
be conducted such that radiological exposure to cleanup personnel will 

be in accordance with applicable regulations. 

{d) The composition of the actual cleanup 1n0rk force will 
... z= ~ 

consist of DoD personnel, ERDA contractor-provided personnel, and local 

labor (except for the handling> collecting or removal of contaminated 
I 
I 

I material). 

The use of certain equipment and other assets curren~l) (e) 

a""ailable to the Don has been determined by the U.S. Congress to be in 

the best interest of the U.S. Government. These assets, to the extent 

possible, will be utilizcJ for the Cleanup Phase. 

(3) The engineering study prepared for DNA (Ref b) was an 
.;:_~ ....... _ _,, 

island-by-island survey which located and identified man-made structures 

and debris. In addition> it provi<l£Xl instructions concerning disposi-,. . 

t:ion of each of these items \.;hich were detennined to constitute a health 

or safety hazard,, or to interfere with the reasonable use of the Atoll. 

These dispositions were subsequently modified as reflected in the FCDNA. 

Enewetak Cleanup Master Index dated 7 April 1977. 

(4) An Environmental lm£3.Ct Statement (Ref c) was published 
. : - . . --

which examined five specific alternatives. Case 3 was determined to be 

the most practicable and is the basis for this plan. In Case 3, non

contaminated material is stockpiled or disposed of in accordance with 

appropriate procedures and contaminated material is placed in a 

crater(s) on Runit (Yvonne) Island. 
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c. An advisory team of experts called the Rad:i.at.i.Q~!l!=I'Ol · ·~ 
5~ittee (sec Tab C, pa.ra. 4.a(6) will be es;blis}].ed at F.newetak Ato~ 
to-ad~ise on cleanup actions and monitor the impl~entation of the __ · ··:~ 
radiological protection program. Radiological cleanup decisions will --~ 
be. made by too Conmancler, FCDNA or his designee considering th8 advice . -~ 
of the Radiation Control Comnittee, cultural and socio-economic hlpact~~:. 

as l.-ell as cost. logistics and technical factors. 

d. When all reasonable effort has been made to remove con.tamin

a ted scrap and debris and when the process of' survey, removal of 

plutonium cont.aminated soil and resurv~ of an island progresses to the_. 

point where the F.newetak Radiological Su~t Project (ERSP) manager can 
--·--

agree that the extent of cleanup complies with the i:EJ:./FPJJA Task Group 

recomnendations and the additional ERDA guidance in para 4, Tab E, ApP 2 ------· 
to Anne."( C, then the ER.SP Manager will provide the CGTJ certification 

that cleanup has been completed on that island. ------··· - --
c::} On 30 Nov 72, the Director, Defense N.iclear Agency, was 

:r·-~:::.:i~L..J as the Department;£ Defense Pr~~~ for matters ~on- ~ 
. ·~=--~~!: the c1~ewetak Atoll .(See r~fer~nce d.) Specific 

~-~-~.•:...:·~ "as as follows: 

(a) The aearup Phase is limited to the removal of debris 

~~! ~:ructures or materials residual from the use ~£ the Atoll ~y the 

:r.:~1 .. ~ich could pose radiation or other hazards to inhabitants, inter-

=~~c •i~h their reasonable use of the Atoll, or preclude safe, continuous 
1 

· .. ~°:'i :at ion. BEST AVAILABLE COPY 
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(b) 1he ERDA, in coordination with other appropriate 

i:~.-.·:-:n~nt agencies, ~11 establish guidel:ines for the radiological 

>·.,::·.:;1 and will provide technical support to th~ DoD Project Manager 

· ; :- : ::~ : :X.- Cleanup Phase. 

t 
I 

I 
l 
l 

\ 

(c) The handl:ing and removal of contaminated material will J 
-------- ------------



2. MISSION: Conduct a full Case 3 Environmental Impact Stat~ent 
~-----~ 

approved Cleanup to accomplish those cleanup actions listed in Reference 

~, para S.5.3.2: 

a. Physical hazards will be removed from all islands. ---
J>. Obstructions to development of habitation and asriculture will 

be removed. 

c. Unsalvageable radioactive material will be disposed of in · 

accordance with appropriate procedures. 

d. In general, the ERDA guidelines provide for removal of concen .. 
-----· --,... 

trations ·plutonium in soil exceeding 400 pico curies per gram (pCi/ g), 

for selective removal in the range of 40 to 400 pCi/g and for no rnanda--- -- ----- -·-· ....... ---------...... ___ .. _ .. __ _ 
tory action below 40 pCi/g. 

·'t~----'. eeST--~VAlLABLE COPY . 
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guidelines, however, are not sufficiently specific. to facilitate .detail'i 

operational plaiming. ERDA has agreed to provide more _specific guidanc~ 
. . ., 

on the application of the basic Task Group recommendations and to. pro .. :;. 
# ..,.... • . -

vide greater specificity and operating criteria (see Tab E). 
- ~ 

b. 'Ihe ''Case_ 3 Cleanup" as described in Reference a confonns with ·1 
the _Task G~~ami~:':ons. Thus, ~~P is d~ndl'?Lt ui:°" radio/~ 
log1ca~ly monitoring all s~a~ a~ debri~ ~hich c~eivabl~ might be .. 4 

. contam:mated, and the classification of soil according to it~oncen~ 
tration as either (1) greater than 400 P::,i/g (mandatory cleanup), (2) ;~ 

less than 4~ pCi/g (no cleanup req~;ed). or {3) in the range o~~-~ _ . ··,1 
·~ 

··.{~ P:,i/g to 40-0 pCi/g (individual case cleanup). 



unmodified conditions the percentag~ !.

far less than these. The concentratU.. d 

radionuclides in fish muscle is higbe? ~ 

fish around tne ALICE-to-IRENE co~ 

but even if the fishing were confined to-· 

these islands, a completely unrealistic. 

fishing pattern, the resulting 30-yr, 

whole-body and bone doses would aU.U. 

be less significant than ~e othezt paus...,. 
and less than the 30 -rr- integral. U.S. ... -..~ :· 

--~. 

background dose. .. :::~-

.Inhalation Pathway - The do.o :~i·:

:>mrnitment via the inhalation e•thm~::. 

.; due to the presence of flutonium .: ~-:.: 

throughout the soil in all o! the north.,... 

h; lands. It is not generall,y localized 

re. . u "d •• -·" l ~ 1c1en y to cons1 er sp""" ~can~ 

Anything short of removing the top 1.ay.-r 

:>f soil and replacing it with unconbm~ 

3oil, or or simply covering existing ~ 

Nith new soil, or of restricting ll~ 01t 

1orthern islands will have little effect·i:-;. 

>n the dose·commitments via the~ 
.on pathway presented in this chapter.~:> 
owever · it should be noted thac tb•·~}~,~~~ . . , ..• ~ .... 
'.utonium concentrations. on the ~!!$. .· 
;laps!s ~r~ world-wide background~~ 

.nd the~orresponding dose via th• : ='?~7.-« 
nhalation_p_athway is less than~ znrdl-7 
·Ver 30 yr. This is the same level fL".!-. 

xpo~ure one would expect iC new soi) 

rere brought in to the northern Jsl;l~ 

'he dose-s via inhalation on the nort~ 

;lands is also in~ignlficant relativ~ tt> 

ther pathways,. where r~medial 3ctiCA 

ould be far more productive. (See 

ables 204 and 206). 

-- . - -- - ---

I 
I 

. . \\ 
i;n1mary of Rernedi-1 Action - In 
- · ose - the greatest reduction ln d 
... ary,. d 1 'na 
~:tunent can be realized by eve op1 • \ 

..... :ully designed agricultural plan I 
·"· ...... •ting the dose via the terrestrial 
, ..... 1 

. • 5 The next most effective cna1n • · _ 
ld be directed at the exter->.;re wou . _. 

:·>.:ie commitment by plowing the 

~e island and graveling the village 

" Other remedial measures for 

~:.ng the dose commitment via the 

rent path~vays are possible but reduce 

•m:ntial dose commitment by far 

-:- amounts. . . 

I 

\ 
t 
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the statistics- and risk est:im.ate drawn therefrom has therefore 
led the Task. Group· to have serious reservations about their 
validity. The Task Group holds the opinion that such estimates 
cannot be used in any definitive way to draw conclusions on 
whether current radiation standards are too high or too low 
or as a basis for decision-rnaldng relative to resettlement 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 rehabilitation provided there is also 
a serious and concerted effort to keep exposures as low as 
pra ctica.ble. 

BEST AVAILA 
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Terrestrial Food Chain -The doses 

t:itimated for the various living patterns 

::1dicate that careful assessment and 

;<'sign of an agricultural plan must be an 

i::tegral part of the program plan for 

rl"turning people to the Atoll. For 

~~ample,, the southern half of the Atoll 

!las sufficient land area to supply pandanus. 

brHd!ruit. and coconut for the entire 

returnine oooulation; therefore,, even 

!t people were to live on Engebi,, the dose 

tommitment could be greatly reduced by 

confining agriculture to the southern half 

•li the Atoll. This one restriction, 

~xpecially for pandanus. breadfruit, and 

\"OConut would be the single most effec

:ive preventive measure for reducing the 

~ose commitment. The combination of 

~odifying the village island and living 

•rca and. confining the agriculture to the 

~nuthern islands. both relatively easy to 
1:nplement. have a very large impact on 

:-educing the dose (compare Tables 204 

LE COPY 
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There are, of course, other options 

for reducing the dose via the terrestrial 

pathway. One option would be to dig brge 

area pits on all islands which would be 

filled with "clean" soil from another 

source; pandanus, breadfruit, coconut 

and other plants could then be grown and 

" " . harvested from these clean soil areas 

througtnut the AtolL The subsequent 

reduction in dose would lead to doses 

from 
90

sr equivalent to or less than 

those predicted for the southern islands. 

Another option would include removing 

the surface layer o~ soil (0-20 cm) from 

the northE'rn islands and replacing it with 

uncontaminated topsoiL This approach 

should also lead to doses equal to 01· 

less than those predicted for the southern 

islands. Th is form of remedial action 
. . 

woulcl in the process reduce the dose via 

the inhalation pathway. This alternative, 

of course, requires the removal and 

disposition of an enormous amount of 

soil, and ocean dumping, which would 

provide the large reservoir needed and 

minimize. the potential man-rem, 

would probably be the best and easiest 

method of disposaL This approach is 

certainly not one of the easier alternatives. 

Efforts to maintain a high calcium diet 

could also be implemented to reduce the 

uptake of 90 Sr; however, remedial 

measures to reduce the uptake in the 

plants or food product would be more 

effective and desirable as the primary 

preventive measure. 

or course, the dose commitment 

would be largely eliminated if_ no pandanus, 
breadfruit, or coconut were planted ''" 

the Atoll for another 20 to 30 yr and if 
the diet were to consist of predominantly 

imported food. As was discussed in the 

chapter on dietary and living patterns. 

imported foods are very likely to form a . 

significant fraction of the diet (possibl,y 

I 
8510 or more) and. if so. a plan to con

trol the production of pand~us and 
I 

breadfruit, or at least the location of I 
production, could essentian_y reduce dose . 

commitments to levels near U.S. exter-

nal background. 
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External Dose - The integral 30 yr 

external dose is reduced between 30 and 

10~o for living patterns III. IV~ v. and 

VI as a result of plowing the village 

island and graveling the village area 

Where people will spend a majority of 

their time. These procedures are fairly 
,... J 

"straightforward, relatively easy to 

implement, and lead to the largest per

centage reduction in external dose. An 

additional reduction in external dose of 

approximately 16o/o ·could be attained if 

all islands were plowed; however. 

implementing such a. program in order 

to achieve the additional slight reduction 

is certainly another order"':'of-magnitude 

problem. Jn any case, any plan to plow 

all islands would have to receive careful 

scrutiny ~o determine the possible effects 

upon the island and Atoll ecology. 

Marine Food Chain - The marine food 
---- - 11§t:: 

chain would appear to require no remedial 

-;ction (see marine food chain chapter ). _____. 
The marine pathway contribution to the 

30-yr integral dose for the modified case 

and for agriculture on southern islands 

(Table 21 O) is less than 4% for whole 

. - . --- ------



. th iteria for bone and bone marrow i~ .part 1 
In appl'>':1n~ e er d that if annual exposures do not excee~ 
above. 1t is ass~e . . the year of hi1:1hest dose, there will 
t h pplicable cntena 1n c lati e a . t f limiting longer term cumu ve 
not be a. reqUlremen fhor hand implementation of the 
. exposures. ~n ~t ,? c::cept ~U require considerations of 
'_'lowest prac cfa e d" 1 measures to reduce both annual and 

ff ctiveness o reme ia . bl e e s to the extent practica e. longer term exposure 

F. Risk Considera.tions 
· • h • 1 dvisors have reviewed the 

The Task _Group ai:d 1~5 tee 1~~~. aUNSCE.\R, and the National 
a'l(ail:i.ble lnfor~atiQnB~::1committee that could be used to 
Academy o! Scl.ence 

·--. 

. ---- ·-~-----·--

estim.ate the health risk that may be associated with long-term 
exposures at.the level of the radiation dose and soil removal 

· criteria being recommended. It is clear from this review that 
know~s of the relationship between radiation dose and effects 

. ol that ose on man as characterized in dose-effect curves..11.. 
i.,!1_comRise. even for external radiation exposures. For internal 
emitters and particularly for plutonimn, the situation is even 
less satisfactory. UNSCEAR has swnmarized their findings 
by stating that one should not extrapolate in a linear fashion 
froni effects seen at high doses and dose rates to effects at 
low doses and dose rates since there is strong likelihood of 
recovery and repair. The BEIR Committe.e, using only human 
data. concluded that since the low dose data were incomplete, 
one should conservatively assume a linear no-thresbold dose-effect 
curve drawn through cfata obtained at high doses· and dose rates, 
The committee further suggested that if this linear no-threshold 
curve is assumed to 'De correct, it follows that 6, 000 cases of 
cancer would be produced each year in a population of 200, 000, 000 
people exposed at a rate of O. 17 Rem/yr. (This is the FRC RPG 
for population groups - see Table I. ) For the Enewetak population 
of less than 500 exposed at the same level, one can make the 
following estimate: · 

3 ... · ·. 2 
6 X 10 cases/yr X 500 people= 1. 5 X 10- cases ol cancer/y:r 

2 x 1 as people 

Using a linear dose-effect curve, e:::l\."'Posure at the level of the 
recomm.ended criterion of O. 25 Rem/yr would give z. 2 X 10-Z 
cases per year. The Task Group vie\105 this as a pessimistic 
upper limit of risk. It could be inferred that there may be 
between zero and three cases of cancer in 100 years if the 
entire Enewetak population were continuously exposed to · 
O. ZS Rem/yr over that.time period. · 

Most of the exposure to whQ_l~ b..Qdy, at Enewetak, and in fact, 
to all organs will come from internal emitters. The shape of the 
dose-effect curve for expOs'"ures from internal ew.itters is most 
uncertain because of lack of experience and lack of confidence 
in extrapolation of high dose and dose rate effects into the very 
low dose and low dose rate situation. A lack of confidence in 
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----------
Survey, Cleanup, -and Rehabilitation Evaluation 

It is r'ftommsnded in this context that: 

1. The FRC Radiation Protection Guide (RP0 1s) for individuals should 
be used as the basic standard. The requirement is to assure 
that exposures for continuous residence in Enewetak Atoll will 
be well within the annual and 30-year criterion. While these 
are conservative standards from a health view point, there is 
no built-in conservatism to account !or uncertainty in pre-
diction of annual exposures to individuals. Because of the 
complex circumstances of exposure and the rnany pathways, 
each with its uncertainty, the Task Group recommends use 

. of 50 percent of the FRC annual standards for evaluation of 
the many cleanup and rehabilitation alternatives at EnelVetak 
Atoll. This is not to be viewed as an attempt to establish new 
.standards but is considered to be a necessary pr~caution in 
the application of current standards. The following va.hies apply 

·for e.'\-aluation of alternatives: 

Whole body •••••••••••••••••••••• O. 25 Rem/yr 
Bone marrow •••••••••.••••••••••• O. 25 Rem/yr 
Bone ••••.••••••..•••.•••••••.••• O. 75 ReJ:n../yr 
Thyroid •••••••• · ••••••••••••••••• o. 75.Rern/yr 

BEST AVAILABLE·· COPY 
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z. The Task Group recommends use of i"oo percent of the FRC 
RPG' s to ~valuate post-cleanup and rehabilitation and post
return conditions wherein direct measurement of levels 
of radiation t;lnd radioactivity in foods and in people are 
tnade. Under such conditions .. dose estimates should be 
subject to inuch less uncertainty. The requirement is to 
assure that exposures are well within the FRC standards. 
See Sec~on A. of this Appendix for the FRC RPG' a. 

3. The criteria for evaluating gonadal exposures at Enewetak 
Atoll should be 4 rems in 30 years. The requirement is to 
assure that long-term exposures will be well within this 
ctj.teria. The Task Group feels justified in using 80 percent 
rather than 50 percent of the FRC standard since there will 
be ample time to verify exposure estimates using actual· 
sampling of the diet and tirne to follow the changing pattern 

. of exposures of people. _ -, 

4. ·The recommended gui4anG!' for clearrup o09Pu)in soil 
at Enewetak Atoll is: --

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

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

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



E. 

3. 

The followinLguidanc:e is provided for this evaluation: 
~ . . 

a. Islands with soil levels in the above range may be divided 
into two categori&s, those of sufficient size for construction. 
of perm.anent houses, and those that are not. 

b. Removal of 2391j1 contaminated soil is better justified within . -
~e range above or the larger islands such as JANE'J95-r- <!":t/~ 

i:.-1;. "-'~ • ...SA LL Y wh2re permanent housing_ may_ someil ay }?e locats;S and 
f9r near surTact; Tocations on the lar~er islands. 

c_. The smaller islands may be considered of less concern. Their 
long-term outlook is uncertain since they are sometimes in
creasing in size and sometimes erroding away. Small island.a 
may be washec.t over by storm waves and are not a safe si~e 
for permanent housing. From that viewpoint, they are in 
the same category as unnamed sandbars along the reef where 
other islands m.ay have disappeared or be forming. 

· d. The amount of effort that properly may be given to soil re ... 
moval in this range increases as the soil concentration 
increases. · 

e. Once an a~tion is taken, the objective is to achiev~ a sub
stantial reduction in plutonium soil concentrations, and 
further, to reduce concentrations to the lowest practicable level, 
not to reduce them to some presc;:i:l-bed numerical valu~. 

Areas or locations showing less than 40 pCi/~~re 
_cor:=_ctive action becau~~!U the. pres~QC!!; of ~ne_ .. 

"--------

Recommended Guides 

The standards issued by FRC are recommend as the basic guidance 
for evaluation of exposures to individuals to Enewetak. 
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Thia ~a .recommended with provisos that: . . 

1. Tlxe full amount of the numerical values ~h uld · 
evalua~~g eXJ?o~ures from a single man-m~de s~~tr~: u::~~or 
case ra ioactivity from weapons tests. This is a li 'd 8

. 

!~~tl the tEnehwetlak people will not be denied b~nefif% o; fu:re . ·/ 
ear ec no ogy because they a · · i 

man-made radiation at the maxim~ ~~~:;vionfg expotasubrles from .. 
· • accep e standards. 

· 2• Enviro:iznental followup surveys and studies of radioactivi 
le~:Is _in people are performed such that the full range of ty 
ra 1 a

1
ti<?n eJCJ?osures of individual members of the Enewetak 

popu ation will be known. 

3. Expo~ures of the Enewetak people are kept to th~ mi".; ...... 
practicable level. oL44.4u.um. 
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The island or YV,,9I'iJ!.E presents a 

uo~e hazard onEnewetakAtoll. Pure plu

to'niUm particles are present on or close to 

the ground surface, randomly scattered in 

"hot spots" over most or the area from the 

tower to CACTUS crater:. Examination or 
these "hot spots" has revealed the presence 

or occasional milligram-size pieces of plu

tonium metal. as well as smaller pieces 

which are physically indistinguishable in 

size from the surl'.'CJUnding coral matrix. 

Given these current conditions. lt must be 

assumed that pure plutonium particles of 

respirable size are now also present on the 

surface or may be present in the future as 

weathering effects oxldl ~e 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

~rage plutonium content or the soil. 

The potential health h\zard via the 

Inhalation pathway is sufficiently great 

to j!gate two basic alterootives !or 

femedial action for this island: (1) Make . 
the entire island an _exclusion area - oU 

limits to all people, or (2)_ conduct a 

cleanup campaign which will ell.minats 

the "hot-spot" plut0niiiffi:F°z!?Jem and --= -····- . 
remove whatever amount or soil ls 

necessary to reduce the soil plutonium 

concentration to a level comparable to 

other northern islands. As an indication 
or the volumes ot soil involved,· removal 

or a 10-cm-thick layer or topsoil in the 

area in which "hot spots" have been 

detected involves approximate~ 1'7,00G·---...._ 
3 . . ·----~ m or material. Further removal or soil 

.. 
to reduce the maximum plutonium con· 

lamination levels to 59 o"i/g or less 
-:}!-~~-=-~involves an addi.tionQ.].~f 

·'"' _.material. ,. ,, 

z. 

The Task Group recognizes that the is~Enewetak Atoll 
are ~mall and that the areas of highesl Z39P\.i___in soil on these 
islands are smaller still. On the other nand. the people live 
close to the soil. It is also recognized that experts are not 
in agreement as to the critical organ for inhaled plutonium, 
whether to use an average dose for this organ, or the model 
to be used to predict dose. It is the view of the Ta~ WiOUP · -1< 
that available biological and environmental in!orma1fon 1s ........ · 
not adequate to establish ge,neral guidance for cleanup of 
plutonium contaminated soil. However, ~dance for a • 
parlisµlar set of s:ixc:umstances or condi'tiOns can be develo2ed 
on a - ase basis usin conservative assum tions · 
a safetv factor. T e o ance ded 
only for ·use i.ii'making eds ons concermng p utomwn c eanup 
operations on islands of Enewetak Atoll: . ,,,,--.......___ 

1. Any areas or locations where soil concentrations o.f'
12

39Pu 
are gr.eater t~n 400 pCi/g should receive corrective~aetien 
with contaminated sOil removed for disposal. 
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Situations with soil levels in the 40 to 400 . . 
rec~ive corr.ective action with e~ 1i 8?¥a/g :ange rnay 
on.a case-by-case basis. c area or ocahon evaluated 

., 



' 
... ___ ... _____ _ 

.a .. 

b. 

\ 
• 

As a minimum., cleanup should acccimglish the recoveey,.of 
·;>-~ . 

plutonium contaminated soil and scrao into stora e on YVONNE. 

The YVONNE quarantine should rematn in effect with access 

controlled and·al1 visitors and workers monitored as for a 

radiation control zone. 

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

plam:1ecl and conducted promptly. 

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

·. 

contaminated scrap, debris, and soil, should be .carefully documented · 

in a comprehensive final report from those conducting the cleanup 
__;:; 

operation. 

15. The plan:tlng and conduct of cleanup,. including radiologica1 support 
. . . -

f 01· cleanup• should be simi.lar to cleanup of Bikini Atoll and · 

advantage taken of that experience. As Bikini people were give~ 
., .. 

. . 

opportunity for employment during cleanup, an equal opportun.ity 
. 

should be given Enewetak people if they desire. 

. . 

•... . 
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11. A comprehensive air sampling program shQuld be conducted over a period 

of U con.Secutive month~der conditions closely approximating 

bt.JllUID habitation and expected soil disturbance. This would add to 

the body of available information on radioactivity levels in air. 

This. program could be conducted coincident with and in support of 

cleanup operations. 

u.yasg;Hne survez:a of body burdens and urine content of 137cs and 

90 Sr shoul.d be made for the _Enewetak geople prior to return to 

Enewetak Atoll, after the first year of residence, and as appropriate 

daereafter. Resurveys of the environmental radiation and radioactivity 

levels should be 111ade 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 
.· . ----'-··- --- ----·-- c-- ______ , ___ -J~'L __ ... 1 __ .. _~ , ____ ,_ --.:J .......... 

•M•AV"60 &66 .... 66oVti..,t".,;;a. .a..V• ~V ... ,t"'a& .. ...__.,.,,.,. -·~•• ......._..,_ .... , .. -..._._..,. ........ ~ ..... C...6W. ·••"-'" 

radioactivity levels in water, air, soil, plants, and animals are 

changing vith time. (Included should be measurements of radionuclide 

content of air and collection of information Qn the chemical and physic 
.· . 239 

form and size distribution of particles in the air containing Pu.) 

Information from such surveys will provide a continuing check of 

the r~diological status of the people and ct~ ~nv~-ronment and Yill 

assure that the exposure criteria is n.ot being approached or. exceied•d. 

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 plµtoniw:s from 

the soil to reduce· the amount of material requiring dis"posal, and not 

wanting such problems to delay cleanup and relrnbililation of the 

Atoll, the Ta!'=k Group recommends the Following: 
- . 
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8. Plutonium contaminated soil on IRENE "should be handled the sama as 

on Y\tONNE and using the same general criteri~ for removal except it 

is not expected that pieces of plutonium metal will be found. 

9. Since it is recommended that replanting of .food crops be limited 

to ce~ta:l.A islands, test plantings of pandanu.s, breadfruit, coconut, 

and arrQWre>ot should be made, as soon as growth can be assu'J;'ed, on 

each of the islands indicated for such crops by the Enewetak people. 

---

As edible parts of these plants become available, thei~ concentrations ·· 

of 90sr, 137cs, 239 ~ 240Pu and any other significant radionuclides 

should be mea3ured and compared with the radiologica1 survey predictions. 

These studie~1 w Lll provide for a determination to be made of the 

earliest time nt whtch pl:mting of food and commerci.al crops can 

be made on isLmds otbcr than those listed in 2b. and 2c. above. 

10. An underground lens wate_r sampling and analysis program should b~ 

conducted in which samples arc taken over a period of at lea.st 12 
.. . 

calendar months. Bacterial content. 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 vhich can be made to operate - to reduce the ecological 

. 90 137 . . 
hal.f-lJ.fe of Sr and Cs bel~ the radioactive half-life on the 

northern islands, especially JANET. 

BEST AVAILABLE copy 
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handling of collected contaminated materials. A Public H~alth 

Se~ce group, which is nOlif part of the Enviroment.al Protection 

Agency, EPA, provided radiological assistance for cleanup of 
~ . 

Bild.n:1 Atoll. Similar support should be sought from EPA for 

En~etak Cleanup. 

b. Decontamination of YVOtnlE is seei:1 as an i~terative process, namely P 

t:emOVal of soil, monltorlne of radioactivity levels, and removal . . 
.of more soil. Tilis amounts to a search for the_ higher~·~: 
levels in noil with removal accordlng to the guidance provided. 

c. · The objectlves of the clean~ are.two: 

d. 

(1) Reclwt_•1·y of the pieces of p~utonium that have been observed. 

OD or near the h~laud surface. Some contain milligram 

quantities of plutonium metal and are easily detected 'With 

field survey iu:;tnunentn such as the FIDLER. 

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

· approxiloation, the location of the zones of high•r6con

centra tions are shown in the survey.profile samples. 

Recove~ ¢t~nium in_ soil. at concentrations greater than_4_0_0_ 

~J 239 240 . ', 
pCi/JS!s • Pu ;t: any derth these levels are found •. 'Ihe 

justification is that plutonium at ~me_~~_e~!i may_ C?_Il_~-~~~~--~t 
. 
the surface. Also. recovery of contaminated soil su;.i.-..._.&.a::.~ 

reduce surf ace levels to a value wel~ below 40 

plutonium to levels well within national and international 

standards. After soil removal. all are~s should be resurveyed 

:to ensure no pieces or hot spots of plutonium remain. 

BEST AVAILABLE COPY 



additional contaminated debris is discovered in the course of cleanup 

~d rehabilitation operations, it too should be removed. Specifically 

included in this recommendation are the three locations- on SALLY and 

one°"...::;;:~ vhere contaminated debris h known to b~~?t~. 'lids 
- --~ 

debris. shoula be exhumed and removed. 

6. 'Ihe quarantine of YVONNE, put into effect by the Air Force on 
---~· 

May 26, 1972, should be continued in effect. until the cleanup of 

plutonium. contamination on that island has been complet;.ed. Should 

any Enewetak people ~eturn to the Atoll before cleanup is begun 

or before completion, an auth_orlty responsible for enforcement 

of the quarantine should be identified"and should be in residence 

in the Atoll when people return. 

t-· The distribution of plutonium contamination on YVONNE is sufficiently * complex that specific recommendations for cleanup c~!'~~~-be pr~sented. 
. . . 

lt i~• expected that the true picture of this contamination will unfold 

as the decontamination effort proceeds. nie area observed to have 

pieces of plutonium and the highest soil concentrations ~ the 

interior and shoreline of the island beginning at a line drawn 

from the ocean reef to hgoon 60 meters uorth of the tower (Hardtack 
. 

Station 1310) to CACTUS Crater. See Fig. 152, page· II-17, Appendix ~I. 

Pr~ented are some of the requireme~ts and objectives that will 

establish a background from wh~ch ~1:.ans 1~~e!'('8fl9fcovery of 
~ Vr:_ ~--C t-. I pJ,_. . 

plutonium on YVONNE. ... ... i;..; --
a. A team of experts should be assembled who can make and interpret 

field radiation and radioactivity measurements, advise on cleanup 

'actions envolving plutonium and other radionuclides, and provide 

·:necessary health physics support including protection of workers, 

decontamina.tion of worK:ers and equipment, and packaging and 
I 

\ \ 7 
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3. It is recognized that the people of Enjebi have a stro\,g desire to . ~ 

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

locations from nuclear tests and vas· within about 3 nd.ies of ~· 

Mike event that had a total yield of abo~t 10 Megatons •. According to 

the survey results presented in NV-140, Enjebi vas the most heavily 

contaminated of the larger islands in the Atoll. The Task Croup has 

been'unable to dete%mine any vay 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 
¢ 

!Ji the south of the Atoll. It is reasonable to expect that one day 

the island can be resettled. There appear to be two possible aJU>roache 
-~ 

a. Soil removal followed by studies with test plantings to determine 

whether exposure f~r Enjebi residents would be within acceptable 

criteria. 

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

would be within acceptable criteria bu~ no soil removed. 

In either case• housing const·ruction ~d planting of subs~stence and · 

commercial crops vould be defer;ed until research with test plantings 
!!!I! 

showed acceptably low levels of radioactivity. The Task Group 

reco~ends the second appr~ch as one .havi~ minimal adver~~--

on the island en~ronment. 

4. The research program in 3 above should also include a 

determination of radioactivity levels in coconut 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 

Holmes and Narver En ineering Survey should be removed. If 
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l!ECOMME!~ATIONS. ( /J.t:y /Zi. f (L. ~ f) - -· ------------. 
L • 

/ 
After careful review of all available radiological data the Task G~oup . 

- Lb\. 

members' specific recommendat:l.ons are as fc:>llows: 

1. The peop:J.e of EnE=Wetak Atoll Jna.Y be safety retumed to their home-

land provided certain actions are tak~n and precautions observed. 

2. In the :Interest of achieving .a minimU!ll practicable radiation dose 
• 

for the Enevatak people the Task Croup recommends that: 

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

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

. Enewetak people choose. 

b. Growth of nll subsiatence crops such as pandanlis, breadfruit, 

tacca, pigs. chickens. and all other terrestrial fo~d stuffs 

except ·coconut be limited to islands ALVIN-KEITH. 

c. Suosistence and· commercial coconut 1:1ay be grown without remedial ,... ; 

measures on any isl<md in the Atoll except ALICE, BELLE, CLARA, 

_DAISY, IRENE, JA."IET • and YVONNE. 

d. Fishing be permitted anywhere. 

e. -1"ravel be unrestricted to all islands except YVONNE.. lnlen the 
---... 

. 0~ontaminat.ion on-~, the restriction of travel 

to that island can ba lifted. 

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

· g. eo·conut crabs be collected only on the southern islands (ALVIN-KEITH 

h. Yells which are intended to provide lens water for human consumption · 

· · or for agricultural use be drilled only on the southern islands 

:(ALVIN-KEITH). When drilled, water from each well should be check.e -~ 

·for bacteria, salinity, and radioactivity content before the well i~ 

approved for use. 

BEST AVAILABLE COpy f:'. 
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~ fo~ been put 

contaminatacl aoil and scrap: 

forth regar4!ng disposal. of plutoniua& 

1. ~posal o€~~coutam1nat~d scrap. in 

deep OCUlll. • 

. .. 
the deep lagoon or 

2. Maka t:he ~natecl soll'it.nto concrete blocks with dispo:1al in. . 
. .':-...____~~·~--~~-

• · cleep ocean or th-rougl:a burial on land. 

3. Disposal o contaminated soil the fol:lll of cement poured.~to 

· cleep c1ril1 holes on land vlth the scrap added • 

' . 

- .. 
-~ 

. ~ 44. ~poaal. o~ t.he vater filled craters on lVONNE with 

a thick concreto cover. 

ll:.~" .5. Return of these material~ for~~ i~ the u.Sl. in packaged form or 

as concrete b1ocks. 
• .... J - ·---~ 

6. An effort be made to find a "1ay to(ieduce the volume- and amo_..t.m.t of 

111aterlal requirl.Dg disposal. 

. .,. . -

It. may be possible to reduce the amount of in.aterial requiring disposal 
. . 

by ~~~i tblPlni:wiU£!. ~the most highly contaminated soil. The 

Task.Group does not have adequate infoz:mat!on to detei:mine Yhether this may 

be feasible. ltesearch to de~ermine whether this can be accomplished could be 

conducted with-~ONNE used as the study site. • 
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~ As to the question of vhether equivalent dose reductions (equivalent to 

reductions o~tained through modification'of the diet) could be obtained 

through removal of contaminated soil, the Task Croup holds the opinion that 

some reduction is possible. However, the magnitude of this reduction ~ 

uncertain and can only be detennined reliably through measurement of the 

radionuclide content of the i:nportant 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. ~ 

40 
~0-140 also indicates that 1' is 

found in copra at 
I Since 401t is a an average concentration of 6.8 pCi gm. 

naturally occu1:ring gamma 
emitter that has alvays been present :l.n copra, one 

copra groYD in Enewetak Islands is on t~a .. 
'!aY to judge the acceptcibility"of 

bnsis of its 137Cs content relative to 
th~ nat~rally occur;ing 40IC.. If the . 

. . 137 
137 t t .. _ soil is less than 5.2 pCi/gm~ for . Cs con en .u& 

example. the Cs content 

40 One could hold the· 
od d v be•less than its K content. 

of the copra pr uce ma:,, . 
. ~- tability. shoui:d not be affected if the fission product 

position that marA.e · · 
• t~a-·• lscr.tua..all" 01 .. a,:u.c:i.s.a e.c;~lZ'~ ~y~Su~G ·-- ~ .. ...... ,,... , ,. .. #'e .,... ............ ,... •• t"!.::-:. ~:::. 

re~.,~~':'t!'.'"=""-., '!!!!-- --~ ... ~~~~--;_-
.. . .. \ .. 

radioactivity in the product-II 

Y~~ 1 J :, ~-;_y~fTt~Yflf.~B~E COPY 
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For contaminated soi1, other than~tha:Task Cr~up ha• not 

included removal· of such soil in its recommendations and therefore tliere would 
. 

be no requirement to select a method of disposal. If such disposal vere 
. 

required, th!! objective vould be to assure that there would be no pathway for 

any exposure ~f the Eneweta~.people to this radioactivity and a udniinal follow- . 
. 

up re~uirement to insure that this situation continues after dispo3al~ 

\ 
I(,, 
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-··- --·· ----. 
of .plutonium in the form of cont@ni~ted !oil and __ s~i::ag is a proble~f -~~t-~r 

magnitudep than for fis~ion.products an~ induced activity •. In its deliberations,. 

• 

"' 
the Task Group '1as assumed that the dispositj.on of such material vill be such 

1 
1 it\ ~ .. A~ 

I I 
---~-----. . · 1~mJ 

t:hat t:hare oteatf.al. for exposure of the residents of the Atoll enc• 1 ; , 
cleanup has be~ ~pletecl.c::518--1s then the obj~c~f.;e. fo~--ch~ r 

'RecommaaenclaUons vhich follow vill treat the ;;saons·oT-il~ to approach 

recovery of quantities of finely clivided plutonium in the form of contamiuated .. 
soil. contandnatecl scrap. ancl th•. pieces of plutonium metal where they have 

beeJ1 found to occw:. Appendix llI of this re~ort conta:lns .. guidauca on 

..de.ds1.-.ns to be made on whether renoval of plutonium contaminated soil is 
~ . 

justified on varl.ous islands. It is the viev oi the Task Group ~hat as a 

• ... 

W.nimum, cleanup must accomplish the the plutonium h the form of 

contaminate<l materials• soil and scrap, from .the various islands including 

buried s~r"!l!.=-~o malnta:ln co~trol of the J?Jat~ri.als and minil"rl.ze the spread 

of conta:nination. the recovery operations should utilize as few stockpiles 

as necessai:y. ~my be a suitable site for such a stockpile until.· · 
- ~o - . 

. . . ., - . 
proper disposal is acco111plished. YVONNE is still under qua~antine placed 

1n ·effect in May ~972 9 as a ~esult of an AEC survey that indicated pieces 
. .. 239 

of metal containing i:d.lligrams quantities cf Pu were on or naar the 

.:...,face of th• W.~ BEST AVA1LA8l'..E co,Y 
It is the hope of the Task Group that deliberation and decisions on 

disposal of elutonium contaminated soil and scrap will not delay othar cleanup 

and rehabilitation actions • . 
As for considering disposal, there appear to be two possibilities~ 

· 1 .. Disposal wherein there is an irrevocable co:!lr.litrnent of the 

· contaminant to the environment. 

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

change the method of disposal. . . 
·.---·-----



In considering the reduction in exposure that may be achievable throug 

recoval of contaminated soil, the Task Croup has taken the position that thes 

predi~ted exposures are approxinations only. The effectiveness of such aetio 

to reduc:e internal exposures that come through the food chain must be con-

firmed through analysis of test plantings. ,!he Task Group does not !avor. soi . . .... . 
removal as a dependable or feasible expo.sure reduction action for the dietary 

iathvat;. How~ver, such action is reviewed in the Task Group Report in order 

· to present a complete picture of the various passiblities considered. 

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. 

as the dept!\ increases the s,.lope 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. / - BEST AVAILABLECCOPY 

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

depth. therefore. require an estimate of the ratio f · 
o the average concentration 

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

to that for the surf ace which is present new. / 

Rem~val of successive 15 cm layers 

of soil in the subsistence agricultural areas, however, may reduce the bone 

dose by significant amounts. Re 1 f th t 15 1 mova o e op cm ayer, for. example. 

~ reduce the 30-year-bone dose from 57 Rem to 19 Rem. while removal of ,,.,. an 

additional 15 cm may bring the <lose down to 10.7 Rem. 
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of the e.nviro~ental radiation and ra.dioa.ctivity should be made 
in the first year of return and repeated, for example, every 
other year. 

13. Methods of ~s osal of luto.aium contaminated soil and ac:rap 
will have to be decided. e.n g a decision, it is reco.rn.m9JMled 
that· cleaa.up should accomplish the recovery of plutoniwn 
contaminated soil ancl scrap with storage on Run.it (Yvonne). U 

SL 

disposal ls deferred for further study. such study •houl.4 be 
initiated prompUy. 

14. The clea.Dup, with particular attention to removal and disposal 
of contaminated scrap, debris, and soil, should be documented 
in ~etail in a fina.l report by those responsible in the field. 

15. :Advantage wgpld be taken_ of exP4!rience gained during cleanup· 
Of ~ilci.ni Atcal.l. No obje~tion -should be ma.de to employment 0£ 

Enew•t.i. people dur;~;~""~VAILABLE COPY . 
. ,,__ 

No attempt baa been made to dl:'aw conclusions regarding the validity 
or the la.ck of validity of the proposed "Radiation Standa~ds for Hot 
Particles" ·of Drs. Tamplin and Cochran or its application at Eneweta.k. 

Th ·d line• for conducting the cleanup of Enewetak Atoll wer~_p.e_yelgped 
e,gui e ~ ,, . "th th 

by the Atomic Energy Commission (now ERDA) after consultation w1 e 

; -

·-
' . 

Environmental Pro · enc based on standards established by th~ 
ederal Radiation Council. Since these guidelin~s are based on established 

standards set by competent authority. _it is planned that th!£_~_~po:-_e~
cleanl!P be conciYctted OD the basis of the recomip.enqe~ .AE.CJ_~d!~8~· 

• 
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9. 

10. 

11. 

12. 

c. The objectives of the cleanup are two: 
~ 

~::-- .-
(1) Qteco~ery of the pieces o{ plutoniu_§:,that have ~een 

Observec1on or-near the island surface. 

(Z) · Recovery of plutonium contaminated soil. 

Recovery o~ p\ui~~iu~~~~il at concentrations greater 
than 400 pC1/g~ _____ • __ Pu\ at any depth these levels are 
found. Also, recovery of contaminated soil sufficient to 
!educe aurface levels to a value well below 49 pCi/s. 

l9, 24 Pu. After soil removal, all areas should be 
resurveyed to ensure no pieces or hot spots of plutonium 
remain. _ .. -~-

-----"""-·-----~ 

·Plutonium. contaminated soil on Boken (Irene) should'.be.-.:~led as 
o~njtJYvo~ ~ieces of Pu metal ar/! not expected

0

to·be found. 

'l'est plantings of food crops may be conducted on each of the 
"no c:rops" islands as designated by the Enewetak people. As 
edible parts of these plants become available, concentrations 
of significant radionuclides. should be measured and compared 
with the radiological survey predictions. These studies will 
indicate times at which planting of subsistence and commercial 
crops can be safely resumed. 

Len~_Hwater sampling and analysis should be conducted, samples 
to be taken over a period of at least 12 calendar months. 
Bacterial content,. salinity, and radionuclide content should be 
meaaured. Radioactivity information will contribute to an 
understanding of processes operating - or whi~h can be made to 
operate - to reduce the ecological half-life of 0sr and 137 Cs 
below the radioactive half-life on the northern islands,· especially 
Enjebi (janet). · 

A: comprehensive air sampling program should be conducted 
·over a period of 12 consecutive months under conditions closely 
approximating human habitation and expected soil disturbance 
to provide information on radioactivity levels in air. This 
program could be conducted coincident with and support cleanup. 

Base-line c•u;veys of body burdens and urine content of 
137 

Cs 
and 9D Sr should be made for the Enewetak people prior to 
return to Enewetak Atoll, and periodically thereafte~. Resurveys 
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!ffuto bring exposures within Hie accepta le criteria and perm.it 
resettlement of Enjebi on the same schedule as southern islands. 

was the most heavily contaminated of the larger islands. The I 
Task Group has been unable to etermine a reliable, feasible 

[

The island can be re otnetirne in t hen ·:~n 
radionuc ·de ingestion is To develop the ~-
ac s, es s with and without soil removal may be znade. , 1 

/ Construction and agriculture would be deferred until produce from · 

4. 

test plantings showed acceptably low levels of radioactivity. Teet 
plantings without soil removal would have least adverse impaet on 
the island environment. 

• 
Concurrent with the Enjebi work, radioactivity levels should be 
measured in coconut and other food crops grown on Lujor (Pearl), 
Kirwm (Clara), Bokoluo (Alice) and Bokom.bako (Belle). Produce 
from Runit (Yvonne) should be included after re~~. f' plutonium 

contamination. BEST AVAILABLE_" . . . 
5. All radioactive scrap metal and contaminated debris now or later ·( · 

identified should be reznoved. This includes three locations on f_-~jf t / 
Aomon (Sally) and one on Medren (Elmer) where buried cont:axninatecf u 

debris should be exhum.ed and removed. 

6. -Runit (Yvonne), quarantined by the USAF in 1972, should remain 
"'tiiira.ntined until utonium contamination on that island has been 

1;,] ean up. ¥ authority responsible for enforcement of the 
quarantine should be identified and in residence in the atoll if 
people _return to the atoll before cleanup is c~pleted. 

- / 0, 
7. Onl eneral recommen ations for cleanu o Pu ()n _ _:Runit .{YYODDe) 

can e preae ed at this time. An accurate pie ure o a 
contami.l:iation should develop as the decontamination proceeds. 
The area observed to have small pieces of plutonium and the 
highest soil concentrations is about 30o/o of the island. A 
background for plans for the recovery of Pu will require: 

a. Assembly of a team of experts to interpret field radiation 
.and radioactivity measurements, advise on cleanup actions 
and provide necessary health physics support. A Public 
Health Service group, now part of EPA, provided radio
logical assistance for cleanup of Bikini Atoll. Similar 
support should be sought from EPA for Enewetak. 

b. Decontamination of Runit (Yvonne) is seen as an iterative 
proc;_~j:'bis a~ts to a search for and removal of 
the highe~o~~m levels in soil. 

··-------
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RECOMMENDATIONS 

The Task Grogp reached the following conclusions: 

I. Observing precautions, the people may safely return after 
certain actions are taken. Exposures will be somewhat 
above current levels in the u. s., but the small risk seems 
perinissible in relation to the desire of the people to return. 

2. To assure exposures that will be as low as practicable: 

a. Villages and residences to be located on Medren{Elmer)., . 
Enewetak (Fred). Japta.n (David) .. or other southern. islands, 
Jinedrol-Kidrenen (Alvin-Keith). 

b. Travel and visits may be unrestricted to all isla.Q,ds except 
Runit (Yvom1e).. When Pu contamlliahon on Rumt (Yvonne) 
l.s removea;tKucBfr1ct1on-oCfraver£Omat 1sla:att=n1ay be 
lilted. -

c. Coconut excepted .. growth of animal and vegetable sub
sistence crops to be limited to southern islands Jinedrol
Kidrenen (Alvin-Keith). 

d. Subsistence and commercial coconut may be grown without 
remedial measures except on Bokoluo, Bokombako, Kirunu, 
Louj, Boken, Enjebi and Runit (Alice, Belle, Clara, Daisy, 
Irene, Janet, and Yvonne). 

e. nahing permitted anywhere. 

f. ·wild birds and eggs may be collec:t'ed ~here. 

g. Coconut crabs may be collected only on the southern 
islands Jinedrol-Kidrenen (Alvin-Keith). 

h. Wells to provide ~ens water for human consumption or for 
agricultural use to be drilled only on the southern islands 
Jinedrol-Kidrenen (Alvin-Keitn). Water from any well tobe 
assayed for bacterial, salinity, and radioactivity content 

before approved for uBEST AVAILABLE COPY 
3. ~njebi (Janet} is a u>ecial ca~ and the people have a strong 

"'desire to live there. Three ground zeroes were on Enjebi and 
high yield events were fired nearby, with the result that th.is 

·-
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Case 3 
reco.aim.ends that studies be conducted as follows: 

• · A _test planting pro.gram on Enjebi to determine when exposure 

• 

woufd lie within acceptable criteria without the removal of soil. +, 
This prc:>gram has been initiated. ~-- ?::;. 

• A program to determine radioactivity levels in coconut and 
other food crops produced on Lujor, Kirunu, Bokoluo, Bokombako, 
and Ru.a.it (after plutonium cleanup). 

• As an alternate to the preced.=.ng prograin, soil re1noval on_ 
~ followed by a test planting series to determine whether 
-&ifOaure for Enjebi residents woulc! be within acceptable 
criteria. 

• The assembly of a team of experts to make and interpret field 
radiation and activity measurementS, advise on cleanup actions 
involvina ,,1utgnium and other radionuclides, and advise on -
necessary health physics support for protection of workers, 
decontamination of workers and equipment, and handling of 
collected contaminated materials. 

• A comprehensive !!..ndergrolind water lens aamplin& !:!!d ~!'~ly:e~ 
program., for a minimum period of 1 year. Bacterial contenr,
salinity, and radionuclide content would be measured every 
twelve month!:l. However. the primary emphasis would be on 
the development of understanding those processes which are 
operating or can be made to operate to reduce the ecological 
half-life of 90sr and 137 Cs below the radioactive half-life on 
the northern islands. This program has been initiated. 

• An air aa.mpJina proaram. coaducted during cle&nUJ?.t which 
would obtain samples representative of those that might be 
expected from the activities of the returned population. 

BEST AVAILABLE COPY 
THE BEST COMBINATION OF FEATURES IS 

¥QUND IN CASE 3. IN THIS CASE CLEANUP IS PRACTICALLY 
COMPLETE: THE PROBLEMS OF CONTAMINATED PANDANUS AND 
BREADFRUIT ARE :MINIMIZED; ~STRICTION ON POPULATION 
MOVEM~NT IS MINIMAL, EXCEPT FOR THE RESTRICTION OF NO 
RESIDENCES OR AGRICULTURE ON ENJEBI: THE 30-YEAR DOSES 
ARE LOW; THE MAXIMUM ANNUAL DOSES FALL WITHIN AEC 
GUIDELINES; AND THE INCREASED RADIOLOGICAL RISK EXPRESSED 
AS HEALTFJ EFFECTS, IS NO MORE THAN EQUAL TO TH;; RISK 
FROM BACKGROUND RADIATION. 

! 
'• 
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Guidelines for safe exposures to radioactivity on the atoll are given 
in te·rms of the .maximum annual dose receiyed b-y: an indjvidual_ and are 
also evaluated in terms of long-term health effects. The main objective 
of radiological cleanup is to reduce the radioactivity of the Atoll to levels 
at which the population can be expected to have arinual exposures belc:>w 
the value of these guidelines. 

S. 3. 2.1 Long-Term. Health Effects. Quantitative evaluation of low levels 
of absorbed radiation on human health continues to be a subject of medical 
research. Present knowledge is based on the response to high levels of 
radiation of research animals. of persons undergoing medical treatment 
with radioactivity, and of a few victims of radioactivity accidents. Direct. 
determination of the human health response to low levels of radiation,, 

- such as are discussed in this report. is complicated by a number of factors. 
such as: · 

• the ·requirement to study radiation effects on a large population 
for statistically meaningful results. 

• the long time delay between radiation exposure and appearance 
of such effects as neoplasms, 

• difficulty in distinguishing between eUects attdbnt:a?Je to radia
tion and those not related to radiation. 

• the fact that such factors as cancer. susceptibility are widely 
varying functions of age, sex, genetic constitution, diet, 
personal habits,, socioeconomic factors, and other variables. 

Because of the above factors,, present risk estimates are based . 
predominantly on conservative extrapolations from dat~ obtained at high 
doses. · 

- •. - -. _ _;_.,J;.· 

The recommendations are based on the consel"vative assumption of 
a nonthreshold linear relationship between radiological dose and the heal.th 
effect. The asswnption of no threshold means that any nonzero dose 
yields a nonzero effect detrimental to health. Evaluation of risks using 
this asswnptiOA probably results in overestimates of risks. 

BEST AVAILABLE COPY 
The methods exa,rriined for limiting radiological hazards on.Enewetak 

Atoll are: (1) the control of the Sle~oI the Enewetak pe?ple and. by 
implication~ their agricultural and food gathe.ring pract.Lces; (2) .the control· 
of residence of the population throughout the islands of the a.toll, and (3) 

the c;eanu_e_ of radioactive materials. .. ' 
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~ase 3 is considered to be the most reseo~ive to the established 
goals and is a ha.la.nee of the human, physical, and cost parameters which 
must be considered. It is planned to conduct the proposed cleanup, 
rcscttlernent. and reha.bilitat~on project as outlined by Case 3. The esti
mated radiological dose is well below the radiation protection guides 
rcc~~mencled by the-AEC Task Group; allpnysical-hazaras resulting
from past construction and testing will be removed and the cost ie well 
below the mid point between other viable solutions. 

S. Under the conditions of Case 3,, the Enjebi People could not expect 
to return to their ancestral residence island of Enjebi at an early time. 
This would require both the Enjebi and the Enewetak People to live on land 
formerly owned and occupied by only the Enewetak People. Thus, until 
natural decay processes reduce the exposure rates on the northern islands, 
there would be less land available for agricuiture and some supplement 
to the people's diet may be needed. The people will be subjected to 
acceptable low levels of ionizing radia~on with a relatively low risk. 
Some contend that the~sidual plutonium:Jevels should be established 
in accordance with the not particle theory. Since this theory is contro
versial, not currently. accepted by existing standard setting authoritiesr 
and results in very severe if not impossible residual limitations for 
transuranium radionuclides. it has not b~_~m applied. 

The aelecti~ o! Ca.se 3 . 
ferred case ia baaed 0"' th , as. presented in Section 5 as the 

- • prenuse that th . ' pre-
p;c;.:;.le~o~ harmful radioactivity is of pr· e s~feguarcling of the Enewetak 
o e C exposure criteria to eth . .une importaiice. Accept&Ace 
no \iable choices other than th r.AE~r with the above premise leaves 
described aa Case 3 Th e reconunendations which . 
h · • ese reco.mm d ti are 

t e populatioo radiati d . ea. a. ons a.re designed to k . D . on ose safely ·thin h eep · 
eV1ations from the AEC r w1 t e guidelines set by th • '!:OC 

t d · ecommendatio . • A1l.£f 
a an ards ar~ not considered t b ns regal'ding radiological • 

. o e acceptable. 

The major drawback to Case 3 is _that it.would not p~rinj.! -· 
schedulinlof the planting of crops, the construction of fa~__y_and ·: 
community ho~~~~he res.ettle.ment of ~he_:e~~~l-~ on~~jebi IslaAd..:_ 
'It als · • 9 e island Run1t for an indef1n1te er1od. The _ 
quara · ould be enforced by the TTPL. However, it would provide or 
the _eventual.rsturn o! the people to ~nj.ebi when ~he. test plantings and 
environmental monitoring program indicate that >.tis safe to do so. 
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~ENEWETAK ATOLL .. • 

CASE 3 

Cas~. UlltlUrJ: 
l P•, lea.niJ T1 AEC Gaid11ins 011 hku,lajor& Ruit. 

i)'pts 01 AD111t1 Recunl. 
1 No Restrictioas 01 fisbi11z 
1 All Radiuc1i1t Scrap To Se Clu;ied Up JroPI All lsbnds. 

t Pb1sicat ffawd & Obst ructiu Debris Clraau, On All 
Islands . 

.... s. live 1111 Soulh1t1t hl.utlfl, Jfnedraf Tbrou2h Xidrene11. 
l Subsistenu Airlcallare Umited To 1outhm lsl'11nds, Pf us Mijibd 

lbrl Biflu, hcept That hndanas 1 Bmdfrait Art limited JD 
Iba So11tb1rn lslan•s. 

1. No Restrictio1t1 On Junf hcept Ru111t. Pe11dinr Clrn11p. 
~ 
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TABLE 5-13: SUMMARY OF CASE STUDIES 
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