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ENTLELOR RADIOLGCICAL SURVEY

Jhis remorandum provides information regarding current activiti
Eniveton Atoll, ‘these acti

Cleanup, rehabilitation,

with the announced return of Eniwetok to the Trust

Pacific Islands (iTPI).

in April 1947 the United Nations formally desicnated the fo
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vities concern the surveys essential to the

and resettlement of the atoll in connection
Territory of the

raer Jonanese

  

Pacifica Mandates Cinisvrstek ineluded) as Trust Tereutories to be admin-

adler whe Vaieed So ves. Upon vritten puri tection io onc Ul...

paler aie wes desienacad a pnucdeuc wentiue sita in Dr aenber 1G47, wlta

the first test series there, SANDSTONE, being conducted an Che spriaiy

of 1946. Trior te SANDS?TONG, the [Tniwetox people, abuut 156 in nuccar,

were moved by the United States to Ujaliang Atoll vhere they still reside,
althoush their number has now increased to about 432. iditional
elas Pap Chia te ee ba foto.) arbre thaw ov a51 (OOS .

Lone GaN), L054 (GAs ihLe 1955 CARDING), and. 195 8 (uae ~ PHASE FF).
dhe luct or 43 tests was an suiy 1055. ALL tests have been Listed wullacly.

Geographic location of the atoll is shown in Figure 1. Its remoteacss
aeersests inheront cosuly oncrations te cecomplish the necessary surveys

ard sugseguent cleanup. ieguce 2 identifies the istands of una ateil

und gene ral location uf the aucLear tests conducted.

Ca April 18, 1972, igh Cermissicner Junnasten and Aabassader Vil!

jointly announced the dntention of the Laited Stnres ta return
Atoll co the YePL subject toa retcution of soma aluor resicua! )
Subeeguontly, the Pesartmant of Interiors (OLLI, Department at

(ON). and ATS detoemived tise @ comprehensive and courdinated

ho survey and aloowm ua Matvecuk Stall ruse he wneortaken co mus

i pyictanm was Uivided tuto threes wois|es: (4) leecre

or Uae bnocedesr Guewey, (23 Cleosep, and @.) 2a
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and Resettlement. As with Bikini Atoll, responsibility for cleanup

and vehabilitarion rests with the DOD and DOI resvectively. AEC

js vesponsible for conducting a raclological survey, coSeasing

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

Organization of the Eniwetox Raviciogical sucvey, nov urderovar, io chom

in Figure 3. The ‘Washington Interagency Group is charged with coordination

of actions to effect overall Enivetak Atoll objectives. The Manager, Nevada
Snerations Office, his been directed to plan, organize, and conduct the
AEC radiological fiuad survey to duveliop sufficient aula cn lhe total

radiological environment of Snivetok Atoll. Technical’standards and
requirements for the survey and cleanup operations will be provided by
responsible divisions within AEC Headquarters. Specifically:

(a) The Division of Biomedical and Environmental Research (DBE)

has the responsibility for reviewing and guiding the
preparation of a report on the radiological status of the
atoll. This report will be prepared by the Data Evaluation
Group at Lawrence Livermore Laboratory.

(b) The Division of Operational Safety (DOS) shares responsibility

with PBER and the Division of Military Application (DLA) for
paocirdes Che survey. POS WLiL provide vhe coordination of .
thece stians and cbetr extension during the survey wlth the

ASsiseaut Geueial eeeGe Zor Lavisornment and SeTery CAT TU.

DOS will also provide information on tne survey to EPA staff
at the Washington levei upon request. DOS will review and
evaluate all data and assessments relevant to the feasibility
of vertans clotreo mechods and methods for disposal of

hazardous matoriais. Cleanup criteria, requiresents,

guidelines, and environmental and health protection standards

to be employed curing cleanup cperations will then be
develcped by DOs in consultation with appropriate AEC staif
sections and other agencies.

"(c) The AGT has the overall authority and responsibility within
the ATC for coordinating matters related to the rehabilitation
of the Eniwetok atoll.

The radiological survey, and the interpretive effort a

xr program supurinposed ca 2a nunber of technica

ns. Survey acrivities and analytical 2tfor

ns area reflected in Figueces 4 and 5.
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As an example of the complex radiological situation which exists.on

-nicetok, ome island, Puwit, is show in Figure 6 with a plot of gam

exposure rates on that island. Containination from eight tesis om Auait

is measurable today. An early preliminary survey has contiimed the

presence of a plutonium-bearing, sand layer outcropping on the ocean side
-€ the tslind, aad tha existence of solid plutonium-bearing chunks,

grains, and other particulates en the island suriace and car surface

Earth and debris moving activities ducing and after test onerations
have resulted in a complex radiological situation in which adjacent
areas may be quite different as to levels and vertical distrisution of
yadioactivity in soil. Data available to cate indicate than tadiclosic f

contamination is less severe on other island 3s but is sufficient to pose
a considerable problen.

At 2 Septenber 7, 1°72, Iotercigercty Meeting, the following agreements
with rvespecc to funding were reached:

(a) The AEC will fund the radiological aspects of the
precleanup survey, the conduct of any other radiological

survey activity that micht be roquired to understand
conditions in the eavironment as they relate to cxposures
of peseple ond dcuvelopments of standards, and the conduct

of periodic follow-up radio-epical surveys that take place
after clon. if later held anw/or Laboratere cont 74

dona by tha 200 tp ceunert of clemmun, ALU snotia oe relmoursed

by Ueo.

(b) DOD would be responsible for funding the engineering portions

of the precleanun survey and thesa monitoripe as? rirvey

actietttes chet wa reimiresd co cunserr cleanun enerations

and ta Tasuve s.teaty of perscanel invalvec in eboney

activities. COv c1so0 vould icund cheee gieanc: Of bettr”

radivlogical and woa-radiolesical : vitles. DOL vould bea
responsible for funding rehabiliration sts ones cleanup is

completed.

ae
]

resent best estimate of the cast of the AEC precleannp rodia
sucvey is $1.3N. Costs of sequent stuiies and radiolovzic
monitoring activities ara ustimatea to va approntaately ¢

for FY 1974 and bayoad. POS cost: . x a

are estimated at detween $2G-4Cli and may go hilishor, The antual final
4 3costs are hishly depentcne on the amewme of soll and debris aeaded fa te

removed and subsequent dicnosal s cthods omployec, To date the Bos he

committed csupronimaraivy $5CCx in the precieanug ensginearing survey.
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The tnisiel fiald mrrvey vas contemplated for tha rartod Cetoher 12-

December 9, 1972. Tha cirst veek of this seneduio was startod, but

not completed, when Typhoon Olza caused a suspension of activities.
Subsequently, it waa necessary to reviae and reschedule the survey Eo
account for veather factors and loeistie limitartons, An aerial
rodiolovical and puctetrnonic survey of the atoll -a9 accemoliss

November 38-25 during tha period of minimal logistic supoort. Survey
activities wera resumed during the week of Uovemper 27 on a revised
schedule and «ill now extend to mid-rebruary 1973. Tha AEC radiolowical
SULVSY, NOW apvears to va provrassing smoothly and collected canplsa nra
being returned to the CONUS for analysis. Data to date, based mainly

on the results or the aerial survey, appear to be senerally consiarent

with earlier knowledts and expactations.

(Signed)
F.C Gilbert foy

Prank A. Cam
Major General, USA

Assistant General Manager
for Military Application
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SURVEY DETAIL
 

EXTERNAL DOSE: AND SOIL SURVEY (3000 SAMPLES)
 

EXTERNAL GAMMA DOSE AND DOSE RATE

SOIL SAMPLING -- CORES, SIDE WALL, AND SURFACE

AERIAL MEASUREMENTS (QUICK LOOK AND PHOTO)

 

AIR, BIOTA, AND POTABLE WATER SURVEY (1009)

AIR PARTICULATES | |
COLLECTION OF FOOD PLANTS AND ANIMALS
RAD CHEM ANALYSIS OF WATER

AQUATIC SURVEY (900 SAMPLES)
 

BICCHENICAL BONAVIC® OF TRANSURANIUM ELEMENTSAISURAN
SHALLOW WATER CORING, WATER SAMPLING, DREDGTI

IN SITU DETECTION NEASURENEHTS
MARINE SAMPLING -- DEEPER REGIOIS OF LAGOO!
COLLECTION OF EDIBLE MARINE VERTEBRATES AND

INVERTEBRATES
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=
Health Physics Support

Field Monitoring (Radsafe support for field ops)

Film badging incl. processing, record keeping, etc.

Anticontamination clothing, laundry, etc.

Other personnel dosimetry, bioassay, etc,

Technical Support

Debris identification and classification.

* In situ measurement of soil.

*Soil sample collection and documentation.

*Sample 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 evacuated and repatriated in June 1957. The atoll, its

inhabitants and its economy have been briefly characterizea'?),

The decline of gamma dose rates resulting from the fallout is

discussed 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 toa 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 igh

(2)
the atoll , Fig. 1. These estimates were based on extra-

polations of measurements made two days after initial fallout '?) |

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 Figs. 2 and 3. The theoretical curve is based on fission

products from slow neutron fission and the assumptions that

there is no fractionation and that the radionuclides are dis-

tributed over an infinite plane, while at Rongelap measurable

amounts of activity remained on the trees. The actual measure-

ments fit closely to the theoretical decay curve for Rongelap

islet and at least for the first four years after fallout at

Kabelle islet in spite of the assumptions made in determining

the theoretical curve and the variability of the field measure-

ments. The measurements 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 theoretical pasis(?"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 betadecay

rates in plants collected in 1958, the total contribution was



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 distances 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 os

from 0.046 to 0.067 mr/hnr. 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

w
a
l
e

e
e

in the roof and the wall thatching. Readings one inch above

the floor were lower than those at three feet above the ground

and readings close to the walls and roof were highest of all.

There were relatively high readings over some open areas where

soil algae were abundant. The soil algae form a crust roughly

one centimeter thick and retain most of the radionuclides from

fallout.

Return to backqround level

The return to background level, 4 0.02 mr/hr, occurred

first, as would be expected, in the intertidal zone, except

for a few small areas of beach rock covered with a film of algae.

Levels of 2 0.02 mr/hr were measured in July, 1957 in the inter-

tidal zones 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 general way, but EGERet

such readings were useful in selecting areas from which to sample -

and indicated local distribution of the activity. For example,

when measurements were made one inch over the ground with the

shield open in 1959, the levels were higher 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 general 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

| | | ors
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 me. 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 out 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

energies as the fallout material.

DISCUSSION

Decline and fallout composition

Tt 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 y735 distributed uniformly over

an infinite plane and disregards differences in both the compo-

sition 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 csi37, 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

eer)
win



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

yield 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 composition

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 l,

1954 explosion in "The Effects of Nuclear Weapons,” 19624) ,

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-~ Lak

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 buildozers 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. Analysis of soil 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 gamma-dose rates to approximately

half the predicted levels in 1959-63 probably reflects the

downward movement of the long-lived gamma-emitter csi?? in the

soil. Cesium-137 and gpt?5 are very Slowly leached in the atoll

soils while other gamma-emitters, cet44_pyt44 Eut?5 | m°>,

coo, and Mn>* tend to remain at the surface (h+8+7) | Although

the gamma-dose rate values at Rongelap islet in 1959 63 fall

on the 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

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

be approximately twice background.

CONCLUSIONS

Tne Rongelap experience has shown that the decline of

gamma dose rates can be approximated from the decay curve for
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y235 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-dose rate measure-

ments for predicting the decline of gamma-dose rates. Practically

speaking, the reliability of such measurements will depend upon

the experience and judgement of the individuals making the

measurements, the variety of environmental situations encountered

and the time available for making such measurements. Their

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, li.e.,

higher than actual levels.

RECOMMENDATIONS

It would be useful in any future operations to have avail-

able known mixtures of radionuclides simulating the fallout

radionuclides for a particular device, or better, a sample of atte

the raw fallout material collected at each site to be studied.

This mixture could then be used to calibrate instruments, film

badges and chemical dosimeters as time went on and as the spec-

trum of gamma~energies changed. Comparison of the decay of



ll

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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AEstimated dose rate at D+1

(Dunning, 1957)
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