~ht generallyaverages3-5 m above mean sea

level. ‘rhcislandsvary in size from small sandbarsof a few hundred square meters in

area to islandshaving areas of about 2 km2. “rheislandsof most importancefor

‘,,’t’Li.a:eh,.’.!,lt~tiqn~~’c~iki~i ~:lti!~r.:.!:sl~nds.

A total of 23 nuclear tests took place during the testing period. Most of the

‘e~ts were cor,cjuctedon bar,qesanchored in the lagoon or on the reef. All islandswere

~:>;e~tedKO v~rying degrees of close-in fallout. Generally,the prevailingwinds

transportetithe radioactivedebris clouds toward the southwest. One exception,however,

occurred during the Bravo event when unexpectedchanges in the wind directionscaused

‘“1‘,t>cloud to travel toward the east over Bikini Island. Most of the radioactivecon-

::lminationon Bikini Island is due to this event.

This recent survey was designed to evaluate the potential external gamma doses

associatedwith proposed housing locationson Bikini and Eneu Islands,and to evaluate

the potentialdoses received through the major terrestrialfood crops on the atoll. The

survey teams thereforedirected their efforts in three major areas: (1) Gamma-ray

exposure rate measurementsand surface soil collectionswill provide a means for evaluating

the externalgamma doses associatedwith proposed housing locations. Gamma spectral

analyses of the soil samples will provide informationon the fractionalcontributionsof

different radionuclidesto the external dose. This will enable us to evaluate long-term

whole-body doses from this exposurepathway. (2) Collectionof lens water samples will

J:1v .nfcrna:iur, ~n .;,e ra~lofi>cii~cti:~ivitylevei~ in ~he groundkdcerdntion .he. .

cycling of radionuclidesin the atoll ecosystem. In addition,salinitymeasurementsand

lens capacitymeasurementswere made at each well to determine the quality and quantity

of water availableto the Bikini people for irrigationand/or drinking. (3) Vegetation-

soil collectionswill provide informationconcerningthe radionuclideconcentrationsin

,cziticalfcod ~;roductsto evaiuate the dose contl-ibutio]ivia food chains. it will Jiso

provide informationon the correlationbetween soil type, soil radionuclideconcentrations,

and radionuclideconcentrationsin key food plants and indicatorplant species,which is

necessary in order to develop predictivemodels,

ibis is the ~irst in a ser~es of reports which WII1 be based upon the June 197S

survey data; it is directed only at preliminaryestimatesof the external gamma-raydoses.

The report describesour techniquesfor measuring geographicalvariabilityof the gamma-

ray exposurerates on Bikini and Eneu Islands and how we used the resultingdata in

conjunctionwith populationstatisticsand expected living patterns to estimate the

external gamma doses, Estimatesof the integral first-yearand 30-year doses associated

with various options for housing locationson Bikini and Eneu IsIands are presented and

compared with appropriateguide values. The reader should note that these estimatesare

still preliminaryin nature and may undergo changes when all of the results of the survey

become available. Further informationconcerningradiation doses that may potentiallybe

received via

the analyses

the survey.

groundwater

of the many

and various food chains will be published upon the completionof

soil, vegetation,and water samples that were collectedduring
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Techniques Used to Measure Gamma-Ray Exposure Rates

Since the external Jose is expectedto be almost entirely due to Famma-emitting

i.iiILci.L.LL, wlti~oniy minor conLLL[nlclonsi“romalpha and beta cmlttcrs, it WaS

cssel]tialto obtain the best possible descriptionof the geographicalvariabilityof the

,:uva-rlvr~pc<u?e rites on ~,ikini:n,~r-eu Islands. SeVcral t!?t’bIliq,LSS IKL’I’L’ ‘!?~d ‘O

.>casurcthese exposure rates, since each techniquehas its own set of limitations(i.e.,

:;onlinearenergy response,portabilityof equipment,and extent of geographicalcoverage).

“[hcsetechniquesincludedmaking measurementswith the use of portable,hand-heldNaI

i;ti~~lti:n .lct~ct?rs,-L:~nmerci~l!:’lvail~blep-ressur~zedion cliamber,.indtwo types

>f thermoluminescentdosimeters (TLDs).

‘I’heportable scintillationdetectorsconsistedof a 2.5-cm-diamx 3.8-cm-longNaI
137

~rystalwith ratemeterreadout. The instrumentswere calibratedwith a Cs point source

~n the primary calibrationrange of the NationalEnvironmentalResearch Center, Las Vegas,

hevada. Since the response of this instrumentis energy-dependent,it overresponds when

the gamma flux is due to scatteringfrom a buried area source rather than from a point

source as used in the calibration. Therefore it was necessary to normalizethese

:Ieasurementsto those obtained by the pressurizedion chamber. This instrumentutilizes

:1stainlesssteel sphere filled with high-pressureultrapure argon. The current produced

hy the radiation-inducedionizationwithin the chamber is measured by a sensitiveelectro-

.:er with ulgital reauout. i’heinstrumentexhibitsan essentiallyflat energy response

over all gamma-rayenergies of interest to this survey. It was calibratedby the manu-

facturerand verified by several ERDA laboratories.

Jleasurementsof the exposure rates at 1 m above the ground were made with the NaI

scintillatorsat about 2S00 locationson a 30-m rectangulargrid over the entire surface

~f Bikini Isiand and at about 200 locationson a 120-m grid on Eneu Island. Comparison

measurementsbetween the pressurizedion chamber and the NaI scintillatorswere made at

roughly 200 locationsselected from within the interiorportions of the islands,the

village areas, and along the beaches.

In addition, the gamma exposure rates are currentlybeing measured by means of

LiF and CaF2:Dy TLD chips that were placed at some 80 locationson the two islands. The

LiF chip displays an essentiallyflat energy response and excellent thermal stability.

Our extensiveexperiencewith this chip in a variety of environmentalradiation measure-

ment programs at Livermore as well as the Enewetak survey indicatedthat the results

obtainedby this detectormay also serve as an excellentreference to which measurements

obtained by other techniquescan be compared. The CaF2 TLDs have an enhanced energy

response at low energies and may be used to detect possible low-energyradiation fields.

An attempt is also being made to assess the contributionof the beta radiation to the

total exposurerate by placing absorbersof various thicknessesover arrays of TLDs at

three selected locationson Bikini Island. The beta radiation is believed to be

principallydue to 90Sr-g0Y activities in the soil.
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The chips were annealedon the atoll immediatelyprior to being placed on the

islands for the roughly three-monthexposureperiod which ends during September 1975.

it thdt time, the chips will be retrievedfor readoutat LLL, Calibrationand signal

L..,,!. CLULLSJre bciil~ carried out by exposingseparate sets of chips to a 137CS

point source before and after the exposureperiod. The results of the TLD measurements

.1 i,+-,-.Yn .. i,::. :.~fir-.. =;:., .;rvey.

Results

:)-,e~c~grainic,lV:LTII:I].:”Yof the Famma exposurerates for ‘ikini and En~u

:slandsare shown in Figs. 2 and 3. These data, expressed in units of microroentgens

per hour (pR/hr),have been normalizedto the output from the pressurizedion chamber.

‘~otethat the levels for Bikini Island are considerablyhigher than those for Eneu Island.

\lso note the complex patterns displayedon Bikini Island. This complexitymay possibly

be due to the inhomogeneityin the original falloutpattern produced by the Bravo event

as well

part of

typical

as the extensiveearth-movingactivitiesperformedover the entire island as

the agriculturalrehabilitationprogram. The exposure rates near the shores are

y of the order of 10-20 pR/hr, while the elevated interiorvalues vary over a h’ide

range of roughly 30-100 vR/hr. The interiorportions of the island may be visualizedas

having a general backgroundof about 30-40 vR/hr with numerous irregularlyshaped areas

:xhlbltingelevated levels superimposedin a random fashion over this general background.

Eneu Island,on the other hand, is characterizedby low (less than 10 VR/hr) and more or

less uniformlydistributedgannnaradiation levels over the entire island. These exposure

zates are expected to be accurate to within approximately10%, although final confirmation

of this must wait until the results of the TLD program become available. No corrections

have been made for the natural backgroundcontribution.

Based upon our experienceat EnewetakAtolll and the data of Bennett and Beck2

collectedduring the 1967 Bikini survey,we expect the primary contributionto the gamma
137 60.>~mosurerates to be due to CS and Co activitiesin the <oil. Trzce ouantjtiesaf

125Sb, 155Eu, and 241
~~her gamma emitters such as Am are expected to contributeat most

a few percent to the total exposurerates. The gamma spectral analyses of the several

hundred soil samples collectedon both islandswill reveal the current mix of these

radionuclides.

External Dose Estimation
●

In addition to the gamma-ray exposure rates, one needs to consider the expected

livingpatternsof the future inhabitantsin order to evaluate the external dose problem.

Of course,many uncertaintiesare inherent in the predictionof future living patterns.

however,the followingcases, shown in Table 1, have been proposed as a reasonable

selectionof possible conditionsthat would cover the range of doses that could be
3

receivedby any sizable segment of the population. This will allow any other reasonable
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Table 1. Assumed livingpatterns.

*

●

●

Case Description

i :JOuse oi bli.lnllslNld ior the present JS J housing or food production
area. Use of Eneu Island for housing and food production. Unrestricted
use of fish throughoutthe atoll.

. Linltcduse of l~lklnlIslandwith residencein houses already constructed.
ho additionalhouse constructionon Bikini Island for the present. Ike
of cocon~[tsgrown on Bikini [sl<lnd.Other food crops grown on l:ncu
Islandonly. Unrcstr.ictcduse of fish from :111p:lrtsof tl~c:]toll.
I+c of Bikini [sl;l]ldlens w;ltcrfor a~:riclilturconly.

3

4

5

6

Limiteduse of Bikini Isl,lndwith the followlngremedial actions taken:
(a) pl~cing 5 cm of clean coral gravel around the existinghouses out to
a distance of 10 m, and (b) removal of the top 20 cm of soil and replace-
ment with clem soil out to a distance of 10 m around the houses. All
foods grown on 13ikii]iIsianclare acceptableexcept pandanus and bre~dfr(tit.
Unrestricteduse of fish throughoutthe atoll. Use of Bikini Island lens
water for agricultureonly.

Limited use of Bikini Islandwith Phase II houses constructedonly along
the lagoonroad within area 2 of Fig. 4. Remedial actions 3a and 3b are
taken. Use of coconuts grown on Bikini Island. NO use of pandanus and
breadfruit from Bikini Island. Unrestricteduse of fish throughoutthe
atoll.

Phase 11 housing constructionaccordingto the PreliminaryBikini Atoll
:lclsterFldn, out no use of pandanus and breadfruit from tiikinlIsland.
Unrestricteduse of fish throughoutthe atoll. Lens water for agriculture
and washing only.

Phase II housing constructedaccordingto the PreliminaryBikini Atoll
Master Plan. All foods grown on Bikini Islandare acceptable. Unrestricted
use of fish throughoutthe atoll. Lens water used for agricultureand
washing only.

?attern to be inferredby proper utilizationof the results obtained for these cases.

..:~’::..a”.:.tc;ascs .-.iso.r.~iti~edss~~~L.;nson L!t~ fdoi p?otiu~ti.)nand ~on~~ptiun FiUn>

of the returningpopulation. This informationis only required for the internaldose

assessmentvia the specific food chains, and hence is not pertinent to the external dose

calculations.

The cases are based upon the assumption that the people will reside on either

Bikini or Eneu Island in accordancewith the PreliminaryBikini Atoll Master Plan.
4

For

purposes of this report, the cases are primarily directedtoward assessing the external

dose associatedwith various options for housing locationson the two islands. The first

case is based on the assumptionthat the people will live only on Eneu Island. The

remainingcases assume residence on Bikini Island at differentvillage sites with various

remedialactions being taken to reduce the exposure rates. Thus, cases 2-4 assume the

residencesare situated along the lagoon road on Bikini Island, areas 1 and 2 in Fig. 4,

while cases 5 and 6 assume the people will live within the interiorportions of the island,

-5-



Table 2. Populationbreakdown by age and geographicalliving patterns.

Infav:sand Children ~:ld
small children acioiescents Men Women

‘“P brncke? ~’:ears) 0-4 5-19 ?O+ :0+

Fractionof time spent in
respectiveareas (%):

insideiorne 50 30 30 30

;vitniniO m of home 15 10 5 10

Elsewherein village 5 10 s 10

Bcaci] 5 5 5 5

Interiorof island 5 15 20 15

Lagoon o 10 10 5

Other islands 20 20 25 25

shown as area 3 in Fig. 4. As far as the external dose assessment is concerned,cases 5

-(l6 .lreidentical. Since the exnected livingpatt~~.: xre most likclv ‘~ difFer

between the various age groups, it is necessary to utilize the age distributiondata

presentedin Table 2. These data were obtained from the 1974 census taken on Kili Island

of the 784 persons who claim land rights on BikiniAtoll.4 The geographicalliving patterns,

aiso shown in Table 2, were assumed to be similar to those expected for the returning

Enewetakpeople.1

Even though the gamma-ray exposure rates vary widely, it was necessary,for the

purpose of the external dose calculations,to derive the most reasonablevalues of the

mean exposurerates for each specific geographicalarea under consideration. These are

,[-,i:,‘Va”ole3. ‘He ;.’.?(ill C’~F9>d?? “ates :~r spe.ifl~ ~reas ~n Blki:iiIsla.-,J~,ere

obtainedby weightingthe mean exposure rates within each contour intervalwith the area

Itilthinthe contour. Since the exposure rates on Eneu Island are relativelyuniform, the

mean exposurerates were chosen by inspectionof Fig. 3. Since this survey did not include

the other islandsof the atoll, it was necessary to rely on data from previous surveys to

estimate the contributionthe radioactivitieson these islandsmake to the total population
2dose. Gamma exposure rate data reported by Bennett and Beck, Held,

5
Lynch et al.,

6

7 8 9Gustafson, Smith and Moore, and Robison et al. were used for this purpose. Their results

in conjunctionwith a simplifiedarea weighting scheme yielded the values presented in

Table 3. It should be pointed out that these are rough estimatessince the data are

scarce and were collectedover a span of almost ten years. The exposure rate over the

lagoonwas estimatedto be 3.3 pR/hr due to the cosmic ray contributionand an additional
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‘Table3. Estimatedmean exposure rates (Ult/hr)used for the dose calculations.

L -’ ‘.’illa;e ;j’.:r,,~
!. 1:

L ~;,e interior Beach !.?i~?l) O:hcr isl:~;-i.is

1 Eneu 4 4 1 3,5 50

7 Bikini 24a 42b 5 3.5 42

3 Bikini 24a 42b 5 3.5 42

1 Bikini 34C 42b 5 3.s ~~

5 Bikini 53d 41e 5 3.5 42

6 Bikini s3d 41e 5 3.5 42

‘Includes
b
Includes

cIncludes
d
Includes

‘Includes

area 1 in Fig, 4.

areas 3 and 4 in Fig. 4.

area 2 in Fig. 4.

area 3 in Fig, 4.

area 4 less area 3 in Fig. 4.

(0.2~R/hr due to naturallyoccurringradionuclidesin the sea water. Cases 3 and 4

demonstratethe effect of remedial action on reducing the gamma exposure rates.

Since the people spend a considerablefraction of their time in the immediate

vicinity of their homes, it appears that it may be feasible to take certain remedial

actions to reduce the exposure rates in this area. For instance,placing 5 cm of clean

coral gravel around the houses out to a distance of 10 m, a common practice in the

~farshallIslands,will reduce the exposurerates by a factor of 2. Removing and re-

placing with clean soil the top 20 cm of soil out to a distance of 10 m from the houses

will reduce the exposure rates by a factor of 8. In addition, the shieldingprovided by

‘~e houses themselveswill reduce the exposure rates by a factor of 2. Mixinp ~r over-

turning of the topsoil will most likelynot be effective since the soil has already been

thoroughlydisturbedby the agriculturalrehabilitationactivities.

Based upon the data of Bennett and Beck,~ it appears that it may be reasonableto

assume, for dose predictionpurposes, that the gamma exposure rates on the islands are due
to 137Cs and 60

Co activitieswith respectivecontributionsof 80% and 20%. This

assumptionwill be reexaminedby means of the gamma spectral analyses of the soil samples

collectedduring this survey. Using this assumption and the informationpresented in

Tables 2 and 3, we calculatedthe integral first-yearand 30-year whole-bodyexternal

gamma-raydoses for each age group for each living pattern presented in Table 1. The

results were then combinedby “folding in” the present population distribution. The

effect of radioactivedecay was includedin the calculation;however, the additional

reduction in exposure rates due to possible weathering or agriculturalcrop production

processeswas not included.
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Table 4. Estimatedintegralwhole-bodyexternal gamma doses for first year and for
30 years. Values includecontributiondue to natural backgroundradiationof
about 0.027 rem for first-year dose and 0.80 rem for 30-year dose. For compari-
son, Federal RadiationGuide values (totalof external and internaldoses) for
individualsare 0.5 rem for first year and 5 rem for 30 years.

..—. - — _ -- —

Estimateddoses (rem)

1 Village on Eneu Isiand 0.12 2.67

2 Residencein houses aIready constructedalong
12~Jn:I YII: )n ?i!<ini ‘s!and. 0.20 4.i6

3 Residencein houses already constructedalong
lagoonroad on Bikini Islandwith following
remedialactions taken:

3. Placing5 cm of gravel around houses

b. Removingand replacingtop 20 cm of soil
around houses

0.20

0.19

4.04

3.87

4 Residencein Phase 11 houses constructedalong
lagoonroad within area 2 of Fig. 4 with following
remedialactions taken:

a. Placing 5 cm of gravel around houses 0.22 4.47

b. Removingand replacing top 20 cm of soil
around houses 0.21 4.29

5 Residence in Phase 11 houses constructedwithin
the interiorof Bikini Island 0.28 5.s9

6 Residence in Phase II houses constructedwithin
the interiorof Bikini Island 0.28 5.59

The results of these calculationsand a comparisonwith appropriaterecommended

guide values are given in Table 4 for each case under consideration. Of course, one

1 .},ltthese cases are on~y approxiinatio~>hou~d ke~F ia ~~i~b L,... of the ?xpected Iivi=g

patterns and should regard the results accordingly. The minimum external doses, as one

might expect, may be realized by living on Eneu Island, Estimated values, including

natural background,are 0.12 rem during the first year and 2.7 rem over 30 years. A

significantfractionof these values is due to exposure received while visiting other

islandshaving higher contaminationlevels. Future inhabitantsof the existing houses

constructedalong the lagoonroad on Bikini Island, case 2, may expect to receive first-

year and 30-year integraldoses of 0.2 and 4.2 rem respectively. Remedial actions,

cases 3a and 3b, reduce the 30-year values by a few tenths of a rem. These values would

increasesomewhat if the Phase II houses were constructedwithin area 2 of Fig. 4, cases

-laand 4b, due to the higher gamma exposure rates measured in this area. If, on the

other hand, the Phase II houses were built within the interiorof Bikini Island instead

of along the shores, cases S and 6, one would expect the external dose levels to increase

-8-



“rable5. External 30-yeardoses for each age group.

Infantsand Children and
case small children adolescents Men Women

1 2.s2 2.52 2.8S 2.88

3.62

3.35

3.96

3.79

4.30

4.19

4.26

4.09

4b 3,89

5

6

5.69

5.69

4.~1 4.53 4.51

5.s3 5.37 5.83

5.53 5.37 5.83

:D about 0.28 rem during the first year and 5.6 rem over 30 years. The dose variations

between the variousage groups for each are given in Table 5. Since the adults are

expected to spend a considerablefractionof their time within the interior of Bikini

islandas well as on other islands, their dose levels are slightly higher than those for

:he children. These differences,however, are expectedto be somewhat overestimated

~~ecauseaging is not considered in the calculations.

These doses may be comparedwith the appropriateguide values, given in the title

of Table 4, which are those set forth by the InternationalCommission on Radiological

?rotection. Wile these guidance values for exposuresof individualsand of population

groups are not a dividing line between safety and danger, any exposures approachingthese

guides are cause for careful evaluationof the situation,and exposures exceedingthe

guides would require considerationof remedialmeasures to reduce exposures and bring

them within the guidelines. Inhabitantsin the existinghouses on Bikini Island are

expectedto receive external whole-body radiation exposuresthat are approximately40°b

of the annual guide value and about 70% of the 50-year guide value. This leaves little

margin for additionalradiation doses that may potentiallybe received by intake of

radionuclidesvia groundwaterand various food chains. From the data of Table 4, it is

clear that residentsin houses built within the interiorof Bikini Islandwill receive

30-year external radiation doses exceeding the guide value.
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Figure Captions

Fig. 1. }fap of Bikini Atoll.

Fig. 2. Tllc geographical yariabil it)’ of :1’.c ;~mma-rayexposure rates (VR/hr)measllred
1 m obo~rethe ground on Bikini Isi~nd. Unfortunately,the exposure rate con-
tours shown in this photo:r~ph to ~elineatearems havinc ,iifferentcontamination
levels are not clearly visible in this black and white reproductionof the
original coIor photograph. The straight lines drawn across the island denote
boundariesof land parcels (watos)owned by the familieswhose names appear in
the upper part of the photograph. The numbers in the lower part of the photo
denote the number of houses within each wato that are planned as part of Phase II
(uppernumber) and Phase III (lowernumber) constructionplans.

Fig. 3. The geographicalvariabilityof the gamma-rayexposure rates (vR/hr)measured
1 m above the ground on Eneu Island.

Fig. -1. A map of Bikini Island showing specificareas of interest for the dose calculations.
Existinghouses are situatedwithin area 1. Areas 2 and 3 are proposed village
sites for future housing units. The interiorportion of the island is denoted by
area 4.
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Fig. 2.

(See caption list. )
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