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FUTHRL0K RADIOLOCICAL SURVEY

This nemorandum provides information vegarding current activitioes on
Faiwetok Atoll, “hese activities concern the surveys essential to the
cleanup, rehabilitation, and resettlement 2f the atoll in copncction
vwith the announced return of IEnjwetok to the Trust Terrivory of the
Tacific Islands ({TPI).
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and Resettlement. As with kini Atoll, responsibility for cleanup

and rehabilitcarion rests "i*ﬁ t“ﬂ DOD and DOI reswvectively. AEC

is responsible for conducting a racicloygiczl surver, coB3ensing

the results, and establishing criceria and constraints for cleanup .
and rehabitation, involving other agencies, as appropriate.

Organization of the Eniwetox laulo gical sucvey, sow urdor taery do ~hem
in Figure 3. The Uaohﬁn"ton Intprageqcy Group ig charged with coordination
of actions to effect overall Enivetok Atoll objectives. The llanager, levada
~norations O0ffice, has been directed to plan, organize, and conduct the

AEC radioclogicael ficid survey o duevelop sufficiont doca ' Ihs total
radiological environmant of Zniwetok Atoll. Technical:standards and
requirements for the survey and cleanup operations will be provided by
responsible divisions within AEC ieadquarters. Specifically:

(a) The Division of Biomadical and Environmental Research (DBER)
has the responsibility for reviewing and guiding the
preparation of a report on the radiclogical status of the
atoll., This report will be prepared by the Data Evaluation
Group at Lawrence Livermore Laboratory.

(b} The Division of Operational Safctv (DOS) shares res ponsibility
with D3ER and the Division of Military Application (DMA) for
ooy ™IS will srevide the ceoordination of .
Leooertension during the suroey with tne

> : -~
Zor Eavirormenn and Salery (AR50

ASSLuCaul Geuelal -eowjLl
DOS will also provide information on tue survey to EPA staff
at the Washington level upon.request. DOS will review and
evaluate all data and assessments relevant to the feasibility
of vr=ious closrna merhods and methods for disnosal of
hazardous matericls. Cleanup criteria, 'ﬂ"uv*ﬂm:ncs,
guidelines, and environmental and health protection standards
to be employed curing clezanup cperations will then be
develcped by DOS in consultotion with appropriate AEC staif
sectijons and other agencies. '

“(e) The ACITIA has the overall authority and responsibility within
the ATC for coordinating matters related to the rehabilitation
of the Eniwvetok atoll.

The radiological survay, and the interpretive ecffort associated vwith it,
is a large progran ~u0:r1n303cd ca a nuaber of technically qualified
orpanizations. Survev acrivities and analytical offorts by responsibloe

!

Ava
reflected in Figuces 4 and 3.
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As an example of the complex radiological situation which exists-on
Cmicetok, one irland, Punit, is +<kowm in Figure 6 with a plot of gamma
exposure rates on that iuland. Contamination from eight !ests on Ruait
is measurable today. An early preliminary survey has coniiimed the
presence of a plutonium-bearing, sand layer outcropping on the ocean side
~f the island, nad the existence of solid plutonium-bearing chunks,

graing, and other particulites ¢n the island suriace and .car surface.

Earth and debris moving activities durirng and after test operations
have resulted in a complex radiological situation in which adjacent
arcas may be quite different as to levels and vertical discribution of
radiocactivity in soil. Data avajlable ta date indicate th
centamination is less severe on other islarnds but is sufiic
a considerable problem.
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At 2 Seprenber 7, 1972 Interszercy Meeting, the following agreements
withh respect to funding were recached:

(a) The AEC will fund the radiological aspects of the
precleanup survey, the conduct of any other radiological
survey activity that might be required to understzad
conditions in the eavironment as they relate to cxposures
of peuple ond developments of standavds, and the conduck
of pericdic folleow-up radiciegical surveys that tcke place
after cloauo. Lo Jatoy field ancor laborancrv coovi e
dorc by the LU0 S0 raonert of clearud, ALL shoaid oe roeindursad

by uLiw.

(b) ©DOD would be responaible for funding th:z engineering portiocans
of ‘the preclcanun survey and thosa monitorine as? riavvey
activitios thot Lve roanired ©o sunnort cicandd eneratisns

and ta fnty ol parscanel lnvoivod i elomaiey
activi 1180 would ruud "bc Later cicancs of both ™

ic cu-radiclosical vities DCI would b=
responsible fov funding rehabilitaticn sts once cleanup is
complated.

rd

resent best estimate of the cost of the AEC pracleanup rod
survay is $1.3)M. Costs of scguent studies and radiole
moniloring activities aro estinmated o e appronimately @
for ¥Y 1974 and bayoud. DIJ costs for cleancn and relate
are estimated at petwezn $20-4CH and may o highor.  The ariuz
costs are highly depenicnt on thoe coonnt of soil and debris
romoved and subseguent dicrosal siothods cnnloyved,  To date
compitted copromimacely $500K o the procieanup enginearing
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The inisinrl fiald murvey 'sas coantemvlated for tha reriod Cetober 12-
Decenber o, 1372. 7Tha J[irst weeit of this scheduio was starzed, hut

pot completed, when Typhoon Olza caused a suspemsion of activities,
Subsequently, it was necessary to ravize and reschedule the survay to
account for weather factors and loglestie limitations, An agerial
radiolowical and puctoarnonice curvey of tha atoll =9 accomnlich
Novemper 3-25 during tha period of minimal logistic supmort. Survey
activities wera reosumed during the week of llovemper 27 on a rovized
schedula and 111 now extend to mid-¥ebruary 1973. The AZC radioclowical
SUrvVey NOW 2pveard {0 Ua procrassing sawothly and collzetod zamplae ara
being rsturned to tha CONUS for analysis. DJata to date, based mainliy
on the rasults of the aerial survay, appear to ba acnerally conaiatent
with earlier knowledzs and expactatioms.

(signeq)
- Fa C.Gilbert pop

Prank A. Carmn
Hajor General, USA
Agsgsigtant Gencral Manager
for Milirary Application
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SURVEY DETAIL

EXTERNAL DOSE: AHID SOIL SURVEY (3000 SAMPLES)

EXTERMAL GAMA DOSE AND DOSE RATE
SOIL SAMPLING -- CORES, SIDE WALL, AND SURFACE
AERIAL MEASUREMENTS (QUICK LOOK AND PHOTO)

AIR, BIOTA, AND POTARLE WATER SURVEY (1009)

AIR PARTICULATES ' .
COLLECTIOHN OF FGOD PLANTS AND ANIMALS
RAD CHE A1ALYSIS OF WATER

AQUATIC SURVEY (300 SAHPLES)

BIOCHENICAL BIIAVIOR OF TRANSLI

ALSURAN
SHALLOW WATER CORING, WATER SAPLING, DREDG
IN SITU DETECTION HEASUREMENTS

MARINE SAMPLING -- DEEPER REGICIS OF LAGOO:!

COLLECTIONM OF EDIELE MARINE VERTEERATES AHD
INVERTEBRATES

T!lf“ b[E r'l‘lTQ
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Health Physics Support

Fleld Monitoring (Radsafe support for field ops)
Film badging incl. processing, record keeping, etc.
Anticontamination clothing, laundry, otc.

Other personnel dosir_netry, bioassay, etc.

-Technical Support

Debris identification and classification.

* In situ measurement of soil. '

*Soil sample collection and documentation.

*Sa'mple preparation,

*Radiochemical analysis, both counting and wet chemistry.
Documentation of disposal of contaminated material.

*Interpretation of data for certification and documentation.
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- GAMMA DOSE RATES AT RONGELAP ATOLL, 1954-1963

INTRODUCTION

Rongelap Atoll, Marshall Islands, was accidentally con-

taminated on March l, 1954 with radioactive fallout from a

thermonuclear device detonated at Bikini Atoll some 80 miles
to the west. Eighty-two natives residing on Rongelap Island
were evaéuated and repatriated in June 1957. The atoll, its
inhabitants and its economy‘have been briefly characterized(l).

The decline of gamma dose rates resulting from the fallout is

diécussed-in this report.

RESULTS

Dose rates on D + 1

Gamma dose rates at Rongelap Atoll on D + 1 (time of
detonation plus one day) were estimated to be 3.5 r per hour
~ at the inhabited islet of Rongelap in the south and 35 r per'

hour at uninhabited Lomuilal islet in the northern part of ﬁg
(2)

the atoll , Fig. 1. These estimates were based on extra-

polations of measurements made two days after initial fallout(z);
The subsequent decline of gamma dose rates, based on survey

meter readings taken three feet above the ground at Rongelap

(3)

and Kabelle islets, is compared with the theoretical decay



in Pigs, 2 and 3. The theoretical curve is based on fission
products from siow neutron fission and the assumptions that
there 1is no fractionation and that the radionuclides are dis-
tributed over an infinite p;ane, while athongelap measurable
amounts of activity remained on the trees. The actual measure-
ments fit closely to the theoretical decay curve for Rongeiap
islet and at least for the first four years after fallopt at
Kabelle islet in spite of the assumptions made in determining
the theoretical curve and the vaﬁiability of the field measure-
ments. The meaéurements on one small islet may vary by a
factor of more than three, even when the identical instrument

is used by the same person.

Decline following first storm

About two weeks after initial contamination there was
a storm with heavy rain, and a subsequent reduction in gamma
dose rate somewhat greater than would have been expected on

a theofetical basis(2'4), (Fig. 2).

Fallout in 1956 and 1958

The rises in gamma dose rates in 1956 and 1958 were due
to operations Redwing’and Hardtack. Even though there was a
measurable amount of contamination, as was seen by the short-

lived radionuclides present and by following the beta decay

rates in plants collected in 1958, the total contribution was

S

K



a fraction of one per cent of the fallout deposited in 1954.
Therefore the Redwing and Hardtack fallout are insignificant

when considering the long-range picture.

Selection of areas and reproducibility of repeated measurements

In March 1958, stakes were set out in various parts of

Rongelap islet in an attempt to provide a means of repeating
measurements at identical locations. .Stakes proved to be
unsatisfactory since they only served to attract the curious,
which resulted in trampling and disturbance of the areas and

in some cases removal of the stakes. A practical solution to
this problem was to select general areas within which measure-
ments were to be taken. These areas were located with relation
to pathways, roads, buildings, and measured distance.J from
landmarks. In each general area measurements were taken over
different types of vegetation, soil, the pathways themselves,
over litter, and under Pandanus trees and other tall plants.

In August 1958, the set of measurements was repeated three times
at Rongelap islet and twice at both Eniaetok and Kabelle islets,
At Rongelap islet the average for each set of readings ranged .
from 0.046 to 0.067 mr/hr. At Eniaetok the range of the aver-
age readings was 0.073 to 0.079 mr/hr and at Kabelle islet,

0.137 to 0.178 mr/hr.



Local differences in dose rates at three feet

The highest levels measured were generally under trees,
particularly under Pandanus trees where litter had accumulated.
The highest levels at Rongelap islet in 1955 were measured in

the remaining palm-frond huts where fallout remained trapped

» wla" Vi
P’

in the roof and tﬁe wall thatching. Readings one inch above
the floor were lower than tﬁose at three feet above the ground
and readings close to the walls and roof were highest of all,
 There were relatively high reaéings over some open areas where
soil algae were abundant. The soil algae form a crust roughly
_one centimeter thick and retain most of ﬁhe radionuclides from

failout.

Return to background level

The return to background level, £ 0.02 mr/hr, occurred
first, as would be ekpected, in the intertidal zone, except
for a few small areas of beach rock covered with a £ilm of algae.
Levels of £ 0.02 mr/hr were measured in July, 1957 in the inter-
tidal zoges at Kabelle and Rongelap islets and in the newly
constructed village on Rongelap islet. Construction of the
village entailed the removal of the thatched huts and bulldozing

of a considerable part of the area.



Local differences in dose rates at one inch

- Survey meter readings were also taken at one inch above the
ground with the beta shield both open and closed. There was no
apparent correlation between these readings and the gamma dose
rate readings at three feet, except in a very dgeneral way, but T
such readings were useful in selecting areas from which to sample h
and indicated logal distribution of the activity. For example,
when measurements were made one inch over the ground with the
éhield open in 1959, the levels were ﬁigher after the litter
was removed from the soil and there were markedly higher levels
of activity over areas covered with soil algae than over bare
sand. Attempts also were made with a survey meter to determine
local differences in activity in trees. This was unsuccessful,
since the ggneral'levels of activity masked local effects within
the trees, even though laboratory analyses showed that'the
activity in lichens and mosses collected from the bark was
several times higher than in the bare portions of the trees.

The use of survey meters to determine the vertical distribution

of activity in soil pits was impracticable due to the high back-
ground levels from surrounding contamination and the fact that
the bulk of the radioactivity was in the surface inch or less

of soil.



Film badges

In September 1959, film badges sealed against moisture were
exposed at Rongelap and Kabelle islets to measure gamma doses in
different areas. The badges were provided and set out by Radi-
ation Safety personnel at the Pacific Proving Ground. The limit
of detection was an accumulated dose of 10 mr. Three badges were
placed at each location, one suspended by strings three feet
above the ground and away from tree trunks, one three feet above
the ground attached to a tree, and one on the ground. Gamma dose
rates measured with a survey meter at each location indicated
that the accumulated dose in 69 out of 116 film badges would be
in excess of 10 mr, but less than 20 mr. The results were,
however, negative for all badges. The discrepancy between the
doses calculated from the survey meter measurements and those
obtained with film badges may be explained by differences in
sensitivity of the two methods to the gamma energies present in
the field. Calibration was based on a radium standard rather
than on actual fallout material. This discrepancy does not
invalidate the decline curves in Figs. 2 and 3 since the theo-
retical curve (solid line) is based on measurements with a survey
meter similar to those used for the various measurements made.
However, the discrepancy does point ouﬁ that while relative
levels of activity can be determined accurately by any one type

of measurement, absolute values depend on calibration with



radioactive sources having the same range and proportion of

energles as the fallout material.

DISCUSSION

Decline and fallout composition

It has turned out in practice at Rongelap Atoll that when
a large number of survey meter readings are taken and these are
averaged, a pattern of decline of gamma-dose rates consistent with
the theoretical decay for mixed fission products emerges. This
is true even though the theoretical curve is based on the decay
of mixed fission products from U235 distributed uniformly over
an infinite plane and disregards differences in both the compo-
sit.on and distribution of fallout radionuclides in the actual
field situation. The fallout at Rongelap consisted of mixed
fission products and neutron-induced radionuclides from a thermo-

nuclear device. The induced activities contributing to the gamma
activity are of shorter half life than the long-lived fission pro-

duct, 30-year Csl37. It therefore might have been expected that

the early decline in gamma dose rates at Rongelap would have been -

more rapid than the theoretical decay of mixed fission products

alone. As the art of producing thermonuclear devices progresses

the fission yield per kiloton will decrease. There will be a

higher proportion of induced radionuclides to fission products



and the decline of gamma dose rates will be more rapid. There-
fore, in the future, long-range predictions of residual gamma
dose rates based on the Rongelap experience would be likely to

yleld higher values than would actually occur.

Fractionation of fallout

In addition to the differences in composition of fallout
from different devices and variations in measurements there is
fractionation of the radionuclides, a change in species compositim
with time or distance from origin. The various factors involved
in fractionation are discussed in detail in the Congressional

(5)

Hearings, 1959 and with specific reference to the March 1,

1954 explosion in "The Effects of Nuclear Weapons,' 1962(4).

Redistribution of fallout

Reduction of gamma-dose rate levels due to redistribution of
fallout possibly occurred during the first storm after fallout

(Dunning, 1957), but thereafter redistribution had very little effect

on the gamma dose rates during the first four years after fallout.

The exception, of course, is the relatively rapid decline of radio- ,ﬁﬁﬁl
activity in the intertidal zone. Such rapid decline would also

be anticipated in areas in which there is heavy erosion. An

example is the man-made erosion by bulldozers in the village

area at Rongelap. The reduction of gamma dose rates following

the storm could have been due to the washing of fallout material



from the leaves of the vegetation and perhaps also to some
shielding effect by additional moisture in the soil, It was
certainly not due to rapid vertical movement of material in

the soil. Bnalysis of soll leachates and soil cores shows that
vertical movement of radionuclides in atoll soils is very slow.
For example, cores taken in immature soils in 1963 still con-
tained 90 per cent of the activity in the top centimeter.
However, the reduction of garma-dose rates to approximately
half the predicted levels in 1959-63 probably reflects the
downward movement of the long—lived gamma-emitter C8137 in the
soil. Cesium-137 and Sb125 are very slowly leached in the atoll

soils while other gamma-emitters, Ce144—Pr144, Eulss, Zn65,

C060, and Mn~% tend to remain at the surface(l'6'7). Although
the gamma-dose rate values at Rongelap islet in 1959 63 fall

on éhe theoretical curve, it appears that the levels due to

the 1954 fallout have fallen below values predicted by the theo-

retical curve here also. Since the theoretical curve had reached

background levels by 1959 it would be expected that the sum of

gamma~dose rates due to the fallout and due to background would

be approximately twice background.

CONCLUSIONS

The Rongelap experience has shown that the decline of

garma dose rates can be approximated from the decay curve for
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U235 fission products in a local or intermediate fallout situation.

As instrumentation, techniques of calibration and the predicta-
bility of the radionuclide spectrum from nuclear devices continue
to improve, so will the usefulness of gamma—dosevrate measure-
ments for predicting the decline of gamma-dose rates. Practically
speaking, the reliability of such measurements will depend upon A
the experience and judgement of the individuals making the

measurements, the variety of environmental situations encountered

and the time available for making such measurements. Theilr

reliability is further substantiated by the fact that the levels

of specific radionuclides in the various land organisms at dif-

ferent islands were roughly correlated with the gamma dose rates.

Errors in predicted levels will tend to be conservative, i.e.,

higher than actual levels.

RECOIMENDATIONS

It would be useful in any future operations to have avail-
able known mixtures of radionuclides simulating the fallout
radionuclides for a particular cdevice, or better, a sample of e
the raw fallout material collected at each site to be studied.
This mixture could then be used to calibrate instruments, £ilm
badges and chemical dosimeters asvtime went on and as the spec-

trum of gamma-energies changed. Comparison of the decay of
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gamma-dose rates from the mixture, with decline of gamma-dose
rates in the field, would give a more accurate indication of

the overall effect of the redistribution of radionuclides on

the gamma dose rates.
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Milliroentgens per hour

10" _ ~ (Miller and Loeb, 1958)

LEsHmoted dose rate at D +1
(Dunning, 1957)
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Fig. 3. Decline of Gamma Dose Rates at Kabelle Islet.
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