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CLEANUP AND REHABILITATION OF ENEWETAK ATOLL 

INTRODUCTION 

0n Se?tcr:iber 7, 1972, tl:e Ato:-iic Energ:.· C;J~ission (AEC) ai;reed 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 comprehensive radiological survey. 

The purpose of the survey was to gain a sufficient understanding of the total 

radiological environment of Enewetak Atoll to support judgmen~as to whether 
)._ 

all or any part of the ,A1:oll 9~~. _ty be reinhabited and, if so, to des-
<!2_-Lf, :::-c~ -+- 11 ~ 

c,::ibe .clean'P-_ actio~s to qe takeQ./~nd ~y constraintai. Jl....w,.. ~· . A· n'J 
~$-4.) ~ - .. ; , .... ~/--fJ1~.,.,..r~ ~v·A< I ~,,.d r-0,,..,f.;...,r,·,,~·~ ~ o1 <~t . )__.u' ~ 

Radiological survey 
1

field op'erations were conducted between mid-October ~ 

1972 and mid-February 1973. Samples taken in the field have been analyzed 

and complete results of the survey have been published as a Nevada Operations 

Office document (NV0-140), Enewetak Radiological Survey, Vols. I, II, III. 
CvL • 

An abstract of NV0-140 is presented ~Appendix I of this report, and the 

"SUllllDary of Findings" chapter is reproduced here in Appendix II. 

A 
In July 1973, a Task Group was established to review the.SUrvey findings 

and to prepare cleanup and rehabilitation recommendations for consideration .-:-

by the Commission. Members of this Task Group are: Mr. T. Mccraw (AEC/OS), 

Dr. W. Nervik (LLL), Dr. D. Wilson (LLL), and Mr. W. Schroebel (AEC/DBER). 

Advisors and consultants to the Task Group have included Dr. E. Held (AEC/REG), 

Dr. R. Conard (BNL), Dr. H. Soule (AEC/WMI'), Dr. N. Barr (AEC/DBER), Dr. R. 

Maxwell (AEC/DBER), Mr. L. J. Deal (AEC/OS), and Mr. R. Ray (AEC/NVO). Staff 
•I : i 

,..,,...~1:-"'.J\ 
liaison representatives from DNA, EPA, and DOI partfd 1iaced i1t Task Group 

meetings. 
...- ·-i. . / 1/ 

- .. ~.,. ~ 1 • ."•.1:,( I"~· ··d:·~/vt- .. -· • .a1 ... ~ -:.~-- .... ,~' .. ) 

The job of the Task Group is to recommend radiological criteria for 
'ft 

cleanup and rehabilitation of Enewetak Atoll and to recommend those remedial 

001 



ceasures and actions needed to reduce exposures of the Enewetak people to 
I"-' 0Ji~_/~;_ ~ 

levels within these criteria. CIZf> to keep exposures as low as practicable. 
/\ 

The Task Group, advisors, and consultants have carefully reviewed the AEC 

Radiological Survey results; current information on the life style, diet, and 

rehabilitation p~tierences of tr.e Enewetak people; applicable radiation pro-

tection guidance established by various national and international !Cadiation 
. ,1.17) ,;.__,_ 

jtandardsAbodi~s; and current laws and regulations pertaining to disposal 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 

After thorough review of the Radiological Survey Report, the Task Group 

makes the following observations:· 

• The survey provides an exceptionally complete data base for 

estimating radiation doses. It includes the results of an 

aerial gamma radiation survey of land area plus radiochemical 
/---' c-_;j_ ,(,..!~ '--: 0 ,,,, , I 

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

water, and marine and land animals. 
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.4--
• The.8'Urvey report, plus the Master Plan for Rehabilitation and re-

settlement of Er.ewetak Atoll*, provide ~ actazate, cb&fheheasi;e--, 
· I~:~ · -r .-.-- • 1 

:; • ~.,,,. -:'_ 

and np-tg-cia~e MW6ul"Pt t ef the li~ living patterns and diet of 
/I 

the Enewetak people. 

• Several important components of the Encwetakese 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. Bread-

fruit, pandanus, tacca, and coconut must be planted and will begin 

to produce crops aft<:!r 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 on 

inferences drawn from earlier surveys on Bikini and Rongelap. There 

are many data points, and these correlations provide the best method 

currently available for estimating internal exposures. Nevertheless, 

the method is not as reliable as direct measurement of the foods 

produced in the areas of concern. 

• Air sampling at Enewetak, accomplished largely during a three 

week period in December 1972 on tminhabited northern islands, 

showed extremely low levels of airborne radioactivity. Com-

-,-- ,J..__ ,---.· 1 } 
*"Enewe'tak Atoll Master Plan for Island Rehabilitation and Resettler:ient," 

(3 Vols.), Holmes and Narver, Inc., :1ov. 1973.:, .... _,.,ri .-.·~·· ., ' ' - ' . ~ , . 
i-:...- -

J • _J r ,.....· ~,,.,...,._,. ·.'·.!'<~.~_,, 

'. ._, 



prehensive air sampling during 12 consecutive months u.1der 

conditions closely approximating human habi ta ti on and soil 

disturbance would provide more accurate data on which to base 

inhalation exposure estimates. 

• The i::newet.:L-. h~op.J..e a<lvise that catchment rainwater is the customary 

principal source of water for human conslD!lption. Except in 

emergencies, water from underground lenses is not consuned. 

Samples 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 seascn cycle, 12 consecutive months at 

a minimum. Arrangements for sampling fresh water lenses are 
..-c' I . I 'iy' .J i ) ~ ,-· (; 

being made. ,·' ;·_·'-" ./.J-·h ,;.; ',l..J..-"" . ,j._;_ -~,_.,,,.)_ -~"" r ·- "~ . t .. 
• It is the opinion of the Task Group that the results of additional 

air sampling or lens water sampling probably would not significantly 

change the dose estimates in NV0-140 nor change the recommenda-

tions of this Task Group • 

• RADIATION CRITERIA RECOMMENDED BY THE TASK GROUP 

A review of the radiation protection standards and guides considered by 

the Task Group to be applicable to Enewetak is presented in Appendix III. 

This review indicates that the numerical standards and radiation protection 

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

minimum practicable level. 

• A value of 50 percent of the Federal Radiation Council (FRC) 
/ 

Radiation Protection Guides (RPG's) for individuals is rec~nded 
// 

for the criteria to be used in evaluating the variowt/exposure 
,.. ... "~ 

reduction options considering that such exposures cannot now be 

precisely determined. 

The following values apply: .--
,,,__. ,,,,,,. 

Whole body and bone marrow -

Thyroid -

Bone -

0.25 Rem/yr 

0.75 Rem/yr 

0.75 Rem/yr 

• The guide for gonadal exposure of the population should be -

A rems in 30 years. 

• . Th"eiU.ida;;c~ 
/ 

,.....-1-~a. < 40 pCi/gm of soil - corrective action not required. 
-, ___ \ 0::-

b. 40 to 400 pCi/gm of soil - corrective action determined on a 
~ ,, 

case-by-case basi~considering all radiological conditions. 

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

_.._ ,,~ .r-. ,'""'\ ,.,....,....-.. ' .. - ~ .--.......,, _.,,..-.... __....."" .., 

*These values are r.ecommended for._use in cleamip of Eu.atn!tak'Atoll 011ly. 
/ - \/ -

~ tlJOlrSee Appendix III for additional guidance. 
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·--... -

•The Federal Radiation Council (FRC) Radiation Protection Guides (RPG's) 

for individual and gonadal exposures are recommended as the criteria 

to be used in evaluating the various exposure radiation options. The 

numerical guidance therein should be reduced by the factors of 50% 

for individu~l exposure and 20% for ganadal exposure considering that 

exposures r:annot be precisely predicted. The detailed rationale for 

these reductions is provided in Appendix III. The resulting guides 

for planning cleanup actions will then be: 

• I 

Whole body and bone marrow - 0.25 Rem/yr 

Thyroid-------------------- 0.75 Rem/yr 

Bone----------------------- 0.75 Rem/yr 

Gonads --------------------- 4 Rem in 30 yr 
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ASSESSMENT OF DOSES AND THE RESULTS OF ALTERNATIVE CORRECTIVE ACTIONS 

The Task Group approach for development of judgments and reconunendations 

for the radiological cleanup and rehabitation of Enewetak was to consider 

a number of alternatives for exposure reduction that may be feasible. Basically, 

the procedure involved four steps: 

• Assessment of doses for a population living on the atoll in its 

current radiological condition. 

• Assessment of dose reductions that might be expected due to modifica-

tion of the diet. 

• Assessment of dose reductions that might be expected due to removal 

of contaminated soil. 

• Comparison of these dose assessment matrices with the population dose 

guidelines used by the Task Group. 

The Enewetak Radiological Survey Report (NV0-140) contains estimates for 
j/J./' -<>-:.3- _L J.-' - ':J, ? 1) ?'N) '; / 1,~J..AA-- ,}-¥~ _ 

, populati~n doses on the, a~~llA in .~ ~s cuf~nt '~ad~ol~gica~ pon,ci:f;tio~1 for s~ , . 
•,.. vl.l\.,i.v.c;, ;a l~'!--t.- t: _ _/-~~~!A./'.-> ..:.J'1~V' ·~ o-'1-.f' .'.A~Ct/·d-.,..'-1 --:-,-~ {~/.J_._ ;r .h:-1-.·~ 

living patt~rns~ OAQ~-~· t~ ~~-1o:;t ~~~r~~~nt:~t'.~~e/~~ ... th~~. E~~w;~:~~::p~ople 's · 

desired life-style after they return. In addition, dose estimates are made 
I 

for each of these living patterns for each of the following corrective actions: 

• Gravel the village area and plow the village island. 

• Import pandanus and breadfruit from the southern islands (ALVIN-

KEITH) for inhabitants of the northern islands. 

• Import pandanus, breadfruit, coconut and tacca from the southern 

islands. 

• Import pandanus, breadfruit, coconut, tacca, and domestic meat from 

the southern islands. 
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I 

The estimates for 30 year whole body doses in the Survey Report are 
,.,./ l~n -1." ( i:: ~ ,.,., • y-»w-"1 '1-- ' ,.,.__ "' . . I' \ 

surmnarized in Table 1, and 30 year bone dose estimates are summarized in 

" Table 2. Note that the option for "Gravel Village Area - Pl<M Village 

e... Island," achives a minimal reduction in radiation exposure of whole 
J. 

body and bone for all living patterns, and those living on JAHET would 

have to import most foods to avoid exceeding a whole body exposure of 

4 rems in 30 year~ Population dose guidelines used by the Task Group 

include annual dose rates as well as 30 year intergrals for genetic 

doses.i11 Tables 3 and 4 show estimates of the maximum annual whole body 

~;-;~e dose. r-· 
In considering the reduction in exposure that may be achievable through 

removal of contaninated soil, the Task Group has taken the position that these 

predicted exposures are approximatio~ only •. The effectiveness of such actions 
'"f LJ'r~;~ +l..-~t ..Lf.v ~~c"t iA~~ 

to reduce internal exp°osures:must be confirmed through analysis of test 

plan tin~ A 

/~ its assessment of dose reductions that might be possible due to 
/ 

removal of contaminated soil, the Task Group posed the following questions: 

"Given the do~e esfimat,ea~,~ab~, and the dose reductions that can 
1kJ. ~.J'J<..J..J-(./ ~ ..$ 

be expected due t~ .. ililfiaat1nne of Iha ~'~ can equivalent dose reductions 

be achieved by removal of soil and, if so, what volume of soil would have to 

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

I --~ -~ -'< - -.-""'\ /~ 

/*A de~_atled i,descrip-~ion~ the ... ~lcslatio~, leading to the _esrimate_a..-iii Tables 
: / \ • '. .t \ / 

\J__.m'd 4 is gfven- in Appendix 'IV. ' -- · 
.·-y:~ 

,. ~e Task Group does not favor so_il removal as a dependable or feasible 
_,-, .. ~/ J,J '. ~ " ·t·. I . ·/·1-:t/. ..... ~v...µ._~f 1 

exposure redu~ti~n action. /However, sU-:h action is reviewed in the Task Group 
-J A 

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

considered. 

'/ 



one must know or have estimates of the areas to be used for housing and 

villages, for growing pandanus and breadfruit, for growing coconut, and for 

raising 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) -»-
. I . . I 

.,J/"Vf,,IA ,.,_._,;p'-r-)~~· ., ... ~.$; ,.-T- -.µ . . ~/ .. ~; ._1..,,,. .. ;.. .... y...-~l • 
.,.expecra d t le a residence and agricult'ural island.. Aej (OLIVE), Lujor (PEARL), 

~ A 
Amon (SALLY), Bijile (TILDA), Lojwa (URSULA), and Alamebel (VERA) are intended 

to be used as agricultural islands, and the remainder (ALICE, 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 2 (560,000 ft , assuming an aver~ge ~ousing area to be 200' 

x 200' in size), 2 
a community center (200,000 ft ), subsistence agricultural 

2 2 
areas (1,100,000 ft), and cormnercial agricultural areas (7,300,000 ft ). 

In order to get an approxination of the amount of soil that would have 

to be removed to bring about a given dose reduction, one needs to determine 

the three dimensional distribution of the radioactive contamination. Figure 3 

shows the average 90sr activities (pCi/gm) in soil samples 

depth of 15 cm on JANET. Similar figures for 137cs, 60co, 

collected to a 

239 and Pu may be found i 

Appendix II of NV0-140. In addition to the 15 cm deep samples, radioactivit~ 

distribution as a function of depth ("profile samples") was measured in 

fourteen locations on JANET. Data from these profiles are presented in 

Figs. B.8.2.a-n of Appendix II of NV0-140. Inspection of these profiles 

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.. In addition, 

008 



as the depth increases the slope of the activity-vs-<lepth curve tends to 

decrease,i.e., the activity levels do not go to zero, even at depths greater 

than 100 cm. 90 Table 5 shows pertinent data for Sr. 

In an attempt to quantify this distribution and obtain an approximation of 

90 137,... 
c:he "average profile'' ior calcu.i..ational purp•...;:..>es, Sr .:ird ~s dat:a for each of t 

fourteen profile samples 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 that 

from the surface to about 30 cm the 
90

sr specific activity is decreasing with 

a "soil half thickness" of 8.4 cm, while in the 30 to 85 cm depth range the 

half thickness increases to 22 cm. 
1 

The levels (Jo not get as low as those found 

on the southern islands (~0.5 pCi/gm) at any depth down to 180 cm. Those 

profile samples which lia in or closest to the subsistence agriculture areas 

of Figure 2 have been averaged and plotted in Fig. 5. In this set, the half 

thickness is only 4 cm from the surface to 10 cm, but increases to 25.5 cm 

in the 10 to 85 cm depth range. Similar treatment of the 137cs data is 

plotted in Figs. 6 and 7. In Fig. 6, where all samples are averaged, the 

half thickness is 4.5 cm down to about 10 cm, and 12 cm from 10 to 85 cm. 

Levels equal to those found on the southern islands (~0.2 pCi/gm) are found 

at depths below about 100 cm. In Fig. 7, the subsistence agriculture case 

gives a half thickness of 2.7 cm down to 10 cm, and 17.8 cm from 10 to 85 cm. 

For both 90sr and 137cs it is apparent that the profile averaged over all 

samples is more conservative than is the profile for subsistence agricultural 

fl/ 
areas for estimating the lffects of soil removal: therefore the Task Group 

__ / 

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

to removal of soil. 
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In making these dose reduction approximations, one nrust keep t'Wo things 

sY in mind; first, that the NV0-140 doe« estimates for terrestrial foods grown on 

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 JAUET and, second, 

that these concentrations are averaged over the 0-15 cm depth of Figs. 4 and 6. 

Estimates of dose reductions to be expected due to removal of soil to a given 

depth, therefore, require an estimate of the ratio of the average concentration 

of the nuclides of concern in the 0-15 cm depth of the newly exposed surface 

to that for the surface which is present now. This approach does not consider 

the radioactivity in the soils deeper than 15 cm which may be important, 

particula:-ly for plar.ts with roots that penetrate deeply into the soil. :'able 3 

th i d i f 
90sr and 137cs for each 15 cm presents ese average concentrat ons an rat os or 

increment from the present surface down to 105 cm as derived from Figs. 4 and 6. 

These estimates indicate, for example, that removal of 15 cm of soil may reduce 

90 the terrestrial food dose due to Sr by a factor of 3.3 and that due to 

137cs by 3.2. However, such reduction may or may not be actually achieved. 

:;... ~ere is no experience ~e sttpport these·n-rtm ti • la 11& 

Using the data of Table 8, one may assess the dose reductions that might 

occur due to specific cleanup actions on JANET. Table 9 shows the doses 

that might occur due to seven different conditions. Case n:represents 

the contributors to the 80 Rem bone dose of Table 2 using values for 90sr and 

137 Cs averaged over all of JANET. Case Dl'-lindicates that if subsistence 

agriculture is limited to the area shown in Fig. 2 (i.e., along the lagoon 

shore) the 
90

sr and 
137

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 
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137 Cs (4.5 cm) in the residential areas has little effect since that action 

influences 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 rf!duce the 30 ye.ir bone dose from 57 Rem to 19 Rem, while removal of an 

additional 15 cm may bring the dose down to 10.7 Rem. 

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 trees are 
0.::-1 

to be grown. For case,.u..J::, for example, if pandanus and breadfruit are 

grown in the subsistence agricultural areas only in sections from which 15 cm 

of soil have been removed, the resulting bone dose may drop from 57 Rem to 

29.7 Rem (i.e., 57-39.1+11.8). If an additional 15 cm layer is removed, 

the dose may drop to 23.7 Rem. 

f '.·~-t-tu ", .:- .. /+ :1-•1 1-N.i ·~J./ ,__~--v-9 ./ -:; 1 

'rhe maximum close reduction tliat can be '"i~- ·' 
'J. I 

.~ ....... ~~~~~~~~~~~~---__,,;' 
/add ues is through importation of clean soil from the southern islands or from 

outside the atoll. 90 
Sr concentrations in the average profile(Table 6) 

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

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

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

90 the water supply for these crops must not have Sr levels higher than those 

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

granular. Such soil is less likely to blow awlrJ or wash away. Given these 
D.:t'-l 

conditions, the 57 Rem bone dose of case..:i&i may be reduced to 18.9 Rem 
I. 

(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 equivalent dose reductions (equivalent to 

reductions 0bt::!in·'(l '::'1rou~h r.c.iification of the di.et) cm:ld be obtained 

through recoval 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 measurenent cf the 

radionuclide content of the important food items such as pandanus and bread-

fruit grown in the modified condition. This would require a research effort 

to grow test plantings of the various food crops in the soil removal and 

replacement areas using various fertilizers and trace minerals, and analysis 

of radionuclide content of the fruit produced. There is the possibility that 

radioactivity in the fruit could be reliably predicted from analysis of 

stems and leaves of young and as yet unproduc.tJ,.Jre plants. Th.~s would require 
..:-;.,:: 

1 
', . ..f ?"I- • ..,:;:..;;;:;;: . );lo''./ ··,, f I· ·/' · • ~ ·--~~_:.......,...· . _ ~ ' 

addi t~l;_ study. CoA&'ideriR8 t'be time •efitH:•ea4ot s idt studies Liiilii:'" _. 'a--d '· ZWr 
.;.. ' , • / /.- .. - . . . • • i A r· 

~ tltat: the l.evels-nf=Tadioac~'Fi;.., in • i 1 er J • as tadiiCed 'bj radioactive 

duay __ and weatber1p9 _i.t m~ take about as loni to rlrn pee~l~--W Jpht I . I 

using....aoil- remo¥a:l atui eoni+mW:maa.t.tQo.z;iry;s·~&.CC1.iui61'1.£i.&eLSs~ai.&&~tr"011110i1IJl~tlWb1oiel-i]1MMi,lec:hwr,t.1:tC:t'lh~oi\iuift:"".:SW'.'.818F-
., ( I I ....J_.... ,1 ' • 

-'~ .A , / •• A I , • ~ .-.. 11/) / ,o1 •. • ! .J_,, (..,<·' -~ ' •-' 
0 

,;·'·,..<¥:~ ~· "'""-- ('J..,.(..(."-c:,,i 

}_;_~ ' 'I;; ;11~~~6~~;i--;g;i~~·icife A)~~:~;~ ·j~~; ~ _.;;e-:~~?~:;~~-:~~ -f¥~~L 
/ ,,..., "\-;._ 

Y--"" ~ \ .. 
islands the item of concern is the radio~ct~-vity level of coconuts (i.e., ·~-). 

"Can the Enewetakese sell their copra?"rData in NV0-140 (pg 560-562) ..,;... 

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

meat, with the relationship 137cs (copra) • 1.3 137cs (soil) at 137cs soil 

concentrations greater than 4.7 pCi/gm. NV0-140 also indicates that 4°K is 

found in copra at an ~verage concentration of 6.8 pCi/gm. 40 
Since K is a 

; 

l 

! 
--i 

present in copra,,\ :i.l; seem; rnaso1t:• 
.1 ~. ,... , C' . ~ .. 

a94e to judge the ma~ketaeil~ of copra grown in Enewetak Islands on the basis 
n I 
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137 40 137 of its Cs content rela~ive to the naturally occurring K. If the Cs content 

137 in soil is less than 5.2 pCi/gm, for example, the Cs/content.of the copra 

40 
-'l ,~~ .. ....y ~~ ,,., ~t~r 1,.~. 

produced may be less .t~an its K c~nte.nt. aH'J?n~A~~~ftgttE that i~_:~ ... market:__ 
",..,..-T -~·:.-:"· :..,,. flY~''•'l-f rt·• ~.,,7, ·:,r"'v•13r ,,r,u.._ .l,i:•.> ··~-·"'·"' ... :( 

ability should'be .)M"affected. Table 10 shows the mean Cs soil concentration , 
/\ /\ ... 

137 ~ 
and soil removal actions that may reduce the Cs concentration in copra to 

40 
values equal to and twice that of the natural K for all northern islands 

(average 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 these 

islands). 

On JANET, for example, the commercial agriculture area in its current 

137 40 condition should yield copra with an average Cs/ K concentration ratio of 

about three. Removal of a 6 en thick layer of soil may reduce thi!3 v.:ilue 

to two, and removal of 14 cm may result in copra with equal concentrations 

of 
137

cs and 
4

°K. Note that for islands planned to be used for commercial 

137 agriculture, it is possible that only JANET and PEARL have Cs soil values 

137 40 high enough to yield copra with a Cs/ K ratio greater than 2. Test 

plantings of coconut would be needed in areas where removal of soil has 

137 been conducted and the level of Cs in coconut meat analyzed before any 

v 
committment is made for planting of coconut trees in commercial quantities. 

I-, · I,;-::--, t!.,. I (~-,.ti.'· ·- r~ .... )~/ , 
With aedidonal stud,.. it may be· possible to predict wi:tk.Cec5uf:l:~ the t. . 

137 L 
level of Cs in coconut meat through analysis of stems and leaves of 

~-· 
--~-innn_ature trees. This would save time.' ' f·-'•· i - ,_. 
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DISPOSAL OF CONTAMiltATED l-!ATERIAL 

For disposal of contaminated material, there appear~e several 

categories, each requiring separate consideration: 

1. Contaminated scrap, non-plutonium. 

2. Contaminated soil, non-plutonium. 

3. Contat.dnated scrap, plutonium. 

4. Contaminated soil, plutonium. 

5. Pieces of plutoniU11 metal. 

Some of the above are belOIJ the ground surf ace such as in burial sites. 

Some is near the surface such as the pieces of plutonium metal on YVONNE. 

With regard to disposal, the Task Group considers it appropriate to cite 

the objectives for disposal, to list possible approaches for disposal, and 

to suggest possible interim~s.res where appropriate. 
t>-'U+-t4~Y 

Table U and the/\discussion in UV-140, Vol. I, contains information on 

known or suspected burial sites for radioactive debris. The Holmes and 

Narver "Engineering Study For A Cleanup Plan, Enewetak Atoll-Marshall 

Islands," Hn.-1348.1, contains information on the location and quantity of 

other above ground contaminated scrap. 

Considering the relativ~ short radiological halftimes for the fission 

products and induced radioactivity found on such scrap and debris, the Task 

Group suggests that the objective for disposal is to make this debris, 

particularly scrap metal, unavailable to the people when they return. 

Possible approaches for disposal are: 

1. Disposal in water filled and underwater craters. 

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

is not significantly greater than the radiation level on land. 
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3. Disposal in deeper portions of the lagoon. It is expected that 

this would be a modest addition to similar material already there 

from past test operations. 

For contaminated soil, ~ther than plutonium, the Task Group has not 
I_,. 1J I•,~ : ...., ..: r ..._)_.,,. ~-· !.-'' .Jf ~ 1.J.....,,, ,,-:-:--; ,.. ""1 

~removal of such soil ~d therefore· ·there would be no requirement 
A Ii 

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 

Enevetak people to this radioactivity and a minimal f ollowup requirement to 

insure that this situation continues after disposal. 
_l...... -..-: ,...~.~ /.,/,./-:' 

The Task Group view is that because of its a11•~e.e long half life, disposal ,. 
of plutonium in the form of contaiminated soil and scrap is a problem of greater 

magnitude than for fission products and induced activity • In its deliberations, 

the Task Group has assumed that the disposition of such material will be such 

that there is no potential for exposure of the residents of the atoll once 

cleanup has been completed. This is then the objective for cleanup. 

Rec~nd4tiona lodlich f~llow will treat the questions of how to.approach 

recoveci:i;;;:;;;.gtar~ :t?~~·~~~lutoni~~~o~~~~fu;:eJ' soil~:::i~-~~~;c·~~~ r; 
• • · ·~ r, - .., / /I 

·~..<J-.J. -·;· .. 1.-•~ : • ..,:J t__. .. ...,,, -";-'.f-'Y'4'1( :'> . ''-•-'.lA/'> ' 
of plutonium metal, ..a Appendix III of this report contains guidance on ,.. 

decisions to be made on whether removal of plutonium contaminated soil is 

justified on various islands. It is the view of the 

minimum, cleanup must accomplish the recovery of the 

Task Gro~p that &fl a 
~ J-t..,. iv..NY'- /Vi

plutonium contaminated 
~ 

~terials, soil and scrap~ fr.om the various .i~lands in~ding buried scrap.._, 
, ".' -•. :~ • ,-·,r...v"l,J; ,-.}···.L ... ,,,, .. -;-:-_ {t.U. :'~ i-o")'Y\.1~1-k_;..~-~- ...;_.,.., ~(_,..µ_,j,,,_' ~-~,_..~_.t._. . ..:.,~ .. ~) jl.f.c4.·u>/, ·.'i.;·-~ .. -'~·-"4tA-(_~ 

I with -plaaaaeuc in ~eeekpiles ~ few m ftUllWar' aa peaailsh.· The object is to 
. ,/ -- '.>,,.._, iJ:;;T1:w..A.V"r 

get better control;afeee _, •• ,ai:e and to minimize spread of contamination. 
i 

' .. , __ - .. , __ .... '--· If 
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Task Group that deliberation and decisions on disposal of plutonium contaminated 

soil and scrap will not delay other cleanup and rehabili.tation actions. 
-', ,,..._/· 

As for considering disposal, there appears to be ~possibilities: 

1. Disposal wherein there is an irrevocable commit~t of the 
v 

contaiininant to the environment. 

2. Disposal wherein, with some difficulty 1 a later decision could 

change the method of disposal. 

~-b. J. L~ 
An effort made to find a way to reduce the volume and amount of material 

requiring disposal 1Ja dthex Y&;:I (1 r 2) alt••• -. ' ' 
~- ... ., .. ...... ) ' . ~.o,,----

The followin~ ideas have been put forth .ie¥~disposal of plutonium contaminated 

soil and scrap: 

1. Disposal of plutonium 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. Disposal of contaminated soil in the form of cement poured into 

deep drill holes on land with the scrap added. 

4. Disposal of soil and scrap in the water filled craters on YVONNE with 

\ a thick concrete cover. 

\ 5. Return of these materials for burial in the U.S. in packaged form or 
1 'I I 

~ as concr-:te blocks.. . . '1,iJ /it',._""'-:_; · / 
~ ,,,. ~- ·,. · · ' -~•. · ' rc.L(.,.'f, l:}•r' · ~·•( .J ( 1 t'(t<1,.,'""'-' - T"i•-'f;• •":;_,,.-.~.I'·,··,·,·,. •-, 

'1..-4 !-" I & , - ;-"\,. • , ' ~'..- 1 I ' ' - I ( ~ f. ~ /, . --, 

Any ocean disposal plans must be eH•~":_w_:i;!_~~-jhe.~p_~ironmental 
II . .1-.:_ _, 1:, . . 11-:,,.- -~ , ,./--· 

Protection Agency. The Eneweeak people sttoi;Ti; Gi I 5 w;;d-· of / qaj p:l11a11 

. ' 
. 1 .... - • ' ; . r--.f.J.... .r· 

,. I ~ ~-i-

,...., .. ~-' , . ~- ·'--'-

'.-- _· ?..1 --;:::_. C.,/, . ;. ll ~- .-v',.·.4-'~ u 
r' / 

,, , 'f , ~I ,I , ." . 
J'~ 0,, 1'-( ~ rr:1 ! >'· ·~ • ·,·_. 
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It may be ~ossible 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 determine whether this may 

be feasible. Research to determine whether this can be accomplished could be 

conducted with YVONNE used as the study site. 

TASK GROUP OBSERVATIONS AND CONCLUSIONS 

In the radiologically complex Enewetak Atoll environment 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 ,0 
~ 

possible !-a t' ltv\Ti'rt o:S4wth,!_ut&~&;_pt7ssi?:1:e_:_~.,.Ia&i; __ Qr~l.has 

attempted to arrive at a consensus of opinion among the drafting group and 

its technical advisors. Comments on draft material have been solicited 

from staff of several Federal agencies. Their suggestions have influenced 

the ~sz•••lk•11141.,.e!f-development of recommendations1 an•t • t:ed ta fttmtetocm 

ch.mas-a of a technical DatUl'e$ Regarding each_ option, the following have 

been considered. 

1. Determination of the radiological exposure to be e~ected and 

comparison of predicted exposures with accepted radiation exposure 

criteria. 

2. The feasibility of actions or restrictions inherent in the option. 

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

criteria and any uncertainties regarding the effectiveness. 
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4. The possible impact on the Enevetak people and on the environner.t. 

Choice of the best overall method for reduction of exposures to the 

lowest practicable le·.fel is a matter of judgment and opinion. The Task Group 

has deliberated whether actions of an engineering nature such as soil removal 

are preferable to a~tions that would restrict use of certain islands for 

permanent habitation and food production. The adverse impact of engineering 

actions on the atoll environment and the uncertainties regarding effectiveness 

have been viewed on the one hand, and the question of the extent to which the 

Enewetak people would comply with restrictions on the other. 

NV0-140 and this Task Group report present the radiation doses that may 

be associated with a broad range of options and provide data for calculating 

doses for other options for anyone who wishes to do so. The dose reduction 

e~e~ for 09e opti?O can be comp~red ~ith .tha7 of another. Dollar .cp~~J! .~ 
~·/~N'-""·"-· (",,,,/-1,..,.")-tA. k 4'! ~ ~4~ rt~ r1-'6~J,.y.~•~\ IYl-:-r EC 
Ql I aetiens -.r ~ prepared by DNA; and the impact and accep tab ill ty 

/\ ~ 
of restrictions can be evaluated through discussions with the Enewetak Council. 

In NV0-140, and in the previous section of this report, dose estioates -

and therefore options - were considered in matrix form (e.g., living pattern 

vs. diet, or diet source vs. amount of soil removed). While these matrices 

serve to indicate in detail the rang~ of condi~ions to be found on the atoll, 
;...-.-- / • ~ .., ~.I 

the Task Group feels that its ( ;e~;-~~~ions -are presented more effectively in 
/\ 

narrative form. 
:' ) t 

There are three basic questions to be addressed: ~. , "Is the radiation 

environment acceptable or can it be made acceptable./ for the Enewetak people to 
. G-. 

return to their atoll," "Is the radiation environment on Enjebi acceptable 
V• 

or can it be made acceptable for the people to return," and '1Are there islands 

which are not acceptable for people to conduct their normal agricultural and -
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social activities, and, if so, are there any actions that could be taken or 

restrictions imposed that would keep exposures within acceptable criteria?" 

~lithin this fra.".lework cf ,laLa and Jasic questions, ~~e Task Group has 
~~7 
l - G --- ...J.-i- - ~ 

focused attention on the following options (see Fig. 14b, Appendix II): 
A 

0".1tion i: 

a. No return of the Enewetak people. 

b. No radiological cleanup. 

This clearly represents a no-cost, no-radiation-dose option. Just as 

clearly, it runs contrary to the expressed wishes of the Enewetak people. In 

addition, choice of this option cannot be defended using current radiation pro-

tection philosophy and standards since the predicted exposures for persons living 
I ' • . ~ . I . J / 

~>..A. .... V<--e»'~ ,A"Q/U-/_A,..~.-lt~,··-'- ~)_ ~ -:·v-<.,_Q_ --~ 
on the southern islltnds are well within acceptable standards.

/ 

Option II 

a. Return to the southern islands (ALVIN-KEITH). 

b. Agriculture limited to the southern islands. 

c. Travel restricted to the southern islands. 

d. No restrictions on fishing. 

e. No radiological cleanup. 
··~·'.I__ 

This ~ optic~" lrii!ft,. zero cost for radiological cleanup that results 
I~~·- ~-

in population doses well below the guides, (RCJ!_~ of Tables l_-::~)1. It differs 

from later options in that it leaves the problems of contaminated scrap in 

many areas of the atoll, and the Pu in soil on YVONNE, IRENE, and in the burial 

sites on SALLY, plus generally contaminated areas on ALICE, BELLE, CLARA, 

and PEARL, \lllresolved. Such a choice would establish the need for off-limits 

areas in perpetuity, at least for YVONNE, since the metallic Pu is expected 

to be present on the surface of the island indefinitely unless cleanup is 
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performed. [~der cur~ent 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 controlled. This accounts for 

the current quarantine of the island. Limiting all agriculture to the southern 

islands "!.s difficult to justify because some of the northern islanJs .ire lir,htly 

contaminated. From Tables 1-4, for example, it can be seen that limiting only 

the growth of pandanus and breadfruit to the southern islands would permit all 
. ~~~~ . .L 

other .a:s*st agricultural practices on JANET-Wil •• 'iA. 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 

a. ~turn to the southern islands (ALVIN-KEITII). 
S rJ~StJ 7 ~-c.Q_ a_, fa---

b. Mtfte.t:ance Kgriculture limited to the southern islands plus JANET-WIUIA 

except that pandanus and breadfruit are limited to the southern islands. 

c. No restrictions on travel. 

d. No restrictions on fishing. 

e. Remove Pu contamination on YVONNE, IRENE and the SALLY burial sites. 

f. Remove radioactive scrap. 

This is one of the less expensive options in that it requires removal 

of only the most seriously contaminated materials. In practical terms, it 

maximizes unrestricted use of areas of the atoll having low radioactivity 

levels, leaves no hazardous legacies for the indefinite future, and permits 

living patterns which, with high confidence, are expected to result in population 

doses well below the recommended radiation criteria. 
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TI1is option does not specify action against radioactivity in soil of the 

islands such as ALICE, BELLE, and CLARA, nor does it recormnend that residences 

be built on JANET. By implication, therefore, resettlement of JAlIBT woul<l have 

to wait for radioactive decay and weathering processes to reduce contamination 

levels to acceptable values on these islands. Since the predominant isotopes, 

137c d s an 9o
5 r, each have half-lives of thirty years, the waiting period could 

. .- .'•-f-'A 

be slightly more than one.generation for each factor of two reduction in dose. 

On the other hand the reduction could proceed at a somewhat faster rate. On 
marrow 

JANET, reducing the maximum annual child's bone/dose from 0.72 rem/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 a wait of/50 years considering only radiological 

decay. It is not expected that such a reduction will actually take that long. 

Option IV 

a. All of Option III a, c, d, e, and f, plus: 

b. Return to JANET and build residences and community center in locations 

shown on the Master Plan. 

c. Remove a minimum of 30 cm of soil in all areas where pandanus and 

breadfruit are to be grown on JANET; ioport clean soil in which 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 people to their island. It should be 

emphasized, however, th~ even with the above actions, predicted doses are 
;:r--- : f, ~ r' ; ~-'-' }; ;M_;J/ 

J111i11r or sUglallry_ above the c;f terik for annual exposures and also above the 
/ t \H\,;tA/ I' /. 

30 year criteria. The levels are expected to be well above those of Option III. 
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Option IV c describes three ways in which essentially the same end can 

theoretically be achieved. Importation of food is the most dependable action 

but this ioposcs a lon6-t:erm buroen on the Enj<:!bi people which they may find 

objectionable. Removal of soil alone is another alternative, but the 

effectiveness of the 3ctio, is uncertain for reducing populatio~ jose since 

90sr and 137cs are found so far below the surface on JANET. Importing soil for are< 

of subsistence crops such as pandanus and breadfruit would possibly reduce the 

dose from these foods to levels comparable to those found on the southern islands, 

provided that sufficient soil is imported to encompass the entire root system 

of the mature trees. The water supply for these crops must not have radio-

activity levels higher than those in the southern islands. How this can be insured 

is not obvious at this time. 

The Task Group considers Option IV a-c, by itself, to be unacceptable at 

this time. Even with the actions and restrictions indicated, exposures 
l,t A ~ ,'- /'"L '._,,' /) 

IV,,_'._/-.._ ,.._J • r 
would be too high to provide an acceptable margin within the criterih. 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 excessive 

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 possibly 

be achieved by: 
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d. Removal oi l.J era 0f soil in the subsistence agdcultural area of JAl·iE':'. 

e. Removal of 15 cm of soil in the cormnercial agricultural area of JANET. 

These actions result in a theoretical reduction factor of 3 to 4 for 137 Cs 

and 90
sr in the remaining top cm layer of soil - or have roughly the same 

theoretical effect as waiting sixty years for radioactive decay to take place. 

Whether 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, however, implementation of Option IV a-e would remove 

a minimum of 15 cm of soil from essentially the entire island of JANET. Since 

the top soil on that island is charitably described as meager, such action 

would leave JANET a sand island. Heroic actions would he required to either 

reconstitute the remaining soil through use of fertilizers and other 

additives, or import top soil sufficient to support subsistence and commercial 

. agriculture. With~ of these actions a, periqd of time would be requiredw 
. ·- • -1 'I . I .._.._.... -

-..).;f/llV./1.h• .. Si TtL -'-/.1-'-·-'•,•{~_,, __ .~~--<-1f ..:.~J 7'-"_A~'~ • 

· pessiely as long as 8 10 ,ea!'a 1 or ttntil • 1 • plim:tings ef coconut, pmuianas, 

aad b!'eadfxait ate gfdwrt attd analyzed for their radieeetivit' coutent, befote 

a dJ:rigi an could he made to settle people on JANE'!"'. An additional period -)il'i' 

a-lQ ,eaJM would be required after a decision to plant subsistence and 

commercial crops in quantity before the island could support its inhabitants. 

Option V 
~/ 

a. All of Options· IV a-e, plus: 

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

c. Removal of a minimum of 47 cm of soil from ALICE, 14 cm from BELLE, 

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

than JAlIBT. the criteria of Option IV c should apply, i.e., plant in 

soil having a 
90

sr content of 4.6 pCi/gm or less, or bring clean soil 

to t!1e :.s~and uith a dept~• sufficient to cor.tai:i. the roots of :hcse 

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 Master Plan. This option is clearly much more expensive than other 

options since it .requires removal of additional soil and requires recon-

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

a viable option is clouded by uncertainties regarding the exposure reduction 

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

replacement. 

For comparative purposes, population dose estimates for Options I-V are 

presented in Table 11. 

RECOMMENDATIONS 

After careful review of all available radiological data the Task Group 

metlbers' specific reconnnendations are as follows: 

1. The people of Enewetak Atoll may be safety returned to their home-

land provided certain actions are taken and precaution~ observed • 
. .-, ; '.··'· .. ·.-

2. In the interest of achieving a minimum practicable 
1 
dose for the 

Enewetak people the Task Group recommends that: 

a. The first villages and residences be constructed on ELMER, FRED, 

DAVID, or on any of the southern islands (ALVIN-KEITH) that the 

Enewetak people choose. 
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b. Growth of all subsistence crops such as pandanus, breadfruit, 

tacca, pi~s, chickens, and all otter terrestrial food stuffs 

except coconut be limited to islands ALVI:l-KLITH. . . 
·-.#- • . " , 

. , '. ·.· ' '!J#'(. •). ""· .,. • /tJ,,,~.,f...(, ·~ .i_.(_ 

c. Subsistence and commercial coconut may be grown on any island in 
f 

in the atoll wi:-t·!t®'·Jkb tem@giel ni•asures except ALICE, BELLE, 

CLARA, DAISY, IRENE, JANET, and YVONNE. 

d. Fishing be permitted anywhere. 

e. Travel be unrestricted to all islands except YVONNE. When the Pu 

-
contamination on YVONNE is removed, the restriction of travel to 

that island can be lifted. 

f. Wild birds and bird's eggs be collected anywhere. 
/:I I ' 

• ;.:.._ ~/: r/-. ,.· 

8· Coccnut crabs be collected only on the southern islands. 
I', 

h. Wells which are intended to provide lens water for h unan cons unp tion 

or for agricultural use be drilled only on the sout~rn, ~~Li~ds. ---) 
/', 

When drilled, water from each well should be checked for bacteria, 

salinity, and radioactivity content before the well is approved 

for use. 

3. It is recognized that the people of Enjebi have a strong desire to 

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

locations from nuclear tests and ~~~-=~~·~i:~~~~::~~:-e1;~L:~.~1:t/y- ·;;_ 
Mike event that had a total yield of about' 10 Megatons. Enjebi ,,, 

~ -

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

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

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

possible approaches: 

a. Soil renoval followed by studies with test plantings to deternine 

whether exposure for Enjebi residents would be within acceptable 

criteria. 

b. Conduct of studies using test plantings to determine when exposures 

would be within acceptable criteria but no 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 radioactivity. The Task Group 

recommends the second approach as one having minimal adverse impact 

on the island environment. 

4. The research program in 3 above should also include a 
' __.,__ ... ~::.:,,.-.? v"-A 

determination of radioactivity levels in~~ and other food crops 

produced on PEARL, CLARA,.ALICE~ and BELLE. YVONNE should also 

be included after removal of plutonium contaminated soil. 

5. All radioactive scrap metal and contaminated debris identified during 

6. 

the Holmes and Narver Engineering Survey should be removed. If 

additional contaminated debris is discovered in the course of cleanup 

and rehabilitation operations, it too should be removed. Specifically 

included in this recommendation are the three locations on SALLY and 

one on EU-iER where contaminated debris is known to be buried. This 

debris should_be exhumed and removed. 
fV7 .c..,.J..; ,,/It..-~ t /-iv_ ~ i .-- .'=--& r c_.c_ ;rvr ~f ;,V:.' ;:.. ~/ If 7 z... / 
The quarantine of YVONNE, should be continued in effect until 

.. · ./"'/ 
the 

. . . • • '' e .•_ • ' ... ()_ ~/f I. ' V !_ ' 

·plutonium contamination on that island is redtteed to acceptable level!!-. 
/ 

Should any Enewetak people return to the atoll before cleanup is 
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...... ·;--4·1' 

l '~ i 

r . ~·." \ 

' 

.,. • '., r 

begun or before completion, an authority respon~ible for enforcement 

of the quarantine should be identified and should be in residence 

in the .it.:oll when people return. 

7. The distribution of plutonium contamination on YVONNE is sufficiently 

comple:c that snecific recommendations for cleanup cannot be !Jresented. 

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

as the decontamination effort proceeds::::\ Presented are some of the 

------------------,,,..--- requireoents and objectives that will establish a background from which 

( 
i 

plans can be made for recovery of plutonium on YVONNE. 
"b /' •. Decontamination of YVONNE is seen as an iterative process, namely, 

removal of soil, monitoring of radioactivity levels, and removal 

of r.iore soil. This amounts. to a search for the higher plutonium 
::1-..;lt--<. >} -~ _.,.,\ ~·1/pJ:' J_,._-~J~0 1-4....._,_·. .; ' -·J .- .. •·:...·~ .......... :_ /;.-.~ .. {'-·'-"'--,. ...,__ .... ., 

levels and zceaetieft e£ ci1ese te the lewest ptacticab-le valtte~ 

A team of experts should be assembled who can r.iake and interpret 

field radiation an~ radioactivity measurements, advise on cleanup 
.. _ ... _,-·.--r·) .... _._·A""_. 1-;~~-::'.t.~··.;1.~.-' L,.....,.._,_.... ~CL-[-;···'-·,,.,,,·' .. ·-~ ~·i,· .... 4,,.. ... -·-d... 

act'ions, and provide necessary health physics support including 
IL ~ 

protection of workers, deconta:tmination of workers and equinr.i.ent, · · 
-

0 
- J . r · · - · · •. ' - ..,. c i 

and packag~i;;~~i~~~~~~"~'f ~~;l~~~e~ ~t-~~~';;:f?:~~;t.~,1'.~:·~~::r• 
r ... ' ~" ~ t· I ..._ .. ,,. - ,-. ' j' l•' ; . ~)-it\ , , . , , - f . ··- ' . ; 

· , _ · . I _- , · ,,.,. ."iJ~-'~:-' /,·~- ·:;'~ _ ' .. u .. ~ ... t 14 ,.~ . .f 1 _ 

c. The objectives of the cleanup are two:. r_ ... :y·,_.1· .~,(:. · ; . .-1.,.,,/J!!;,'~1,,7"' 
' . ..!.......... .i ·i .'.:,.....J • \...( fr~+;t4" .:; r·'P. .., or 
-~,;M,...c...;:I'~• fl~·.......P· 

(1) Recovery of the pieces of pluton:rum that have been observed 
}r,f.'- •I· .. \ ·H' 

\ ~\ 
I •; 
I,_,, 

on or near the island surface. Some contain milligram 

quantities of plutonium metal and are easily detected with 

field survey instruments such as the FIDLER. 

(2) Recovery of plutonium contaminated soil. To a first 

approximation, the location of the zones of higher Pu con-

centrations are shown in the survey profile samples. 
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Y'I' 
d. Recovery of plutonium soil concentrations 

A /' :3q ;<._,/o 
1 ' Pu at any depth these levels are found. The justification is that 

plutonium 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 •
240

Pu. The~ 

justification is to keep air concentrations of resuspended plutonium 

to levels well within national and international 

standards. After soil removal, all areas should be resurveyed to 

« ~.r. '~\ q,,, ensure no pieces or hot spots of plutonitml remain. 

-1 (,\ .~ea observed to have pieces of plutonium and the highest 

~2-..~/ soil concentrations is the interior and shoreline of the island 

(beginning at a line drawn from the ocean reef to ,lagoon 60 meters 

\north of the tower (Hard:a~k. ~ia~~~ 1;;l~-;~~o 1-h~~G; ~c.r~~er~·- • 
~ ,A 

8. Plutonium contaminated soil on IRENE should be handled the same as 
•,J.-r--<, _v-r ' 

on YVONNE and using the same criteria for removal except it is not 
,,( 

expect~d that pieces of plutonium metal will be found. 

~;<- ~-~9:~):~£t·~:ant,in:~ of
1 ~a~d~~·~·-\~~:~~·;~:~ c~~::ut, ·~d~.-;'~wroot should 

be.made, as soon as growth can be assured, on each of the islands aa,· 
' I~ ' ;' ._·, ·-. • /.,,,.,,. _._.v "-,_,..~,, _..._., :- ,_ .. 'J'"ll-i- ._._ . .-.r _ .-~,.,,._., • .- . ·'i<-'-'- , 

Awllielot -thees .plants.-&Ee -t.o ae' s•eW;. •. 'As ·edible parts of these plants 

b il bl h i i ,..,( f 90 137c 239,240P d ecome ava a e, t er concentrat o.~o Sr, s, u an 

any other significant radionuclides should be measured and compared with 

the ~~iological_~~rvey predictions. These studies will provide for 

a determination to be made of the earliest time at which planting of 
I ' 

f9od, and. commercial _crops ~an be made e-'•' · -/ 1~·'-· r); ,' ;__,. -~! -'-~· ~-.:.-;.-
__ .. ~·'-f-~~T.~· .·~A.A .; .J_~-- -~~~,, (i_ ~ ,:_...l ~-.'"-·~ 

10. An underground lens water sampling and analysis program should be 

conducted in which samples are taken over a period of at least 12 
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calendar months. Bacterial content, salinity, and radionucliue 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 ecological 

90 137 
half-life of Sr and Cs below the radioactive half-life on the northerr 

~lands, especia~ly JANET. ~. _ .. _ . _J 
f.i _J,--,-.A--/>~ J.+-.:-1"./,...,._.A ~a.~ + 

11. Jiltr air sampling program sho~ld be conducted dua;i.a8 eleaa.-p ~ _ 
/_ . /?. 'o u.~.:7:-,.,· ...,...,.,.;;r_L;. ~~~X~ ·: ,__...;~./ .'//./';-", · . .-,.,.~- · 

auppa•e of clea&Yp epei;aUaae -'* ts ads tea eh& body of S':.tail 'able - ( 

.fi.-1 ~'f ?~)U~;~:;'i~£;~ti~~-;~~4·r~d~~~~t~t~e~f:"F.:~::; ~~:::~ 
~~.._,, ·~·f-__,yAft "-~A,.. -ft¥"" ·11- c..t?~ ~~__.n., 

12. Base-line surveys of body burdens and urfne content of Cs and 

90sr should be made for the Enewetak people prior to return to Enewetak 

Atoll, after the first year of residence, and as appropriate there-

after. Resurveys of the environmental radiation and radioactivity 

levels should be made starting in the first year of return and 

repeated every other year. To be determined is the adequacy of the diet 

and the actual average daily dietary intake of radioactivity for 

various age groups for comparison with estimated levels and how 

radioactivity levels in~a~er, air, .soil~~ts, and animals are 
(,.._J.-1-~·-t.-- ~ ..... ~-•. 1 :-~.!'~~ -~, ... _ .. , .......... ··~-~---'--'·· r:·. "'.,;f~ -...... ...-,...\ 

changing with time. (Included sh~uld be~collection of actdill•ael 
_.,_,; ,.v.·_r;'.·~ ..... -·,,...,1 ~ 

infortnatiO? OI\ . th~ chemical,,_ f Ortn and ~ize distribution of >' particles 
~' ,,.,_,-~ 1) ,, 
~ .. ,,..,..~,....vu . · ' r IA • 

in the air. )'J Information from such surveys will provide a continuing checl 
/\ 

of the radiological status of the people and the environment and will 

assure that the exposure criteria is not being approached or exceeded. 

13. Considering that the method of disposal of plutonium contaminated soil 

and scrap has not yet been decided, that not enough information is 

available to determine whether it is feasible to remove plutonium from 

the soil to reduce the amount of material requiring disposal, and not 
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wancing such problems to delay cleanup and rehabililation of the 

atol~, the Task Group recommends the following: 
p,; 

a. Jrt a minimum, cleanup should accomplish the recovery of plutonium 

conta:fiidnated soil and scrap into storage on YVONNE, 

b. YVO:r:m quaraqtiue should remain 
J/l_,.Jl_ ' V"(,V\}4 .. ..LA.,.i-

The in effect with access controlled 

and all visitors monitored as for a 
A 

radiation control zone. 

c. If disposal is deferred for further study, such study should be 

planned and conducted promptly. 

14. The cleanup phase of rehabitation, i.e., removal and disposal of 

I ;:'"-
~' 

contaminated scrap, debris, and soil, should be carefully documented 
t~ r,<; s:._ 

in a comprehensive final report from thaa:a conducting the cleanup 

operation. 
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