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REPORT BY THE TASK GROUP ON RECGIL{LNDATIONS FOR
CLEANUP AND REHMABILITATION OF ENEWETAK ATOLL

INTRODUCTION

On September 7, 1972, the Atonic Energy Commission (AEC) agreed to
provide radiological criteria for cleanup and rehabilitation of Enewetak
Atoll to the Department of Defense (DOD) and to the Department of Interior
(DOI). AEC also agreed to conduct a comprchensive radiological survey.

The purpose of the survey was to gain a sufficient understanding of the total
radiological environment of Enewetak Atoll to support judgment as to whether
all or any part of the Atoll can safety be reinhabited and, 1f so, to des-
cribe cleanup actions to be taken and any constraints.

Radiological survey field operations were conducted betwecen mid-Octcber
1972-and nid-February 1973. Sanmples taken in the field have been analyzed
and conmplete results of the survey have been published ng a Nevada Operations
Office document (NV0-140), Lnewvetak Radiclogical Survev, Vols. I, 1I, III.

An abstract of HNVO-140 is presented in Appendix 1 of this report, ard the
“"Surmary of Tindings' chapter is reproduced here in Appendix II.

In July 1973, a Task Group was establishcd tc review the Survey findings
and to prepare cleanup and rehabilitation recommendations for comsideration
by the Commission. Members of this Task Group are: NMr. T. McCraw (ALC/0S),.
Dr. W. Nervik (LLL), Dr. D. Wilson (LLL), and Mr. W. Schroebel (AZC/DELLR).
Advisors and consultants to the Task Group have included Dr. E. Held (ALEC/R&G),
Dr. R. Conard (BNL), Dr. H. Soule (AEC/WMI), Dr. K. Barr (AEC/DBER), Dr. R.
Maxwell (AEC/DBER), Mr. L. J. Deal (AEC/0S), and Mr. R. Ray (AEC/IV0O). Staff
liaison representatives from DNA, EPA, and DOI participated in Task Group
meetings.

The job of the Task Group is to rocommend radiological criteria for

cleanup and rehabilitation of Cnewetak Atoll and to recommend those remcdial
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neasures and actions necded to reduce exposures of the Enewetak people to
levels within these criteria, and to keep exposures as low as practicable.
The Task Group, advisors, and consultants have carefully reviewed the AXC
Radiological Survey results; current information on thé‘life style, diet, and
rehabilitation preferences of the Enewetak people; applicable radiation pro-
tection guidance established by various national and internatiornal Radiation
Standards bodies; and current laws and regulations pertaining to dispcsal of
radioactive waste materials.

The recommendations that were developed are those that, in the judgment
of the Task Group, advisors, and consultants, are most appropriate for the
U.S. Government to take to provide a radiologically acceptable environment
for the Enewetak people considering they will be long-term residents on the

Atoll.

TASK GROUP STATEMENT CONCERNING THE RADIO;OCICAL SURVEY RESULTS
After thorough review of the Radiological Survey Report, the Task Group
malics the following oSservations:
@ The survey provides an exceptionally complete data base for
estinating radiation doses. It includes the results of zn
aerial garma radiation survey of land area plus radiochemical

data from the analysis of over 4500 samples of air, soil, sediment,

water, and marine and land animals.
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¢ The Survey report, plus the Master Plan for Rehabilitatioﬁ and re-
settlement of Enewetak Atoll*, provide an accurate, comprehensive,
and up-to-date assessment of the likely living patterns and diet of
the Enewetak people.

e Several important components of the Enewetakese diet are either not
now available on the atoll, or are available in quantities which are
small compared to the needs of the people. Pigs and chickens are not
available at all, but will be reintroduced. No breadfruit is growing
now; pandanus and tacca are growing only in scattered locations; and
coconut is growing in quantity only on the southern islands. DBread-
fruit, pandanus, tacca, and coconut must be planted and will begin
to produce crops after about eight years.

Radiation dose estimates for these foods have had to be based on
correlations with plants and animals now present on the atoll and con
inferences drawn from earlier surveys on Bikini and Rongelap. Therve
are many data pointes, and these correlations provide the best mz2thod
currently available for estimating internal exposures. Nevertheless,
the method is not as reliable as direct wecasurement of the foods
produced in the areas of concern.

e Air sampling at Enewetak, accomplished largely during a threc
week period in Decerber 1972 on uninhabited northern islands,

showed extremely low levels of airborne radioactivity. Con-

*"Enewetak Atoll Master Plan for Island Rehabilitation and Resettlement,"

(3 Vols.), lolmes and Narver, Inc., Nov. 1973,



prehensive air sampling during 12 consecutive morths under
conditions closely approximating human habitation and soil
disturbance would provide more accurate data on which to base
inhalation exposure estimates. |

o The Enewetak People advise that catchment rainvater is the customary
principal source of water for human consumption. Except in
emergencies, water from underground lenses is not consumed.

Sanples of underground water were not obtained during the survey,
and radiochemical analytical data on lens water is limited to that
obtained from a few samples taken on JANET in 1971. A thorough lens
water sampling, analysis, and assessment program requires sampling
through a full rain-dry season cycle, 12 consecutive montihs at

a2 minimum. Arrangements for sampling fresh water lenses are

being made,

e It is the opinion of the Task Group that the resulits of additicnal
air sanpling or lens water sampling probably would not significantlv
change the dose estimates in NV0-140 nor change the recommenda-
tions of this Task Group.

RADIATION CRITERIA RECOIZIENDED BY THE TASK GROUP

A review of the radiation protection standards and guides considered b
the Task Group to be applicable to Enewetak is presented in Appendix III.
This review indicates that the numerical standards and radiation protectiocn

philosophy of both national and international standards bodies are similar.
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Summarizing that appendix, the specific guidance and criﬁeria used by the

Task Group in its assessment of the data and recommended for cleanup and

rehabilitation of the atoll, are as follows:

¢

The population dose to the Enewetak people should be kept to the
ninimum practicable level,

A value of 50 percent of the Federal Radiation Council (FRC)
Radiation Protection Guides (RPG's) for individuals is rccommended
for the criteria to be used in evaluating the various exposure
reduction options conzidering that such exposures cannot now be
precisely determined.

The following values apply:

Whole body and bone marrow - 0.25 Rem/yr
Thyroid - 0.75 Pem/yr
Bone - 0.75 Rem/yr

The guide for gonadal exposure of the populaiion should be -

4 rems in 30 years.

The .guidance for 239Pu in soil should be the following¥:

a. < 40 pCi/gn of soil - corrective action not required

b. 40 to 400 pCi/gm of soll -~ corrective zction determined on a

case~by=-case basis®** considering all radiolegical conditions,

¢. > 400 pCi/gm of soil - corrective action required.

*Thesc values are recommended for use in cleanup of Enewetak Atoll only.

**See Appendix III for additicnal guidance,

o
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ASSLSSMENT OF DOSES AND THE RESULTS OF ALTERNATIVE. CORRECTIVE ACTION

The Task Group approach for development of judgments and recommendatior
for the radiological cleanup and rehabitation of Enewetak was to consider
a number of alternatives for exposure reduction that may be feasible. Basic
e the procedure involved four steps:

o Assessment of doses for z population living on the atoll in its

current radiological condition.

+n
[
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° e Assessment gf dose reductions that might be expected due to modi
tion of the diet.
© Assessment of dose reductions that night be expected due to removal
of contaminated soil.
¢ Comporinonn of thonn deco angononent nmaswizee oich the

Ae - < e ————— T2 4 LAY A R

gulidelires used by the Task Group.

The Enewetak Radiological Survey Report (NV0-140) cerntains estimates
population doses on the atoll in its current radiological condition for si
living patterns chcsen to be most representative of the Enewetak p;Ople's
desired life style after they return. In addition, dosc estimates are ma:
for each of these living patterns for each‘of the following corrective act

¢ Gravel the village area and plow the village island.

xzﬁﬁi e Import pandanus and breadfruit from the southern islands (ALVII~-
KEITH) for inhatitants of the northern islands.

e Import pandanus, breadfruit, coconut and tacca from the southern
islands.

¢ Import pandanus, breadfruit, coconut, tacca, and domestic mecat i1

the southewn islande.



The estimates for 30 year vwhole body doses in the Survey Report are
summarized in Table 1, and 30 yeér bone dose estimates are summarized in
Table 2, Note that the option for "Gravel Village Area - Plow Village
Island," achives a minimal reduction in radiation exposure of whole
body and bone for all living patterns, and those living on JANET would
have to import most foods to avoid exceeding a whole body exposure of
4 rems in 30 years. Population dose guidelines used by the Task Group
include annual dose rates as well as 30 year intergrals for genetic
doses. Tables 3 and 4 show estimates of the maximunm annual whole bedy
and bone dose,*

In considering the reduction in exposure that may bé achievable through
renoval of contamiqated soll, the Task Group has taken tha position that these
predicted exposures are anproximations onlv, The effectiveness of such actionc
to reduce internal exposures must be confirmed through analysis of test
plantings, *%

In its assegssment of dose reductions that might be possible due to
removal of contaminated soil, the Task Group posed the following questions:
"Given the dose estimates of Tables 1l-4%, and the dcse reducticns that can
be expected due to modifications of the diet, can equivalent dose reductions
be achieved by remcval of soil and, 1if so, what volumz of soil would have ic

be removed from contaminated islands™? 1In order to address this question

*A detalled deszcription sf the calculations leading te the estimates in Tables
3 and 4 is given in Appendix IV,

**The Task Group does not favor soil removal as a dependable or feasible
exposure reduction action. However, such action is reviewed in the Task Group

Report in order to present a coimplete picture of the various possibilities

, pm
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oné must know? or have estimates of the areas to be used for housing and
villages, for grcwing pandanus and breadfruit, for growing coconut, and for
ralsing domestic animals.

Figure 1 shows the Enewetak Atoll Land Use Plan as presented in the
Enewetak Atoll Master Plan. Of the northern islands only Enjebi (JANET) is
expected to be a residence and agricultural island. Aej (OLIVE\, Ldjor (PEARL),
Amon (SALLY), Bijile (TILDA), Lojwa (URSULA), and Alamebel (VERA) are intended
to be used as agricultural islands, and the remainder (ALTCE, BELLE, CLARA,
DAISY, IRENE, KATE, LUCY, MARY, NANCY, and WILMA) as food gathering and picnic
islands.

Figure 2 shows the land use plan for Enjebi Island (JANET), including
14 housing areas {560,000 ftz, assuning an average housing area to be 200°
x 200' in size), a community center (200,000 ftz), subsistence agricultural
areas (1,109,000 ftz), and commercial agriqultural areas (7,300,000 ftz).

In order to get an approximation of the amount of soil that would have
to be removed to bring about a given dose reduétion, onec needs to detemnine
. the three dimensional distribution of the radiocactive contamination. TFigure 3
shows the average 905r activities (pCi/gm) in soil samples collected to a
depth of 15 cm on JANET. Similar figures for 137Cs, 60Co, and 239Pu rav be foun:
Appendix II of IV0--140. 1In addition to the 15 cw deep samples, radioactivity
distribution as a function of depth (''profile samples') was measured in
fourteen locations on JANET. Data frem these profiles are presented in
Figs. B.8.2.a~n of Appendix II of NVO-140. Inspection of these profilec

-indicates that, on the average, about 40 cm of soil would have to be removed

to reduce the activity in the top 2 cm layer by a factor of 10, 1In addition,



as the depth increases the slope of the activity-vs-depth curve tends to
decrease,i.e., the activity levels do not go to zero, even at depths greater
than 100 cm. Table 5 shows pertinent data for 9OSr.
In an attempt to quantify this distribution and obtain an approximation of
the "average profile' for calculational purposes, 908r and 137Cs data for each ol
fourteen profile sanmplec have been reproduced in Tables 6 and 7. The average
values for 90Sr for each sampling depth are plotted in Fig., 4. It is apparent ti
from the surface to about 30 cm the 908r specific activity is decreasing with
a "soil half thickness" of 8.4 cm, while in the 30 to 85 c¢n depth range the
half thickness increases to 22 ecn. The levels to not get a2s low as those found
on the southern islands (0.5 pCi/gm) at any depth down to 180 cm. These
profile samples which lie in or clesest te the subsistence agriculture areas
of Figure 2 have bear averazed and plotted in Fig, 5. In this sect, the hali
thickness is only 4 cm from the surface to 10 cm., but increases to 25.5 ci
in the 10 to 85 cn depth range. Similar treatment of the 137Cs data is
piotted in Figs. 6 ané 7. 1In Fig. 6, wvhere sll samples are ave:aged,-the
half thickness is 4.5 cm down to about 10 cm, and 12 en from 10 to 85 cn.
Levels- equal to those found on the southern islands {(~C.2 pCi/gm} arc found
at depths below about 100 em. In Fig. 7, the subsistence agriculture case
gives a half{ thickness of 2.7 cn down to 10 cm, and 17.8 cm frem 106 to 85 cm.
For poth 9OSr and 137Cs it is apparent that the prcfile averaged cover all
samples is more conservative than is the profile for subsistence agricultural
areas for estimating thé affects of soil removal: therefore the Task Grour

has used Figs. 4 and 6 for estimating dose reductions that might occur due

to renmcval of soil.
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In making these dose reduction approximations, one must keep two things
in mind; first, that the NV0O-140 does estimates for terrestrial foods grown
an island such as JANET are based on correlations between certain indicator
plants and average soil concentrations in the 0~15 cm samples (Fig. 3) since
foods such as pandanus and breadfruit were not found on JANET and, second,
that these concentrations are averaged over the 0-15 cm depth of Figs. 4 anc
Estimates of dose reductions to be expected due to removal of soil to a give
depth, therefore, require an estimate of the ratio of the average concentrat
of the nuclides of concern in the 0-15 cm depth of the newly exposed surfac:
to that for the surface which 1is present now. This approach does not consi.
the radioactivity in the soils deeper than 15 em vhich may be important,
particularly for plants with roots that penetrate deeply into the secil. Ta
presents these average concenftrations and ratios for 905: and 137Cs for eac
increment from the present surface down to 105 cm ac derived from Figes. 4 ¢
These estimatcs indicate, for example, that removal of 15 cm of soil may r¢
the terrestrial food dose due to 905r by a factor of 3.3 and that due to
13705 by 3.2. However, such reduction may or may not be actually achieved
There is no experience to support these reduction levels.

Using the data of Table 8, one may éssess the dose reductions that mi
occur due to specific cleanup actions on JANET. Table 9 shows the doses
that might occur due to seven different conditions. Case D represents
the contributors to the 80 Rem bone dose of Table 2 using values for 905:
137Cs averaged over all of JANET. Case Dl indicates that if subsistencc
agriculture is limited to the area shown in Fig. 2 ({i.e., along the lagoo:

137

90 ;
shore) the ~ Sr and Cs levels may be reduced to such an extent that the

resulting 30 yr bone dose becomes 57 Rem. Removal of a half-thickness of

bl
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13705 (4.5 em) in the residential areas has little effect since that action

influcnces'only the external gamma dose. Removal of successive 15 cm layers
of soil in the subsistence agricultural areas, however, may reduce the bone
dose by significant amounts. Removal of the top 15 cm layer, for example,
may reduce the 30 year bone dose from 57 Rem to 19 Renm, while removal of an
additional 15 cm may bring the dose down to 10.7 Ren.

Since soil removal-vs-bone dose reduction would possibly be most effective
for pandanus and breadfruit, a variation on the estimates of Table 9 may be
obtained by preferentially stripping soil in areas where these trces are
to be grown. For case D-1, for example, if éandanus and breadfruit are
grown in the subsistence agricultural arcas only in sections from which 15 cm
of so0il have been removed, the resulting bene dose may drop froma 57 Ren to

T N r=e €T 21 1 1 111 0) T o )
¢ G L ray) R P Y T XAy ..f aany af’d{:i;"-:‘l 15 o l
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the dese may drop to 23.7 Ren.
The maximun dose reduction that can te

achieved is through importation of clean soil from the southern islands or from

outside the atoll. 905r concentrations in the avefage profil2(Table 6)

do not get as lov as those on the southern islands even at a depth of

180 cm. To achieve this meximum effect, however, sufficient clean soil has

to be imported to,encompass>the entire root system of the mature trees and

the water supply for these crops must no:t have 908r levels higher than those

found in the southern islands. Any replacement soil should be coarse and

granular. Such soil is less likely to blow away or wash away. Given these

conditions, the 57 Rer bone dose of case D1 may ﬁe reduced to 18.2 Rem

(57-39.1 + 2.1 (0.45) (the 2.1 Rem from Table 241 and 0.45 from Table 243

of NV0-140).
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As to the question of whether equivélent dose reductions (equivalent to

reductions obtained through modificaticn of the diet) could be obtalned

through removal of contaminated soil, the Task Group holds the opinion that
some reduction is possible. However, the magnitude of this reduction is
uncertain and can only be determined reliably through measurement of the
radionuclide content of the important food items such as pandanus and bread-
fruit grown in the modified condition. This would require 2 research effert
to grow test plantings of the various food crops in the seil removal and
replacement areas uéing various fértilizers and trace ninerals, and analysics
of radionuclide content of the fruit produced. There is the possibility th:
radioaétivity in the fruit could be relisbly predicted from analysis of
stems and leaves of young and as yet unproductive plants. This would requi-
additional study. Considering the time required for such studiec and
that the levels of radioactivity in soil are being reduced by radioactive
decay and weathering, it may take about as long to return pecople to JANLT
ﬁsing soll removal and confirmatory studies as would be needed without such
actions.

In the comrercial agriculture areas of JANLT and the other northemn
islands the item of concern is the radioactivity level of coconuts (i.e.,
""Can the Enewetakese sell their copra?"). Data in NVO-140 (pn 560-562)

indicate that 137Cs is the principal man-made radionuclide found in coconu

137Cs (soil) at 137Cs soil

X . . 40, .
concentrations greater than 4.7 pCi/gm. NVO-140 also irdicates that OK i

meat, with the relationship 137Cs (cepra) = 1.3

found in copra at an average concentration of 6.8 pCi/gm. Since 4OK is &
naturally occurring radionuclide and is always present in copra, it seems

able to judge the marketability of copra grown in Enewetal: Islands on the

L aaY
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of its 137Cs content relative to the naturally occurring 4OK. If the 137Cs

in soil is less than 5.2 pCi/gnm, for example, the 137Cs content of the copr
produced may be less thaid its 40K content, and one might argue that its mar
ability should be unaffected. Table 10 shows the mean 137Cs soill concentra
and soil removal actions that may reduce the 137Cs concentration in copre ¢
values equal to and twice that of the natural 40K for all nortbern islands
(averape profile data for PEARL, ALICE, BELLE, and CLARA, plotted in Figs.
8-11 and included in Table 8, were used in the calculations for each of the
islands). ’

On JANET, for example, the commercial agriculture arca in its current
condition should yield copra with an average 137Cs/l'oii concentrafion ratio
about threce. Removal of a 6 cm thick layer of soil may reduce this value
to two, and removal of 14 cm may result in copra with equal concentrations

137 40 .
of Cs and K. Note that for islands nlznned to be used for comercial

agriculture, it is possible that only JAILT and PLARL have 137Cs soil valu

high enough to yield copra with a 137Cs/[‘OK ratio greater than 2. Test

plantings of coconut would be needed in areas where remcval of scil has
137 . .
been conducted and the level of Cs in coconut meat analyzed before any
committment is made for planting of coconut trees in commercial quantities
With additional study it mav be possible to predict with confidence the
137

level of Cs in coconut meat throupgh analysis of stems and leaves of

irmature trees. This would save tire.



DISPOSAL OF CONTAMINIATED MATLRIAL

For disposal of contaminated material, there appears to be several
categories, each requiring separate consideration:

1. Contanminated scrap, ron~plutonium,

2, Contaminated soil, mon-plutonium,

3. Contaminated scrap, plutonium,

4, Contaminated soil, plutonium,

- 5, Pieces of plutonium meteal,
Some of the above are below the ground ‘surface such as in burial sites.
Some is near the surface such as the pieces of plutoniun metal on YVONIE.
With regard to disposal, the Task Group considers it appropriate to cite
the objectives for disposal, to list pessible approaches for disposal, and
to suggest pcssible interim measures where anpropriate.
Table 12 and the discussion in !IV-140, Vol. I, contains information er
known or suspected burial sites for radioactive debris. The liolmes and
Narver "Ingireerinz Study For A Cleanup Plan, Enewetak Atoll-Marshall
Islands," lin.-1348.1, contains information on the location and quantity of
other above ground contaminated scrap.
Considering the ;elative short radiological halftimes for the fission
Qs products and induced radicactivity found on svch scrap and debris, the Tas
Group suggestg that the obiective for dispcsal is to make this debris,
particularly secrap metal, unavallable to the people when they return.
Possible approaches for dispocal are:

- ' 1. Disposal in water filled and underwater craters.

2, Shallow land burial wherein the radiation level of the scrap

is not significantly grecater than the radiation level on land.



3. Disposal in deeper porticns of the lagoon. It is expected that

this would be a modest addition to similar material already there
from past test opérations.

For contaminated soil, other than plutonium, the Task Group has not
recommended removal of such soil and therefore there would be no reguirement
to select a method of disposal. If such disposal were required, the objective
would be to assure that there would be no pathway for any exposure of the
Enewetak people to this radicactivity and a minimal followup requirement to
insure that this sitﬁation continues after disposal.

The Task Group view is tﬁat because of its extrem¢ long half life, disposal
of plutonium in the form of contaiminated soil and scrap 1s a problem of greater
magnitude than for fission products and induced activitr ., In its deliberations,
the Task Group has assumed that the disposition of such material will be such
that there 1s no potential for exposure of the residents of the atoll cnce
cleanup hias been completed. This is then the cbjective for cleanup.

Recommmendations which follow will treat ihe questions of how to approach
recovery of the higher levels of plutonium contaminated soll and the pileces
of plutonium metal, and Appendix III of this report contains guidance on
decisions to be made on whether removal of plutonium contaminated soii is
justified on various islands., It is the view of the Task Group that as 2z
mininun, cleanup must accomplish the recovery of the plutonium contaminated
materials, soll and scrap, from the various islands including buried scrap,
with placement in stockpiles as few in nunber as possible. The object 13 to

get better control of the materials and to minimize spread of contamination.

Cis



YVONNE may be a suitable site for such stockpiling with the quarantine
continued until proper disposal is accomplished, It is the hope of the
Task Group that del{beration and decisions on disposal of plutonium contaminate
soil and scrap will not delay other cleanup and rehabilitation actions.
As for considering disposal, there appears to be three possibilities:
1, Disposal wherein there i{s an irrevocable committment of the -
contaiminant to the environment,
2, Disposal wherein, with some difficulty, a later decision could
change the method of disposal. |
3. An effort made to find a way to reduce the volume and amount of nmateri.
requiring disposal in either way (1 or 2) above,
The following ideas have been put forth for disposal of plutonium contam:
8oll and scrap:
1. Disposal of plutoniun contaminated scrap in the deep lagoon or
deep ocean,
2. Make the contaminated soil into concrete blocks with disposal in
deep ocean or through burial on land.
3. Disposai of contaminated soil in the form of cement poured into
deep drill holes on land with the scrép added,
4. Disposal of soil and scrap in the water filled craters on YVOIIL wit
a thick concrete cover.,
5. Return of these materizls for burial in the U.S. in packaged form or
as concrete blocgs.
Any ocean disposal plans must be coordinated with the Environmental

Protection Agency. The Enewetak people should be informed of any plans



for land burial within the atoll.

It may be possible to reduce the amount of material requiring disposal
by removal of the plutonium from the most highly contaminated soil. The
Task Group does not have adequate information to deterﬁiﬁe whether this may
be feasible. Resecarch to determine wﬁether this can be accomplished could ba
conducted with YVOINE used as the study site,

TASK GROUP ORSERVATIONS AND CO'CLUSIONS

It the radiologically complex Enewetak Atoll enviroament there are a -
large number of options that may be considered for cleanup and rehabilitation
of various islands. The Task Group has considered as many of these as
possible in the time available., Tc the extent possible the Task CGroup has
attempted to arrive at a consensus of opinion among the drafting group and
1ts technical advisors. Comments on draft material have been colicited
from staff of several Federal agencies. Their sugpestions have influenced
the approach to development of recommendations and have led to numerous
changes of a technical natufe. Regarding each option, the following have
been considered.

1. Determination of the radiological exposure to be expected and
conparison of predicted exposures with accepted radiation exposure
criteria,

2, The feasibility of actions or restrictions inherent in the ovtion.

3. The effectiveness of the option in bringing exposures within the

criteria and any uncertainties regarding the effectiveness.



4. The possible impact on the Inewetak people and on the environment.

Choice of the best overall method for reduction of exposures to the
lowest practicable level is a matter of judgment and opinion. The Task Group
has deliberated whether actions of an engineering nature such as soill reroval
are preferable to actions that would restrict use of certain islands for
permanent habitation and food production. The adverse impact of-engineering
actions on the atoll enviromment and the uncertainties regarding effectiveness
Ihave been viewed on the one hand, and the question of the extent to which the
Enewetal: people would comply with restrictions on the other.

NVO-140 and this Task Group report present the radiation doses that uay
be associated with a broad range of options and'provide data for calculating
dosesbfor other options.for anycne who wishes to de so. The dose reduction
expected for ome 0pTion can be coapared with thabi ol wooiher. Lollo: couic fus
cleanup actions are being prepared by LilA; and the impact and acceptabilircy
of restrictions can be evaluated through dJdiscussions with the Euewctai: Council.

In NVO—;&O, and in ic previous section c¢f this report, desc estinates -
and therefore options - were considered in matrix form (e.g., living pattern
vs. diet, cr diet source vs. amount of soil removed). While these matrices
serve to indicate in detail the range of conditions to be found on the atoll,
the Task Group {cels that its' recormendations are presented meore effecstivel: o
narrative form.

Thgre are three-basic questions to be addressed: e.g., 'Is the radiatinn
environment acceptable or can it be made acceptable for the Enewetzk people to
return to their atoll," "Is the racdiation environment on Enjebi acceptable

1

o7 can it be made acceptable for the people to return,' and "Are there islands

wvhich are not azcceptable for people to cenduct their normal agricultural and



social activities, and, if so, are there_any actions that could be taken or
restrictions imposed that would keep exposures within acceptable criteria?"”

Within this framework of data and basic questions, the Task Group has
focused attention on the following options (see Fig. 146, Appendix II):

Option 1

a. No return of the Enewetal: people.

b. No radiological cleanup.

This clcarly»represents a no-cost, no-radiation-dose option. Just as
clearly, it runs contrary to the’expressed wishes of the Enewetak people., 1In
addition, choice of this option cannot be defended using current radiation pro-
tection philosophy and standards since the predicted cxposures for persons livins
on the southern islands are well within acceptable standards.

Opidion I3

a. Return to the scuthern islands (ALVIN-IEITID) .

b. Agriculture linited toithc southern iclande.

c. Travel restricted to the southern islands.

d. lo restrictions on fishing.

e. No radiological cleanup.

This is an option with zero cost for radiclogical cleanup that results
in pcpulation doses well beiow the guides (Row A of Tables 1-4). Tt diffcre
from later options in that it leaves the problems of contaminated secrap in
nany areas of the atoll, aad the Pu in so0il on YVOIUE, IRCIE, and in the burial
sites on SALLY, plus generslly contaminated areas on ALICL, BELLE, CLARY,
and PEARL, unresolved. Such a choice would establish the need for off{-limits
areas in perpetuity, at least for YVOINE, since the metallic Pu is expected

tc be present on the surface of the island indefinitely unless cleanup is
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performed. Under current‘conditions there is a potential for exposures exceeding
Federal standards through the inhalation pathway and the possibility of spread of
the contamination if access to the island is not contrélled. This accounts for
the current quarantine of the island. Limiting all agriculture to the southern
islands is difficult to justify because some of the northern islands are lightly
contaminated. From Tables 1-4, for example, it can be seen that limiting only
the growth of pandanus and breadfruit to the southern islonds would pemit all
other substance agricultural practices on JANET-WILMA without the radiation
exposure criteria being exceeded. Similarly, it is difficult to justify limiting
travel to the southern islands since the ambient gamma levels on the northern
islands do not represent a significant external exposure potential for
occasional visitation.
Option III

4. Return to the southern islands (ALVIN-KLITH).

b. Substance Agriculture limited to the southern islands plus JAET-VWILIL

Q]

except that pandanus and breadfruit are limited to the scuthera isliand

¢c. o restrictions on travel.

d. No restrictions on fishing.

e. Remnove Pu contamina;ion on YVONNE,. IRENL and the SALLY burial sites.

f. Remove radiocactive scrap.

This 1s one of the less expensive options in that it requires removal
of only the most seriously contaminated materials. In practical terms, it
maxinizes unrestricted use of areas of the atoll having low radiocactivity
levels, leaves no hazardous legacies for the indefinite future, and permits
living patterns which, with high confidence, are expected to result in populatio
doses well below the recommended radiation criteria.

TaLA
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This option does not specify action'against radicactivity in soll of the
islands such as ALICE, BELLE, and CLARA, nor does it recormend that residences
be built on JANLT. By implication, therefore, rescttlement of JANET would have
to wait for radioactive decay and weathering processes to reduce contaminatiocn
~levels to acceptable values on these islands. Since the predominant isotopes,
137Cs and QOSr, each have half-1lives of thirty years, the waiting period could
be slightly more than one generation for each factor of two reduction in dosc.
On the other hand the reduction could proceed at a somewhat faster rate. On

i marrow
JANET, reducing the maximum annual child's bone/dose from 0.72 ren/yr (Table
4, Case D-I) to the guide level of 0.25 rem/yr through natural decay of the
90 ‘ about
Sr would theoretically require s wait of/50 years considering only radiologicc
decay. It is not expected that such a reduction will actually talie that long.
Option IV

a. All of oOption III a, ¢, d, e, and f, plus:

b. Return to JANET and build residences and cownunity center in locations
shown on the lMaster Plan.

c. Remove a mininum of 30 cm of soil in all areas where pandanus and
breadfruit are to be grown on JANET; import clean soil in vhich to
establish these plants; or import pandanus and breadfruit from the
southern islands.

If these actions proved to be as effective as the theoretical predictions,

this would permit return of the Enjebi pecple to their island. It should be
emphasized, however, that even with the above actions, predicted doses are

near or slightly above the criteria for annual exposures and also above the

30 year criteria. The levels are expected to be well above those of Option III
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Option IV ¢ describes three ways in which essentially the same end can
theoretically be achieved. Importation of food is the most dependable action
but this inposes a longz-term burden on the Enjebi people vhich they may find
objectionable. Removal of soil alone is another alternative, but the
effectiveness of the action is uncertain for reducing population dose since
90 137 - .

Sr and Cs are found so far below the surface on JANLET. Importing soil for «
of subsistence crops such a2s pandanus and breadfruit would possibly reduce the
dose fronm these foods to levels couparable to those found on the southern island:
provided that sufficient so0il is imported to encompass the entire root svsten

of the mature trees. The water supply for these crops must not have radio-
activity levels higher than ﬁhose in the southern islands. low this can be inow
is net obvious at this time.

the Tasii Group considers Uption iV a—c, by 1lseii, {0 be uGnacleniabic at
this time. Even with the actions and restrictions indicated, exposures
would be too high to provide an acceptabie marpin within the criteris. This
is especially true for children born at about the time of rehabitation.
Importation of food from the southern part of the atoll or other sources is
believed to represent an impractical solution to the problem of eucessive

internal exposure. Use of a layer of clean soll in areas for food production

rad

is not known to be effective, would be hard to regulate, and would constitutc
an experiment involving the Enjebi people. In addition, use of clean soil
for subsistence crops may have little affect on levels of radicactivity in
domestic animals and coconut crabs, which range over the entire island.

Since Option IV a-c is expected to result in population doses near or
slightly above the radiation criteria, further dose reduction may possibiy
be achieved by:

Fiepey
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d. Removal of 15 cm of soil in the-éubsistcnce agricultural area of JANET.

e. Removal of 15 cm of soil in the commercial agricultural area of JANLT.

These actions result in a theoretical reduction factor of 3 to 4 for 137Cs
and 9OSr in the remaining top cm layer of soil - or have roughly the sane
theorctical effect as walting sixty fears forAradioactive decay to take place.
Whethber food crops would show a similar reduction is uncertain. This action
would possibly result in an ultimate finding that doses would be below the
criteria but above that expected for people living on the southern islands.

Most significantly, hovever, implementation of Option IV a-e would remove
a minitum of 15 cm of soll from essentially the entire isiand ef JANET. Since
the top soil on that island is charitably described as meager, such acticn
would leave JANET a sand island. Heroic actions would be required to either
reconstitute the remaining scil throush use of fertilizers and other
additives, or import top soil sufficient to support subsistence and cormercial
agriculture. With any of these actions a period of time would be reguircd,
possibly as long as §-10 years, or until test plantings of coconut, pandanus,
and breadiruit are grown and analyzed for their radicactivity concent, before
a decision could be made to settle people on JANLT. An additional period of
€-10 years would be required after a decision to plant subsistence and
commercial crops in quantity before the island could support its innabitanis.
Option V

a. All of Options 1V a-e, plus:

b. Removal of a minimum of 10 cm of soil from PLARL.

c. RemoQal of a mininum of 47 cn of soil frem ALICE, 14 cn from BELLL,

and 10 cm from CLARA.
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If pandarius and breadfruit are to be grown on northern islands other

than JANET, the criteria of Option IV ¢ should apply, i.e., plant in

soil having a 9OSr content of 4.6 pCi/gm or less, or bring clean soil
to the island with a depth sufficient to contain the roots of these

trees.

If these actions achieved a level of exposure reduction as large as the

calculational result, this would permit use of the entire atoll according to

the llaster Plan. This option is clearly much more expensive than other

options since it requires removal of additional soill and requires recon-

stitution of soill in the cleared areas. Consideration of these actions as

a viable option is clouded by uncertaintiecs regarding the exposure reduction

that can be achieved through partial soil removal and by selective soil

replacement.

presented in Table 11.

RECGIDIEN

DATION

After careful review of all available radiological data the Task Group

nmenbers' specific recormendations are as follows:

1.

The people of Enewetak Atoll may be safety returned to their honc-

land provided certain actions are taken and precautions observed.

In the interest of achieving a mininum practicable dose for the

Enewetak people the Task Group recommends that:

a. The first villages and residences be constructed on TLLMER, FRLD,
DAVID, or on any of the southern islands {ALVIN-KLITH) that the

Enewvetak people choose.

Qo
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b. Crowth of all subsistence crops such as pandanus, breadfruit,
tacca, pigs, chickens, and all other terrestrial food stuffs
except coconut be linited to islands ALVIN-KLITH.

c. Subsistence and commercial coconut may be grown on any island in
in the atoll without any remedial measures except ALICE, BELLE,
CLARA, DAISY, IRENE, JANET, and YVONNE.

d. Fishing be permitted anywhére.

e. Travel be ﬁnrestricted to all islands except YVOSII. Vhen the Pu
contanination on YVOINE is removed, the restriction of travel to
that island can be lifted.

f. VWild birds and bird's eggs be collected anywhere.

g. Coconut crabs be collected only on the southern islands,

h. Wells which are intended to provide lens water for human consuanti
or for agricultural use be drilled onlv on the southern islands.
When drilled, water from each well should be checlked for bzecteriea,
salinity, and radioactivity content before the well is approved
for use.

It is recognized that the people of Enjebi have a strong desirc to

return to live on thét island. The island contains three ground zero

locations from nuclear tests and was vithin about three miles of tihc

Mike event that had a total yield of about 10 Megatons. ELnjebi

was the most heavily contﬁminated of the larger islands in the atoll.

The Task Group has been unable to determine any way in which radiaticr

exposures can be brought within the acceptable criteria, that is both

‘reliable and feasible, in order to resettle Enjebi at the same time as

islands in the south of the atoll., It is reasonable to expect that

QoG



one day the island can be resettled. There appear to be two

possible approaches:

a. Soll removal followed by studies with test plantings to deteruine
whether exposure for Injebi residents would be within acceptable
criteria. | o

b. Conduct of studies using test plantings to determine when exposures
would be within acceptable criteria but nc soil removed.

In either case, housing construction and planting of subsistence and

commercial crops would be deferred until research with test plantings

showed acceptably low levels of radicactivity. The Task Group
reconmends the secoﬁd approach as one having mininal adverse irpact
on the island environment.

Ine research program in 2 cbove should ciso inciuvde o

determination of radioactivity levels in cepra and other food crops

produced on PEARL, CLARA, ALICE; and BELLE. YVOIIE should alse

be included after removal of plutoniim contaminated soil.

All radiocactive scrap metal and contaminated debris identified during

the Holmes and Narver Ingineering Surveyv shouid be removed. If

additional contaninated debris is discovered in the course of cleanup
and rehabilitation operations, it too should be recmoved. Specificzlly
included in this recommendation are the three locations on £ALLY and
one on CLMER where contaminated debris is known to be buried. This
debris should be exhimed and removed.

The quarantine of YVORNE should be continued in effect until the

plutonium contamination on that island is reduced to acceptable lecvels

Should any Enevetak people return to the atoll before cleanup is



begun or before completion, an authority respousible for enforcement

of the quarantine should be identified and should be in residence

in the atoll when people return.

The distribution of plutonium coutamination om YVOITIL is sufficiently

complex that specific recommendations for cleanup cannot be presentcd.

It is expected that the true picture of this contaminzation will unfold

as the decontamination effort proceeds. Presented are sone of the

requircnents and objectives that vill establish a background from vhich
plans can be made for recovery of Plutonium on YVOIIE. |

a. Decontanination of YVOLNL is seen as an iterative process, nanely,
removal of soil, menitoring of radiocactivwvity levels, and removal
of movre soil. This anounts to a search for tha hishier plutoniwnm
levels and reduction of Lhesg to the lowest praciicabie vaiuae,

b. A tea. of experts should be asserbled who can make and interprot
field radiation and radioactivity measureménts, advise on cleanup
actions, and provide necessary health physics support includinag
protection of workers, decontazinination of worlers and egquipnant,
and packaging and handling of collected plutoniim,

c. The objectives of the cleanup are two:

(1) —?Ecovery\of the pieces of plutonium that have been observed.
on or ncar the island surface. Some contain milligran
i quantities of plutonium metal and are easily detected with
field survey instruments such as the FIDLLR.

rst

2

(2) Recovery of plutonium contaminated soil. To a {
approximation, the location of the zones of hicher Pu cun-
centrations are shoun in the survey profilisamples.

B
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TABLE 1.

30 Year Integral ¥hole Redy Dese (Rem)
I II 111 - IV Vv
—— - : Import Pandanus, Impcri Pandenus
Current Condition Gravel Village  Import Breadfruit, Breadfruit,
Living (no corrective Areg . Flow Pandanus and Coconut, and Coconut, Tacca,
Pattern* action) Villege Islend  Breedfruit Tacce and Meat
A 1.0 1.0 1.0 1.0 1.0
B 4,4 4,4 2.2 1.9 1.3
c 5.7 4.4 2.7 2.4 1.8
D n. 8.9 4.4 3.7 1.9
E 14 . 13 6.6 5.7 ‘3.5
F 31 .24 1.3 - . 9.1 3.5
Living Pattern Village Tsland Agriculture Visitaticn
& FRED/ZLIER/DAVID ALVIN inrougn ROITH Southern Isiamnis
B FRED/ELI-ED./DA'V’ID XATE through WILMA Northern Islandc
C JANET KATE through WILMA Northern Islands
"D JANET JANET Northern Islands
E JANET ALICE through IRENE ‘Northern Islarnds
F BELLE BELLE Northern Islards

-~
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TABLE 2, 30 Year Integral Bone Dose (Rem)

I IT IIT v v
Import Pandanus, Import Pandanus,
Current Condition Gravel Village Import Breadfruit, Breadiruit,
Living {(no corrective Area - Plow Pandenus and Coconut and Coconut, Tacca
Pattern action) Village Island Breadfruit Tacca and Meat
A 3.8 3.8 3.8 3.8 3.8
B 3% 35 11.5 9.1 4,1
¢ 37 35 12 9.6 4.6
D 80 ‘ 78 23 18 4.7
E 135 - ) 134 38 27 6.1
F 220 213 61 . 43 6.3

CSs



TABLE 3, Maximum Annual ¥hole Bedy Tose (Rem)

*
Child/Aduit - both starting Jan. 1974.

0.662/0,663

I III W v
Import Import Import Pardanus,
Current Condition Gravel Village Pandanus Pandanus, Breadfruit,
wiving (no corrective Area - Plow and Breadfruit, Coconut, Tacca,
~ Pattern action) Village Island 3PBreadfruit Coconut,Tacca and Meat
*
A 0.039/0.039 - 0.039/0.039 0.039/C.0%9 0.039/0.033
B 0.234/0.236 - 0.125/0.128 0.091/0.122 0.090/0.083
C 0.237/0.241 - 0.128/0.133 0.093/0.127 0.089/0.094
D 0.540/0.542 - 0.245/0.252 0.146/0.187 0.087/0.097
E 0.749/0.761 - 0.350/0.367 0.246/0.3%28 0.182/0.211
F 1.56/1.55 - 0.357/0.475 0.192/0.191

e
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TABLE 4.

Maximum Annual Bone Marrow Dose (Rem)

I II 111 o v
: Import . Import Tmport Pandenus
Current Condition Gravel Village Pandanus Pandanus, Breadfruit,
Living (no corrective Area - Plow and Breadfruit, Coconut, Tzcca,
Pattern ‘action) Village Island  Breadfruit ° Coconut,Tacca and Meat
*
A 0.047/0.045 - 0.047/0.045 0.047/0.045 0.047/0.,045
B 0.314/0.294 - 0.148/0.149 0.122/0.130 0.097/0.091
c 0.317/0.3C0 - 0.151/0.178 0.121/0.135 0.096/0.096
D 0.718/0.677 - 0.293/0.254  0.168/0.204 0.094/C.094
E . 1.06/0.989 - 0.428/0.437 0.253/0.354 0.184/0,213
F 2.08/1.92 - 0.785/0.774 0.415/0.516 0.199/0.193

X _
Child/Adult - both starting Jan. 1974.
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TABLE 5. 9oSr Profile Sample Data on JANET

Depth to Reduce

l‘lAv.“

3.6

004

Profile Sample Act. by Factor  “USr Act. in Psr Act.
Number of 10 Top 2 cm  Top 15 cm  Below 100 cm

(cm) (pCt/gm) Max. (pCi/gnm)
100 7‘ 360 150 11 (50 cm)
135 56 18 10 1.3 (1c0 cm)
136 > 100 14 17 3.6 (100 cm)
137 15 34 16 2.1 (130 cr)
138 9 100 28 1.3 (150 cm)
139 12 410 220 5.4 (150 cm)
140 66 54 95 4.8 (115 cm)
141 12 100 39 4.8 (135 cm)
142 €0 90 95 46 (120 cm)
143 > 100 21 31 13 (160 cm)
144 76 50 46 2.4 (100 cm)
145 18 27 26 0.7 (100 cm)
147 25 87 200 0.6 (160 cm)
901 25 110 185 8.5 (40 cm)

Av. 42 cm 105.4 82.7 T.1*
*(No. 100 and No. SCI
excluded)

Mean 9OSr concentration in top 15 cm samples:

JANET: 44 pCi/gm

Southern islands:

DAVID, EIMER, FRED:

All cthers except

LEROY:

0.41 pCi/gnm

0.52 pti/gm
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Table 6,

POgr Concentrations (pCi[ﬁ:) in Profile Semples Taken on JANET

Sample Deptli (om)

-

15- @5~ 35- 45-  55- 65~ 5~  #5=-  95-  105- 115-  125- 135- 145- 155~  165- 75
02 255 510 20-1525 35 4 5. 8. 15 f3 9 105 115 125 5 M5 15 165 in 165
Profile No,
100 * 30 20 75 21 12 122 1. 1 8.2
135 # 18 16 7 8 5.5 5 52 3 1.3 1.3 1.5 1.3 1.3 1.0 0.85
136 » 17 10 17 20 50 6.4 5.3 5 3.8 5.3 3.7
137 34 17 8.5 46 2.7 1.6 1.6 0.85 0.78 0.68 0.28 7.8 0.43 0.5 0.4 0.4 2.1 0.43 0,35 0.41 0.25
178 100 26 14 8 4.8 2,4 2,2 2.6 3,2 2.1 .4 0.9 0.47 0.42 0.3 - 0.32 1,3 0.31 0.45 0.45
139 410 460 160 50 78 34 26 9.3 0.9 1.0 0.8 0.2% 0.85° 0.8  0.47 0.3 0,31 5.4 1.2 1.5
140 # 54 6 18 17 14 15 10 15 10 35 2.8 1.7 11  0.95 0.8 3.8
11 % 00 78 18 8 5.4 5.2 5,2 46 32 28 08 30 26 2,4 2.3 1.8 49 1.5
142 o0 95 120 1o 78 14 12 8.2 7.2 5.6 4.8 4,1 46 22 4.3 3.5 3.3 2.9 2.7
143 * 21 26 42 26 50 (8 26 25 21 3.7 11 11 12,5
144 27 43 51 49 20 13 9 6.8 6.8 58 .4 40 2.9 2.0 1.6 1.5 1.2 0.8 0.62 0.54 0.67
145 27 22 27 27 3.4 0,3 0.45 0.3 0.3 0.31 .3 0.43 0.74 0.27 0.26 0.33 0.29 0,31 0.26 0,31 0.31
147 87 35 24 S0 19 5.8 1.5 0.35 0.55 0.4 ¢,4 0.26 0.20 0.27 0.29 0.5 0.18 0.22 0.63. 0.46 0.42
N 110 200 230 160 40 2.4 8.6
Av.Corposite 103, 90 58 40 9£3.813.7 8.9 7.6 5.6 2.9 1.1 3.5 2.7 1.3 5.3 3.8 1.7 1.7 0.95 0.94 0.8
rofSubelstence
(”:i;’}t:r) & Mw. 52,3 29,5 16,7 22.8 21, 11.5 0.8 8.2 3.3 1.4 4.5 4.4 1.4 1.3 3.5 4.9 1.5

e,
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Table 7. 27co Concentrations (12 1/em) in Profile Swrples Trken on JALST.
' Sumple Vepth (em) - )
10-  15-  25-  35-  A5-  55-  65- 5. 85-  95- 105~ 115- 125~ 135~ 145~  155- 165 -.'1?5-
02 25 51015 B s A 55 65 1 85 % 105 15 125 135 15 155 165 175 185
Trofile No,.
100* 210 64 25 5.1 0.7 0.44 0,44 0.27 0.22
135 * 5.7 7.7 2.8 352 1.6 0.9 0.66 0,14 0.29 0.027 0,037 0,082 0.072 0.039 0.026
136 % 6 48 6 4.5 6.5 6.5 2.7 1.3 0.85 0.78 1.5 0.47 0.19
137 11 16 11 32 0.8 0.9 0,25 0.21 0.25 0.19 0.:9 0,015 0,008 0.03 ©0.01 0.1 0.058 0.037 o0.,01 0,00 0,03
138 22 19 2. 15 51 1,1 0.63 0.23 0.37 ¢€.16 0..9 0.19 0.15 0,063 0,03 - 0.035 0.1 0.09 0.04 0.08
139 110 8o 50 20 13 7 1.9 0.5 0,65 0.45 0.% 0.3  0.27 ~0.56 0.23 0.18 0.35 1.7 0.55  0.42
140 * 43 15 4 13 2.3 1 1.1 1.5 1.5 0.42 0.3 0,38 0.35 0.21 0,19 0.73
141 » 50 23 2.1 9.35 0.73 0.15 0.12 0.085 0.082 0.066 0.072 0.07L 0.029 0.06 0.15 0.08 0,24 0.25
142 100 63 42 49 55 26 1.5 0.72 0.45 0.23 0.4 0,27 0.35 0.29 0,18 0.17 0.15 0.3  0.39 0.55 0,52
143 % 6,1 5 5.2 1 6.1 6 5 4.7 2.9 0.1 0.7 0.37 0.93
144 14, 18 14 8 1215 31 31 1.6 1,3 1,0 1,0 0,77 0.64 0.5 0.57 0,78 0.4 0.38 0.6 0.6
145 19 8 9.7 6.5 0.8 0,7 0.6 0.24 0,17 0.08% 0.024 0,026 0,026 0.023 0,021 0.017 0,025 0.02 0.04 0.009 0.0}
147 3.5 19 18 156 2.9 2.6 0.85 0.4 0.6 0;52 0.28 0.12 0.11 0,017 0,022 0.018 0.04 0.017 0.069' 0,007 0.c08
201 5.1 7 8.5 6.1 1.6 0,32 0,45
Av. Composited’.2 25.0 15,5 11.1  7.62 4.9 1,38 1.0 0.76 0.3 0.5 0.27 ©.27 0.17 0,14 0,23 0.02L 0,36 0.21 0.23 0©.21
Av.Cubsistence
Pgricultore 53.5 19.9 7.2 5.2 2.9 2.5 L67 1.33 0.97 0.23 0.59 0.27 0.31 0.1¢
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Table 8, Concentrations of 9oSr and 3705 in each 15 cm increment below
the surface for the "Average Prcfile Samples”

JANET
_9OSr _ 137Cs
Depth  Av. 90Sr cone, Ratio to 1 . Av. 137Cs cone, Retio to 1
cm ‘ (pci/gm) top 15 em Ratio (pCi/gn) top 15 cm Patic
0-15 67.7 1.0 1.0 19.6 1.0 1.0
15-30 20.2 0.30 3.3 - 6.26 0.311 2 27
30-45 10.2 0.15 6.7 3.63 0.164 6.05
45-60 6.36 0.094 10.6 1.11 0.055 18.1
60-75 3,96 0.059 17.1 0.464 0.023 43,3
75-90 2.82 0.042 24.0 0.277 0.014 72.6
90-105 2.34 0.035 28.9 0.249 0.012¢  80.%6
PEARL
0-15 | 12.4 1.0 1.0
15-30 3.4 0.276 3.5
30-45 1.1 0.088 11.4
ALICE
0-15 _ 36 1.0 1.0
15-20 ' _ 24,5 0.68 1.47
30-45 - 16.6 0.46 2.1€
45.60 11.2 0.31 3,10
BELLE
0-)5 48 1.0 1.0
15-30 : 9.7 0.202 4.9:
30-45 2.0 0.041 24.5
45-60 0.4 0.0c8 122
CLARA
0-15 26 1.0 1.0
15-30 : 6.5 0.25 4.0
30-45 1.6 0.063 16
45-50 0.42 0.01€ g4
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MTabel G. Affect of soll removal on 30 year integral bone ilose on JANET.

90

Sr Conc

(pC1/gm)
(15 cm aver.)

Soil Pemoval Action

Bone Dose (Rem) Due To

D. Av. for JANET
Current condition Ll

D1. Subsistance
Agric. area 31

D2. Remove 4.5 cm in
Resldential area

- D3=.,
Remove 15 cm in 9.4
Subsistence Agric.Area

D3b.

Remove 30 cm ' 4.6
D3c.

Remove 45 cm 2.9
D3d.

Remove 60 cm 1.8
)

vh
»
o

Tot&l A.Vt Est. 7
Soll Bone  Exposure _
Volume Pandanus Cnconut Meat D Rat Exterpal Marine TOTAL
Breadfruit _-Tacca os€ ates

0 55.5 6.8 13,2 75 40 uR/hr 4.0 0.84 80

0 39.1 L.8 9.3 53.2 28 3.3 0.84 57
3.2x103m3 39.1 4.8 52.8 2.8 0.84 56.4
l.leOhm3 11.8 1.5 2.7 16 2.2 0.84 19.0
3.0x10" 5.8 0.7 1.3 . 7.8 2.1 0.84 10.7
b.5x10* 3.7 ok 08 b9 2.0  0.84 7.7
6.0x10“ 2.3 0.3 0.5 3.1 2.0 0.84 5.9



Table 10. Soll removal actions to reduce

15 .
37Cs concentrations in coopra

Mean current

Island 157Cs cenc. in Soil to be removed to
soil (pCi/gm in achieve: ’

Comm. Agr. 15 cm csemples) 10.4 pCi/gm 5.2 pCi/gm

' Area Thickness Volure Thickness Volum=
JANET 16 6.9x10° m° 6 cm 4.1x10% o’ 14 em 9.7x10% m°
OLIVE 7.65 1.1x10° 0 5 cm 0.55x10% m>
PEARL . 12.4 1.5X105 2 cm O.BOxlO4 10 cm 1.5}:104
SALLY 3.0 - 0 0
TILDA 4.2 - 0 _ 0
URSULA 1.7 - 0 o 0
VERA 2.0 - 0 0

Food Gathering and Picnicing

ALICE 36 9.3x10* ©° 47 em  4.4x10% o0 74 en 6.9x¢% w0
BELLE 48 18.6 14 2.6x10% w’ 2l em  3.9x10°
CLARA 26 1.9 10 o0.19x10% 17 em  0.32x10%
pazsY 11 5.6 0 - 9em  0.5x10°
IRENE 3.2 - 0 - 0 -

KATE 13.1 7.4 B 3 cm 0.22x10% 12 em  0.89x10%
LuCY 11 9.8 0 - 9em  0.8%act
MARY 9.9 5.6 0 . . Bem  0.45x157
NANCY 12 8.4 2en  0.17xc% 11 en  0.92x10"
WILMA 1.3 - 0 - 0 -

1



Table 11, Population Dose Estimates for Various Cleanup
and Rehaebilitaticn Options on Enewetak Atoll,

30 yr whole 30 yr integral Max annual whole Max annual dcse to
body dose (Rem) %bone dose {Rem) %bYody dose (Rem) red bone marrcw (Ren
OPTION
1 :j} 1.0 S3.8 £ (0.0%9/0.039)° = (0.047/0.045%"
IT1 e
b
e\ 1.0 - 3.8 0.039/0.039 0.047/0.045
a _
e
II1 s
b
C
d 2.2 - 11.5 | 0.125/0.128 0.148/0.143
5
IV a\\
b 5.6 23 0.245/0.252 0.2935/0.294
c
é 3.6 13 0.16/ 0.1% 0.17/ 0.17
e 1.6 11 0.07/ 0.07 0.14/ 0.14
V =&
b (same as IV e)
(o]
d
*(Child/Adult)
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Appendix 1
Enewetak Radiological Survey Report

Abstract

The AEC has conducted a survey of
the total radiological environment of Ene-
wetak Atoll in order to provide data for
judgments as to whether or not all or any

part of the Atoll can be safely reinhabited.

More than 4500 samples from all parts of
the marine, terrestrial, and atmospheric
components of the Atoll environment were
analyzed by instrumental and radiochemi-
cal methods., In addition, an aerial sur-
vey for gamma-radiation levels was con-
ducted over all land areas.

9OSr, 137Cs, GOCo, and 239Pu are the
predominant radioactive isotopes now
present, but their distribution is far from
Islands on the southern half of
the Atoll from ALVIN to KEITH have lev-

uniform,

els of contamination comparable to or
less than those due to world-wide fallout
in the United States, On the northern
half, islands ALICE to IRENE are most
heavily contaminated, KATE to WILMA
are least contaminated, and JANET is at
an intermediate level,

These radiological data have been com-
bined with the best information currently
available on the expected diet of the Ene-
wetak people to estimate potential whole-
body and bone doses to the population for
six living patterns at 5-, 10-, 30-, and
Thirty-

year integral dose estimates for unmodi-

70-yr intervals after return.

fied (i,e., current) conditions are shown
in Table A,

Table A. The 30-yr integral dose for six living patterns, assuming unmodified condi-

tions,
30-year integral dose, rem
Unmodified conditions
External
Living Inhalation one, Terrestrial Marine Total
pattern Bone Lung  Liver Ww. B. W, B. Bone W.B. Bone . one
1 7(-4) 9(-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8
8¢ 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35
111 0.10 0.13 0,056 4.0 6.1 75 0.053 0.84 11 80
v 0.47 0.59 0.24 10 21 210 0.053 0.84 31 220
AY 0.11 0.13 0.058 2.9 2.7 33 0.053 0.84 5.7 37
VI 0.090 0.11 0,049 4.4 9.6 130 0.052 0.84 14 135
Living
pattern Village island Agriculture Visitation
I FRED/ELMER/DAVID ALVIN through KEITH Southern islands
11 FRED/ELMER/DAVID KATE through WILMA Northern islands
plus LEROY
II1 JANET JANET Northern islands
Iv BELLE BELLE Northern islands
AY JANET KATE through WILMA
plus LEROY Northern islands
VI JANET ALICE through IRENE Northern islands

I-1



The main contribution to the population
dose comes through the terrestrial food
pathway, followed in decreasing order of
significance by the external gamma dose,
In the
terrestrial food pathway, the main con-
tribution to both whole-body and bone

marine, and inhalation pathways.

dose is due to pandanus and breadfruit.
Percentage contributions to the 30-yr
integral dose for each of the terrestrial
food items for a population engaged in
agriculture on JANET are shown in
Table B, ,
Corrective actions to reduce popula-
tion doses will be most beneficial if they
are directed at the primary contributors,
i.e., pandanus and breadfruit in the diet
and external gamma dose in the residence
areas. Since neither pandanus nor bread-
fruit are now growing on the Atoll in suf-
ficient amounts to provide a significant
dietary component, control of the location
and manner in which they are reestab-
lished will have a direct influence on the
If

their growth were limited to the southern

population doses from these fruits.

islands, for example, and the population
living on JANET were to import them

Table B. Percentage of total 30-yr ter-
restrial food dose to a popula-
tion engaged in agriculture on

JANET,
goSr dose 1317Cs dose
to bone, to whole body,

Food % %
Domestic meat 17 26
Pandanus fruit 40 35
Breadfruit 34 29
Wild birds 0.005 0.003
Bird eggs 0.05 0.002
Arrowroot 2 0.3
Coconut meat 6 9
Coconut milk 0.9 1

rather than grow them locally, the ex-
pected 30-yr bone dose would be reduced
from 80 to 25 rem and the whole-body
dose from 11 to 6,5 rem. Similar results
would be obtained if uncontaminated soil
were imported to JANET for the estab-
lishment of these plants, Attempts to
obtain the same results by removal of

90 137Cs-con‘caminated soil from

Sr- and
JANET would require denuding of the
entire island because of the relatively
uniform distribution of these isotopes
over the land surface.

Significant reduction of the external
gamma dose may be achieved by placing
a 2-in, layer of clean gravel in the vil-
lage areas and by plowing the agricultural
areas. On JANET, for example, use of
these procedures reduces the expected
30-yr external dose from 4.0 to 1.7 rem.

Thus, from Table A it is clear that a
very broad range of population doses may
be expected, depending on village island,
agricultural island, and living pattern. It
is equally clear that substantial reduc-
tions of the higher doses can be achieved
through relatively simple modification of
the agricultural practices and of the soil,
Table C summarizes the reduction that
could be expected from these actions for
a population living on JANET.

The island of YVONNE presents a
unique hazard on Enewetak Atoll, Pure
plutonium particles are present on or
close to the ground surface, randomly
scattered in "hot spots' over most of the
area from the tower to CACTUS crater.
Examination of these "hot spots' has
revealed the presence of occasional
milligram-size pieces of plutonium metal,
as well as smaller pieces which are phys-
ically indistinguishable in size from the



el

surrounding coral matrix., Given these
current conditions, it must be assumed
that pure plutonium particles of respira-
ble size are now also present on the sur-
face or xﬁay be present in the future as
weathering effects oxidize and break
down the larger particles, Lung dose
assessments for this area, therefore,
must be based on inhalation of pure plu-
tonium particles rather than those hav-
ing the average plutonium content of the
soil.

The potential health hazard via the
inhalation pathway is sufficiently great to
dictate two basic alternatives for reme-
dial action for this island: (1) Make the

entire island an exclusion area —off lim-
its to all people, or (2) conduct a cleanup
campaign which will eliminate the "hot-
spot'' plutonium problem and remove
whatever amount of soil is necessary to
reduce the soil plutonium concentration
to a level comparable to other northern
islands, As an indication of the volumes
of soil involved, removal of a 10-cm
thick layer of topsoil in the area in which
"hot spots'' have been detected involves
approximately 17,000 m3 of material,
Further removal of soil to reduce the
maximum plutonium contamination levels
to 50 pCi/g or less involves an additional
25,000 m® of material,

Table C, 30-yr integral doses from all pathways compared to U, S. external back-

ground dose,

30-yr integral dose, rem?

Unmodified soil case

Modified soil cas,eb

Location W. B.

Bone W. B. Bone

Enewetak Atoll living
pattern III (JANET-
current conditions) 11

Enewetak Atoll living
pattern III (JANET-
pandanus and bread-
fruit imported) 6.5

Enewetak Atoll living
pattern IIl (JANET-
all agriculture con-
fined to southern :
islands) 4,2

Enewetak Atoll living
pattern I (southern
islands) 1.0

U.S. background onlyC 3.0

80 8.9 78

25 4.2 23

7.0 1.9 4.7

3.8 1.0 3.8
3.0 3.0 3.0

8Sum of all pathways for the Enewetak living patterns (i.e., external, inhalation,

marine, and terrestrial),

Psoil modified by placing 2 in, of clean gravel in the village area and plowing the

agricultural area,.

“Based upon background of 100 mrem/yr at sea level,



Appendix 11
Enewetak Radiological Survey Report

Summary of Findings Chapter

W. Nervik, Lawrence Livermore Laboratory, Livermore, California

INTRODUCTION

It has been the purpose of this survey
to gain a sufficient understanding of the
total radiological environment of Enewetak
Atoll to permit judgments as to whether
or not all or any part of the Atoll can
safely be reinhabited and, if so, what
preliminary steps toward cleanup should
be taken and what post-rehabilitation con-
straints must be imposed.

Enewetak Atoll has an extremely
broad range of radiological conditions in
a small land mass. To gain an under-
standing of the details of this range of
conditions, it has been necessary to obtain
and analyze a very large number of sam-
ples from all components of the environ-
ment, To gain an equivalent ufxderstand—
ing of the implications of this range of
conditions for rehabilitation of the
Enewetak people, it has been necessary
to postulate population distributions, life
styles, and dietary habits — an endeavor
fraught with uncertainties under the best
of circumstances, but particularly so for
the current, rapidly changing Marshallese
culture,

This section is a summary of the data
obtained from the Survey, the postulates
used, and the population dose assessments
derived from data plus postulates. The
reader is cautioned against expecting or
using a "simple" description of the radio-
logical condition of Enewetak Atoll, be-
cause no single value of any component of
the radiological condition is applicable to
the entire Atoll without being misleading.

II-1

CURRENT RADIOLOGICAL CONDITION
OF THE ATOLL

External Gamma Radiation Levels

Three independent techniques were
used to measure external gamma radia-

tion levels on the Atoll:

e LiF and CaFy thermoluminescent
dosimeters (TLDs) were exposed
for 3% months on seven of the

northern islands.

® A measurement using a Baird-
Atomic survey instrument was
made at each soil-sampling loca-

tion on each island.

e An aerial survey with Nal detectors
" was conducted over the entire

surface area of every island.

All three techniques yield results
which agree to within about 10%. 60Co

nd 137

a Cs contribute most of the total

external gamma radiation, with the

remainder due to small amounts of other
gamma emitters such as 125Sb, 155Eu

and 241Am. The amount of 60Co rela-

13

’

tive to 7Cs varies throughout the Atoll,
with a range of values from about 0.5 on
JANET to greater than 14 on JAMES,
Average values for each isotope on each
island are given in Table 214, For ref-
erence, a map of the Atoll is shown in
Fig. 146.

Southern islands (SAM to KEITH) are
characterized by low and more or less
uniformly distributed gamma-radiation
levels over the area of each island. As
exposure levels increase, exposure grad-

ients become severe, with beaches



Table 214, Summary of average exposure rates for islands in Enewetak Atoll.

Average exposure rate, uR/hr at 1 m?

Island 137Cs 60Co (OTgtiaV}e'(/) Rangeb
ALICE 42 36 81 4-170
BELLE 61 50 115 5-200
CLARA 20 19 42 5-100
DAISY 6.8 14.4 21.3 5-140
EDNA 2.8 2.4 6 5-8
IRENE 14 63 80 3-560
JANET 25 13 40 2-150
KATE 11 7 19 3-22
LUCY 6 7 14 1-20
PERCY 2 2 5 2-11
MARY 5.5 4 10 2-12
NANCY 6 5 12 1-50
OLIVE 6.5 4.5 11 1-15
PEARL 12 45 70 1-400
RUBY 2 12 14 1-42
SALLY 3.5 3 7 3-110
TILDA 4 2 6 2-11
URSULA 3 1.8 5 1-7
VERA 2.8 2 5 1-6
WILMA 1 1 2 1-3
YVONNE 5.6 22.4 33 1-750
SAM <0.3 (0.20) <0.6 (0.11) 10.9 0-1
TOM <0.3 (0.18) <0.6 (0.13) <0.9 0-1
URIAH <0.3 (0.06) . <0.6 (0.43) <0.9 0-1
VAN <0.3 (0.08)  <0.6 (0.25) <0.9 0-1
ALVIN N. D. (0.06) <0.6 (0.25) <0.9 0-1
BRUCE 0.4 (0.22) 0.8 (0.34) 1.2 0-1
CLYDE <0.3 (0.04) <0.6 (0.11) <0.9 0-1
DAVID N. D. (0,21) N. D, (0.10) <0.9 0-5
REX <0.3 (0.28) <0.6 (0.25) <0.9 0-1
ELMER N. D. (0.19) N.D. (0.12) <0,09 0-2
WALT <0.3 (0.08) <0.6 (0.10) <0.9 0-1
FRED N. D. (0.14) N.D, (0.12) <0.9 0-1
GLENN 0.4 (0.33) <0.6 (0.20) <0.9 0-1
HENRY <0.3 (0.14) <0.6 (0.20) <0.9 0-1
IRWIN <0.3 (0.08) <0,6 (0.46) <0.9 0-1
JAMES <0.3 (0.05) 2.8 3.0 0-5
KEITH <0.3 (0.15) <0.6 (0.49) <0.9 0-2
LEROY 2.8 4.8 7.6 3-8

aAver‘age dose rates given are derived from aerial survey data. On islands where activity
levels are at the lower limit of sensitivity of the aerial survey equipment, dose rates derived
from the soil sample data are given in parentheses,

bAs measured with the Baird-Atomic instrument,

II-2
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Fig. 146. Islands (those circled) requested as village locations by the Enewetak people.

generally at or very near expected back- Radioactivitv Levels in Enewetak

ground levels; the highest levels are Soil

found in heavy vegetation at island centers Approximately 3000 samples of

or near ground zero sites, ""Average" Enewetak soil were analvzed by germani-
values for islands with relatively high um gamma-spectroscopic (GeLi) and

dose levels include a broad range of values wet-chemistry techniques to determine
for specific areas and should therefore be the distribution of radioactive species on

used with caution, islands in the Atoll, Samples were taken



on every island, but emphasis was given
to — and proportionately larger numbers
of samples taken on — those islands which
were known to have been sites for nuclear
testing activity or to have been subjected
to large amounts of fallout from such
activity,

Two types of soil samples were taken

' and "profile."

on each island: "surface'
At "surface'" sampling locations, two
samples were taken — one a 30-cm2 X 15-
cm-deep core, and the second a composite

of two 30—cm2 X 5-cm-deep cores., At

"profile'" sampling locations, 100-cm?
samples were taken from the side wall
of a trench dug for the purpose. Nominal
depth increments for the profile samples
were 0 to 2, 2to5, 5to 10, 10 to 15, 15
to 25, and 25 to 35 cm, and at 10-cm
increments to total depth, Total depth
for profile samples varied from 35 to
185 cm, depending on the distribution ex-
pected from the testing history of the
island being sampled,

In general, the predominant species

found in the soil samples are 9OSr, 137Cs,

239Pu, and 60C0. 40K, 55Fe, 101Rh,
102mRh, 1258b, 133Ba 134 152

, Cs, Eu,
154Eu, 155Eu, 207Bi, 226Ra, 235U,

238Pu, and 241Am are also present in
some or all of the samples, As was the
case for external gamma levels, small
amounts of radioactive species on the
southern islands (SAM to KEITH) are
distributed more or less uniformly over
the entire land area. On islands where
larger amounts of activity are presenf,
the highest levels of all species are found
at the island centers or in proximity to
ground-zero sites, usually related in a
direct way to the vegetation density in the

immediate area. As an example of the

kind of data obtained for each of the pre-
dominant isotopes on each of the islands,
9051' values for 0-15 cm core samples on
JANET are plotted in Fig. 147.

Table 215 presents geometric mean
values and ranges for the four predominant
radionuclides on islands from ALICE
through WILMA. On islands where there
are significant differences in activity
levels between densely and sparsely
vegetated areas, data for both are given.

Similar data for groups of southern islands

‘are shown in Table 216,

"Profile'' samples showed a wide range
of activity distributions as a function of
depth on different parts of the Atoll, Ex-
amples of the types found are given in
Figs. 148-151,
in this area are not very meaningful,

Although generalizations

Fig., 148 shows the profile distribution
normally found on the southern islands.
Here the activity levels are usually low
through the full range of depths sampled.
Some sampling locations show concentra-
tions decreasing somewhat from the sur-
face through the first 10 or 20 cfn of soil,
Figure 149 shows the type of distribution
often found inland on islands subjected

to fallout but not to construction or other
ground-zero earthmoving activities — i. e.,
a rapid and fairly steady decrease of
activity levels from the surface to total
depth,
found on beaches and exposed areas on

Figure 150 shows the distribution

these same islands ~ i. e., uniform or
slowly decreasing activity levels from
the surface to total depth. Figure 151
shows a distribution pattern found occasion-
ally on islands which have been the sites
for tests or have been subjected to con-
struction and earthmoving activities

{(primarily IRENE, JANET, PEARL,
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Fig. 147. The average Sr activities (pCi/gm) in soll samples collected to a depth of 15 cm,



Table 215. Enewetak soil data, ''northern islands" (pCi/g intop 15 cm).

QOSr 137Cs 23 9Pu 60C0
Mean Range Mean Range Mean Range Mean Range
ALICE 80 14-430 36 5.6-141 12 3.9-68 5.9 1.4-33
BELLE Dense 123 14-670 48 14-170 26 7.2-130 10 3.1-30
Sparse 44 35-130 8.6 3.3-44 11 5.8-26 4.6 2.4-9.6
; CLARA 65 13-310 26 5.6-110 22 3.5-88 6.4 0.91-20
i DAISY Dense 190 100-380 11 3.4-33 41 22-98 11 6.4-26
Sparse 32 16-120 3.8 0.86-9.0 15 3.8-33 0.85 0.37-7.4
EDNA 46 30-220 4.2 2.7-6.4 18 13-24 0.43 0.33-0.63
IRENE 30 5.8-570 3.2 0.22-41 11 2.4-280 5.4 0.12-520
JANET 44 1.6-630 16 0.57-180 8.5 0.08-170 1.9 0.02-33
KATE Dense 67 37-200 24 18-37 17 8.6-50 2.7 1,6-5.8
Sparse 11 1.6-49 ° 4.8 1.8-16 2.3 0.17-14 0.46 0.03-3.5
LUCY 32 10-83 11 2.2-25 7.7 2.4-22 1.5 0.26-3.8
MARY 29 11-140 - 9.9 5.6-26 8.0 2.0-35 1.5 0.74-4.8
NANCY 36 16-110 12 6.0-28 9.1 2.3-28 1.6 0.56-5.3
PERCY 13 3.6-73 0.94 0.12-17 3,5 1.5-23 0.47 0.08-2.9
OLIVE Dense 22 4.6-70 8.5 3.5-28 7.7 2.2-30 1.5 0.65-4.1
Sparse 4.5 2.0-11 0.16 0.07-11 2,8 1.9-4.1 0.11  0.05-0.31
PEARL Hotspot 62 35-140 19 7.4-55 51 15-530 12 3.6-70
Remainder 17 3.2-61 7.8 1.2-34 11 0.85-100 4.1 0.49-49
RUBY 12 7.1-863 1.4 0.71-7.2 7.3 3.0-24 0.93 0.29-16
SALLY 8.4 0.87-140 3.0 0.03-30 4.3 0.21-130 0.54 0.05-69
TILDA Dense 27 17-54 8.4 3.5-20 7.6 1.4-17 1.2 0.61-1.9
Sparse 8.7 2.2-47 1.0 0.04-5.3 2,5 1.1-34 0.37 0.21-1.7
URSULA 6.8 2,0-19 1.7 0.13-7,8 1.3 0.26-7.3 0.31 0.05-1.7
VERA 6.3 1.1-68 2.0 0.03-12 2,5 0.,60-25 0.30 0.02-2.2
WILMA 3.3 0.26-13 1.3 0.31-7.2 1.1 0,1-5.3 0.12 0.01-0.7
Southern ’
YVONNE 1.7 0.09-20 0.40 0.02-3.6 3.2 0.02-50 0.64 0.01-20
Northern
Beaches 6.4 1.2-30 0.30 0.03-9.0 2.7 0.34-18 0.13 0.03-1.6

YVONNE - Because of the complex distribution of activities on Northern YVONNE no
single mean value for an isotope can be used for the island as a whole with-
out being misleading. Readers should consult the YVONNE discussion in
this section and the detailed data in Appendix II for information pertinent to
their interests,

SALLY, and YVONNE). In these locations, bution" can be formulated which is

activity levels below ground level are applicable to the Atoll as a whole,
significantly higher than at the surface. The land area which has the most
Because of the observed variety of profile severely nonuniform distribution of
distributions, no "average vertical distri- radioactive species on the Atoll is that

II-6



Table 216. Enewetak soil data, southern islands (pCi/g in top 15 cm),
QOSr 137Cs 239Pu 60Co
Mean Range Mean  Range Mean Range Mean Range

Group A

(DAVID,

ELMER, ‘

FRED) 0.41 0.02-4.8 0.21 0.01-2.1 0.04 0.004-0.31 0.03 0,01-0.15
Group B

(All others

except

LEROY)® 0.52 0.03-3.9 0.14 0.004-1.8 0.07 0.004-1.1 0.06 0,007-63
Group C

(LEROY) 11 1.6-34 3.2 0.5-10 0.63 0.02-2.0 0.58 0.04-5.0

SAM TOM, URIAH, VAN, ALVIN, BRUCE, CLYDE, REX, WALT, GLENN,

HENRY, IRWIN JAMES and KEITH

part of YVONNE which lies north of the
1310).
the highest external gamma levels found
on the Atoll, with levels of 500-750 uR/hr
found over a five-acre site just south of
the CACTUS crater,

of plutonium metal weighing as much as

tower (Sta, This area includes

In addition, pieces

several milligrams are randomly
scattered on or near the ground surface
over most of the area from CACTUS
crater to a line drawn across the island,
about 60 m north of the tower. Construc-
tion and earthmoving activities during the
testing period, for which we have no
reliable record, served to redistribute the
radioactivity in such a way that it is
essentially impossible to get an accurate,
detailed, three-dimensional survey of
radioactive species present in this area
now, Four hundred meters north of the
tower, for about 100 m along the ocean-
side embankment, for example, there is
a visible layer of dark soil roughly 20 cm
thick,

which contains high concentrations of

10 to 20 cm below the surface,

plutonium (3200 pCi/g in one sample).

In an effort to obtain a reasonable
estimate of the three-dimensional distri-
bution of radioactive material in this area,
45 profile locations (shown in Fig. 152)
were sampled to 150-cm depths, Plutoni-
um data for the profiles along the center
of the island, and across the island at the
position of the plutonium-bearing layer,
153-156.
all of the profile samples lead to the

are shown in Figs. Data from
following observations:

e There were no large plutonium
particles analyzed in any of these
samples since the maximum
specific activity found was ~800
pCi/g.

Except for the area in the general
vicinity of the exposed plutonium
layer, there were few profile
sampling locations where plutonium
concentrations exceeded 100 pCi/g
at any depth. Of the four that did,
two had the high concentration in
Profile

sampling locations where plutonium

the top 10 e¢m of soil.

concentrations greater than 100



pCi/g were found at any depth are
enclosed in cross-hatched areas in
Fig. 152,

Thus it seems likely that soil bearing
high concentrations of plutonium — as
opposed to pieces of plutonium — is largely
limited to a band roughly 350 m wide
across the island, centered on the visible
Within this band,

plutonium concentrations are greatest on

plutonium soil layer,

the ocean side, less on the lagoon side,
and least in the island center — a finding
consistent with historical data which in-
dicate that debris was bulldozed away
from the shot point toward both shore-
lines after the event which produced these
plutonium particles,

Except for this band across the island,
there is no evidence which indicates that
plutonium particles on or near the ground
surface in the larger area shown in
Fig. 152 are also found at any significant
depth below the surface., Because of the
discrete nature and random distribution
of these particles, of course, the only way
that their distribution could be further
established would be by analysis of very

large volumes of soil,

Radioactivity Levels in Enewetak

Lagoon

Approximately 858 samples taken from

the Enewetak lagoon environment were
analyzed by germanium gamma-
spectroscopic (GeLi) and wet-chemistry
techniques to determine the distribution

of radioactive species in the lagoon, in-
cluding 345 sediment and bottom cores,

82 seawater and seawater filters, 21 algae,
plankton, or coral, and 410 fish samples.
Figure 157 shows the major sampling

locations for this marine program.

II-8

Analysis of the sediment and core

samples indicates the presence of 4OK,
60 90 101 102m 106

Co, Sr, Rh, Rh, Ru,
127Sb, 137Cs, 152Eu, 154Eu, 155Eu,
207Bi, 235U, 238Pu, 239’240Pu, and
241

Am in some, but not necessarily all
of the samples. Each nuclide is non-
uniformly distributed over the lagoon
floor, with the highest levels generally
found in the northwest part of the lagoon,
2-3 km southeast of the islands ALICE
through IRENE; the next highest levels are
found in the area southwest of YVONNE;
and the lowest levels are found south of a
line extending across the lagoon from the
Southwest Passage to TOM. Figure 158,
for example, shows the distribution pat-

tern for 90Sr.

Similar figures have been
prepared for each of the predominant
species found.

Many of the radionuclides found in the
marine sediment and core samples were
not detected in the water samples, in-
loszh, 106Ru, 1255b, 152Eu,
U. In only 15 samples from the

GOCO,

cluding
and 235
northern part of the lagoon were
155Eu, 207Bi, and 241Am detected.
137Cs and 239, 240Pu were positively
identified in all samples. Table 217 gives
the mean surface water concentration of
137Cs and 239’240Pu in the four guadrants
of the lagoon, in the ocean close to the '
east side of the lagoon, and for several
areas in other parts of the world for
comparative purposes.

In the plankton samples, the most
abundant isotopes observed were 90Sr
(av 0.86 pCi/g, wet wt) and 207Bi
(0.83 pCi/g), followed in decreasing order
of abundance by °°Co (0.68 pCi/g),
239,240p,, (0,39 pci/g), 1°%Eu (0.24

pCi/g), %*1Am (0.23 pCi/g), and 37cCs
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10.

d. Recovery of plutonium soil concentrations greater than 400 pCI/g2
Pu at any depth these levels are found. The justification is that

plutoniun at some depth may one day be at the surface. Also,

of
recovery/contaminated soil sufficient to reduce surface
levels to a value well below 40 pCi/g 239’240Pu. The'

justification is to keep air concentrations of* resuspended plutoniuﬁ
to levels well within naticnal and international
standards. After soil removal, all areas should be resurveyed to

ensure no pieces or hot spots of plutonium remain.

e. The area observed to have pleces of plutonium and the highest
soll concentrations is the interior and shoreline of tlie island

bepinning at a line drawn froi the ocean reef teo lascen 00 reters

- hleh Il

1 £ +L . - R N e [ Walad
north ot tho ¢ SLZTn 2uavuy O waciuo

vemne fTT i antbem n1. M
[N R b [ A pe [N

SUZY ynafe

Plutoniunm contanminated soil on IRCHNE should be handled <he sane as

on YVOUNL and using the same criteviz for removal except 1t is not
expected that pieces of plutonium metal will be found.

Test plantings of pandanus, breadfruit; coconut, and arrcwroot shoulcd
be made, as soon as growth can be assured, on ecach of the islands on
which these plants are to be grown. A4As edible parts of these plants

C 239,24
become available, their concentration of 9)Sr, 137Cs, 39, quu and

any other significant radionuclides should be measured and compared witl

the Radiological Survey predictions. These studies will provide for
a determination. to be made of the earliest time at which planting of
food and commercial crops can be nmade.

An underground lens water sampling and analysis program should be

conducted in which samples are taken over z period of at least 12

3

Lt}
ot

39,

~ Rl sl . —_— -
LN



11,

13.

calendar months, .Bacterial contént, salinity, and radionuclide content
should be measured, but primary emphasis of the program should be

placed on development of an understanding of processes which are
operating - or which can be made to operate - to reduce the ecclogicnl
half-life of 908r and 137Cs below the radioactive half-life on the morthc
islands, especially JANET.

An airAsampling program should be conducted during cleanup in

support of cleanup operations and to add to the body of available
information on radioactivity levels in air,

Base-line surveys of body burdens and urine content of 137C5 and

9oSr should be made for the Enewetak people prior.to return to Laewetak
Atoll, after the first year of residcnce, énd as appropriate there-
after. Resurveys of the environmental radiation and radioactivity
levels should be made starting in the first year cf return and

repcated every other year, To be determined is the adequacy ¢f the die:
and the actual average daily dietary intake of radiocactivity for

various age groups for comparison with estimated levels and how
radioactivity levels in water, air, soil, plants, and animals are
changing with time, (Included should be collection of additional
information on the chemical form and size distribution of "7 Pu pa:ti;lQ
in the air.) Information from such surveys will provide a continuinc ¢
of the radioclogical status of the people and the environment and will
assure that the exposuie criteria is not being approached or exceeded,
Considering that the method of disposal of plutonium contaminated soil
and scrap has not yet been decided, that not enough informatior is
avallable to determine whether it is feasible to remove plutenium frorm

the soll to reduce the amount of materizl requirins disposzl, aud neos



14. The

wanting such problems to delay cleanup and rchabililaticn of the

atoll, the Task Group recommends the following:

a. At a minimum, cleanup should accomplish the'recovery of plutoniun

b.

Ce

containinated soil and scrap into storage on YVONINE,

The YVOWNE quarantine should remain in effect with access controlled

and all visitors monitored as for a radiation control zone.
If disposal 1s deferred for further study, such study should be

planned and conducted promptly.

cleanup phase of rehabitation, i.2., removal and disposal of

contaminated scrap, dgbris, and soll, should be carefully docurented

in a2 comprchensive final report from these conducting the cleanup

operation,

03C
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Fig. 154. Plutonium profile data, Locations 132-142, YVONNE.

(0.07 pCi/g).

Comparison of these data

with similar data obtained in 1964 indi-

cates that, in addition to physical decay,

60

Co 137

and

Cs are being lost from the

lagoon with mean residence half-times

of 3.3 and 4.1 yr, respectively, while

207

Bi appears to be decreasing at approxi-

mately its radioactive decay rate. 905r,
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Fig. 154. Plutonium profile data, Locations 132-142, YVONNE.

(0.07 pCi/g).
with similar data obtained in 1964 indi-
cates that, in addition to physical decay,

BOCO and 137

Comparison of these data

Cs are being lost from the

lagoon with mean residence half-times

of 3.3 and 4.1 yr, respectively, while

207Bi appears to be decreasing at approxi-

mately its radioactive decay rate. 9OSr,
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Fig. 156. Plutonium profile data, Locations 142-146, YVONNE.
239, 24OPu, 155Eu, and 241Am were not this survey were chosen for one or more
reported in 1964, of the following reasons: (1) They are
Of the more than 700 species of fish at commonly eaten by the Marshallese; (2)
Enewetak Atoll, the species selected for thev are relativelv abundant at most of the
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Southwest
Passage

Fig. 157,

collection sites; (3) they are representative
of a feeding habit; or (4) there is previous
relevant radiometric information about

the species. The species of reef fishes
selected as being representative of feeding

habits include the mullet (a plankton and

I1-20

Sample types

® Sediment and cores

# Reef species

& Plankton

& Water

Deep
Passage

Wide
Passage

Enewetak marine program sampling locations,

detritus feeder), convict surgeon (a
grazing herbivore), goatfish (a bottom-
feeding carnivore), and parrotfish (a coral
eater). The tunas, jacks, and dolphins —
pelagic fish — and the snappers and

groupers — benthic fish — which were also
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Fig. 158, Activity levels of °°

collected are carnivores of high order in
the food chain leading to man,

The number and kind of marine organ-
isms collected at near-shore sites at
Enewetak Atoll and at Kwajalein Atoll,
where ''control' samples were taken, are
shown in Table 218,
for the carnivorous fish is given in
Table 219,

40K, 55Fe, and 60

dominant radioactive nuclides found in all

fish, although 59zn, 90sy 101gy, 102mpy
108m 125 137 152 155
Eu Eu,

Ag, Sb, Cs, s
2O7Bi, 239’240Pu, and 241Am were also

present in some or all samples.

Similar information

Co were the pre-
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WIDE PASS

Sr deposited in the sediments of Enewetak Lagoon.

Table 217. Concentration of 137Cs and
Pu in comparative, sur-
face water samples.

Concentration,
fCi/liter
Location 137TC‘S 239?\1
Enewetak Lagoon
SE quadrant 226 8.1
NE quadrant 334 42.6
NW guadrant 579 33.4
SW quadrant 332 21.6
Ocean, east of Enewetak Atoll 89 0.3
Lake Michigan (1971) 88 1.1
Humboldt Bay, Calif. (1973) 300
14°N 180°W (1872) 143 0.44
12°N 170°E (1972) 170 0.35
Windscale vicinity (1969} 105,000
Mean surface, Atlantic
0-31°N (1968) 0.7




Table 218. Number of organisms collected at Enewetak Atoll and Kwajalein Atoll near-
shore sites, October to December 1872,

Organism

Mher Other
Collection Convict  Parrot- rect Sea inverte-  Appros
site Mullet  Goatfish surgeon fish fi=h Tridacna cucumbert brates total
Enewetak Atoll
GLENN-HENRY ~25 11 ~ 50 2 10 G 4 Gb 114
LEROY ~ 50 9 34 3 1 1 0 ~10° 108
FRED 0 ~20 ~ 50 a n 3 2 a1
DAVID 0 25 ~ 50 12 2 4 1 RS
. BELLE =~ 50 3 30 1 3 10 \] ny
ce e IRENE 2 3 12 0 8 0 0 25
. JANET ~50 3 ~ 40 1 0 4 ] RN
TILDA- URSULA ~35 11 =50 2 3 3 K 107
YVOXXNE 10 ~15 =53 10 3 0 3 o 105
Kwajalein Atoll - - =30 1 R 35 41
Approximate Total ~220 ~100 ~ 400 41 42 36 13 25 870

2The number given is the number of collections from a given site.
b . .

Pencil urchins.
c .

Top snails,

dSpin_\ lobster,

Table 219, Number of carnivorous fish collected from the Enewetak and Kwajalein off-
shore lagoon sites, October to December 1972,

Collection Yellowfin v Organism
site tuna Skipjack Mackerel Dolphin Snapper Grouper Ulua Total
Enewetak 2 a 3 2 8 8 8 40
Kwajalein 3 1
Total 5 10 3 2 f 10 8 46
Figures 158-161 show the average con- jack collected in Enewetak lagoon are
centrations of predominant radionuclides shown in Fig. 162. In general, 55Fe level:
found in convict surgeon samples taken in the large pelagic fish were higher than
at each of the collection sites around the levels found in other fish tvpes, while
lagoon. Similar data were obtained from other nuclides were present at levels
the mullet, goatfish, and parrotfish comparable to or lower than those found
samples, in the reef fish,
Average radionuclide content of light Of the samples collected at Kwajalein,
muscle, dark muscle, and liver of skip- 40[( was present at normal background
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Column legend

300 |- A Sfe - eviscerated whole fish -1
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Q C 60Co - viscera
e 100 |- 60 b
| D “"Co - eviscerated whole fish
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BELLE IRENE JANET URSULA YVONNEDAVID FRED GLENN HENRY LLROY

Collection site

Fig. 159, Average 40K, 55Fe, 60Co concentratic.m T convict surgeon from Enewetak
Atoll, October to December, 1972, The 0K value is the mean for all con-
vict surgeon samples,

20

Table 220, Comparison of 60Co and 7Bi in the viscera of convict surgeon collected

in 1964 and 1972,

60Co in pCi/g, dry 201‘.Bi in pCi/g, dry
Fraction ' Fraction
Island 1964 1972 remaining 1964 1972 remaining
BELLE 120 16 . 0.13 8.0 2.0 0.25
JANET 8.3 0.96 0.12 1,2 0.2 0.17
GLENN 19 3.3 0.17 2.6 0.7 0.27
LEROY 56 3.4 - 0.06 5.2 3.1 0.59
YVONNE 64 5.2 0.08 - - -
Average 0.11 0.32
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Fig. 160, Average 137Cs, 155Eu, and 207Bi concentration in convict surgeon from
Enewetak Atoll, October to December, 1972, The 40K value is the mean for
all convict surgeon samples,
levels (av 15 pCi/g). No °0co, 207Bi, 80c0 and 29781 data for the two collection
or 155Eu were observed, but 55]E‘e, 137Cs, periods. The effective half-life of 2.7 yr
90Sr, and 239'240Pu were found in some for 60Cc;» (radioactive decay half-life

or all of the samples, usually at levels
comparable to the lower values found at
Enewetak.

As with the plankton, comparison of
data obtained from this survey with similar
data from samples taken in 1964 indicates
that, for some nuclides at least, there are
processes operating to reduce concentra-
tions in the lagoon faster than is expected
Table 220,
for example, presents a comparison of

from radioactive decay alone,

II-24

5.24 yr) and 5.1 yr for 207Bi (radioactive
decay half-life 30 yr) implies an effective
half-life in the ecosystem for both isotopes
of about 5-6 yr.

Of the marine invertebrates present at
Enewetak, tridacna clams, sea cucum-
bers, spiny lobster, and top snails were

collected and analyzed.
60

In the tridacna,
Co was the most abundant radioisotope
found, and it was present in higher

amounts in the kidney than in the viscera,
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Collection site
Fig, 161, Average 9OSr' and 239’2401:‘11 concentration in convict surgeon from Enewetak

Atoll, October to December, 1972,

vict surgeon samples.

mantle, or muscle. Figures 163-165
present the average radionuclide concen-
trations of these tissues for the Enewetak
locations at which tridacna samples were
taken, -

Radionuclide distributions for sea
cucumbers, spiny lobsters, and top snails
were similar to those found for the
tridacna, except that high concentrations

were not observed in the kidney,

The 40K value is the mean for all con-

Radioactivity Levels in Enewetak
Terrestrial Biota

The terrestrial biota survey had as 1ts
objective the collection and analvsis of all
available terrestrial vegetation and
animal species which could be used as a
basis for estimating population doses
through dietary pathways, Not all vege-
table and animal ccmponents of the

Enewetakese diet are currentlyv available
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] Column legend
A Light muscle
B Dark muscle
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K

Average concentration of seven radionuclides in the light muscle (A), dark
muscle (B), and liver (C) of three skipijack from Enewetak Atoll, October
to December, 1872,
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value is the mean of all Tridacna samples.
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Average 40K, SSFE, 80Co, and 207Bi concentration in the kidney of Tridacna
clams collected at. Enewetak Atoll, October to December, 1972, The 40k
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Fig, 164, Average 40K, 55Fe, and 6OCo concentration in the viscera, mantle, and

muscle of Tridacna clams collected at Enewetak Atoll, October to
December, 1972, The 40K value is the mean of all Tridacna samples,

on the Atoll; of those that are, not all are The geographical distribution of
S available on every island, specimen collection sites is shown in
o A total of 1103 specimens were col- Fig. 166 and the types of edible sample
lected in the field as part of the terrestrial collected on each island are listed in
biota survey, distributed as follows: Table 221,
Soils 42 9051 and 137Cs were observed in
Plants 208 essentially all of the plant, rat, and crab
o Birds 116 samples and in many of the bird and egg
R Eggs 217 samples,. 55Fe, GOCO, and 239,240p,
Rats 249 were observed less frequently, and
Crabs 27 isotopes such as 207Bi, 152}':?u, and
Total 1103 151Sm were observed occasionally,
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Fig. 165. Average Obr and 239, 40F’u concentration in the viscera, mantle, and
muscle of Tridacna clams collected at Enewetak Atoll, October to
December, 1972, The 40K value is the mean for a!l Tridacna samples,
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Table 22i. Terrestrial biota survey. Edible plants and edible animals sampled.

Island Coconut Coconut Pandanus Pandanus Tacca Bird Coconut b
No, Island meat milk fruit leaves? corm Birds eggs crab Rat

1. ALICE X

2, BELLE X ‘ X

4, DAISY

9, IRENE X X X

10, JANET X X X 4 X X

12. LUCY
14, MARY

15, NANCY

16, OLIVE

17, PEARL

19, SALLY x X X

20, TILDA _ X

21, URSULA %
22. VERA
24. YVONNE X

29, VAN

30. ALVIN

31. BRUCE x

32, CLYDE .

33. DAVID * X X X
34. REX
35. ELMER
37. FRED
38, GLENN
39, HENRY
40, IRWIN
41, JAMES N
42, KEITH X x x % X
43. LEROY x X « X

"
%

KoM MM K M X
Ed
w

HooM oM K M
Ed
]

a L .
Pandanus leaves are not eaten but serve as indicators for pandanus fruit,

b N .
Rats are not eaten but serve as indicators for poultry and swine,
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Sample type
* Birds
s Crabs
© Mammals

* Vegetation

Fig. 166. Terrestrial biota program sampling locations,

For a given sample type, the radio- Fig. 167 and it is apparent that concen-
nuclide content generally corresponded trations are significantly higher on the
with levels of soil contamination found northern islands (islands 1-24) than on
on the Atoll, Data for 905r and 137Cs in those on the southern part of the Atoll,
coconut meat versus island sampling Since the main vegetation components
location, for example, are plotted in in the human diet (coconut, pandanus,
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137Cs in Messerchmidia and
Scaevola.
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and breadfruit) are not growing now on
all of the northern islands, the ubiquitous
Messerschmidia and Scaevola were

sampled and analyzed extensively with the
intent that they be used as "indicator
species'' for estimating doses from the
edible plants should they become avail-

able,
137

The correspondence between
Cs activity in coconut meat and

Messerschmidia and/or Scaevola from the

same location is shown in Fig. 168.

To increase accuracy, dose estimates
to the human population through the
terrestrial vegetation pathway should be
based on the geographical distribution of
radionuclides. In order to do this, how-
ever, a correlation between nuclide
content of vegetation and nuclide content
of soil must be established, As an ex-
ample of the correlations that have been

137

developed, data for Cs in

Messerschmidia and Scaevola vs 137Cs

in soil are shown in Fig. 169,

Similarly, data obtained from rats —
the only mammals now found on the Atoll —
were found to correlate with the vegeta-

tion radionuclide levels, For example,

137

correlations for Cs in rat muscle vs

Messerschmidia/Scaevola are shown in

Fig. 170, and for 905:‘ in rat bone vs
Messerschmidia/Scaevola are shown in
Fig. 171.

Three classes of data obtained from

the terrestrial biota survev, therefore,
have been used to estimate potential
human doses through the terrestrial food
pathway:
® Data obtained from the edible
organisms where they were avail-
able,

® Data obtained from the correlation

between edible plants — indicator
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plants — soil and applied to the plant
component of the diet,

Data obtained from the correlation
between rats — indicator plants —
soil and applied to the meat com-

ponent of the diet.
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Radioactivity Levels in Enewetak Air

A total of 32 samples of airborne
Enewetak particulate debris have been
analyzed to determine inhalation exposures

likely to be encountered by residents of
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Fig, 170. Statistical correlation between
0Sr in rat bone and 90Sr in
Messerschmidia and Scaevola,

the Atoll. Samples were taken using the
following three types of equipment:

e Ultra High-Volume Air Sampler

(CHVS) — Used to sample large
volumes of air in short time inter-
vals. Typical samples were taken
at a rate of 2000 m3/hr for a con-
tinuous 24-hr period.

e Low-Volume Air Sampler (VCS) —

Used to sample for extended periods,

Typical samples were taken at a
rate between 8 and 20 m3/hr for a
continuous 7-day period,

® Anderson Cascade Impactors (ACI)—

Used to obtain data on the particle-
size distribution of airborne radio-
activity, These samplers operated
at a throughput rate of 34 mS/hr,
sampled for 7- to 10-day periods,
and separated each sample into the
following particle-size ranges:
0.1-1.1, 1.1-2,0, 2,0-3,3, 3,3-17.0,
~and >7 um.
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Fig. 171, Statistical correlation between
7Cs in rat muscle and 137cs
in Messerschmidia and
Scaevola,

Air samples were taken on FRED,
DAVID, SALLY, JANET, and YVONNE,
which are islands that include the full
range of airborne activity levels likely to
be found on the Atoll,

A number of radionuclides were de-
tected in the surface air, including 7Be
(53 day), 2%k (1.26 x 10° yr), ¥Mn
(303 day), 2°Zr (65 day), *°3Ru (39.6
day), 196Ru (1.0 yr), 1%%sb (2.7 yr),

Cs (30 yr), ‘%%ce (285 day), 2%%pu
(2.4 x 104 yr), 23%pu (86 yr), and
241Am (458 yr). 7Be and 4OK are

naturally occurring activities. 54Mn,

QSZr, 103Ru, losRu, 1258b, and 144Ce
are intermediate-life activation and
fission products found in current world-
wide fallout, but present in Enewetak
soils in only very reduced quantities due
to radioactive decay in the long interval

since testing ended. Longer-life 13{Cs,
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Comparison of radionuclides in surface air (fCi/mS) on Enewetak,

Table 222.
Livermore, California, and Balboa, Panama.
Remainder of Livermore, Balboa, Panama,

Enewetak Calif, , 9°N 79°W,
Nuclide YVONNE Atoll 1972 1972-1973
"Be | <49-193 <6-116 90-250 43-143°
54 Mn <0.6-2.1 <0.14-4.0 - -
95z <0.4-0.4% 0.03-0.3 0.005-0. 4 <0.9-8.5
103py  <5.5-5.52 NDETP 0.29-3.4 -
125gy, <0.27-0. 272 NDET 0.04-0. 23 -
106p <0.9-2.6 <0.2-1.6 0.14-2.9 -
137 g <0.49-0. 82 <0.04-2.5 0.63-3.2 0.09-1.7
144 <2.5-3.7 <0.22-1.9 0.24-3.1 0.7-11.2
239,240, <0.03-2.6 <0.001-0.025  0.01-0.05 <0.001-0.030
238p, <0.04-0.13 <0.0028-0.008 0.001-0.005 <O0.001-0.003
24151 <0.3-0.302 NDET NDET NDET

“Detected only one sample.

bNot detected.
€Oct. -Dec. 1972 range,

238Pu,

from either local resuspension or from

239 241

Pu, and Am in air could be

worldwide fallout. A comparison of
activity levels at Enewetak with those ob-
served at Livermore, California, and
Balboa, Panama is shown in Table 222,
It appears that, with the exception of the
single sample on which 5.5 fCi/m3 of
1OBRu was observed, the only airborne
radionuclides present at levels consist-
ently higher than those at the other two
locations were the Pu-Am species on
YVONNE, a result not too surprising,
considering the known soil contamination
levels on that island,

Of the 32 air samples, four were
taken in October 1972 before typhoon

Olga struck, and the remainder were

taken between November 28 and December
19, 1972,
always greater than 10 knots and often

Wind speeds were almost

greater than 20 knots at all sampling
locations. In addition, frequent light
rain showers served to keep the ground
surface damp. Table 223 presents
climatological data which have been pub-
lished for Enewetak and Kwajalein, It is
apparent that December represents a
fairly average month as far as total rain-
fall and rainfall frequency are concerned,
while average windspeeds are higher than

those observed most of the vear,

Radioactive Scrap and Buried Debris

Holmes and Narver, Inc., as part of

the engineering survey they conducted
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Table 223. Climatological data for Kwajalein and Enewetak.?

Percentage of total time at each wind-speed interval

Av

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Wind speed, 1mc>tsb '
0-3 1 1 1 0 1 1 6 10 16 9 3 1 '4. 2
4-10 15 12 22 20 27 27 49 60 59 63 42 20 34.7
11-21 68 80 70 75 69 70 44 29 24 28 53 70 56,7
22-33 15 7 7 S 3 2 1 1 1 4] 2 9 4.4
>33 1 0 0 0 0 0 0 0 0 0
Prevailing wind
direction and NE NE NE NE NE NE E/NE E NE NE NE NE --
frequencyb 86% 87% 81% 77% 67% 64% 36% 31% 27% 33% 55% 74% -~
each

Yr. of
Pre ciEitatioer _Yr record
Av. amount, in, 1,02 1,84 1.86 1,28 4,57 3,37 6.45 6.81 6,24 9.09 6,30 2.63 51,46 30
Greatest amount, 1.95 10,21 7.33 3.86 8.38 7.03 15,35 14,41 13,17 18.07 17,38 9.18 69,86 13
Elgast amount, in, 0.12 0.40 0.37 0.49 0.37 1.33 1,36 4,22 1.53 2,60 1.94 0.86 24.42 13
34:}’? %‘fgllbf:. o;r 11 10 13 13 16 16 21 21 20 21 21 16 198 10

more,

&y, s, Hydrographic Office, Sailing Directions for the Pacific Islands, H. O. Pub. No. 82,

Vol. 1, Second Edition (1964), updated to Dec, 5, 1970,

:Wind data for Kwaialein.
Precipitation data for Enewetak.

for DNA,* estimated that there were
approximately 7200 yd3 of contaminated
metal and concrete present on Enewetak
Atoll in December 1972, AEC radiation
monitors accompanied the H&N crews in
order to identify the radioactive material.
Table 224 shows the distribution of this
debris on islands where this type of
survey was conducted. The amounts of
material listed should be taken only as

an approximate lower limit, particularly
on islands such as PEARL, where very
heavy underbrush prevented the survey
party from covering all parts of the
island, In addition, it is conceivable that
radioactive scrap material may be found

"Engineering Study for a Cleanup Plan,
Enewetak Atoll-Marshall Islands,
Holmes and Narver, Repts. HN-1348,1
and HN-1348.2 (1973).
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on the other northern islands (KATE,
LUCY, MARY, NANCY, OLIVE,
URSULA, VERA, and WILMA), even
though none of them contains ground-zero
sites, and neither the aerial radiological
survey nor the ground survey parties
detected this type of debris.

On the southern islands, there were

- four locations where radioactive scrap

material was found:

e On the north end of ELMER (in the
""C" level area of Fig. B.37.1.b in
Appendix II) there are several
pieces of scrap iron with activity
levels above local background.

In the central part of ELMER (the
large "E" level area of Fig.
B.39.1.b) a partially shielded 50Co
.source was found in a small storage

0

building.



Table 224, Contaminated metal and concrete scrap on Enewetak Atoll,

Approximate scrap

Island quantities Remarks
ALICE 10 yd° Background is up to 170 uR/hr. An M-boat
wreck on beach reads 8 mR/hr,
BELLE Small Background up to 250 uR/hr.
(<10 yd3)

CLARA Small Background up to 100 uR/hr.
(< 10 yd3)

DAISY Small Background up to 140 uR/hr,
(<10 yd3)

EDNA None Sandbar

IRENE Mbderate® Up to 1.2 mr/hr.

JANET 568 yd3 Activated scrap metal in all sizes can be
found in piles or individual pieces scattered
over the island at levels up to 8 mr/hr,

PEARL 317 yd3 Confined to SGZ area. Levels upto 5 mr/hr,

RUBY 196 yd®

SALLY 2106 ycl3 Scrap-metal activity levels up to 0,12 mr/hr.
Algha levels on concrete surfaces up to
103 dpm/50 cm?.

TILDA 1 yd

YVONNE 4064 yd3 Activity levels up to 60 mr/hr,

3
Total 7262 yd

@Reference does not identify volume.

e In the south-central part of ELMER
(the small "E" level area of
Fig. B.39.1.b) there appears to be
scrap metal or other radioactive
debris on, or just below, the ground
surface in heavy underbrush.

® On the north-central shore of
GLENN (the '"C'" area of Fig.
B.48.1.b) there is a derelict barge
which is contaminated with detect-

able amounts of 2O‘Bi.

Because of the extremely low ambient
radiation levels on the southern islands
and the sensitivity of the aerial survey
equipment, we can be reasonably con-
fident that we have found all material
above ground with activity levels greater
than a few microroentgens per hour, On
FRED, for example, the highest radiation
level found (the '""D" area in Fig, B.46.1.b)
proved to be coming from barrels of fly

ash stored in a warehouse intended to be
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Table 225, Living patterns describing the geographical locations for activities

involved in daily living.

Pattern 1
Residence FRED, ELMER, or DAVID
Agriculture ALVIN through KEITH
Fishing Entire Atoll

Pattern III

Pattern II

FRED, ELMER, or -DAVID
KATE through WILMA + LEROY
Entire Atoll

Pattern IV

Residence JANET BELLE
Agriculture JANET BELLE
Fishing Entire Atoll Entire Atoll

Pattern V Pattern VI
Residence JANET JANET
Agriculture KATE through WILMA + LEROY ALICE through IRENE
Fishing ‘Entire Atoll Entire_Atoll

used for PACE drilling operations,
Similarly, the nearby "C" level area
proved to be a 60Co source stored in a
lead container in a locked building properly
labeled, but of which we were unaware be-
fore the survey started.

POPULATION DOSE ASSESSMENT

The total radiation dose to the
Enewetak people returning to IEnewetak
Atoll is determined by the sum of the con-
tributions of each of the exposure path-

ways; i. e.,

o : .+
Dose Dmhalatxon Dexternal gamma

Dmarine food chain

I:)‘cer'rest rial food chain

The contribution of each pathway to the
total dose for an individual depends on

living patterns and diet. Six living pat-

‘terns, shown in Tables 225 and 226, have

been selected for the dose assessment on
the basis of statements made by the
Enewetak people as to how and where
they would like to live after they return,
Similarly, the diets shown in Table 227
have been selected on the basis of the
best current information on the dietary
habits of the Enewetak people, the curren
distribution of edible species on the Atoll
and growth periods before harvest for
edible species which will have to be
established after return. In addition,
these assessments assume that the
Enewetak people will continue their cur-
rent practice of using catchment rain-
water for drinking and that underground
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Table 226a. Estimated time distribution (in percent) for men, women, children,
and infants, with emphasis on residence island. Pattern A,

Village area Beaches Interior Lagoon  Other islands
Men 50 5 15 10 20
Women 60 10 10 0 20
Children 55 10 15 5 15
Infants 85 5 0 0 10

lens water, where available, will not be a

significant part of the diet.

Dinhalation
23 E’24CPu has been found to be the
only significant contributor to inhalation
doses on Enewetak Atoll. Airborne
radioactive species observed during the
survey, however, were identified as
originating almost entirely from world-
wide fallout or cosmic-ray activity., In
order to make a conservative estimate
of inhalation dosages, it has been
assumed that the returning population will
be exposed to air with an average dust
loading of 100 ug/ms, with the same
239, 24OPu content as the local soil, all
0.4 um in diameter and low in solubility.
Using these assumptions and 239, 240Pu

concentrations obtained from the soil

samples, inhalation doses to bone, liver,
and lung for each of the six living patterns
have been estimated and are shown in
Tables 228-230. '

The "unmodified"' cases represent

239,240, -

calculations based on the
tent of the top 2 cm of soil, while the
"modified'' cases represent calculations

239, 24OPu content

based on the average
of the top 15 cm of soil. The latter
condition would obtain if the soils were
plowed or mixed during the replanting

operations.

D external gamma

Using gamma levels obtained from
the aerial survey, estimates of the ex-
ternal gamma dose associated with each
of the living patterns have been calculated
(Table 231), In this table the "unmodified"

Table 226b, Estimated time distribution (in percent) for men, women, children,
and infants with emphasis on additional time spent on nonresidence

islands. Pattern B.

Village area Beaches Interior Lagoon  Other islands
Men 40 5 20 10 25
Women 50 5 15 5 25
Children 50 5 15 10 20
Infants 70 5 5 0 20
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Table 227. Postulated diet for the returning adult Enewetak population for time of
return and for 10 yr after initial return,

Diet, g/day
Food item At time of return, 10 yr after return
Fish 600 600
Domestic meat 60 _ 100
Pandanus fruit 0 200
Breadfruit 0 150
Wild birds . 100 20
Bird eggs 20 10
Arrowroot 0 40
Coconut 100 100
Coconut milk 100 300
Coconut crabs 25 25
Clams 25 25
Garden vegetables 0 - 0
Imports 200-1000 200-1000
1030 plus imports 1570 plus imports
: 239,240 s . .
Table 228. Cumulative rems to organs from Pu via inhalation pathway, bone.
PC1/G EXPOSED

LIVING PATTERN IN SOIL S YRS 18 YRS 38 YRS 50 YRS 70 YRS

I. MODIFIED ‘8.85 ©.2000 ©.2000  ©.09003 9.8009 8.8018

UNMOD IF IED 8.12 9.0980 9.0081 8.8887 9.8822 0.8043

I1. MODIFIED 2.00 0.9081 2.09a8 8.8122 8.8360 0.8720

UNMODIF IED 4.79 9.0803 0.08028 @.0287 @.8846 0.1652

111. MODIFIED 7.30 0.0084 8.003!1 9.0445 2.1314 0.2628

UNMODIF IED iv.08 n.AA1D 2.0871 @.1027 0.2060 0.6120

IV, MODIFIED 15.00 8.9809 0.00963 P.B315 8.2700 0.5400

UNMODIF IED 77.00 0.0046 9.8323 @.4697 1.38¢eR 2.7720

¥. MODIFIED 7.30 9.0004 2.00831 7.8445 B.1314 @.2528

UNMODIF IED 17.60 8.9011 0.2074 a.1ev A.3168 0.6336

V1. MODIFIED s.50 0.00B6 0. en40 @.@579 P.1710 n.3420

UNMOD IF IED 14,70 f. 0905 f.0pe2 p.0897 N.ZFa8 0,523z
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239,240

Table 229. Cumulative rems to organs from Pu via inhalation pathway, liver.

PCI~G E¥POZED -
LIVING PATTERFN IN SOIL S YRS U IB YRS S0 YRS T YRS
I. MODIFIED n.es 0.00e0 a.eaan Bn.epa2 7. 80as (G5 5 [u g
UNMODIFIED 2,12 R.0202 o.anie 0.08004 0.0a1l a.a0sa
I1. MODIFIED 2.80 a.0001 7,000 o, AREE n.A18E 7, 0340
UNMOD IF IED 4,70 2.AA02 a.A011 0.015% o,e437 g.arss
I17, MODIFIED V.30 g.00873 a.a012 2.024! 0.aeTy m.1241
UNMODIFIED 17.80 0,007 a.a041 a. 0561 0. 1551 |2
Iv., MODIFIED 15.808 2.9008 a.0036 a.6495 0. 1385 0. 2550
UNMODIFIED vy.ea 0.0831 a.01es 7.2541 n.y1el L. aRED
Y. MODIFIED c.3B B.0083 [ARa{50 B n.az4a1 0, ae7Tse £Lizat
UNMODIFIED 17.60 a.peev o.en4az 7, 0531 TL1EET CL3RER
V1. MODIFIED 9.50 0.2004 o.aacs fm.A313 [RRE=10) SR
UNMODIFIED 14.78 A.000s a,R02% A.0425 Oo1ser 0, 2495
case represents the current conditions; I = food intake, g/day,
"'village graveled' shows the effect of fnan = fraction of nuclide ingested
placing a 5-cm gravel layer in the village reaching the organ of
area; and " plowed" indicates reference,
the effect of thoroughly mixing the top C = concentration of nuclide in
30 cm of soil in the specified area. food product, pCi/g, (i.e,,
fish, shellfish, coconut, land
Dmarine food chain crab, etc.),
Doses via the marine and terrestrial M = mass of the organ of refer-
food chains were estimated using the ence, (g),
following differential equation to describe
. . and
the intake and retention by man:
A = effective elimination rate of
man -1
dCan Tfman SN 5 nuclide from man, (day ).
dt - M * *man Cman (3)
= . \ + A . .
(Aman hblologmal radloactlve)
where
Cman = concentration of nuclide in The concentration C in the food products

man, pCi/g is calculated assuming that the nuclide
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Table 230. Cumulative rems to organs from

239’240Pu via inhalation pathway, lung.

PCIAG EXFOSED
LIMIHG SaTTERN IM =0IL 5 YRZ 18 WE= 23 YRS 58 YRS 78 YRS
1. MODIFIED 8.8% 7.0909 0.8801 a.e004 &.900¢6 7/.P003
MMODIFIED a1z 0,981 p.,0087% a.aaax B.a71€ 0.8022
11. MODIFIED 2.00 A.aa1v 2.9044 v.a152 @.a260 2.0360
UHMOD IFIED 4,792 Q.8942 2.01032 9.8357 0.8611 0.0846
I11. MODIFIED 7.3a n.No62 0.2151 0.8555 ©.9343 8.1314
UNMODIFIED 17.P0 N.014€ 7.8374 B.1292 a.2218 8.3060
1v. MODIFIED 15.29 n.A129 2.8330 0.11408 @.1958 g.270a
UNMODIFIED 77.00 0.08662 8.1634 8.5852 1.9918 1.32860
¥. MODIFIED v.30 9.90963 f.8161 8.8%55 2.0349 0.1314
UNMODIFIED 17.68 2.8151 n.8387 f8.1338 9.2288 f.3168
vI. MODIFIED 2.50 B2.088e2 2.082n3 0.8722 0.1235 8.1718
UNMODIF IED 14.79 P.2126 0.08322 2.1117 9.1911 0.2646
disappears only by radioactive decay, . t
i, e., that no other processes are in Dose (rem) = KEf Cman dt
operation which reduce the nuclide avail- Y
ability in the food chain. Therefore t
-Apt . I
= r -
C Coe , where C0 is the concentra - KE[ man o0
tion observed at the time of the survey 0 man r
and )Lr is the radioactive decay constant.
The concentration in man at any time t -At -A t
. . x(e T oe m‘”‘)dt (5)
after initial consumption of the food is: ’

I fman CO

C = —
man M [N man )\p

-Art _Aman t
X (e -e ) pCi/g. (4)

The dose at any time t after initial con-

sumption is

where K is a conversion constant from
pCi/g to rem and eguals 5.1 X 107°
%ﬁ'—a@‘ﬂ and E is the dis-
integration energy of the nuclide in MeV,
including a factor for relative biological
effectiveness (RBE).

then determined from the integration of

The final dose is

the equation, i.e.,
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Dose = KE 1 frnan CO
M@ an ™
. e-hrt . e-kmant]
X |— - == , rem, (6)
Ay *man _|

Table 232 lists the f (FMAN),
Aradioactive (LR), )\man (LMAN), and
disintegration energy (E) values for all
of the isotopes in the dose calculations.

Fish and marine organism data from
the survey have been found not to have any

Table 231.

statistically significant differences for
dose estimation purposes between samples
taken in different parts of the lagoon,

The radionuclide concentration, Co' used
in the marine food chain dose assessment,
therefore, is the average value for all
fish from the entire Atoll determined from
the survey and is listed in Tables 233 and

234 for each nuclide. The average values

.for radionuclide concentrations listed in

the tables are in pCi per gram dry weight,
with data corrected to pCi per gram wet

Estimated integral external free-air gamma doses,

Gamma dose, rad
Time interval, yr

Case Living pattern 5 10 30 170
I Village: FRED/ELMER/DAVID
Visits to ALVIN-KEITH
Time distribution: Table 137
Unmodified 0.14 0.28 0.83 1,92
11 Village: FRED/ELMER/DAVID
Visits to ALICE-WILMA
Time distribution: Table 137
Unmodified 0.38 0.68 1,59 2,97
3. Northern islands plowed (0.22) (0.41) (1.08) (2.26)
I1I Village: JANET
No visits to other islands
Time distribution: Table 137 with ' other
islands'' time spent in interior of JANET
Unmodified 0.94 1,71 3.95 6.66
1. Village graveled (0.82) (1.49) (3.48) (5.96)
2. JANET plowed (0.36) (0.68) (1.70) (3.24)
v Village: BELLE
Visits to ALICE-WILMA
Time distribution: Table 137
Unmodified 2.72 4,78 10.06 15.50
1. Village graveled (1.78) (3.14) (6.69)(10.53)
2. Plus BELLE plowed (0.83) (1.47) (3.26) (5.47)
3. Plus Northern islands plowed (0.68) (1.23) (2.77) (4.76)
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Table 231 (continued).
v Village: JANET
Visits to KATE-WILMA
Time distribution: Table 137

Unmodified 0.71 1.28 2,94 5,06
1. Village graveled (0.59) (1.07) (2.48) (4.36)
2. Plus JANET plowed (0.36) (0.66) (1.59) (3.02)
"W 3. Plus KATE-WILMA plowed (0.29) (0.54) (1.36) (2.71)

Gamma dose, rad

Time interval, yr

Case Living pattern 5 10 30 70
V1 Village: JANET
Visits to ALICE-IRENE
Time distribution: Table 137

Unmodified . : 1,15 2,03 4,39 7.13
1. Village graveled (1.02) (1.81) (3.93) (6.43)
2. Plus JANET plowed (0.80) (1.41) (3.05) (5.09)
3. Plus ALICE-IRENE plowed (0.43) (0,78) (1,85) (3.39)
Vlia Village: JANET

Visits to ALICE-WILMA
Time distribution: Table 136

Unmodified 0.76 1,37 3.12 5,33
1. Village graveled (0.62) (1.12) (2.58) (4.51)
2. Plus JANET plowed (0.41) (0.75) (1.77) (3.27)
3. Plus Northern islands plowed (0.30) (0.56) (1.40) (2.76)
Vb Village: JANET

Visits to ALVIN-KEITH
- Time distribution: Table 136

Unmodified 0.60 1.10 2.60 4.60
1. Village graveled (0,48) (0,88) (2.14) (3.90)
2. Plus JANET plowed (0.25) (0.48) (1.26) (2.56)

Mean population dose

(Average of Cases I, II, III, V, and VD)

Unmodified 0.66 1.20 2,74 4,75
1. Village graveled (0.5 (1,07) (2,46) (4.33)
2. Plus JANET plowed (0,41) (0,74) (1,75) (3,25)
3. Plus All Northern islands plowed (0.2 (0,54) (1.36) (2.70)

Sea level, U.S. A,

(80 mrad/yr) Tvpical 0.40 0.50 2,40 5,60
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Table 232, The disintegration energy E and the radioactive half-life LR are listed for each
radionuclide, The effective biological half-time LMan and the fraction of
ingested isotope reaching the organ of reference FMan are listed for three
receptor organs, bone, liver, and whole body,

SP-11

1 : BOME 7

DL, a00E+03 LIVER MASS=  1.800E+07 LMO_ZOILY HIRSS= 7000

NUCL IDE E LF =L PMEH - ~Frian- ~LMAN- -FrAn- —LItEH~ ~FHMAH-
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Table 233, Average concentration, number of samples in the average, standard deviation, and
high and low of the range for all fish in the entire Enewetak Atoll,

ND. OF AVERAGE STANDARD RANGE PCI/GRAM AVERAGE LOGNORMAL

NUCLIDE TISSUE SAMPLES ~ PCI/GRAM%  DEVIARTICN  HIGH LOW PC1/GRAM®K  MEDIAN PCI/GRAM
A1A93  MUSCLE 9 3.955E-71 1.517E~-81  7.189E-01 1.845E-81  3,955€-@1  3.712E-01
19948 MUSCLE 116 1.189E+491  S5.277E+9@  2.697E+@1  2,982E+0@8  1.183E+01 1.875E+@1
26055  MUSCLE 123 1.574E+A1  4,108E+A1  3.833E+82  1.577E-81 1.566E+@1  5.A63E+A0
276R  MUSCLE 123 2.9QSE+AN  G.3PTE4GN  3.827E+R1  4.@63E-B2  1.952E+00  5.374E-21
28098 MUSCLE 125 1.S62E-21  2.460E-01 1.541E+80  1.A51E-63  1.177E-A1  6.3@3E-A2
44196 MUSCLE 23 8.M85€-A1  4.558E-21  2,237E+0@  3.017E-@1 @, 7.052E-01
45182 TUSCLE 123 9.9445-02  6.601E-A2  3.729E-01 1.805€-02 A, 7. 165€-02
42113 MUSCLE 1 2.635E-1 A, 2.635E-01  2.635E-91  2.635E-01  2.635E£-91
51125  MUSCLE 123 2.443E-81  2.531E-91  2.@2cE+@0  7.734E-02  3.919E-02  1.97AE-01
55137 MUSCLE 123 3.897E-01 © 7.940E-91  6.779E+0@  2.636E-02  3.423E-01 1.955E-01
S613%2  MUSCLE 194 1.431E-91 1.205E-01  7.631E-@1  2.445E-02  1.538E-92 1.8045-01
58144 MUSCLE 4 2.8226-01 1.269E-92  2.97SE-B1  7.63%E-A1 0. 2.2

63152  MUSCLE 128 7.826E-M2  5.8996-02  3.41SE-@1  Z2.773E-02 A, 6.

63155  MUSCLE 128 1.1ave-91 7. 5.212E-A1  2.@27E-82  1.411E-02 9,

83207  MUSCLE 123 Z.402E400 2, 2.527E+02 1.965E-82  2.3728+00 1.

92235  MUSCLE 22 7.9326-82 4.7 2.547E-@1 2. a. 6.

24992 MUSCLE 122 2.4a77C-A1 2. 2.306E+AL 4, 2.4497-01 1.

24238 MUSCLE 54 1LIBWE-I2 2. 1.1436-81 L. 5.241C0-03 7.

35241  MUSCLE 128 1.144E-01 8.4 8.A23E-01 2. 2.7715-03 4.

9%-11

HAVERAGE IF NON-DETECTED. COMCEMTRATION SET EQUAL TO DETECTION LIMIT)
RAAVERAGE CIF MOM-DETECTED. COMCENTRATION SET



Table 234, Radionuclide concentrations in fish (January 1972).

Concentration, pCi/g dry weight

Nuclide Sample No. of Samples Average High Low
137 All fish? 128 0. 39 6.8  0.026
60co All fish? 128 2,0 38 0. 041
90g,. All fish? 125 0.16 1.5 0. 0010
908r Eviscerated 74 0. 21 - -—-
whole fish
905, Fish muscle 51 0.075 —-- ---
only

2 Al1 fish includes eviscerated whole fish and those fish where muscle was
separated from bone and only the muscle was analyzed,

weight for use in the dose code by dividing
by 3.5, the average wet-to-dry ratio for
fish from the Atoll,

Integral doses calculated from the
marine survey data are listed in Table
235 for the whole body and bone for 5,

10, 30 and 70 yr. The major contribution
to the whole-body dose comes from 137Cs
and GOCo, while the bone dose comes
from 9OSr, as well as from 137Cs and
60CO. The third line of the table gives
the summation of the dose to each organ
from the three isotopes. The bottom entry
in the table lists the dose from all radio-

nuclides listed in the Table 235 footnote.

Dte rrestrial food chain

Evaluation of the potential dose to the
returning population via the terrestrial
food chain has been structured on the
basis of the living patterns in Table 225,
The quantity of radionuclides ingested via
terrestrial foods was computed from the
measured and predicted concentration of
activities according to the expected daily
diets listed in Table 227,

coconut and arrowroot, the daily intake

Except for

of the food items listed in this table refers
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to g/day of fresh food. The g/day intakes
listed for cocomut and arrowroot refer

to the dry weight intake of coconut meat
(copra) and processed arrowroot starch,
Inferred initial ingestion rates assuming
the diet at time of return are shown in
Table 236.

that are available on islands of the group

This diet contains only foods

at the time of return, i, e., domestic
meat, birds, bird eggs, coconut crabs,
and, in the case of the southern islands,
coconut meat and coconut milk,

The 30- and 70-yr integral doses were
calculated assuming the 10-yr post-
In addition to the fcods that

are available at the time of return, the

return diet,

10-yr post-return diet includes pandanus
fruit, breadfruit, arrowroot, coconut
meat, and coconut milk for all islands.
The initial rates of ingestion for each
island group assuming the 10-yr post-
These

values are presented in two parts; the rates

return diet are listed in Table 237,

of ingestion for the foods immediately
available are presented on the left side of
Table 237 under January 1, 1974, while
the rates of ingestion for the foods that

are to become available 8 yr after return



Table 235, Integral dose? for 5, 10, 30, and 70 yr from the marine food chain,

Integral dose, remb

5yr 10 yr 30 yr 70 yr
Nuclide W, B, Bone W. B. Bone W, B. Bone W, B, Bone
137cs  0.0061 0.0061 0.012 0,012 0,030 0,030 0,049 0.049
60co  0.0078 0.0078 0.012 0.012 0.017 0.017 0.017 0,017
90g, -~ 0.13 - 0.31 - 077 - 1.3
Sum 0.014 0.14  0.024 0.33  0.047 0.82  0.066 1.4
All
nuclides® 0,016 0.14  0.028 0.34  0.053 0.84 0,089 1.6

2The dose is based upon the average concentration for fish from the entire
Atoll and upon a dietary fish intake of 600 g/day. These doses apply to all

bsix living patterns, ‘

The concentration data were corrected to January 1974, the earliest possible
return date to the Atoll; all integral doses are calculated for periods which

Cbegin on January 1974,

Isotopes included in the "All nuclides" calculation:

3H SOCO 102Rh
14C gOSr 113Cd
55Fe 106Ru 1258b

are presented on the right side of

Table 237 under the 8-yr post-return date,
January 1, 1982. In essence, the foods
immediately available are assumed to
contribute to the diet beginning January 1,
1974, and the edible plants that are yet to
be established are assumed to contribute

to the diet beginning January 1, 1982,

Using these data, plus the integrated
dose per unit rate of ingestion to whole
body and bone shown in Table 238, the
integral 5- and 10-yr doses shown in
Table 239 have been calculated. The
5- and 10-yr dosages particularly relate
to the situation during the initial few

years following return,
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137CS 152Eu 235U

133Ba 155Eu 238Pu

144Ce 207Bi 239Pu
241Am

In computing the bone dose, the whole-

body dose from 137

bone seekers has been added to the bone
dose from 90 239’240Pu. The
whole-body dose has been computed as the

sum of the whole-body dosages from the

Cs and the other non-

Sr and

non-bone seekers,

Similarly, integral 30- and 70-yr
doses have been calculated assuming the
10-yr post-return diet (Table 240),
Total Dose

The total 30-yr integral dose pre-
dicted for whole body and for bone for
the six living patterns are listed in
Table 241,
tributions from each pathway and, for

This table includes the con-



Table 236, Rate of ingestion of radionuclides from terrestrial foods assuming diet
at time of return (Jan. 1, 1974).

Ingestion rate, pCi/day

Food item 3y SSpe 60¢cs Vgp 137y 239,240p,
A, Island group ALICE-IRENE

Pork and chicken 185 3100

Wild birds 984 6.21 1.21 <2.4 0.143
Bird eggs 69 <0. 29 0.45 <0.24 0.0074
Total 1050 6.35 187 3100 0.150
B. Island group BELLF

Pork and chicken 302 6960

Total 302 6960

C. Island group JANET

Pork and chicken . 108 2320

Wild birds ‘ 1800 7.70 0.29 2.5 0.100
Bird eggs 171 <0. 39 0.97 0.6 0.074
Total 1970 7.89 109 2320 0.174
D. Island group KATE-WILMA, LEROY

Pork and chicken 47.4 858

Wild birds 1800 7.70 0.29 2.50 0.100
Bird eggs 113 <0. 28 0.02 <0.25 0.077
Coconut crabs 0.480 1.03 1.96 7.59 0.0035
Total 0.480 1900 8. 87 49,7 868 0.180
E. Island group ALVIN-KEITH

Pork and chicken 6.18 50.9

Wild birds 1700 6.41 0.37 2.55 0.704
Bird eggs 131 <0.35 0.02 <0.35 0.003
Coconut 29.3 <23 <2.9 3.35 68.7 <0,259
Coconut milk 14,9 <11 <1.42 0.17 3.44 <0,129
Coconut crabs 2,91 4,23 2,58 9.31 0.023
Total 47.1 1850 13.7 12,7 135 0.99

I1-49
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Table 237. Rate of ingestion of radionuclides from terrestrial foods assuming 10-yr post-return diet.

Ingestion rate, pCi/day

January 1, 1974

January 1, 1982

3

)
Eh

137 239,240,

90

137

239,240

Food item H "Fe Co Sr Cs H Fe Co Sr Cs Pu
A. Island group ALICE-IRENE

Domestic meat 308 5170

Pandanus fruit 941 8840

Breadfruit 807 7570

Wild birds 197 1.24 0.242 <0,5 0.0286

Bird eggs 34.5 <0.14 0.226 <0.1 0,0037

Arrowroot 47 71

Coconut meat 23.7 664 <16.3 135 2210 18.1
Coconut milk 35.6 <37 <8.5 20 33 <1.7
Total 231 1.31 308 5170 0.0323 59.3 683 12,4 1950 19000 19

B. iIsland group BEL.LE

NDomestic meat 504 11600 )

Pandanus fruit 1.34 <1.46 1540 19800 <9.5
Breadfruit 1.15  <1,25 1320 17000 <8.1
Arrowroot 77 159

Coconut meat 221 4960

Coconut milk 33 743

Total 504 11600 2,50 1.35 3180 42700 8.8
C. TIsland group JANET

Domestic meat 180 3870

Pandanus fruit 7.12 <1.25 550 6610 0.082
Breadfruit 6.10 <1.07 471 5560 0.071
Wild birds 360 1. 54 0,058 0.50 0,020

Bird eggs 85.5 “0.19 0.482 0.29 0.037

Arrowroot 28 53

Coconut meat <1.85 79 1650

Coconut milk <2.54 <2.27 12 248 <1,31
Total 445 1.64 181 3870 0. 057 14.5 3.22 1140 14100 0,81
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Table 237 (Continued).

Ingestion rate, pCi/day

January 1, 1974

January 1, 1982

Food item 3” Sﬁpe GO(,O QOSI‘ 137Cs 239, 240Pu 3H 55F‘e 60(,‘0 .‘)()Sr 137CS 239, 2401’\1
D. Island group KATE-WIL.MA + LEROY

Domestic meat 79 1430

Pandanus fruit 3.94 <13.8 241 2480 0.316
Breadfruit 3.38 <11.8 207 2120 0.271
Wild birds 360 1.54 0.058 0.50 0,020

Bird eggs 56 <0, 14 0.01 <0.12 0,039

Arrowroot 12 20

Coconut meat 19.0 204 <1.05 34.7 619 <8.64
Coconut milk 28.5 <6.44 <2.27 5.2 93 <0.38
Coconut crabs 0.480 1.03 1.96 7.59 0,003

Total 0.480 418 2.59 81 1440 0.062 47.5 215 14.4 500 5330 5.0
E. Island group AL.VIN-KEITH

Domestic meat 10.3 84,9

Pandanus fruit 1.33 <0.65 9.44 85.4 0.156
Breadfruit 1,14 <0. 56 8.09 73.2 0.134
Wild birds 340 1.28 0.073 0.51 0,141

Bird eggs 65 <0, 17 0.009 <0.17 0.002

Arrowroot Not available 0.47 0.68

Coconut meat 29.3 <23 <2.9 3.35 68.7 <0.259

Coconut milk 44.6 <33 <4,2 0.50 10.3 <0.386

Coconut crabs 2.91 4.23 2.58 9.3 0.023 '

Total 76.8 433 9.17 16.8 174 0.488 2,48 0.60 18.0 159 0.290
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Table 238, Integrated dose per unit rate of ingestion to whole body and bone.
D, rem/pCi/day

Period of integration
Nuclide Organ 2 yr 5yr 10 yr 22 yr 30 yr 62 yr 70 yr
3H Whole body  4.51(-8)>  1.05(-7)  1.85(-7) 3.05(-7)  3.51(-7)  4.17(-7)  4.23(-7)
pe Whole body 7. 50(-8) 2.35(-7)  3.73(-7)  4.29(-7)  4.32(-7)  4.32(-7)  4.32(-7)
60¢q Whole body 1, 27(-5) 2.96(-5)  4.65(-5) 6.09(-5)  6.33(-5)  6.46(-5)  6.46(-5)
Vg Bone 2.87(-3) 1.08(-2)  2.39(-2)  4.99(-2)  6.33(-2)  9.70(-2)  1.02(-1)
137 g Whole body 3. 49(-5) 9.62(-5)  1.89(-4) 3.74(-4)  4.71(-4)  7.22(-4)  7.61(-4)
2392805, Bone 1.51(-6)  9.39(-6)  3.71(-5)  1.75(-4)  3.19(-4)  1.27(-3)  1.59(-3)
4The number within parentheses denotes the power of 10. Thus, 4.51(-8) is a contraction of 4, 51 X 1078 rem/pCi/day.
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‘Table 239,

Prediction of the dosage from ingestion of terrestrial foods assuming diet at the time of return.

5-yr dose, rem

10-yr dose, rem

Isotope Whole body Bone Whole body Bone
A. Island group ALICE-IRENE
’n 2.7(-6)
O pe 2. 5(-4)% 4.4(-4)
60co 1.9(-4) 4.5(-4)
Ty 2,02 10. 1
137Cs 0.298 1.25
239,240p, 1.4(-6) 3.4(-5)
.Subtotal 0.298 2.02 - 1.25 10.1
Total 5-yr whole-body dose 0,30 rem Total 10-yr whole-body dose 1.25 rem
Total 5-yr bone dose 2,32 rem Total 10-yr bone dose 11.3 rem
B. Island group BELLE
o pe 1.9(-7)
60co 1.7(-5)
90gy 3.26 16. 3
137Cs 0.669 2.81
239,240p, 1.3(-5)
Subtotal 0.67 3.26 2.81 16.3
Total 5-yr whole-body dose 0.67 rem Total 10-yr whole-body dose 2,81 rem
Total 5-yr bone dose 3.93 rem Total 10-yr bone dose 19.2 rem
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Table 239 (Continued).

5-yr dose, rem

10-yr dose, rem

Isotope Whole body Bone Whole body Bone
Island group JANET
P pe 4.6(-4) 7.4(-4)
50co 2.3(-4) 4.1(-4)
gy 1.18 5.88
137¢q 0.223 0.831
239,240p, 1.6(-6) 7.6(-6)
Subtotal 0.224 1.18 0.932 5.88
Total 5-yr whole-body dose 0.22 rem Total 10-yr whole-body dose 0,93 rem
Total 5-yr bone dose 1.40 rem Total 10-yr bone dose 6.82 rem
Island group KATE-WILMA + LEROY .
H 5.0(-8) 2.2(-6)
ope 4. 5(-4) 7.3(-4)
69¢o 2.6(-4) 6.0(-4)
90gy 0. 536 2.62
137¢cq 0.0835 0.350
239,240p, 1.7(-6) 1.4(-5)
Subtotal 0.0842 0.536 0.351 2.62
Total 5-yr whole-body dose 0.084 rem  Total 10-yr whole-body dose 0.351 rem
Total 5-yr bone dose 0.620 rem  Total 10-yr bone dose 2.97 rem
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Table 239 (Continued)

5-yr dose, rem

10-yr dose, rem

Isotope Whole body Bone Whole body Bone
E. Island group ALVIN-KEITH
3u 4.9(-6) 8.7(-6)
e 4.4(-4) 6.9(-4)
89¢o 4.1(-4) 6. 5(-4)
905y 0.137 0.355
137¢s 0.0130 0.0311
239, 240p,, 9. 3(-6) 0.0324 3.7(-5)
Subtotal 0.0138 0.137 0.0324 0.303
Total 5-yr whole-body dose 0,014 rem Total 10-yr whole-body dose 0,032 rem
Total 5-yr bone dose 0.151 rem Total 10-yr bone dose 0.387 rem

2The number within parentheses denotes the power of 10, Thus, 2, 5(-4) is a contraction of 2.5 X 10-4.
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Table 240. Prediction of the dosage from ingestion of terrestrial foods assuming 10-yr post-return diet.

Ingestion rate,

Ingestion rate,
pCi/day

30-yr dose, rem 70-yr dose, rem pCi/day 22-yr dose, rem 62-yr dose, rem

Isotope January 1, 1174 Whole body Bone Whole body  Bone January 1, 1984 Whole body Bone Whole body Bone
A, Island group
ALICE-TRENE
n 59. 3 1.8(-5) 2. 5(-5)
55F‘e 231 1.0(-4)a 1.0(-4) 683 0,0003 0.0003
60 1,31 8. 3(-5) 8. 5(-5) 12.4 0.0008 0.0008
"0, 308 19.5 31.5 1950 97.3 190
1370 5170 2.44 3.93 19, 000 7.11 13,7
239,240, 0.0323 1.0(-5) 5.1(-5) 19 0.003 0.024
Subtotal 2.44 19.5 3.93 31.5 7.11 97.3 13.7 190
Total 30-yr whole-body dose 9.55 rem Total 70-yr whole-body dose 17.7 rem
— Total 30-yr bone dose 126 rem Total 70-yr bone dose 239 rem
Loal
]
= B. Island group
BELLE
e | 2,50 1.1(-6) 1.1(-6)
0co 1.35 8.2(-5) 8.7(-5)
905, 504 31.9 51.4 3180 159 309
1370 11,600 5.46 8.83 42,700 16.0 30. 8
230,240, 8.8 1.5(-3 1.1-2)
Subtotal 5.46 31.9 8.83 51.4 16.0 159 30.8 309
Total 30-yr whole-body dose 21.4 rem Total 70-yr whole-body dose 39.6 rem
Total 30-yr bone dose 212 rem Total 70-yr bone dose 400 rem
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Table 240 (Continued).

Ingestion rate,

70-yr dose, rem
Whole body

30-yr dose, rem
Whole body

Ingestion rate,

pCi/day 22-yr dose, rem

62-yr dose, rem

January 1, 1984 Whole body

pCi/day
Isotope January 1, 1974
C. Island group
JANET
55Fe 445
60¢, 1.64
nOSt‘ : 181
137FS 3870
[
239,240, 0. 057
Subtotal

Total 30-yr whole-body dose
Total 30-yr bone dose

D. Istand group
KATE-WILLMA + LEROY

3y 0.480
Ppe 416
60(‘,0 2.59
noSr 81.0
1374 1440
239,240, 0. 062
Subtotal

Total 30-yr whole-body dose
Total 30-yr hone dose

14.5 6.2(~6)
3.22 2. 0(-4)
1140
14,100 5.28
0. 806
5.28

Total 70-yr whole-body dose
Total 70-yr bone dose

47.5 1. 5(-5)
215 9. 2(-5)
14.4 8.8(-4)
500
5330 1.99
4,96
1.99

Total 70-yr whole-body dose
Total 70~yr bone dose

Whole body
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Table 240 (Continued).

Ingestion rate,

pCi/day

30-yr dose, rem

70-yr dose, rem

Ingestion rate,
pCi/day

22-yr dose, rem

62-yr dose, rem

Isotope January 1, 1974 Whole body Bone Whole body Bone January 1, 1984 Whole body Bone Whole body Bone
E. Island group
ALVIN-KEITH
3h 76.8 1.3(-5) 3.3(-5)
e 433 1.9(-4) 1.9(-4) 2,48 1. 1(-6) 1. 1(-6)
60¢0 9.17 5.8(-4) 5. 9(-4) 0.60 3.7(-5) 3, 9(-5)
Mg, 16.8 1.07 1.72 18.0 0.898 1.75
137 g 174 0.0819 0.132 159 0. 0596 0.115
239,240, 0.49 1.6(-4) 7.8(-4) 0.290 1.8(-4) 1.3-3
Subtotal 0.0826 1.07  0.133 1.72 0.0596 0.898 0,115 1.75
Total 30-yr whole-body dose 0,142 rem Total 70-yr whole-body dose 0.248 rem
Total 30-yr bone dose 2.11 rem Total 70-yr bone dose 3.71 rem

3The number within parentheses denotes the power of 10; thus, 1,0(-4) is a contraction of 1.0 X 10-4

.



The 30-yr integral dose for the six living patterns assuming unmodified conditions,

Table 241,
30-yr integral dose, rem
Unmodified conditions
Inhalation External Terrestrialb Marineb Total
a
Living Bone,
pattern Bone Lung Liver W. B. W. B. Bone W.B. Bone W.B. Bone
I 7(-4) 9-4) 4(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8
I1 0.029 0.036 0.016 1.6 2.7 33 0.053 0.84 4.4 35
IT1 0.10 0.13 0.056 4.0 7.1 75 0.053 0.84 11 80
v 0.47 0.59 0.25 10 21 210 0.053 0. 84 31 220
v 0.11 0.13 0.058 2.9 2.7 33 . 0.053 0. 84 5.7 37
— Vi 0.090 0.11 0.049 4.4 9.6 130 0.053 0.84 14 135
&
©
Living pattern Village island Agriculture Visitation

I
I
IT1
Iv
A%
VI

Enewetak~-Parry

Enewetak-Parry

JANET
BELLE

JANET
JANET

ALVIN-KEITH
KATE-WILMA + LEROY
JANET
BELLE
KATE-WILMA + LEROY
ALICE-IRENE

Southern Is,

Northern Is.

Northern Is,

Northern Is.

Northern Is.

Northern Is,

3Taken from the chapter on external dose estimates, Table 22,

Based upon diet 10 yr after return, as described in the dietary and living patterns chapter,



the external dose assessment, is based
upon the unmodified conditions for the
village island. The largest contribution
to the whole-body and bone doses comes
from the terrestrial food chain, the ex-
ternal dose pathway is the next highest
contributor, and the marine food chain
and inhalation pathway contribute the
least.* The relative contributions of each
diet component to the terrestrial pathway
dose is shown in Tables 242 and 243,

In general, living on JANET, visiting
northern islands, and maintaining
agriculture on northern islands (living
patterns III, V, and VI) lead to signifi-
cantly higher doses than if the village and
agriculture are located on islands in the
southern half of the Atoll (living pattern
I). Doses for these same patterns have
been calculated for 5, 10, and 70 yr and
are shown in Table 244,

The most significant contribution via
the terrestrial food chain is the dose to

bone resulting from 908r uptake via

'As indicated earlier, these dose cal-
culations assume that the Enewetak peo-
ple will continue their current practice of
using catchment rain water for drinking
and that the underground lens water sup-
ply will not be a part of their diet. An
indication of doses that are to be expected
from lens water may be obtained from
four water samples taken on JANET in
July 1971. These samples, two each
from each of two 2,5-m-deep holes about
100 m from the lagoon shore, gave aver-
age concentrations of 130 pCi/liter for
90sr, and 400 pCi/liter for 137Cg, 239py
concentrations were scattered (<0.03, 21,
<0.03, and 17 pCi/liter) but, for our cur-
rent purpose, we will assume an average
value of 20 pCi/liter,

Using these concentrations, and
assuming an average daily intake of
100 ml of lens water, the resulting 30-yr
doses would be 0.83 rem due to ° Sr,
0.019 rem due to 137Cs, and 0.00082 rem
due to 239puy,

II-60

pandanus fruit and breadfruit. For living
pattern III, for example, the total
terrestrial bone dose is 75 rem, -of which
74% is derived from the intake of bread-
fruit and pandanus, It is important to note,
however, that the large contribution to
the bone dose via these fruits occurs only
when they are grown on northern islands.
Pandanus and breadfruit grown on the less
contaminated southern islands lead to
much lower dose commitments,

Table 245 shows the 30-yr integral
dose for the six living patterns for the

modified soil condition, i.e,, where the

village area has 5 cm of gravel and the

“village island is plowed. Table 246

shows the 5-, 10-, 30-, and 70-yr dose
estimates for the same conditions.

Table 247 shows the additional effect
on the 30-yr integral dose of limiting
growth of pandanus, breadfruit, coconut,
and tacca to the southern islands, while
Table 248 shows the effect of limiting all
terrestrial foods to the southern islands.
The effect of the combination of these pre-
ventive measures reduces the dose for
living pattern III from 11 rem to 1.9 rem
for whole body and from 80 to 4.7 rem
for bone.

A comparison of the 30-yr integral dose
for living patterns I and III relative to the
average United States external background
dose over 30 yr is shown in Table 249,

Plutonium isotopes, because of their
long half-lives, will still be present
when the other major isotopes observed
at the Atoll have decayed away; therefore,
Tables 250 and 251 are included to show
the predicted doses from plutonium to
the three major receptor organs (lung,
liver, and bone) via the three relevant

exposure pathways.



The island of YVONNE presents a

unique hazard on Enewetak Atoll. Pure plu-
tonium particles are present on or closeto
the ground surface, randomly scattered in
"hot spots' over most of the area from the
tower to CACTUS crater. Examination of
these ""hot spots'' has revealed the presence
of occasional milligram-size pieces of plu-
tonium metal, as well as smaller pieces
which are physically indistinguishable in
size from the surrounding coral matrix.
Giventhese current conditions, it must be
assumed that pure plutonium particles of
respirable size are now also present onthe
surface or may be present in the future as
weathering effects oxidize and break down
the larger particles, Lung dose assess-
ments for this area, therefore, must be
based on inhalation of pure plutonium
particles rather than those having the av-

erage plutonium content of the soil.

The potential health hazard via the
inhalation pathway is sufficiently great
to dictate two basic alternatives for
remedial action for this island: (1) Make
the entire island an exclusion area — off
limits to all people, or (2) conduct a
cleanup campaign which will eliminate
the "hot-spot' plutonium problem and
remove whatever amount of soil is
necessary to reduce the soil plutonium
concentration to a level comparable to
other northern islands. As an indication
of the volumes of soil involved, removal
of a 10-cm-thick layer of topsoil in the
area in which ""hot spots' have been
detected involves approximately 17,000

m3 of material,

Further removal of soil
to reduce the maximum plutonium con-
tamination levels to 50 pCi/g or less
involves an additional 25,000 m"~ of

material,

Table 242. Relative contributions of terrestrial foods to the integral dose assuming

diet at time of return,

Percentage of total 5-yr

Percentage of total 10-yr

Food item g gose 137Cs dose 9051 dose 3705 dose
to bone whole body to bone whole body
A, Island group ALICE-IRENE
Domestic meat 98. 9 100 43. 9 46. 9
Pandanus fruit 26.8 24.7
Breadfruit 23.1 21.1
Wild birds 0. 65 <0. 08 0. 29 0. 04
Bird eggs 0. 24 <0. 008 0. 11 0. 004
Arrowroot 1.3 0.20
Coconut meat 3.9 6.2
Coconut milk 0. 57 0. 93
B. Island group BELLE
Domestic meat 100 100 44. 2 47,1
Pandanus fruit 27.0 24.6
Breadfruit 23.2 21.1
Arrowroot 1. 4 0.20
Coconut meat . 9 .2
Coconut milk 0.58 0.92

11-61



Table 242 (continued)

Percentage of total 5-yr Percentage of total 10-vr

Food item g dose '%7Cs dose  Osr dose  %7Cs dose

to bone whole body to bone whole body

C. Island group JANET

Domestic meat 99, 1 100 43. 9 47,0

Pandanus fruit -26. 9 24.8

-y Breadfruit 22.9 20. 8
Wild birds 0. 27 0.11 0.12 0. 05
Bird eggs 0. 89 0. 03 0. 39 0. 01
Arrowroot 1.4 0.20

Coconut meat 3.9 6.2
Coconut milk 0. 59 0.93

D. Island group KATE-WILMA + LEROY

Domestic meat 95. 4 98. 8 43.1 46. 3

Pandanus fruit 26. 4 24,7

Breadfruit 22,7 21.1
Wild birds 0. 58 0.29 0. 26 0. 14
Bird eggs 0. 04 <0. 03 0. 02 0.01
Arrowroot 1.3 0.20

Coconut meat 3.8 6.2

Coconut milk 0. 57 0. 93

Coconut crabs 3.9 0. 87 2. 4 0. 41

E. Island group ALVIN-KEITH

Domestic meat 48.7 37.7 41.7 30. 9

Pandanus fruit T.6 9.6

Breadfruit 6.5 8.2

Wild birds 2.9 1.9 QS 1.5
Bird eggs 0.2 <0. 26 0.13 0. 21
P Arrowroot 0. 38 0. 08
- Coconut meat 26. 4 50. 9 22.6 41.8
Coconut milk 1.4 2.5 1.1 2.1
Coconut crabs 20.3 6.9 17.4 5.6

I1-62
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Table 243. Relative contributions of terrestrial foods to the integral dose assuming 10-yr post-return diet.

Percentage of total 30-yr dose

Percentage of total 70-yr dose

‘QOSr dose to 13‘sz dose to 908r dose to 137Cs dose to
bone whole body bone whole body
Commencement date  Commencement date Commencement date Commencement date
Food item 1/1/74 1/1/82 1/1/74  1/1/82 1/1/74 1/1/82 1/1/74 1/1/82
A. Island group ALICE-IRENE
Domestic meat 16,7 25,5 14,2 22.3
Pandanus fruit 40,2 34.7 41.4 36. 2
Breadfruit 34.5 29.6 35.5 31.0
Wild birds 0.01 <0.002 0.01 <0.002
Bird eggs 0.01 <0.0005 0.01 <0, 004
Arrowroot 2.0 0.28 2.1 0.29
Coconut meat 5.8 8.7 5.9 9.1
Coconut milk 0.85 1.3 0.88 1.4
Subtotal 17 83 26 74 14 86 22 78
B. Island group BELLE

Domestic meat 16,7 25.4 14.3 22.3
Pandanus fruit 40,2 34.5 41.5 36.1
Breadfruit 34.5 29.6 35.6 31,0
Arrowroot 2.0 0.27 2.1 0.29
Coconut meat 5.8 8.7 6.0 9.0
Coconut milk _0.86 1.3 0.89 1.4
Subtotal 17 83 25 75 14 86 22 78
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Table 243 (Continued).

Percentage of total 30-yr dose

Percentage of total 70-yr dose

QOSr dose to

137

90Sr dose to

Cs dose to Cs dose to
bone whole body bone whole body
Commencement date Commencement date Commencement date Commencement date
Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82
C. Island group JANET
Domestic meat 16,7 25.7 14,2 22.6
Pandanus fruit 39.6 34.8 41.2 36.6
Breadfruit 34.4 29.3 35.3 30.7
Wild birds 0.005 0.003 0,005 0.003
Bird eggs 0.05 0.002 0.04 0.002
Arrowroot 2.0 0.28 2. 0,29
Coconut meat 5.8 8.7 5.9 9.1
Coconut milk 0.88 1.3 0.90 1.4
Subtotal 17 83 26 74 14 86 23 77
. Island group KATE-WILLMA + I,LEROY

Domestic meat 16,6 25,2 14,2 22.0
Pandanus fruit 39.8 34.8 41,2 36.2
Breadfruit 34.2 29.7 35.4 30.9
Wild birds 0.01 0,009 0.01 0.008
Bird eggs 0.002 0.003 0.002 0.002
Arrowroot 2.0 0.28 2. 0.29
Coconut meat 5.7 8.7 5. 9.0
Coconut milk 0. 86 1.3 0.89 1.4
Coconut crabs 0.41 0.13 0.35 0,12
Subtotal 17 83 25 75 15 85 22 78




Tahle 243 (Continued).

Percentage of total 30-yr dose Percentage of total 70-yr dose

137Cs dose to

whole body

QOSF dose to
bone

137Cs dose to
whole body

9OSr‘ dose to
bone

Commencement date

Commencement date Commencement date Commencement date

S9-11

Food item 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82 1/1/74 1/1/82

E. Island group ALVIN-KEITH
Domestic meat 33.3 28.3 30,3 26,2
Pandanus fruit 24,1 22.5 26.5 25.0
Breadfruit 20.6 19.4 22.7 21.4
Wild birds 0.24 0. 17 0.22 0.16
Bird eggs 0,03 0.06 © 0,03 0,05
Arrowroot 1.2 0,18 1.3 0.20
Coconut meat 10. 8 22,9 9.9 21.2 |
Coconut milk 1 3.4 1.5 3.2
Coconut crabs 3.1 7.6 2.9
Subtotal 54 46 58 42 50 50 54 46




Table 244, The 5-, 10~, 30-, and 70-yr doses for the six living patterns assuming
: unmodified conditions,
Total integral dose, rem
Unmodified conditions
Living Syr 10 yr 30 yr 70 yr
pattern W. B. Bone W, B. Bone W, B, Bone W. B, Bone
I 0.17 0. 58 0. 35 1.4 1.0 3.8 2.3 8.5
11 0. 48 1.3 1.1 4.3 4. 4 35 8.0 68
111 .2 2.6 2.7 9.2 11 80 20 150
|8V 3.4 6.9 7.6 25 31 220 o6 420
v 0. 81 1.6 1.7 4,9 5.7 37 10 71
Vi 1.5 3.8 3.3 14 14 135 25 250
T |
& Table 245, The 30-yr integral dose for the six living patterns assuming modified conditions,
30-yr integral dose, rem
Modified conditions
Inhalation External Terrestrial Marine Total
T.iving
pattern Bone f.ung Liver Bone, W,B. W. B. Bone W. B. Bone W. B. Bone
[ 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8
11 0.012 0.015 6. 6(-3) 1.1 2.7 33 0.053 0. 84 3.0 35
I 0.045 0.056 0.024 1.7 7.1 75 0,053 0.84 8.9 78
v 0.092 0.11 0,050 3.3 21 210 0.053 0. 84 24 215
\Y 0,045 0. 056 0.024 1.6 2.7 33 0.053 0. 84 4.4 35
A 0.008 0.072 0,031 3.1 9.6 130 0.053 0. 84 13 135

Ilodificd by

graveling the village arca and by plowing

the village island.
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Table 246, The 5-, 10-, 30-, and 70-yr doses for the six living patterns assuming
modified conditions.

Total integral dose, rem
Modified conditions

Living 5yr’ 10 yr 30 yr 70 yr
pattern W. B. DBone W. B. Bone W. 3. Bone W. B, Bone
I 0. 17 0.58 0.35 1.4 1.0 3.8 2.3 8.5
I 0. 48 1.3 1.1 4.3 3.9 35 8.0 68
111 0.60 2.1 1.7 8.2 8.9 78 16 150
v 1.5 5.0 4.3 22 24 215 46 410
\% 0. 46 1.3 1.0 4.3 4,4 35 8.0 68
VI 1.1 3.4 2,7 13 13 135 23 250

"Modified by gravelling the village area and plowing the village island.

Table 247. The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the
southern islands,

30-yr integral dose, rem

Modified conditions® and pandanus, breadfruit, coconut, and tacca grown on southern islands

Inhalation External Terrestrial® Marine Total
living Bone,
pattern Bone Lung Liver W.B. W.B, Bone W. B. Bone W.B. Bone
| 3(-4) 4(-4) 2(-4) 0.83 0.14 = 2.1 0,053 0.84 1.0 3.8
I 0.012 0.015 0.0066 1,1 0,77 7.1 0.053 0. 84 L0 9.1
m 0,045 0.056 0.024 1.7 1.9 15 0,053 0. 84 3.7 18
[v 0.092 0.11 0.050 3.3 5.7 39 0.053 ] 0.84 9.1 43
v 0.045 0.056 0.024 1.6 0.77 7.1 0.053 0,84 2.4 9.6
VI 0.058 0.072 0.031 3.1 2.5 23 0.053 0.84 5.7 27

loditied by graveling the village area and by plowing the village island.
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Table 248, The 30-yr integral dose for the six living patterns assuming modified conditions and agriculture on the
southern islands.

30-yr integral dose, rem
Modified conditions™ and agriculture on southern islands

Inhalation External Terrestrial Marine Total
Living Bone,
pattern Bone Lung Liver W.B. W. B, Bone W.B. Bone W.B Bone
I 3(-4) 4(-4) 2(-4) 0.83 0.14 2.1 0.053 0.84 1.0 3.8
I1 0.012 0.015 0.0066 1.1 0,14 2.1 0.053 0.84 1.3 4.1
1 0.045 0.056 0.024 1.7 0.14 2,1 0.053 0.84 1.9 4.7
v 0,092 0.11 0. 050 3.3 0.14 2.1 0,053 0. 84 3.5 6.3
Vv 0.045 0.056 0,024 1.6 0.14 2.1 0.053 0.84 1.8 4.6
Vi 0.058 0,072 0.031 3.1 0.14 2.1 0.053 0.84 3.3 6.1

Modified by graveling the village area and by plowing the village island,

Table 249, The 30-yr integral dose from all pathways compared to U, S. external
~__background dose,

30-yr integral dose, % rem

Unmodified case Modilied case

Location Whole body  Bone Whole body Bone
Encwetak Atoll )
Iiving pattern | 1.0 3.8 1.0 3.8
Enewetak Atoll ‘
T.iving pattern 11 11 80 8.9 . 78
Enewcetak Atoll
I.iving pattern 111, agriculture
confined to southern islands 4.2 7.0 1.9 4.7
{I. S. background (mlyb 3.0 3.0 3.0 3.0

ASum of all pathways for the Encewetak living patterns (i.e., external, inhalation,
marine, and terrestrial).
Based upon background of 100 mrem/yr at seca level.
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Table 250, The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table
assumes unmaodified conditions on the village island,.
Plutonium 30-yr integral dose, rem
Unmodified conditions
Livi Marine Terrestrial Inhalation Total
Jdving -
pattern Bone Liver Lung Bone Liver Lung Bone Liver Lung Bone Liver Lung
1 0.018 0.047 - 5,0(-5) 1,8(-4) - 7(-4) 4(-4) 9(-4) 0.018 0.048 9(-4)
1 0.018 0,047 - 1.5(-3) 5.0(-3) - 0,029 0.016 0.036 0.049 0.068 0.036
11 0.018 0,047 - 6.9(-3) 5.3(-3) - 0.1C 0.056 0.13 0,12 0.11 0.13
v 0.018 0.047 - 3.0(-3) 0.010 - 0.47 0.25 0.59 0.49 0,31 0.59
A% 0.018 0.047 - 5.0(-5) 1,8(-4) - 0.11 0.058 0.13 0.13 0,11 0.13
V1 0.018 0,047 - 3.0(-3) 0.010 - 0.090 0.049 0,11 0,11 0.11 0.11
Table 251, The plutonium 30-yr integral dose to bone, liver, and lung via the three exposure pathways. This table
assumes modified conditions,
Plutonium 30-yr integral dose, rem
Modified conditions
Marince Terrestrial Inhalation Total
Living
pattern Bone Liver  Lung  Bone Liver Lung Bone Liver Lung Bone Liver  Lung
I 0.018 0. 047 - 5. 0(-5) 1.8(-4) - 3(-4) 2(-4) 4(-4) 0.018 0. 047 4(-4)
II 0.018 0. 047 - 1.5(-3) 5.0(-3) - 0.012 0. 0066 0. 015 0. 032 0. 057 0.015
81 0.018 0. 047 - 6. H-3) 5.3(-3) - 0. 045 0. 024 0. 056 0. 070 0. 076 0. 056
I\Y 0.018 0. 047 - 3.0(-3) 0.010 - 0. 092 0. 050 0.11 0.11 0.11 0. 11
\Y 0.018 0. 047 - 5.0(-5) 1.8(-4) - 0.045 0.024 0. 056 0.063 0.071 0. 056
V1 0.018 0. 047 - 3.0(-3) 0.010 - 0. 058 0.031 0.072 0 0. 088 0. 072

. 079




APPENDIX III

REVIEW OF RADIATION PROTECTION STANDARDS

The Task Group has considered a number of concepts in devising an approach
to guidance for cleanup and rehabilitation of Enewetak Atoll, accepting
some and rejecting others. The concept that AEC recommendations should
consists of a series of alternatives or fall back positions with the
degree or level of radiation exposure reduction ultimately determined by
some later deliberation based on factors such as availability of funds or
Teactiocu by -vtheis was rejecied. The conseusus of tile 1asx Group opinion -
was that these recommendations should be specific and unequivocal, and
should establish a clear nosition on what is ;eeded. To do less

would be unfair to the federal agencies who have accepted responsibilities
to perform the rehabilitations and to the Enewetak people who are looking

to this agency for advise.

The judgment of thie Task Group is that rehabilitation must conform with
current radiation standards and with good health physics practice in
implementing these standards. A sumary of current radiation protection
standards and rmaterial related to health risks that may be associated with
standards reviewed and radiation criteria recormended by the Task Group

follovs.



Federal Radiation Council (FRC)

Basic FRC numerical guidance and health protection philosophy are
similar to those of the ICPP and (ICRP. Radiation Protection Guides
(RPG's) are provided which deal with exposures of individuals and of
population groups. Actions are to be directed primarily toward control
of the sources of radiocactivity to restrict entry into the environment
but also toward control of radioactive materials after entry into the
environment in order to limit intalke by humans. The RPG's express the
dose that should not be exceeded without careful consideration of the
reasons for doing so., Ivery effort should be made to encouragc the
maintenance of radiation doses as far beiov this guide as practicable,
The RPG's are intended for use with normal peacetine oparations. Theres
should be o maa-nade rallailloun capovuere withoul wnpeciailon of
bernefits fron such exposure. Considering such benefits, emposure at
the level of the RPG is considered as an écccptablc risii for 2 lifetime,
The "PG's for the population are expressed in ter:as of annual exposure,
except for the gonads, vihere the ICRY recoimended value of 5 rems in 30
years ié used. TRC states that the operational nechanisn described for
application of criteria to linit the vhole dody dose for individuals to
0.5 ren per year and to limit e:zposure of a suitable sample of the
population to 0,17 rem per year is likely to assure that tae gonadal

exposure guide will not be exceeded.

The child, infant, and unborn infant are identified as beinz nore sensitive
to radiation than the adult. Exposures to be compared with the guidance
are to be derived for the most sensitive mermbers in the population. The

guide for the individual applies when individual exposures are known;
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Federal Radiation Council (TRC) .

Basic FRC numerical guidance and health protectioan philosophy are
similar to those of the ICRP and ICRP. Radiation Protection Guides
(RPG's) are provided which deal with exposures of individuals and of
population groups. Actions are to be directed primarily toward control
of the sources of radioactivity to restrict entry into the environment
but also toward control of radicactive naterials after entry into the
environment in order to limit intake by humans. The RPG's express the
dose that should not be excceded without careful consideration of the
reasons for doing ;o. Lvery effort should be made to encourage the
maintenance of radiation doces as far below this guide as practicable.
i

The RPG's are intended for use with normal peacetine operations. w2rea
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benefits fron such exposure., Censidering suel benefits, exposure at
the level of the PG is considered as an ;cccptablc riszii for a lifetine.
The RPG's for the population are =2xpressed in terms of annual e:posure,
except for the gomads, wviere the ICTY recomended value of 5 rems in 330
years 1s used. TNC states that the operationzl mecihanisn described fer
applicaticn of criteria to linit the vhole body dose for individuals to
0.5 ren per yezr and to limit e:iposure of a suitable sample of the

population to 0,17 rem per year is likely to assure that the gonadal

exposure guide will not be exceeded.

The child, infant, and unborn infant are identifiecd as being more sencitive
to radiation thar the adult. Ixposures to be compared with the guidance
are tc be derived for the wmost sensitive members in the population. The

guide for the individual aprlies vhen indfvidual exposures are known;

A

211-02



othervise, the guide for a suitable sample (one~tuird the guide for the
individual) is to be used. This operational technique may be modified

to meet special situations.

The FRC prinary nunmsrical guides, expressed In rem, are vprovided in two
reports, FRC os. 1 and 2, surmarized in Table I. Secondary numerical
guides developed by FRC are expressed in terms of daily intalke of specific
radionuclides corresponding to the annual RPG's. Consideration is given
to all radionuclides through all patiways to derive a total annual exposure
for comparison with FRC guides. !lowever, for many practical situations a
relatively few radionuclides 'yield the nmajor contribution to total

exposure; by comparison, exposures from sthers are very snall,

TABLE 1

1/
FRC RADIATION PROTECTION GULD £S5

Individual Population Groupn
Whole body 0.5 rem/yr 0.17 rem/yr
Gonads - 5 rems/30 yrs
Thyroid 2/ 1.5 rems/yr 0.5 rem/yr
Bone marrow 0.5 rem/yr 0.17 rem/yr
Bone - 1.5 rems/yr 0.5 rem/yr
Bone (alternate 3/ 0.003 pg of 0.001 yg of 22°Ra
gaide) 226Ra in adult in adult skeleten
skeleton

1/ For conditions and qualifications see FRC Report Nos. 1 and 2.

2/ Based upon a childs thyroid, 2 gms in weight and other factors
listed in paragraphs 2.10-2.14 of FRC Report No. 2.

3/ Or the biological equivalents of these amounts of 226Ra.
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The International Commission on Radiolonical Protection (ICRP)

The ICIP originated in the Second International Congress of Radiology

in 1928, It has been looked to as tiie appropriate body to give general

. guidance on widespread use of radlation sources caused by rapid

developnments in the field of nuclear ener3y., ICRP recommendations deal
with the basic principles of radiation protection. To thé various
national protection bodies is left the responsibility for introducing the
detailed technical regulations, recormendations, cr codes of practice
best suited te their countries. Recormendations are intended to guide
the experts responsible for radiatlon protection practice.

ICRP states that the objectives of radiation protecticn are to prevent
acute radiation effects and to linit the risiis of late effects to an
acrentahle lavel, Tt halde that i+ de 1nlnem whother a threshald exiate,
and it 1s assumed that even the smallest deoses involve a proportioaately
small risk, o practical alternative was fourd to assuning a linczar

relationship between dose and effect. This implies that there is no

wholly "safe" dose of radiation.

Exposure to natural background radiation carries a probability of causiag
some somatic or hereditary injurv. liowever, the Cormission believes that
the risk resulting from exposures received from natural baciiground should
not affect the justification of an additional risk from wman-nzde exposures.
Accordingly, any dose lipitations recormended by the Commission refer enly
to exposure resulting from technical practices that add to natural back-
ground radiation., These dose limitations exclude exposures received in the

course of medical procedures, (These sane qualifications with regard to
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natural background and medical procedurcs are applied to HCR? and FRC

recormendations,

ICRP developed the concept of "acceptable risk," Unless man wishes to
dispense with activities involving exposures to ionizing radiation, he
must recognize that there is a degree of risk and must limit the radiation
dese to a level at which the assumed risl is deemed to be acceptable to
the individual and to society ian view of the benefits derived frorm such

activities.

For planned or controlled exposures of individuals and populations, thc

ICRP has recormended the term "dose linit." Recommended dose linits are
thought to be associated with a very lowv degree of rislki, Tor unpianned -—--
exposures fronm uncontrolled sources thz term "action level” is

recomended., In general it will be appropriate to institute countermeasures
only when their social cost and risk will be less than those resulting

fron the exposure, Setting of action lévcls is the responsibility of

national authorities.

It is not desirable to expoéure merbers of the public to Jdoses as hizua as
those considered to be acceptable for radiation workers because children
are involved, members of the public do not make the choice to be cxposcd,
and menbers of the public are not subject to selection, supervision and
monitoring, and are exp;sed to the riske of their owm occupations. For
planning purposes, dose linits for memvers of the public are set a factor

of ten below those for radiztion workers.
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The ICRP dose linmits for individual members of the public are presented

in Table II. YNo maxinum “somatically sigﬁificant" dose for a population

is given. The genetic dose to the éopulation should be kept to the minimum
anount consistent with necessity and should not exceed 5 rems in 30 years
from all sources other than natufal background and medical procedures.,

No single type of population exposure should take up a disproportionate

share of the total of the recommended dose limit,

TABLE 1I
ICRP DOSE LIMITS l/
' Individuals Population

Gonads, red 0.5 rem/yr -

bone-marrow
Skin, bone, 3.0 rems /yr—g/ -

thyroid
Hands and forearms; 7.5 rems/yr -

feet and ankles
Other single organs 1.5 rems/yr -
Genetic dose 3/ - 5 rems/30 yrs

1/ For conditions and qualifications see ICRP Publication 9.
2/ 1.5 rems/yr to thyroid of children up to 16 years of age.
3/ See paragraphs 84, 85, and 86, ICRP Publication 9.



C. Mational Council on Radiation Protection and ‘leasurenents?® (ICNP)

The NCRP position is that the rational use of radiation should conforn
to levels of safety to users and thé public which are at least as
scfingent as those achieved for other powerful agents, Centinuing and
chronic exposure attributable to peaceful uses of ionizing radiation

arc assumed.

The JCRP has adopted the assumption of no-threshold dose-effects
'relationship and uses the tern "dosce limits" in providing guiaance on
population exposures. All radiation exposures are to be kept as low as
practicable. The numerical Qalues of exposure as presented are to be
interpreted as recommendations, not regulations. Use of the no-threshold
concept involves the thesis that there is no exposure limit free from

some degree of risk.

To establish criteria, HCRP uses the concept of "acceptable risk" {(where
the risk is conpensated by a dermonstrable benefit) brolken dowm to fit
classes of individuals or population groups exposed for various purposcs
to differcnt quantities of radiation. Ilumerical recommendations for dose
limits are necessarily arbitrary becausz of their mixed technical value-
judgnent foundation. The dose linits for individual members of tue public
and for the average population recermended by ICRP represent a level of

risk considered to be so small compared with other hazards of 1life, and

*Tormerly known as the National Committee on Radiation Protection and lleasuvenents,
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so well offset by perceptible benefits wvhen used as intended, that public
aprrobation will be achieved when the informed pubiic review process is.

completed.

For peaceful uses of radiation, ICRY provides yearly nuﬁerical dose linits
for indiQidual members of the public, considering possible sonatic effects,
and strongly advocates maintenance of lowvest practicable exposure levels,
‘especially for infants and the unbora, IICRP also recommends yearly dose
linits for the average population based upbn somatic and genetic consider-
ations and recommends the samc value as IC?” of 5 rens in 3C years for
gonadal exposure of the U.S.'population. Table II1 contains a surmary of
recomnended values. ICRP Report lo. 37 entitled, "Basic Radiation

Protecticn Criteria," dated .January 15, 1973, contains the most receat

updating of 'IC7 recomendations for rrotection of the nublic.

TABLE III
NCRP DOSE LimITs +/
Individual Population
Whole body ' 0.5 rem/yr 0.17 rem/yr
Gonads - " 0.17 rem/yr 2/
Gonads (alternative 3/ 5.0 rems/3C yrs

objective)

For conditions and qualifications on application, see NCRP Report
No. 39, ""Basic Radiation Protection Criteria.’
To be applied as the average yearly value for the population of

letvl'-
~ IN 0~

See paragraph 247, NCRP Report No. 39,
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Criteria Against Which Survev Findings and Alternative Measures Will Be

Evaluated

The Task Grohp_approached the questiocn of radiation dose criteria from
two directions. First, FTRC, ICRP, and NHCRP recommendations reviewed
above were judged as to applicability in this situation. Second, a risk
approach was reviewed using information from ICPP, WISCEAR, and the
National Academy of Science BEIR Committee. The results of this latter

effort are summarized in Part E which follows.

The radiological survey of Enewetak Atoll provides a comprehensive data
base needed to der%ve recormmendations relatiye to the radiologically safe
return of the Enewetak people. These recommendations are to be based on
an evaluation of the significance of all radioactivity on the Atoll in
terms of the total exposure to be expected in the returning population,
and on consideration of those reasonable acticns and constraints which,

viiere made, will result in nminimm exposures.

The guidelines used in deriving these recormendations can be sumnarized

as two interdependent consideraticns:

1. Expected exposures should be mininized and should fall in a range
consistent with guidance put forward by the Federal Radiation Council
(FRC) .

2. Actions taken to reduce exﬁosures should be thoese which show promise
of significant exposure reduction when weighed against total expected
exposures and the ''costs' of the actions. 'Costs," in this context,
arc measured primarily in terms of costs to the Ernewetak people as
constraints on t@eir activities or as dollar costs for cleanup or

renedial action.
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In these evaluations, it should be emphasized that dosages through various
pathways are estimated on the basisAof environmental data and considerations
of expected living patterns and dietary habits. While "radiation standards”
do not exist for environmental contamination levels in substances such as
soll and foodstuffs, therec is general agrecnent in terms of conservative

nodels of these pathways and the relationships between a certain level in

the environment and the likely dose to result from the patihway exposure.

The area of plutonium in soils, however, is one for which there is no
general agreenent é; to the quantitative relationship between levels in
soils and dosages to be expected throush the inhalation pathway, the
prinmary one through which man can receive a significant dose from
plutonium, The ICRT recormends a maxinun permissible average concentration

"insoluble"”

(PC) of 1 picocurie per cubic meter (pCi/n’) of air for
plutoniun and 0,06 pCi/m3 for "soluble" plutoniun for unrestrictel areas.
While the plutenium in the seil at Enewetal: is thought to be typical of

world-iide fallout, and thercfore insoluble, 0.06 pCi/n3d will be used

for the =ale of conservatisn.

Appendix A of Lnewetak Radliolozical Survev, 1IV0-140, preseants two possible

methods for deriving the exposures that may occur tirough the inhalation
patinray for pluteniun irn soil. (This is the pathway of interest for the
present although it is teorganized that for the very distant future,
ingestion may become nore important by comparison. Table 250 of Appendi:
1l shows that exposure to bone, liver, and lung from 23%°Pu are expected
to be a few hundredths of a.ram in 33 vears for pathuvays other than

inhalation.,) Thie material is produced as Attachnent I of this sectioa.
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The two ncthiods presented are the "resuspension-factor" approachk and the

' approach. Soil concentrations of 2397y that would be

mass~loading'
associated with the standard for 23%Pu in air (0.06 pCi/m3) Ly the two
methods are:

Resuspension-factor approach « « « « « « 1,000 pCi/g

Mass-loading approach .« « o « o o o o o 600.pCi/g

A recent report, A Proposed Interim Standard for Plutoniun in Soils

LA-5433-11S, presents recommendations derived from estimates of exposure
through inhalation'dbnsidering the coacentration of 23%Pu in the very top
surface soil., The following values were recormended:

400 pCi/g - For ail particle sizes provided ne mora tlan

200 pCi/g in < 100/mn size fraction.

A revised aminun Permissible Conceantratica, !©°C, of 0.3 pCi/:3 for
individuals was used in these determinations. The estimates apply to
large area contanination. Levels several tinmes larger could be pernitted

for localized deposition.

The Task Group reccgnizes that the islands of Cnewetal Atoll are small

and that the areas of highest 239py in soil on these islands are smaller -

still. On the other hand the people live close to the soil. It is also
recognized that experts are not in agreement as to the critical organ fer

inhaled plutenium, whether to use an avcrage dose for this organ, or the

model to be used to predict dose. In the interest of seeking a conservative

yet flexible approach to considerations cof criteria to treat the problen



of

1-'

A.

C.

C.

239Pu in Cnewetak soil, the Task Group recormends the followingf

Any areas or locations where soil concentrations of 239py are greater
~than 400 pCi/z should receive cérrective action with contaminated
soil removed for disposal.

Situations with soil levels in the 40 to 400 pCi/g range may receive
corrective action with eaqh area or location evaluated on a case by

case basis,

folloving guidance is provided for this evaluation:

Islands with soil levels in the above.range may be divided into two
categories, thiose of sufficient size for construction of permanent
houses, and those that are not.

Renoval of 239Py contanminated soil is better justified within the
range above for the larger islands such as JATET eor SALLY where
permanent nousing may soneday be‘located and for near surface
locations on the larger islands.

The snaller islaﬁdé nay be considered of less concern. Their longtern
outlook is uncertain since they are sometimes increasing in size and
sometimes erroding away. Small islands may be washed over by storn
waves and are not a safe site for permanent housing. From that
viewpoint, they are In the sanme category as uvnnaned sandbars along

the reef where other islands may hava disappearcd or be forming.

The ancunt of effort that properly may be given to soll removal in
this range increases as the seil conceatration increases.

Once a soll removal action iz to be taken, the objective is to achiave
a substantial reduction in plutonium scil concentratlons, and further,
to reduce concentrations to the lowest practizable level, not to

reduce them to some prescribed numericzl value.

rco
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3, Areas or locations showingz less than 40 pCi/g do not require corrective

action because of the presence of plutoanium alone,

The Task Group views these recormendations as the best current approach
for obtaining acceptable actions against plutonium in soil at Cnevetak
Atoll, These are‘interium criteria to the extent that there does not
appear to be either adequate physical or biological basisz on which to
establish firm and durable standards for cleanup of plutoniun

contaninated soil.



Recomended Cuides .

The standards issued by FRC are recommecadad as the basic guidancg for
evaluation of exposures to individuals to Enewetak. This is recormended
with provisos that:

1. The full amount of the numerical values should not be used for
evaluating exposures frem a single man-made source, in this case
radioactivity from weapons tests. Tals 1is applied so that the
Enewetak people will not be denied benefits of future avclear
technologzy because they are receiving exposures from man-nade
radiation at the naxinun level of acceptable standards.

2, Cnvironmental éollowup surveys and studieé of radioactivity levels
in people are performed such that the full range of radiation

siposures of individual menber; of the ZInewvetal: population will ba

Lrrarem
(644

3. CIxposures of the Lmewetak people are kept to the minimun practicable

level.

Survey, Cleanup, and Rehabilitation Twvalustion

It is recomaended in this coantext that:

1. The TRC Radiation Protection Guide {OPG's) for individuals sheuld be
used as the basic standard. Tae requirenent is to assure that exposures
for continuous residence in IZnewvetak Atoll will be well within the
annual and 30 year criterion. Uhile these are conservative standaras
from a healthi view point, there is no builtin conservatism to account
for uncertainty in prediction of annual exposures to individuals,
Because of the complex circunstances of exposure and the many pathways,

each with its uncertainty, the Taslk Group recommends use of 59 percent
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3.

of the FRC annﬁal standards for evaluation of the many cleanup and
rehabilitation alternatives at Lnewetak Atoll. This is not to be‘
viewed as an attempt to establish nev standards but 1s considered to
be a necessary precaution in the applicatiorn of current standards.
The following values apply for evaluation of alternatives:

Whole BodY « « « o o o o o o « o o « » 025 Ren/yr

BONEe WATTYOW o o o o o o o o » o « o o 025 Ren]yr

BONE o « o o o o o o o s o o« o o o o o« 0,75 Renm/yr

Thyrodid « ¢ o« ¢ o « « o o o o o o o » 0,75 Rem/yr
The Task Group recommends:use of 100 percent of the FRC RPG's to
evaluate post cleanup and rehabilitation and post return conditions
wherein direct neasurement of levels of radiation and radicaccivity

in foods and in people are made. Under such conditions, desc

estimates should be subject to much less uncertzinty. The regulvrement

is to assure that exposures are well within the FRC staandards. See

Section A. of this Appendix for the FRC RPG's.

The criteria for evaluating gonadal exposures at Enewetalk Atoll should
be 4 rems in 30 years. The requirement is to assure that long term
exposures willybc well within this criteria. The Task Greup feels
Justified in using 392 percent rather than 590 percent of the FRC
standard since there will be ample time to verify exposure estimates
using actual sampling of the diet and time to follow the changing

pattern of e:xposures of paople.

13345



4, The recommended guidance for 239y in soil is:

a. <40 pCi/g - corrective action not required.

b. 40 to 400 pCi/g - correctivé action may be needed, Action to be
taken should be determined on a case-by-case
basis.

c. >400 pCi/g - corrective action required.

In applying the criteria for bone and bone marrow in part 1 above, it iIs
assumed that 1if annual exposures do not exceed the applicabie criteria

in the year of highést dose, there will not be a requirement for liniting
longer term cumulative exposures. On the other hand, implementaticn of

the "lowest practicable” concept will require considerations of effectivencss
of remedial measures to reduca both annuzl and longcr term enpesurzs te the

extent practicable.



Risl: Considerations

The Task Group and its technical advisorsfhavc revievad the available
information fron ICRP,-UNSCEAﬁ, and'the lational Academy of Science 3CEIR
Comittee that could be used to estimate the health ris; that may be
associated with long tern exposures at the level of the radiation dose
and soil removal criteria being recommended. It is clear from this
review that knovledge of the relationship between radiation dosc and
effects of that dose on man as characterized in dose-effect curves is
incomplete even for external radiation exposures, For intcfnal enitters
and particularly for plutcnium, the situation is even less satisfactory.
UISCLAR has summarized their fundlngs by stating that one should not
extrapolate in a linear fashiou from effects scen at high doses and dose
rates to effects at lov deses and dose rates since there is streng
likelyhood of recovery and repair. The ITIR Conmittez, using only hunan
data, concluded that since the low dosz data were incomnlete, on2 should
conservatively assume a linear no-threshcld dose~affect curve drawm
through data obtained at higl doses and dese rates. The Comaittee further
suggested tﬁat if this linear no-threshold curve is assumed to be correct,
it follows that 6,000 cases of cancer would be produced each year in a
population of 200,030,009 péoplc exposed at a rate of 0,17 Rem/yr.

(This 1is the FRC R°G for population groups - see Table I.) For the
Inewetak population of less tiian 530 exposcad at tue same level, one can
maike the following estinate:

6 x 193 cases/yr x 500 peonle = 1,5 x 1072 cases of cancer/yr

2 x 108 people



Exposure at the level of the recosmmended criterion of 0.25 Rem/yr would
give twice the above value using a linear dose-effect curve or 3 x 10
~cases per year. The Task Group views this as a pessimistic upper limit
of risk. It could be inferred that thefe may be between zero and three
cases of cancer in 100 years if the entire Enewetak populaticn were

continuously exposed to 0.25 Rem/yr over that time period.

Lack of confidence in extrapolation of high dose and dose rate»effects
into the very low dose and low dose rate situation, consideration of

the fact that for alternatives being considgrgd for cleanup and
rehabilitation, most of the exposure to whole body and in fact to all
organs comes from internal enmitters wherein the shape of the dose-effect
curve is most uncertair, and lack of confidence in the statistics and
risk estiuwale drawn therefrom niiave led tre Task Group to have serijous
reservations about their vealldity. The Task Group hoids the opinion
that such estinmates can not be used in any definative wvay to draw
conclusions on whether current radlation standards are too high or ton
low or as a basis for decision maliing relative to resettlerment of
Enewetak Atoll. While the risk associated with doses at the level of
current standards is possibly not zero, it is viewed as being very low
as described by FRc; ICRP, and NCRP. The basic FRC standards,
conservatively applied, are viewed as suitable for Enewetak rehabilitarion
provided there is also a serious and concerted effort to keep exposures

as low as practicable.
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ATTACHMENT 1

RELATIONSHIP BETWEEN RESUSPENDED PLUTONIUM

IN ATR AND PLUTONIUM IN SOILS



Relationship Between Resuspended
Plutonium in Air and Piutonium in Scil

L. R. Anspaugh
Lawrence Livermore Laboratory
Livérmore, California :

There are no general models that may
be used with confidence to predict the
resuspended air activity in the vicinity of

an area contaminated with plutonium,
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However, two approximate methods may
be used — the resuspensioh factor ap-
proach and an argument based upon
ambient air particulate concentrations,
with the assumption that the particulates
are derived from the contaminated sur-
face. The fermer method has been fre-
quently used, but almost always in the
context of a fresh surface deposit. The
latter method is inapproprizate to the
fresh deposit situation, but should be
reasonably valid after enough time has
elapsed for the surface-deposited mater-
ial to become fairly well mixed with a
few centimeters of the soil surface.

’

Resuspension Factor Approach

The resuspension factor, K, is defined

as
K = Alr concentration (Ci/m)
Surface depositicn (Ci/m2)
. . -1 ..
ang thus-has unite of @ 7, It is almost -

always implied that both measurements
The diffi-
culties with this approach are fairly

are made at the same location.,

_obvious — no allocwance is made for the
geometrical configuration of the source,
the particle-size distributions of the con-
taminant and the soil surface, vegetaticn
cover, étc. Stewart;1 and Mishima2
have tabulated values of K from many
experiments including those involving
laboratory floors as well as native soils,
As would be expected, the tabulated
values cover an enormous range and vary
from 10-2 to 10.13 Most of the high

values, however, are derived from experi-

/m.

ments with laboratory floor surfaces and/

or with artificial disturbance.

For outdoor situations, Stewart1 sug-
gests as a guide for planning purposes

that a value for K of 10'6/m be used

"under quiescent conditions, or after

administrative control has been established

in the case of an accident, A value of

‘ 10’5/m is suggested under conditions of

moderaie activity, Stewart states, how-
ever, that exceptionally higher values
(mean of 10-5/m) were observed during
the Hurricane Trial (Monte Bello Islands)
and credited this to the nature of the
small islands exposed to sea breezes,
Values approaching 10-3/m when dust is
raised by pedestrians and vehicles are
also reported by Stewart,

Kathren3 has also considered the re-
suspension factor approach and has
recommended the use of 10-4/m as a
conservative but appropriate value for
setting standards for PuO2 surface con-
tamination,

Langham4’ S

has suggested that 2
value of 10_6/m is a reasonable average
value to use in estimating the potential
hazard of occupancy of a plutonium-
contaminated area., At the same time,
however, Langham notes that many
measured values lie in the range of 10'5
to 10-7/m and reports that his own
measurements in 1956 produced a value
of 7X 10 °/m.,

These recommended values, however,
are all intended for application during the
time period immediately fellowingz deposi-

tion. Numerous studlesl' 5-8 have shcwn
that air concentrations of resuspended
With the

assumption that this decrease can be

materials decrease with time,

represented by a single exponential func-
tion, half-{imes of 35 to 70 days have

been reporteds' [ 8.

This decrease in
air activity is not explainable by the
relatively minor loss of material from

the initial site of depositionl' °, but is

oo
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presumably caused by the migration of .
the initial surface-depésited material
into the soil,

Attempts to use the resuspension
factor approach to derive acceptable
levels of soil surface contamination have
included this "attenuation factor' as a
simple exponential function with half~

times of 35 or 45 days3' 4.

There are
major uncertainties in such a formulatiocn,
however. The longest study of this de-
crease with time extended to only 11 mo
following the initial depositione, which
is extremely short compared to the half-
239Pu.

There are also published reports which

life of a radionuclide such as

indicate on experimental and theoretical
bases that the decrease with time will
not be adequately represented by a single
exponential function, but that the rate of
decrease itself will also decrease with

. i1, t
time™’ b.

Fortunately, the exact nature
of this time dependence is not critical in
determining the integrated exposure from
the time of initial deposition due to the
fairly well-documented rapid decrease at
early times. However, it is obviously
the controlling factor for questions con-
cerning the reoccupation of areas many
years after the centaminating event,

As an illustration, the most conserva-
tive published model (Kathren?’) may be
used to calculate a resuspension rate for

material 15 yr after deposition:

K - 1074 (-o.sgsx 15v X 365d \
= exp .-

m 43d y
= 10_41/m.

If, however, the resuspension rate
asymptotically approached some finite
value 10“8

pension rate 15 yr later would obviously

of the original!, then the resus-

be -10-10

grated air activity {from t = 0.to o3 for
239

/m. However, the total inte-
Pu would be changed only by

' Lo
AX 10'4f exp (- 0.693t/45d) dt
(o)

o]
+Ax1071% [ exp (- 0. 693t/24, 400y) at
(o]
-3 -3
- 6.5A% 1073 +1.34a% 1073,

which is an increase of 20%, and more
importantly, cannot be accumulated dur-
ing an individual' s life span.

Because the functional nature of the
decrease in resuspension rate with time
cannot be confidently extrapolated, pre-
viously. published models should not be
applied to the recccupation of areas many
years after the contaminating event.

The resuspensicn-factor approach can
be applied in an approximate way, hcw-
ever, if resuspension factors are used
which were derived from measurements
over aged sources. Perhaps the most
relevant data are unpublished results
from current resuspensicon experiments
at the GMX site in Area 5 of the Nevada
Test Site, The 239Pu at this location
was deposited following 22 high-explosive
detonations during the pericd from
December 1954 to Februvary 1956,
Measurements of resuspended air activity
levels at this site during 1971-1972
appear to be the only available data con-

239 .
Pu from a

cerning resuspension of
source of this age,

Data irom two types ol ineasurements
are available and‘can be used to derive
The first

vvas accomplished

average resuspension factors,
type of measurementg
by placing five high-volume cascade
impactors10 within the most highiv con-

taminated area, and running them for

Yook
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36 days, from July 7 to August 12, 1972,
The collected 3% 240
distributed lognormally with particle

Pu éctivity was

size with an activity median aerodynamic
diameter (AMAD) of 3.0 ym and a geo-
metric standard deviation of 8.2, The
?39’ 240py concentration varied from
1.0 %10 % to 3.9 X 10714 pcifem®,

with an average of 2,3 X 10° 14 3

uCi/em
for the five samplers., At the present
time only limited data are available re-
garding the soil activity in the area.
Four soil samples of depth 0-3 cm from
approximately the same location have
_been analyzed with results'? of 2060 to

. 3550 dpm/g, with a mean of 2700 dpm/g.
Profile data from other locations at the
‘same general site indicate that about 90%
of the total deposition is contained within
the top 2.5 cm of the soilm. Measure-
ments of :c,%il density in the area average
1.8 g/cm® . The resuspension factor
is therefore 3

-1
2.3x10 "% uci ¢ «.£m
cme 2700 dpm ~ 1.8 g
0.9 >(102 cm 2,22 X 10° dpm
3 cm m uCi

-10

X

=3X10 "/m,.

Additionzal air samples were taken by
the Reynolds Electrical and Engineering
Co., (REECo) on the edge of the contamin-
ated area during the period of February
1971 to July 1972, with a sampling time
of approximately 48 hrB. Measurements
were made at four iocations, but the
most pertinent is the one which was most
frequently in the direction of strong winds
from the stronglyv contaminated area and
where the highest air activities were
Here, 254 individual air-

filter samples were collected and detec-

recorded.,

239, szu
concentraticns ranged from 3.5 X 10.17
to 6.3 x 10713
and geometric means of 6, 6 X 10.15 and
7.9 X 10.16 uCi/cms, respectively. Re-

sults for four soil samples taken frcm

table results reported for 236,

uCi/cmS, with arithmetic

approximately the same location rangé
from 128 to 202 dpm/g, with a mean of
160 dpm/gu. Because the arithmetic
mean is a better representation of average
lung exposure, it is used to derive a re-
suspension factor at this site:

6.6 x10 "9 yci g emd
cm® 160 dpm " 1,8 g
X 0,9 X 102 cmx2.22 X 106 dpm
3 cm. m nrCi
=2%10"%m.

This value is nearly an order of magni-
tude higher than the one previously calcu-
lated, and reflects some of the inherent
difficulties in the resuspension-factor
approach, i,e., that no-allowance its made
for the geometrical configuraticn of the
source and that higher ground activities
may be present upwind,

It is obvious that this approach is sub-
jeét to major uncertainties, but does _
serve as an order-of-magnitude indication
of the resuspended air activities that may

Q
arise from a 239, 240

Pu contaminated

area which has weathered for .15 tb 20 vr.
The data discussed above also c‘ernénstrate
unequivocally that resuspension of

239, 240P.u does in fact occur from such
aged deposits and at levels many orders

of magnitude kigher than would be ex-
pected i1 the often noted decrease with

time were represented ty a single exponen-
tial function with a half-time of 35 to 79

days.



Mass-Loading Approach

The other approximéte prediction
method is based upon measured or
assumed levels of particulate matter in
ambient air with the assumption that this
materia! is derived from the contaminated
soil, For fresh deposits this approach is
not valid because the freshly deposited
debris is much more iikely to be resus-
pended than the remainder of the
weathered soil surface, After many
years of weathering since the initial
deposition, however, the contaminating
material should be reasonably well mixed
with a centimeter or two of soil, such
that the contaminant activity per gram of
airborne particulate should approximate
that in the upper soil, However, a major
difficulty could arise if, for example,
239, 240Pu were preferentially associated
with the smaller narticle t:il7pf-: mare
1ik.ely to become airborne, For the
Nevada Test Site, such is not the case as
determined by soil arzal;,r:ses14 and by the
high-volume cascade impactor study.
The latter study found an AMAD of 3.0 um

fop 239 240
or

Pu, whereas the total mass
median aerodynamic diameter was 1,7 um,
The specific activity of the material col-
lected on each stage can also be examined
for a preferential association of plutonium
with particle size, Average data from all

five samplers are:

Size, um 239, 240Pu, dpm/g
>7 950

3.3to7 700

2.0t03.3 1030

1,1to 2.0 1300

0.01to 1.1 480

All stages 890

(Soil) {2700)

Although there is considerable spread
in these data, there is no indication of a
preferential associaticn of 239, 240Pu
with a particular particle size; as would
be expected as a result of dilution by inert
aerosol, the specific activity is lower
than that of the soil.

If we assume that this is generally
true, a general and conservative method
of predicting resuspended air concentra-
tions of contaminants would be to simply
multiply the amktient air mass loading by
the contaminant concentration in soil, A
factor of some uncertainty for a specific
calculation is what value to use for-tke
ambient air mass loading in the absence
of specific data. This becomes even
more uncertain because of the possibility
that the people involved may be highly
correlated with the source in the sense
that children plaving in sand, adults enl-
tivating crops, etc,, may generate their
own "ambient air" which contains much
more mass than would be recorded by =
remote stationary sampler,

The lower and upper bounds of ami:ient
air mass loading can be fixed rather
easily for any site. There has been con-
siderable interest in establishing a2
"background level" of mass loading, and
this is generally believed to be about
10 ,ug/'m3 (15), The upper bound can be
established in a reasonable way by the
levels found in mine atmospheres which
have led to a considerable prevalence of
pneumoconiosis in the atfected workcrsls.
Exam.ination of these data indicate that
current standards for occupational dust
exposure (~1-190 mg,/ms) have a very
small, or perhaps no margin of safety,
such that a reasonable upper bound can

be taken as 1 mg/m°. British data® "’
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‘indicate that if the general public were
exposed to dust levels in excess of

1 mg/ms, the public health problem from
the dust alone might be enormous, The
reasonableness of the upper limit value
of 1 rng/m3 is also demonstrated by data
which indicate that nonurban ambient air
mass concentrations this high are usually,
" associated with conditions described as
dust stormsla‘lg.

Measurements of ambient air mass
loading can be used to further define a
reasonable estimate for predictive pur-
The National Air Surveillance
Network (NASN) has reported suchresults
Data20 for 1966 show
that there were 217 urban and 30 nonurban

poses,
for several years,

stations reporting, The annual arithmetic
average for the urban stztions ranged
from 33 (St. Petersburg, Florida) to
254 I,lg/m3 {Steubenville, Ohio), with a
mean arithmetic average for all 217
stations of 102 pg/mB. ¥or the nonurban
stations, the range was from 9 (White .
Pine County, Nevada) to 79 ug/ m® (Curry
" County, Orégon), with a mean arithmetic
average for all 30 stations of 38 ug/ mS.
No data in this report are available for
nonurban locations on small islands simi-
lar to the Enewetak group; perhaps the
closest analog is the urban station at
Honolulu, Hawaii, which had an annual
arithmetic average of 35 ug/mB.
More pertinent, but limited, data.have
recently been pubiisned for the island of

Hawaii2 L 22.

Data are given for three
locations: Maunz Loa Observatory
located'at a height of 3400 m, Cape
Kumukahi, and the city of Hilo., NASN
data for Hilo (for an unspecified period)
are given as 18 ug/rns, and nephelometer

measurements varied from 18 pg/ m3

during éhe day to 26 ug/rn3 at night, At
Cape Kumukahi the nephelometer measure-
ment was 9,2 pg/mS. The greatest amount
of data is available for Mauna Loa Observa-
tory. Here, the NASN measurement was
3 ug/ms, and the nephelometer measure-
ments varied from 1,7 ug/ m3 at night to
6.5 ug/m° during the day. Additional
measurements made by the USAEC Health
and Safety Laboratory {HASL) were
3 ug/ms. It is of interest in the present
context that Simpson22 made the following
comment concerning the HASL measure-
ments: "The HASL filter samples contain
substantial dust (3-5 ug/ m3 of air sampled)
because of the fact that the filter was
located less than one meter above the
ground surface near areas with substantial
personnel activity at the observatory site. "
Thus, while this method of measurement
may not have coincided with Simpson® ¢
interest, it does indicate that ambient
air macss lo2dings may be very low on
such remote islands even when consider-
able human activity is occurring nearby.

On the basis of the above data, it
would appear reasonable to use a value of
100 ;.'g/m3 as an average ambient air
mass loading for predictive purposes.
Indications are that this value should be
quite conservative for the Ene\;zetak
Islands, and therefore allows room for
the uncertainty involved because the people
themselves may generate a significant
fraction of the total aerosol. Therefore,
they may be expoused to higher particulate
concentrations than would be measured by
a stationary sampler,

Supporting evidence that 100 ug/m3 is
a reasonable value to use for predictive
purposes is provided by the National

Ambient Air Quality StandardszB. Here
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" ..that portion

ambient air is defined as
of the atmosphere, external to buildings,

to which the general public has access, "

The primary ambient air standards define

"levels which,., are necessary, with an
adequate margin of safety, to protect the-
public health," The secondary standards
define "levels which.,. (are),..necessary
to protect the public welfare from any
known or anticipated adverse effects of a
pollutant, " These standards for particu-
late matter are given below:

National ambient air quality standards
for particulate matter, pg/m-,

Annual Max, 24-hr carentration
geometric not to he exceeded more
mean than once a vear

Priméry:
5 260
Secondary:
60 150
i 239
Table 151. Acceptable soil levels of

several years.

Data to support these standards in terms
of health effects, visibility restrictions,
etc, have been provided™ ~,

An arithmetic mean would be more
desirable for predictive purposes. Data
from 196620

cate that the annual arithmetic mean is

for nonurban locations indi-

(on the average) 120% of the annual
geometric mean,

Representative Calculations

Because one of the primary objects is
to derive an acceptable soil level for the
Enewetak Islands, the approaches devel-
oped above were used to derive such
levels for both soluble and insoluble
239Pu. The derived values are given in

Table 151, The two methods agree within

. a factor of two, at least for soil distribu-

tions like those found at the Nevada Test

Qi T - L A o e .o LU ot
Site, Theo amelont 2ir mase leading ol

Pu for a source which has weathered for
Values are approximate and are subject to uncertainty.

Permissible Concentration in Air tor 168-hr occupaticnal exposure

(MPC,)25.

Acceptable air concentration, uCi/cm3

Resuspension-factor aporoach

' . -1
Assumed resuspension factor, m

Acceptable soil depositiona, ;uCi/m2
Acceptable soil concentrationb, nCi/g

Mass-loading approach

Assumed mass loading, ug/m3
Acceptable soil concentration, nCi/g

aEquivalent to approximately 104 ug of insoluble

Insoluble Soluble
10°12 6 % 10”14
1072 10-°
103 60
20 1
102 102
10 0.6

2395, /m?.

bASSumes same distribution of 239F’u with depth and soil density as measured at

the Nevada Test Site,
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NTS'during the cascade impactor run was air, and do not consider the additional

measured to be 70 ug/m3. problems of resuspension of material
Such derived values must, of course,
be used with a great deal of discretion.
They are based on simple model systems
which are believed to be generally con- Heatly26 has considered these and
servative, but individual situations can be other problems, and has provided tables
of "decision levels" for surface contamina-

from contaminated clothing or the resus-
pension of material which has been trans-

ferred to homes,

imagined which could exceed the predic-

tions. ' ' : tion levels and home transfer levels., A
decision level is based upon National

Other Considerations Council on Radiation Protection and

The above calculations relate only to

the resuspended air activity in ambient

Measurements (NCRP) recommended
dose limitations, Because the derivations

~

Table 152. Decision levels 26 for soluble 239Pu, and their eguivalent in soil mass

based upon the "acceptable soil concentration" from Table 151,

Pathway Decision level jass eguivalent

A. Direct personal contamination

Direct i,nha.]ationa . ‘ 2% ]0-5 n(‘i'/omz 1 X 10'5 g/cmz
Direct ingestionb' 0.2 nCi/cm2 0.2 g/cm 2
Skin absorption® 8x 1074 uci 0.8 g

B. Transfer (to homes) levels
Resuspensiond 0.01 uCi/day 10 g/day
Direct inhalation 0.01 uCi/day 10 g/day
Direct ingestion 100 uCi/day 10° g/day
Skin absorption 0.03 uCi/day 30 g/day

8"The contamination level on clothing and skin that cculd result in inhalation of air
at the MPC_ for the public. "5
Purhe contamma*xon level on skin or clothing that could result in ingestion of a

quantity of radioactive material equivalent to the ingestion of water at the MPC

for an individual in the public. 126

C"The total quantity of radioactive material maintained on the skin for 24 h/day that
could result in absorption of a quantity equal to that which would be absorbed {rom
the GI tract if water at the MPC for "soluble' isotopes for an individual in the
public were ingested, n26

d"The- amount transferred per day that could result in air concentrations due to
resuspension in a medium-sized home averaging at the MPC for an individual in

the public. n26



are rather tenuous, Healy has used the
phrase decision level ancd states that its
use is to serve as a signal that further
careful investigation is warranted,
Healy' s decision levels for soluble
239Pu are given in column 1 of Table 152,
The values in column 2 are derived from
these and an acceptable soil concentration
of 1 nCi/g from Table 151 to give equiva-
lent dirt (soil) contamination and transfer
levels, The results are interpreted as

indicating that the potential exists for

greater dose contributions from these in-

frequently considered pathways than frem

. the usually considered pathway of resus-

pension as calculated for ambient air,

This conclusion would be the same for
239Pu

calculations based onh the usual resus-

insoluble Therefore, if dose
pension pathway should appear limiting
compared to other pathways such as food-
chain transfer, these pathways considered
by Healy need to be carefully evaluated
for the specific Enewetak situation,
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CAPPEITIX IV

Annuzal 3cne and Whole-Eody Doses



1. Introducticn

The purpose of this arrendix is to evaluate the potential annval
bone doses for adults and children for the six living ratterns considered
in the Enewetak Radiological Survey Report (IV0-1LO). The bone doses
rresented in KVO-140 were calculated fur mineral veone for adults as
integrated doses for 5-, 10-, 30-, and 70-yr periods. Zone and whole-

body doses to children were not consicersd separately tecause in most

of the foocd-chain dose and there is evidence to show thzt doses to

3 o .3 0137 - = bl ¢ Yo - W + Y
children from ing=stion of Cserz usuaily less than thase to adults,
Strontiun-90 ditters rrom ~7'Cs. Doses ©o children czn sxceed advlt

doses; however, the

1 to 5 yr izsrot larze and increasss th: intsgrzl 30- zni TC-yr doses Ty

cnly a'few rercent. With the uncertairtiss involved ir cther rarts cof

the cdose assessment, for exanrple the actual diet at tizs of return, the
1

differentiaticn between chilid and adult integrated decses was not includsd

in the tatles.

ct

EBecause of the ragnitude of some of the 30-yr in rzl bone doses, it

~
<

(S}

was decided that annual bone doses should be evaluated io indicate the

living ratterns and agricultural situztions which ars within IRC guide

m

th

for annuzl tone doses. The more detailed assessment of tone dcses is

directed at estimating the dose to the critical cell porulation at risk

V-0



in bone - ths btone rarrow
calculated in ths orizginal recort
we are following the reccrmzendzatio

of Spiers used ©

——

1D

id

CZAR (22).

The following text considers t

+
19

the doses to the

o
-

Tetu

In adcrti

ICRP (ICRP-11)

he informaticn availatle

s, the newborn, and children relative

alsc the dietary changes which ars assured Tor children.
2. Dose to TFetus and Ilzwborn Pelatiwve To Adulis
The Sr/Ca ratis in the fetus and in mothers' milk is @

the Sr/Cz
rlacental

In fact,

nz this argroach,

for estimztin

8]

to adults, and

ct

il

ct

th

There is considarable evidence tc show that the OR milk/diet for
. s P ~ = f\jr’s’sh 3 o
human btreast zilk is In the rzmge ol 0.1 to C.1b, The sz2-s chservaz
s . A . . . . e s 1,2

racio exists Icr the fetus anid newborn relative to the adult diet.
This ratio has been gbserved direcily and cen alss be czlculated from

o it s v e et - 1.8
data Y indlcate that the averaze CX btoly/dliet Ior adulits is 0.27;7
when this Is combired with a further discriminaticn of erproxirately a
factor of 2 across the placentzl or marrary mexbrane, the range of vazlues

or Tetus is ortainecd.

of 0.1 to .15 For =ilk

e
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As a result, the Sr/Ca ratio in the fetus and newborn is approximately
1/8 to 1/10 that of the acdult, and the resulting dose to the fetus is less
than that to adults.

The dose t2 a young infant bteing breast fed will of course also be less
than thzt calculeted for adults. The OR body/diet Tor young infants is

0.9;l,h that is, th

D

young infant_nearly equilibrates with his diet.
However, the mothers' milk, as discussed previously, has a Sr/Ca ratio

~ 0.1 that of the adult diet. The OR body/diet then decreases tc 0.5 for
a l-year-5ld and by .2trroxirataly 2 or 4 years of age has reached the adult
2,4,6

valus of 0.25.

Sirilzr data azre available for Cs. Cesiurm-137 is metabclized an

‘ £
turned over rore ravidly in pregrant wormen than in nonpresrant women.
As a result,

Cs incorroraticn in the fevus and ths resulting exposurs

are less than would be exrected frcm normzl retenticn times cuservea Ior

adults. Zxrerimental c¢ziz further indicate that Ior the fetus aand for
. PN , . 127 :
preast-fed infants the cocncentraticn of "7 'Cs and the resvliing docse never

exceeds that of the rmother or of other acdults. Trerefore, as indicated

in repcrts by Runds,” Iinura et al., and Cook and Snyder. the dose

137

calculated for an zdult for Cs is a conservative estirate for the fetus

and the newtorn.

Cs — A considerable body of evidence is availeble which indicatses

Cs in the beogy is a function of age, with a more

rapid turnover for younger ages. " The biological half-time arpezrs to



be the order of 10-15 cays for 1- to 2-year-0ld children and incrzases to
~ 100 days by age 20. It then rerxzins reascnably cocnstant threucghcut
adult life. The body rmass is less for the younger aze grcurs, and these
two factors tend to offset each other in dose calculaticns. Doses to
children are generally less than for adults as a result of the cortination
of these two offsettinz factecrs. When the relative diztary intake is
included, children receive a lescer dose than acults. Therefore, dose

-

estirpates Ior adults ares usually a conservative estimzte for children.

90Sr — Reports by.Loutit,l5 1o i 17

~
. - . . A = o~
rCi 2 Sr/g Cz in huran btone is grester for zzes 1-5 thin for ages creater

than € yr, including-adults. Zowever, the turngver rzite is much more
ols
rarid and the retention time rmuch zhorter for “73Sr in agze 1-5. Tle

K el L] ~ . . — N 4 Y ‘. - “< as
coxbinavicon o these two tactcr: Zetsrzines the tone burden, the annval

dose, and the dcse cormitrent resultin

resulting dose to children, therefore, is not straizhifirvard and is

derendent urcn the relative interzection of these two fzcucrs.” A4ny

comrariscn with adulis zust therefore take into zceocunt ths agze dersndence

of these factors., as well as the difference in dietary ZInteke. The model
. 16

- - ™ - 3 -3 - P -~ 2 m T oam - - R -~ wWe TS5
reporied oy Donnett 13 therefcre used Ior estipating the doses to children.

L, Dose Vodels end Dist

cred by ICEP for estimating the tone dose from

0 .. . . , 18-20 .
9 Sr are considered to be aze invariant.” A recent rodel Irom

0
£
w
'._J
w
Q,
I
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ingested

16 . .
Bennett does mogde

[
ot
e
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child serarately from the adult, and this model is

applied for estirmating the bone doses to children.
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The borne-parrow dcse-retes t

Bennett's model for children

n)

and used in the ULSCZAR rerport
the mineral or matrix bone dose
doses, to bcone-marrow and endost

respectively. Rennett's model a

is combined with the Spiers aprr
doses to adults.

The bone mzass is- assumed to

o children are calculated bty corbining

21

h the apprcach develcorpad by Srier
for estinating bone-zarrow dcse Ircm
The wvaluzs used for converting DO

ses, are 0.31L and 0.L34

eal cell do

lso extrarolates to the adult case and
cach for predicting the bone-rmarrow

ccrrelate directly with

21 ‘
these data a5 a function of age &are taken from Sriers. These tcdy
masses are based uron average data frowm the U.S. rorulaticzn and a facteor
of 0.85 was incorporated to sccount for the zraller zize of the
Enewetekese. The calcium concentraticn in tone (gle)g tore) as a
16 '
function of =zge is taken from Eennett.”
In czlculating the mineral tone dose (DD dose) in IV5-1-C, the
R - "
arrroach of ICRP ~ was followed, using a2 of = 1 and n = 5. The doses
o2
calculated from this model are cormpuzred to the 3-rerm'vr guide (ICmP 3)7°
for bone for general public. FHowever, in assessing the annusl dose to

both children and adulls, the bone marrow is taxen as the critical orgean,
. " . e 424 .
and thes reccrmendaticns in ICRP 11 are usec.
In this rodel the quality factor is still one (5F = 1), and the "n"
factor is no longer arplicable. The bone rerrow is considered in the
category of sensitive blooda-forming organs, and the corresponding dose

r .5

guide fo

mineral bone.

rem/yr ra

-~

2

+

ther than the 3 rem/yr for
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137 137

Cs = In the dose model for Cs, it is assured that the loss of

137

Cs frcm the body can te described as an exponential less with a
. . . R 10-14
turnover tire that varies as a2 function of age. The annual dose
is calculated, alwzys taking intc account the residual body turden from
. . - . . . 21
the previcus yesar. Body mess as & function of age is tzken from Sriers.
Initizl dietary intzkes are calculated ard doses are predicted, tased
. '2‘7

upon the initial intake and the exponential loss of "7 'Cs in the diet at
a rate equal tc the rhysical half-tirme cf Cs.

Diet — The diet for adults is that listed in the original rerport
NVO-1L0, For children from azes 1 throush 10, the intake of ccconut
milk and coccaut meat is dcubled to 600 and 200 g/cay, recpectively.
These two rrocducts are the rmost likely to Te cconsumed in greater quantiity
by children than by adults. The rest or the diet Tfor children is assured
to te ovne-nalf of the adult diet.

At age 1C, it is assumed that the child is con the 7Tull adult diet,

el

From infcrration available, this is a ccnservative assurzption in that

children ars nct usually considersd +o

H
m

¢h the averace acdult intake
until age 1% or 15. Eowever, becazuse of the diet chanzes which zccur
at 10 yr (i.e., randanus, breadfruit, coconut. etc., which becore

available) it is ccnvenient to use this point for adjustinz the child

ot
P

the adult diet, =nd if anything, this zdjustment Troduces a sligh=l
conservative dcse estimate for the children due to ths high

in the aduvlt diet.
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5. Result

1t

5]

The resultis of the calculations tased urcn the rodels described atove
and upon the diets listed in I7VO-14C and altered for children as previocusly
discussed, are listed in Tatles 1-8. Ths data are presénted as maxiruan
annual bone-rarrow and whole-body doses. Thes living ratterns are listed
after Tables 1 and 6 for convenierce of refersznce; they are the same as
those listed in LV0O-140.

The annuzl) doses for external exposure and for food chain exposure

137 9

~
¢ - A\ o . . .
from Cs and Sr .are calculated for 70 yr, beginning at eithsr age

l cr age 20. The three different ccormponents ceontribtuting to the doze
- Y =

(b

rroduce a rmaxirum dose at different timss. The extarnzl coricnent, fer

3 4 < - e 3 - - - < .-ra mp o~
instance, is zmaxirmum a2t 1 yr and decreaces therezfter with the rhysical

dose several years after inteke of the nuclide tegins., The year of

upcn whether or not a diet change 1s involved at some point in time. The
dosaze from 5 incorporated in ran via food cheins tends to p2zk ecarly

and decreases exvonsntially therearter. The annual dose is then selectec
for ths years at which the surn of these three comronents was paxirmum.

The ==zximuzx annval bone-rwarrsw doses are listed in Table X Tor the

case where no restricticns are rlaced uron the leccation of agriculture ana

)
}__J
4
3

source of the diet and no modifications are made for extern

village island. Teble 2 lists the results for the case where no vestriction

0W-08



are placed uron the diet but where the wviillzge island has bteen modified

5]

by plowing and gravelinz. Living Paftern 1, where the hoxs island and
agriculture are on southern islands, is the only living_pattérn fcr these
two sitﬁations where the total tone-marrow doses do not exceed 5C% of the
FRC guride; in this instance, it is less by a faétor o 5. All other
living ratterns lead to an arnual dose which for at isast 1 yr, and in

most cases several years, exceeds the FRC guide.

-

The results also indicate that thsre is not a grest deal of difference
between the pradicted child and adult maxirum znnual doses. This is due
: " . : . . N R 20
in part o the assumed diets cof ‘adults and children end the large Sr

137

and Cs intake via the food chains for such rroducts as randanus,

breadfruit, coconut, and meat. I'or coccnut milk and coconut meat, the

FEal

readfruit are grcown cn scuthern islani: only. &As a result of this

o

and
actiorn, three living rztterns fall within 5¢5 of the FRC gulie — Fatterns
2, and 5. When pandanus, breadlruit, ccccnut, and tzcca ars 21l confinsd

L

to southern Islands, then Livinz Pattern 2 alsc falls within the zuide

ct

(Table 4). If the total diet is confinad to the southern islands, then

all living patterns are within FRC guide, and the only varizticon among

v
IS

D
8]

(

living patterns is the result ¢f the difference in external exposure feor
each of the situations (Table 5). For all the cases where thers is =
restricticn on the agriculture and diet, it 1s assums2 the villegs islend
will ve rplowed and grave

1V-09



Similar results Tor whole-body exrosure for the four different

agricultural situations are presented in Tables 6-10. %ith no

o]

restrictions on the diet, Living Patterns 1, 2, and 5 are uncer FRC
guides., Therefore, the bone-marrow is the more limiting feature. When

diticns are used, the living patterns which

e

the other agricultural cc

o]

as thecse for the bone-rarrow dose.

D

fall below the FRC guide are the sam
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Table

1.  Maximum annual benemarrow dose (r

No restrictions on diet

en).

Village island unmodified for external gamma

Start Januarv 1974 Start January 1984
Living Pattern  Child 2 Adult 2 Child P Adult
1 0.047 0.045 0.047 0.043
2 0.314 0.294 0.282 0.299
3 0.790 0.760 0.75¢9 0.754
4 2.27 2.15 2.17 2.13
5 0.361  0.348 0.333 0.344
6 1.10 1.04 1.03 1.02
Living Pattern Village island Agriculture Visitation

a

1 (A)
2 (B)
3 (D)
4 (F)
5 (C)
6 ()

Enewetak-Parry ALVIN-KEITH

Enewetak-Parry KATE-WILMA + LEROY

JANET JANET

BELLE BELLE

JANET KATE-WILMA + LEROY
JANET ALICE-IRENE

Diet change at 10 vr., i.e., 1984.

Diet change at 10 vr., i.e

., 1094,

RVENT

Southern Is.
Northern Is.
Northern 1Is.
Northern Is.
Northern Is.

Northern Is.



Table 2. Maximum annual bonemarrow dose (rem).

No restrictions on diet

Village island graveled and plowed

Start January 1974 Start January 1984
Living Pattern  Child ®  Adult 2 Child ®  Adult
1 0.647 0.045 0.047 0.043
2 0.314 0.294 0.282 0.299
3 0.718 0.677 0.680 0.672
4 2.08 1.92 _ 1.93 1.90
5 0.317 0.300 0.285 0.296
6 1.06 0.989 ' 0.988 - 0.977
Table 3. Maxinum annual bonemarrow dose (rem).
Fandanus and breadfruii irom southern islands
Village isiand graveled and piowed
Start Januarv 1974 Start January 1984
Living Pattern Child 2 Adult 2 Child b Adult
1 0.047 - 0.045 0.047 0.043
2 0.148 0.149 0.200 0.142
3 0.293 0.294 0.418 0.284
4 0.786 0.774 1.16 0.74¢9
0.151 0.178 ., 0.201 0.148
6 0.428 0.437 0.574 0.419
2 Diet change at 10 yr., i.e., 1984.
b

Diet change at 10 yr., i.e., 1994.
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Table 4.

Maxinium annual bonemarrow dose (rem),

Pandanus, breadfruit, coconut, tacca from southern islands

Village island graveled and plowed

Start Junuary 1974

a

Start January 1984

child®

Diet change at

1¢ vr., i.e., 1994

WV-16

Living Pattern Child 2 Adult Adult
1 0.047 0.045 0.047 0.043
2 0.122 0.130 0.092 0.101
3 0.168 0.204 0.138 0.166
4 0.415 0.516 0.325 0.392
S 0.121 0.135 0.094 0.106
6 0.253 0.354 0.202 0.254
Table 5. Maximum annual bonemarrow dose (rem).
Total diet from southern islands
Village island graveled and plowead
Start January 1071 Start Janucry 1884
Living Pattern  Child 2 Adult @ Child ° Adult
1 0.047 _ 0.045 0.047 0.0453
2 0.097 0.091 0.071 0.06°
3 0.094 0.094 0.077 0.079
4 0.199 0.103 0.133 0.120
5 0.096. 0.096 0.074 0.074
6 0.189 0.213 0.123 0.134
2 Diet change at 10 vyr., i.e., 1984.
b

YN,



Table 6. Maximum annual whole-body dose (rem).

No restrictions on diet

Village island unmodified for external gamma

Start January 1974 Start Janvary 1984

Living Pattern Child® Adult® Child® Adult

1 0.036 0.039 0.038 0.039

2 0.234 0. 236 0.200 0.233

3 0.619 0.630 0.531 0.628

4 1.81 .- 1. 80 - . 1.54 1. 79

5 0.285 0.291 0.252 0.291

6 0.798 0. 812 0.674 0. 802
Livirng Parttern Village island Agriculture Visitation

1 - (A) Enewetak-Parry ALVIN-KEITH Southern Is.

2 (B) Enewectak-Parry KATE-WILNA - LEROY Northern Is,

3 (D) JANET JANET Northern Is.

4 (F) "BELLE BELLE Northern Is.

5 (C) JANET KATE-WILMA + LEROY Northern ls.

6 (E) JANET ‘ ALICE-IRENE Northern Is.

aDiet change at 10 yr., i.e., 1984,

bDiet change at 10 yr., i.e., 1994,



Table 7. Maximum annual whole-body dose (rem).
No restrictions on diet

Village island graveled and plowed

Start Januarv 1974 ' Start January 1984
Living Pattern Child® Adult® Child® Adult
1 0.039 0.039 0.039 0.038
2 0.234 0.236 0. 200 0.233
3 0. 540 0. 542 | 0. 452 §.54o
4 1. 56 1. 55 1. 30 1. 55
5 0.237 0.241 0.204 0.240
6 0. 749 0. 761 ©0.631 0. 757

Table §. Maximum annual whole-body dose (rem:).
Pandanus and breadfruit {rom southern islands

Village island graveled and plowed

Start Januarv 197 Start Januarwy 18564

Living Pattern  Child® Adult” Child® ‘Adult
1 0. 039 0.039 0.039 0.038
2 0. 125 0.128 '0.146 0.127
3 .0.245 :0.252 | 0. 304 0. 249
4 0. 662 0. 663 0. 846 0. 656
5 - -0.128 - 0.133 | 0.149 0.132
6 . 0.350 0.367 0. 430 0.363

an. . .
Diet change at 10 yr., i.e., 1984,

Diet change at 10 yr., i.e.,, 1994.
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(“‘c!e 9. Moeaxirnum annuel whele-body dose (rem).
A

Pandanus, ‘eadfruit,

coconul,

and tacca from southern islands

Village island gravelec and piowed

Start January 1974

Start January 1984

Living Pattern  Child® Adult® Chiza® Adult
1 0. 040 0.039 0.039 0. 039
2 0.091 0.122 0.078 0.093
3 0.146 0.187 0.119 0.151
4 0.357 0.475 0.280 C. 355
5 0.093" 0.127 0.0&0 0.098
6 0. 246 0.328 0.160C 9. 241

Table 1. Maxirmrum anrual wholz-body dosc¢ {(remj.

Total diet from southern islands

Village island graveled and plowed

Start Januarv 1974

Start January 1922

Living Pattern  Child" Adult® Child® Adult
1 0.040 0.039 0.039 0.039
2 0.090 0.083 0.065 0. 066
3 0.087 0. 097 0.070 0.07¢
4 0.192 0.191 0.126 0.120
5 6. 089 0.094 0. 066 0.071
6 0.182 0.211 0.116 0.131

“Diet change at 10 yr., i.e., 1984,

Diet change 2t 10 vr,, i.e., 1994,




