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Zneu Islands of the Bikinl Atoll was cco: -cted durlng June 1975

b2 recelved by the retuming Bionfans. Blkini Avoll

es in the Pacific. An integral part of the survey included
1 rm above the ground with portable Nal instruments at
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Intreduction

With the objeciive of vraluaring the potential external radiatisr coses that ray L. recelved by tiw

Bikinlans, durlny o 19" a swrey was condueted of the restiual fission product radloactlivity
in the 2serial enviso: Biiini and Eneu Islands of Bikind Atcll, Tnese are the largest islards
amd, tirrefore, the ones of ay lmportance for future hatlvatlon. Trhe atsll situated In toe novth-
emn part of Micronesla rral Pacific ocear about 3600 im soutiwest of FHonolulu, and consists of
a ramber of small lslands elliptizal coral reef,

Several Urderer J4aes were used UO measuye the gaTa-ray expeswre rates since each techigue
o set of €., nonllnear energs response, portablllty of equirment, and extent of
coveram). iuded making measurements with the use of :mr"nble, vand-held

11la on detesto
miresoent dogimorers (Tils).

available pressurized lon n‘xanbe:‘, and twe tyres of taermolu-

Feasurement Techmigues

the caposw'e ra.=s at 1 m avove 1he ground were rede with el scintillators at about
L rid cver the entire surface of Bikinl Island, and at about 200 loca-
T2 po-table seintilliation detecrors censisted of a 2.5-om diam
1 rate meter readout. The instruments were calibrated in microroentgens per
hour (WH/hr) in three ran cornespording to 0 to 30, 0 to 300, and C to 3000 uR/nr against a 137Cs point
source on the primary 2alilby range of the National Pnvirarmental Research Center, las Vegas, Nevada.
Callbration wns repeated on selected instruments following the swrvey. Since the response of this instru-
ment is crergy-dependent, it was expected to overresporxd because of the distributed matwre of the activity
in soil. Instrument portabllity and the comparison of its response with the results of other techniques
allowed Measurements at wany locations on & uniforn grid of the islamds, This detector is virtually
Insensitive to coarde radistion. '

FMeaswrerents n"
)OJ loca’ 1on
3

oy

3.€—cm-lonL: NaI erystal

Comparisons were performed by making Jduplicate measurements over the entire range of observed expo-
sure rates, ahout 200 locationz, with a high-pressure ion chamber. This instrument utilizes a stainless
steel sphete rilled with high-pressure ultra-pure argon. The current produced by the radiation-induced
fonization within the chamber is measured by a sensitive electrometer with digital readout. The detector
was calibrated by the manufacturer and verified by several EFDA laboratories. The instmment exhibits a
relatively flat energy response over gama-~ray energies of interest to this survey. The chamber walls
are sufflciently thick to make the detector insensitive to the beta radiation present in fallout flelds.
This instrusent 1s sensitive to cosmie radiation,

Further comparisons were made by means of LAF and CaF,:Dy thermoluminescent dosimeters (TIDs) placed
at 80 of the atove locations. The LiF chip was used because of its epergy linesrity and 1ts excellent
thermal stability. The response of LiF is within approximately 1% of being air-equivalent for a typlcal
environmental radlation field. The CaF,:Dy TIDs have an enhanced energy response at low energles, and
were used to detect possible low-energy radiation fields by comparisan with the Li¥ . Tne I4F
and CaF, chips (3.18 mm square x 0.89 nm and 1.02 nm thick respectively) were matched to 5% and 4% re-
spectively within each batech. The TLDs were annealed on the atoll inmediately before being placed on the
two islands. Two Lawrence Livermore Laboratory (LLL) plastic personnel badges ecoutalining three LiF and
three CaF, chlps were placed at each field loecation. The TID packets were attached to trees by nylon
straps or placed on wooden stakes at a helght of 1 m above the ground. The locations were carefully

" Work performed wkler the auspices of tne U.S. Energy Research & Development Administration under con-
tragt No. W-THOS-Ene.~48,
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chosen to obtain exposures over the full rarge of gam@ exposure rates observed by che portable instru-
ment survey, After the three-month exposwre period, the dosimetens were retrieve¢ and handcarried (by
air) in a3 lead contairer to Livermore for readout.

Calibration and signal facing studies were carried out by exposing separate sets of TLDs to a 137Cs
peint source before and after the exposure period. A special low-scatter calibration fixture was con-
structed for rield use which aided in cbunining uniform, reproducible exposures. The strength of the rall-
tration scurce wis determined by use o7 2 !BS—valibrated Radceorn chamber and TID compariscn to a jRS-cali-
brated 60Co sowree.  The calibration s belfeved to v lnown within $3% at one standard deviation.

A set of contrcl TIDs was stored In a lead phys on 2 "elean" islard in the Marshalls during the expo-
sue perind for backgrourd determinazion, The backgrowd exposure was o ly all contrituted by
2osmie radfaticn during the three-i t exposure reriod and durlng Lh t Mighr to LLL. Additional
TLDs were stored on the reriphery of the storage convalner Lo lder le inadvertent exposures.
The average background expeswre Tor the two types of TLDs was racted from all field measurements so
that the resulis represent o e verrestrial radlation expo: The offect of sunlight on this
packaging arrangemen studiad axd fourd to be neplig!lle within the statistics of the data.

Th= beta contrivution to
stands, 4t em wilde by 32 e 1o
num bar s.ock, 1.3 cm thick an

> ite Was studied 2t three locarions. Mre oxperirental
»were Bullt of alimivin framevor Three pleces of alumi-
2 emowlde, wore 0olted across the top of cach st , evenly spaced, These
were each drilled to receive twe sets of TLD¢ wd varfous rhicknesses of alumi fitoldly Tus six
sets of TLDs were exposad at eacih locatlon, shfelded top and tottom by varifous thi 3 21 aluminum.
Aluminum shielding by the btar stock arowd e sides of ine deslmeter package was not less than 0.6 em.

An attenuation plot 1s shown In the next section.
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Corrarison of Results

The corpespondence between the results obtalned with the !

seintiliater ad the pressurised fon
cramber 1s presented in Fig. 1.

en reduced by 3.3 pR/hr; ine ¢rsmic-ray
on at that latirude. A rov of the
the overrast s exhibived by the
iator due Lo itg ncnlinear energy
riszles., The discontinuizy ut about 30

cwrs at a range switehing polnt on tie
2ations, were measured an
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mardedly from the 1:1 relationship.
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Tre ToD res. leated that the Ca™,
TeAsuUrements were tmetely 21% higher than
chose of LiF. Tn!s 1s cons! r:g with similar
studles made at Entwetok Atcli(l) and with envi-
rorment.zl ronitering performed by LLL in the U.S.
This ratio corresponds to an average gamma energy
of about 500 weV, and 1s reasonable based on the
Ca¥, enhanced low-or.crgy response and the predom-
irgnee of 137Cs activities distributed in the
soil. Fading studles indicate a 5.5% signal
decrease during the three-month exyosure period
for LAF and 343 for CaF,. These figures are
similar to previous results at LLL with these
materials. Overall accuracy of exposure assess—
ment from the TLD data appears to be within 6%
as lo for the range 30 wR/ar to 90 wR/hr.
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Nal scintillator response — uR/hr
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To assess the beta contribution to the LiF
exposure rates, the beta attenuation cwrve is
shown in Fig. 2 for one of the three locaticns.
} { 1 [ i The measurenents at the other two Jocatlons were

similar In shape, though differing in intensity.
0 0 20 3 40 S50 &0 70 80 A feather anal.‘/sj’.s of the beta curves glves a

lon chamber response — pR/hr beta energy between 1.5 and 2.2 MeV. Glven the
distributed nature of the actlvity In the soil
Fig. 1. Comparison of responses of Nal seintil- and the known predeminance of 395r-%0Y peta
lator and ion charher. aetlvities, this energy range is consistent with

the 2,27-MeV 9%Y peta radiation. Previous(?
soll sample analysis Indicates a fairly uniform mfl.)d.ng of rafdioisotcpes in the top 25 cm of soll, with
the ganma activity largely due to !27Cs. The 9%8r/137Cs ratio was found to be approximately 0.6 In the
top few centimeters of soil.
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Two gamma-ray extraction lines are shown
in Fig. 2. Cne is based on extrapolation of
“he last few data points on the curve, the
other on the observed 0.50 MeV average energy
attenuatlon in aluminum. This extraction was
made for each of the three locations measured
ard an average gerra-to-gama Dlus beta ratio
of 0.73 determined Tor a height of 1 m. Tmus,
the total free alr .iposure rates measured by
the LiF dosimeters were reduced by the factor
0.73 to obtain the gamma-ray exposure rates.

Exposure rate — uR/he

00-4eV extrapalation The :om::" son between the lon chamber
40 I L L o S — results ke L4F garme-ray exposure rares
0 Z% 400 600 80D 1000 1200 1400 1s prese ir. Pig, 3. The scintillator data
dAffer widely (up to 75%) from either of the
other two megsurements, and are not shown in
Fig. 2. Beta attenuation. thig The lon chamber readings also dif-
. fer somevbat rom the LAF results. A linear
Tepression of the two data sets glves agree-
8 T T T T ] T ment of aboul. ‘3~ betn s the two methods.
e Ire a fisle wpab the correistion of po*nts
in Pip. 3 &s not as pood as that In Fig.
Tnis differerce 1s most likely due to the he\:a
contributlon to the LiF results, which may
vary throughout the islands, causing spread in
the data. Derarture from che 1:1 relaticnship
T e due to an over—correcticn of
~2 response or tc insuffi-
on of the lon chamder dora
mdenze.  Callbration of the
fon chzmber against a point 226Ra
methiod used with the Instrument in
+n a 3% cverestimate in ihe
§5Jical" envirormental fislds
{ I7 a similar correction
se data, iiw agreement of the
exposure-rate determinations
7.

Absorber — mg/cm
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Flg. 3. Comparison of responses of lon charber
with LIF,
Sugmary

Tne survey performed at the Bikinl Atell in June 1975 included, as one part, the determinatian of
the extermal exposure rates at pelnts about the primary islands of the arell. The beta contribution to
tne free-alr cxposure rate was fourd tc be significant, and must be considered. Tre importance of instru-
ment calibration for tvhe type of exposure field to be measured was reinforced. General agreament of two
independent exposure-rate assessment tecirilques (lon chamber and TLD), after correction for Hnown energy
and beta effects, lends confidence to the final exposure results.
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