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3. CLEANUP AND ‘Rr;:HABILIT;ZTlbN PROGRAMS r 
_- 

5.1 APPROACH TO PRbBTXM - ” 

The nuclear testing at Encwetak Atoll,of the 1950’s has left behind 
it a large number of adverse environmental impacts. These! t,ake the 
form of debris of all kinds - on the inslands, in the lagoons and along the , 

ocean shore - some of which is radioactive. In addition, ‘some of the 
soil has been made radioactive causing it to be unsafe for habitations and 
for planting subsistence or commercial.crops. Purely physical damage 
to the environment ranges from abandoned structures used to house test 
personnel, to the disappearance of two.smzill islands and the formation of 
major craters on several others. 

The objective of the program proposed in this statement is that of 
removing debris and radioactivity to the extent that the people of Enewetak 
can return to their ancestral atoll, and can be self sustaining economidally 

and nutritionally. This section is devoted to an.analysis of the specific 
problems associated with these goals and the formulation of equally 
specific procedures for solving the problems. 

The approach to the problems requiring solution has been through 
the fo!!nwing steps: 

-- ..-. - .-- _. 

l ! Identifying the nonradiological and radiological hazards present ) 

; on the atoll, their biological effects, the evaluation of risks and 
the protective guidelines proposed by the Energy Research and 
Development Administration (ERDA), formerly the Atomic 

I 
; Energy Commission (AEC). 

t 

I I 
-- _. __.- ___ .___ __ ____-.___- .-.- ---. - -..-- _.___ - . .._ : ___--.- 

a Listing the various methods by which the hazards of radioactive 
and nonradioactive debr.is can be reduced to acceptable levels. 

CI 

0 Specifying the diet and agricultural practices which must be 
observed in order to reduce the radioactivity ingested by the 
Enewetak people. _ 

0 Identifying the distribution of the population around the atoll as 
a second means of reducing exposure to radioactivity. 

a Analyzing the available procedures for cleanup and.disposal 
of radioactive materials and other debris. 

0 Synthesizing a number of programs or t’cases” for accomplishing 
the objectives., 

. 
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0 Comparative evaluation of all of the “cases” to select the 
optimum one for the situatibn existing on Enewetak Atoll. 

As in many programs of this nature, a number of demands exist 

that are mutually contradictory. This leads, of course, to solutions 

which are less than perfect, but the most important consideration in 
choosing between alternatives has been the health and safety of the 
Enewetak people. i 

I 

‘5.2 NONRADIOLOGICAL HAZARDS ’ 

The nonradiological hazards existing on the islands are of much lesser 
magnitude than the radioactive. As a result, the procedures for removing 
and disposing of nonradiological hazards are much simpler and can be 

:, . covered in relatively short order. 

_ ._. 
5.2.1 Physical Removal of Nonradioactive Materials 

b 

. The extent of removal of nonradiological materials ands:c tures 

from the islands provides several options. The debris that We 
removed includes dilapidated building, towers, antennas, concrete slabs, 
derelict boats, scrap metal, and other assorted rubble. Some of these ’ 

constitute definite physical hazards. For example, buildings on the 
verge of collapse, loose and swinging cables, ‘loose or torn sheet metal, 
exposed broken pipe ends, etc., have been noted in surveys of the islands. 

Structures such as concrete pits and open manholes constitute what could 
be considered attractive nuisances and would pose hazards, primarily to 
small children. Other material, such as concrete slabs are not especially 
hazardous, but may be obstructive and interfere with the proposed use of 
the land, for agriculture or residence. Finally, some of the debris is 

neither hazardous nor obstructive but simply unsightly. An example is 

the rusting bow of a freighter on the reef at Japtan. 

Different levels of nonradiological cleanup are conveniently defined 
by differentiating among the structures and materials according to 
whether they provide physical hazard, obstruction to better land use, or 
detriment to environmental aesthetics. Three levels of activity are 
possible: 

l Level’ 1. No removal of any nonradiological scrap. 

0 Level 2. Removal of physical hazards and obstructive 
structures and material. 

a Level 3. Same as Level 2 plus removal of unsightly debris. 



5.2.2 Disposal of Nonradioactive Materials 

5.2.2-l Salvage. The disposal of nonradioactive debris does not have 

the many problems connected with the disposal of radioactive,materials. 

Salvageable material will be collected and stockpiled in designated areas 
as the clea2up JEW 

Yg 
resses. This material will be used by th4 Enewetak 

peoy!%?dit“wou d be carefully monitored to make certain that no radio- 
active/isubstances are included. 

5.2.2.2 Combustibles. Combustible nonradioactive debris would be 
hauled to a burn pit on each island where it would be burned to ashes. 
The ashes would be gathered and stockpiled for future use as a soil 
conditioner. The pit would then be backfilled with native material and 
the area regraded to its natural contours. Some of the nonradioactive 
vegetation removed during cleanup also would be shredded to a very small 
size to be used as additional organic matter in the soil. 

5.2.2.3 Fish Reefs. Nonradioactive debris that remained after salvage 
material and .combustibles had been segregated would be removed and 

dumped into the lagoon at selected spots to form artificial reefs to 
enhance the breeding of fish and other marine life. 

5.3 RADI~LCCIC4L I-IAZARDS 

Detrimental effects have been observed incidental to the use of 
radiation since soon after it was first discovered. These effects f’ range 

_ from a temporary reddening of the skin to an increased incidence of 
cancer. A recent review (BELR, 1972) on the biological effects of ionizing 
radiation serves as the basis of risk analysis in the current document. 

Other studies reporting similar data are UNSCEAR, 1972 and ICRP-14, 

1969. CL -1’ ; 

logical dose estimates, baz2 on anticieddietary and living patterns 
of the people of Enewetak,/\ ranked (NVO-140, 1973) in order of decreasing 
importance;aac= 1) the internal dose from radionuclides in ingested 
terrestrial foods, 2) the external dose from radionuclides in the soil, 
3) the internal dose from radionuclides in ingested marine foods, and 
4) the internal dose from radionuclides inhaled into the bod Externally, 

the important sources of radiation 0” Enewetak Atoll are ljTjcs 60co 

and 55,~ 2 e radionuclides in the soil. The lateral and vertical diitrihuti;ns 

of these vary considerably over the Atoll (NVO-140, 1973). Important 
. 

5.3.1 Sources of Radiological Hazards 

Radiological hazards arise from exposure to radiocontaminants 
which may be located both inside and outside the human body. The radio - 

. . 
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int -Y nal sources Sr, which concentrate in 

muscular and bony tissue respectively, and 239Pu, deposited inthe lung. 

d* 
5.3.2 Criteria for Evaluating Hazard Control 

Guidelines for safe exposures to radioactivity on the atoll are given 

in terms of the maximum annual dose received by an individual and are 
also evaluated in rerms 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 annual exposures below 
the value of these guidelines. 

5.3.2.1 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 

- _.. ~I with radioactivity, and of a few victims of radioactivity accidents. Direct 
determination of the human health response to low levels of radiation, 
much as are discussed in this report, is complicated by the require- 
ment to study radiation effects on large populations for statistically 

meaningful results, by the long time delay between radiation exposure, 

and appearance of s’uch effects as neoplasms, by difficulty in distinguishing 
between effects attributable to radiation and effects not related to radiation, 
and because such effects as cancer susceptibility are widely varying 

functions of age, sex, genetic constitution, diet, personal habits, socio- 
economic factors, and other variables (BEIR, 1972). Because of this, 

present risk estimates are based predominantly on conservative extra- 
polations from data obtained at high doses. 

. The data upon which health risk estimates are based exhibit 
statistical variations so that, usually, the uncertainty in estimating a 

particular risk value is expressed by a range of values for the risk. In 
view of the many uncertainties related to this study, the risk models 
adopted result from very conservative assumptions. 

For long term exposures to low levels of radiation, such as may 

apply to some aspects of residence on Enewetak Atoll, the model assumes 
a linear relationship between dose and effect, with no threshold. The 

assumption of “no threshold” implies that zero dose is the only dose that 
yields no adverse health effects. The less .conservative assumption that 

a threshold dose exists, below which no health effects will be observed, 

has not been used. 

The health effects of radiation on a population can be divided into 

two categories: somatic and genetic effects. Somatic effects relate to 

the body or its organs while genetic effects are evidenced only in the 
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germ plasm. For stated exposure conditions; the BEIR risk-es timatc 
I of somatic effect predominate, relative to other effects of radiation. They 

. are therefore of primary concern in establishing protective criteria. Also, 
the BEIR, 1972 report states that the rate of cancer induction is the only 
somatic risk that needs to be considered. Consequently, in estimating the 
risk to the Enewetak Atoll people from exposure to radiation, only cancer 
induction has been considered. 

t 

Induced cancer can be fatal or nonfatal. The risk guidelines listed 
in Table 5-1 are estimated to apply equally to either fatal or n&fatal 
effects. (BEIR, 1972) so that the total number of effects resulting from a 
given dose would be twice the number of either. To calculate the number 
of either effect, using the data of Table 5-1, iind the product of (1) the 

cancer incidence rate (Column 2), (2) the exposed population expressed as 
millions, and (3) tI 1~: average dose for an individual for each critical organ. 
These products are then summed to obtain the total number of cases. 

. _-_ _--- ._ - , -- 

, 

I 

! 
I 
I 

I 

I 
/ 

j 

I 
I 

I 

I 

The effects of the induced cancers, or even the cancers themselves, 

may appear immediately or several decades after exposure (BEIR, 1972, 

p. 91)* Since effects are fIGt expected to show up in the earlier years 

with the same frequency as in later years, and since the appropriate 

frequency distribution is not known, the number of effects expected to . 

occur during the entire.risk period are calculated instead of the number 
of effects expected to occur in any one year. The guidelinu values gic-en 

in Table 5-l are maximal and the number cf incidents of induced cancer 
or fatalities may be as low as zero. 

. 

5. 3.2.2 Annual Dose Limits. The primary sources of recommendations 
for radiation protection standards and guidance are the International 

Commission on Radiological Protection (ICRP), the National Council on 
Radiation Projection and Measurements (NCRP), and the Federal Radiatiofi 

Council (FRC). The standard-setting responsibilities of the FRC were 
transferred to the Environmental Protection Agency (EPA) in I969. The 

recommendations of these groups are all compatible with each other. 

These groups have recommended maximum permissible doses for 

workers exposed to radiation, for individual members of the public, and 
for a suitable sample of an exposed population. In addition, they have 
recommended dose rate limits for exposure.of Mrious critical organs. 

These recommended dose rate limits are presented with the understanding 
that radiation exposures should always be kept as low as can readily be 
achieved. 
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TABLE 5-1: OCCURRENCE OF RADLZTION INDUCED 

SOMATIC CANCER EFFECTS ON HUMANS 

Critical 

Organ 

Whole Body 

Bone 

Lung 

Radiation Induced 
Incidence of Cancer’:: i 

Cases/(Million Persons)(Rem) ._ 

50 - 165 

25 

25 

__. __~______-- __._ - __.. -_----- _-_ - .__ ---_ - 

*Cancer eases induced by a population dose of one million 

person-rems. A population dose of one million person-rems 
does not necessarily mean an equal dose to each individual 

in the exposed population, but is, rather, the sum of individual + 

doses over the exposed population. 

- 
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The recommendations are based on the conservative assumption of 

a nonthreshold linear relationship between radiological dose and the health 

effect. The assumption of no threshold means that any nonzero dose 
yields a nonzero effect detrimental to health. Evaluation of risks using 

this assumption probably results in overestimates of risks. 

Values for annual dose limits in various situations are ilisted in 

Table 5-2. These limits represent the recommendations of the FRC. 
For application to the Enewetak Atoll, the United States Atomic Energy 
Commission Task Group Report recommends that the values needed to 
evaluate cleanup alternatives should be the FRC guides, reduced by 50 
percent for annual doses to individuals, and by 20 percent for the 30-year 
gonadal doses, because of uncertainties in field measurements. These 
values are shown in Table 5-3. These reductions in the average population 
dose are made because of the uncertainty concerning dose estimates which 

depend greatly on the foods that the people will choose to eat and the way 
they will choose to live. In addition, these recommendations follow the 

general guidance of the FRC to provide allowances for exposures from 
benefici.al nonmedical uses of radioactive materials, . 

5.4 LIMITING AND CONTROLLING HAZARDS 

The methods examined for limiting radiological hazards on Enewetak 
Atoll are: (1) the control of the diet of the Enewetak people and, by 
implication, their agricultural and food gathering practices; (2) the control 
of residence of the population throughout the islands of the atoll; and (3) 
the cleanup of radioactive materials. 

5.4.1 Control of Diet and Food Sources 

5.4.1.1 Internal Dose and Food Source. Radiocontaminants in foods 

come directly from the soil in which food plants are growin 
P 

. Radiological 

88 
rveys of Enewetak Atoll have found evidence of uptake of 37Cs and 
Sr, among other radionuclides, in both edible and inedible plants. 

Indigenous plants used for food that incorporate radionuclides from the 
soil include coconuts, pandanus, breadfruit, and arrowroot. Human 

internal radiation exposure is directly related to the amount of fruit of 
&ese plants ingested by the individual. The surveys also report radio- 
nuclides in the flesh and organs of indigenous fauna, such as terns, rats 
and land crabs. Internal doses will increase as a risult of eating flesh 
from local birds and crabs, or from domestic animals such as poultry 
and swine, which have foraged on radioactive plants. 
effective dose reduction procedure would be simply to 
islanders’ use of these foods. Lacking such controls, 
be the accumulation of large radioactive doses for the 

such food sources. 

Consequently, an 
restrict the 
the penalty would 
individual utilizing 

. . 
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TABLE 5-2: FRC RADIATION PROTECTION GUIDES 

(REMIYR) 

Individual Population 

Critical Organs in Population Group 

Whole Body 0..5 0.17 

Bone 1.5 0.5 

Bone, Alternate Guide (1) 0.003 pg of 
226 

Ra 0.001 pg of 
226 

Ra 
in adult skeleton in adult skeleton 

Bone Marrow 0.5 0.17 

Gonads 0. 17(2) 

. Thyroid (3) , 1. 5 0.5 
. 

For the conditions and qualifications of this table, see Report 
Nos. 1 and 2 of the Federal Radiation Council (FRC). The 
responsibility for establishing generally applicable environmental 
standards was assigned to the Environmental Protection Agency 
in 1970, but the guides here are still generally known as FRC 
Radiation Protection Guides. The philosophy represented by these 

guides is that the dose given in the table should not be exceeded 
without careful consideration of the reasons for doing so, and that 

every effort should be made to encourage the maintenance of 
radiation doses as far below this guide as is practicable. 

_ 

NOTES: 

(1) 

(2) 

(31 

The biological equivalents of the indicated amounts of 
226 

Ra may be 
substituted. 

Actually 5 rem per human generation period, assumed to be 30 years. 

Based upon a child’s thyroid weighing 2g and other factors listed in 

-Paragraphs 2.10 to 2.14 of FRC Report No. 2. 

_. 
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TABLE 5-3: DOSE GUIDELINES FOR ENEWETAK ATOLL 
(REM/YR) 

Critical 
Organs 

Whole Body 

Bone 

Bone Marrow 

Gonads 

Thyroid 

.Ind,ividual in Population 
(AEC Task Group Report) .: 

. 0.25 

0.75 

0.25 

4 rems in 30 years 

0.75 

These guides are Atomic Energy Commission Task 

Grotip Report recommendations applicable to the 
Enewetak Atoll situation. ‘In general, they adopt the 
radiation protection guides of the Federal Radiation 
Council (FRC), except for all,individual dose limits 

and for population group gonad dose limits. The - 

FRC individual dose guides are reduced by 50 percent 

and the FRC population group gonad dose guide is 
reduced by 20 percent to allow-for uncertainties in 
dose predictions, 
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5.4.1.2 Possible Food Sources. The results of the radiological survey 

show high levels of contamination on the northern islands and low levels 
on the southern islands. Thus, one option would be to.allow the people to 
eat food grown only on the southern islands. However, it is most likely 
that the people will eat largely imported foods for the next few years 

(Kiste, 1974; Tobin, 1973; Marsh, 1973) as it will require several 

years for trees to provide sufficient fruit for all. To furnisfi the Enewetak 

people the purchasing power for imported foods, one source of revenue 
could be coconut agriculture to produce copra (Enewetak Master Plan, Tab D 
Vol. II. It may be desirable to use the northern islands for coconut 
agriculture, although exercise of this option may require that coconut 
seedlings be planted in soil that is not contaminated with radionuclides. 
Consideration is also being given to the possibility of continued cultivation 
of land on Ujelang to alleviate problems of this nature. 

5.4.1.3 Subsistence and Commercial Agricultural Patterns. As noted 
earlier, the driEnjebi desire to live on the northern islands, particularly 
the island of Enjebi. If these people were to live on those islands, care 
would have to be taken to ensure that at least pandanus and breadfruit are 
grown in nonradioactive soil. That is, a village site on Enjebi drawing 
on food resources grown in Enjebi soil, would require pandanus and bread- 
fruit, which are either grown in nonradioactive soil on Enjebi or are ’ 

imported to Enjebi. To provide the farm plots for pandanus and bread- 
fruit, the e.xisting soil will have to be removed and nonradioactive soil be 
put in place of it in sufficient volume to contain the roots of these plants. 
(As will be discussed later, it does not appear possible to remove sufficient 
radioactive soil from Enjebi to permit people to live there or to grow food _ .__._. - 
there for some time to come.) 

To summarize, the options for food source control that appear 
acceptable for further discussion include : 

. . 

0 

0 

l . 

0 

No control over food sources. 

People living on Enjebi would use food grown anywhere on 
Enjebi, other than pandanus and breadfruit. Pandanus and 
breadfruit eaten by the residents of Enjebi would either be 
grown in farm plots or imported. 

Food for all the people would either be imported or grown 

on the southern islands, except for coconut agriculture on 
northern islands. Coconut culture includes growing both 
subsistence and commercial coconuts. 

only 

the 

All food must either be imported or grown only on southern 
rslands.’ 
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54.2 Population Distribution 

Another means of controlling the do$p accumulated by the Enewetak 
population would be to Limit the time whichL@‘g$%d in the vicinity of 

radiation sources, principally-by postponing the use of some islands for 

residence. By limiting the islands available for residence, the population 

will receive less dose from external sources than they otherwise would. 
Also, the chance of ingesting food containing higher levels of tadioactivity 
would be decreased. 

5.4.2.1 Possible Distributions. The possible population distributions 
which have been considered are: 

/ 
I 
I 

! 
I 

i 
I 

0 All of the people of Enewetak would be free to choose their 
place of residence on any isla9d of the atoll. 

0 The people would be limited to residence on the south islands, 
/ Jinedrol clockwise through Kidrenen, (Alvin through Keith). 

0 The people would be limited to the same group as in 2. above 
(Alvin through Keith), plus Enjebi (Janet) in the north. 

5.4.2.2 The Problem’ of Enjebi. Because the only difference between 
2 and 3 above involves the island of Enjebi, the reason for making this 
distinction must be justified. Earlier. in Section 3, it was explained that 
the people of Enewetak were historically divided into driEnewetak and 
driEnjebi, the first named occupying the largest island in the south, and 
the-other the largest in the north. This traditional pattern was disrupted 
by the invasion of the atoll by U.S. troops in World War LX and has never 

been fully restored. Restoration of the traditional pattern would require 
_. . ..r that the people of Enjebi reside on that island once again. However, 

since Enjebi was ground zero for, or within the fireball of, a number of 
nuclear explosions, the residual radioactivity of this soil is high enough 
to produce a sizeable external dose. In addition, all vegetation 
grown on the island would contain radioactive 

%&lR 
e,lTm*eF:s which would 

increase the internal dosage. The facts haven weighed against 
the strong desire of the driEnjebi to return to their ancestral 

x 

island. _ 
. 

. 
_. .- _ 

5.4.3 Cleanup and Disposal 

& 

&&icz 67 

The sim est metho d , in concept, of limiting radiological hazards 
is that of ’ and disposing of all radioactive materials. Further, 
a fundamental requirement in any cleanup and disposal is that radioactive 

. materials are to be removed and disposed of in such fashion that they do 

not become further hazards in another time and place. 



. 

. 

5.4.3.1 Physical Removal of Radioactive Materials. Control of both 

external and internal dose may be directly achieved by removing the 

radiation sources from areas to which the island inhabitants have direct 

access. Complete removal of radiation sources wwfd’require: 

l 

0 

0 

5.4.3.1.1 

Radioactive soil removal. 

Radioactive scrap removal. I 

Plutonium removal. 

Removal of RaftiFactive Soil. Removing soil containing 
radionuclides, especially ‘J’Cs and 7uSr, has dubious value, since 
extensive land removal and replacement operations could result in serious 
ecological damage of unknown proportions. For example, the replacement 

soil could contain chemical, mineral or biological materials having 
characteristics which were inimical to the growth of the food plants. 
Such a result would be counterproductive at best, and possible irrevocably 
destructive. Also there is no guarantee that sufficient soil could be 
removed/replaced to assure radiological safety to residents, eel-&& 

O-u= 7~ puLpJbc -A-Y 
- . ‘. 7 .,. # 

5.4.3.1.2 Removal of Radioactive Scrap. The optional levels of effort 
in the removal of radioactive scrap are minimal in number. Either none 

is removed or ali oi it is removed fro.m all the islands. The differentiation 

that can be made in considering nonradioactive scrap (physical hazards, 
obstructive debris, and unsightly debris), does not extend to radioactive 

scrap. In general, no radioactive scrap ‘should be left on the atoll and 
thus be available to the world scrap market. Programs not involving 

radioactive scrap removal must be eliminated from consideration r‘or 
this reason. 

5.4.3.1.3 Removal of Plutonium. The removal of plutonium bearing soil 
options are determined by a number of factors including the difficulty in 
removing the plutonium, the potential use of the land, and the size of the 

tract involved. Decision making wosd depend largely on a team of experts 
to interpret field radiation and radio2ctivity measurements, to advise on 

and prprovide necessary health physics support. 

sibiebpotential hazard to the Enewetak people. 
scraping and removal of plutonium bearing soil would be performed 

repetitively. After each scraping, the soil’would be sampled and monitored 
for Pu concentration. Scraping and sampling would be repeated until the 
attendant scientific advisor had determined that the concentration was 
reduced to an acceptable level. 

‘1 
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The Pu decontamination actions possible are listed below: 

0 < 40 pCi/gm of soil - corrective action not required. 

0 40 to 400 pCi/gm of soil - corrective action determined on a 
case-by-case basis considering all radiological conditions. 

i 

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

The islands on which Pu cleanup actions are required are shown in 
Table 5-4. It is also possible to take no cleaning action and to quarantine 
the islands where Pu is present at 40 pCi/gm of soil or greater. 

. 
(- Bc..ck 

5.4.3.2 Disposal of Radioactive Materials. The quantity of radioactive 
debris on the islands of the Ato 1 is estimated to be 7,262 cu yds. It is 
composed of scrap metal and c b ncrete on the islands of Bokoluo, Enjebi, 
Lujor, Eleleron, Aomon, @& and Runit. There is, in addition, a 
considerable amount of soil that is radioactive. The amount to be removed 
h&s been the subject of considerable study and it has been decided that 
&ebrly 80,000 cu yds would be removed for disposal, .- 

k/G-N /G 
as a minimum. 

3 
This had led to.the important problem of how to dispose of the ’ 

radioactive scrap and soil in such a manner that it could not cause harm 
to humans at some later date. There are several rm thods which have 
been suggested including ocean dumping, crater dumping, crater contain- 

ment, and disposal in the continental U. S. (Conus). These are discussed 
in the following sections. 

5.4.3.2.1 Ocean Dumping. Dumping in the deep open ocean (1,000 
fathoms minimum depth) was considered, but rejected for several reasons. 

It would be impossible to guarantee the integrity of any container filled 
with Pu bearing soil and other radioasy;e debris for even one half life of 
the material (about 24,000 years for Pu) . In addition, the characteristics 
o oce~n~c~~~~~~~~,~~~~rorn,the bottom to the top, in a selected location would 
Jr de ay the program, 

i; ,;iu’<i’I a”s”‘;“n”c;~~~~‘its/Jco~t: .~n&s;d&-.b~~;~~The present 

estimated cost for ocean disposal of these materials is about 50 percent 
higher than that for crater containment. 

The requirements established by U.S. law and regulation are even 
more stringent than those resulting from international agreements. It is 

possible that adverse legal actions could be taken and the required permit 
‘not be issued, even after the necessary studies had been completed. 

5.4.3.2.2 Crater Dumping. In this method, the radioactive debris and 

soil would simply be dumped into the Cactus and Lacrosse craters on 

Runit with no preparatory or closing operations. This procedure would 

5-13 
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TABLE 5-4: ISLANDS RE@UIRING PLUTONIUM CLEANUP PROCEDURES ’ 

Island 
Level’of Pu 

Local Name Code Name Remarks Concentration::: 

t 
Boken IRENE Isopleth J (See Tab A, 1, 2 

Volume II) 

Runit Y VONNE Northern half, Pu 1, 2 
burial grounds 

Luj or PEARL Hot spot 1, 2 

Aomon SALLY Pu burial grounds 1 

Bolculuo ALICE * 2 

Bokombako BELLE 2 

Kirunu CLARA’ 2 

Louj DAISY 2 

Mijikadrek KATE 2 

Kidrinen LUCY . 2 

Aej OLIVE 2 

Eleleron RUBY 2 

*Actions assumed for specific ranges of Pu concentration are tabulated 
as follo\vs : 

. 
Concentration. 

Level lpCi Pu/g Soil) Action 

1 >400 Soil removal by repetitive scraping 
2 4O(C1400 Individual case consideration 

. 
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TABLE 5-5: RECOMMENDED CORRECTIVE ACTION PROGRAMS 

HabItatIon Plus 

L No cleanup. 

a Removrl of all scrap rnd 
Pu conccntrllionr greater 
than -10 pCi/g from 
residence and agriculture 
Islanda=. 
conceattat~oo8 rrom tour 
Islands. 

Ill. Total cleanup of rcsider$e 
and agriculture imlacdr . 

A 

Case 1 , 
Alx Option I’ 

Care 5 
ApproxlmaWy AEC Option V 

C.Aae 4 
AX option IV 

i 

C 

Llv Ion l outhcrn Loland: 
vlsi nctlharn islands: food 
It0 a southeta islands 

coconut from 12 N.E. 
island* 

Case 3 

Conforma with Tork Group 
Recommenda.tion~ 

. 

D 

Llvo OII l outbarn Ir:mds; 
vialton routhctn lsbds; um. 
food grown on only l ourhatn 
island. 

Case 2b 
A&C O;ttoa xx 

A 
“Report by the AEC Twk Group on Recommendationa for Cleanup md Rebabllltation of Enowetalc,” June 19. 1974. 

b 
Care 2 differr from olher~progrrm~ in Row 1 by removal ol physlcll hazard and obsltuc(ivs debrir crtegorien of nonradioactive *crap on roulhrrs 
islands. 

cPlu~oniutn toncentrartons refer to burial gtoundr and roil dlrpcrrlons of concentration ln excess of 40 pCl/g. Area@ of mall coocenttatios ln cxc.err of 

400 pCl/g rbould be removed without question; rtear of roil concentration between 40 and 400 pCi/g should bo considered 04 an lzdividurl barla. 

; d Removal of all rcrap from all terldenca lrland~ l pccified in each column and removal of spaciflc amounle of roil 4 rpkif areaa to rchlhlevo’~rt~rpfl 

I 
and internal dosee no greater than would bs absorbed from naturally occurrIng acutce@. 



have the disadvantage that the crater area would have to be quarantined 
for an indefinite period. Also, it is not in keeping with the expressed 
desire of the Enewetak people that all contaminated items be removed 

from the atoll. 

Although the cost of crater dumping is approximately only 5’70 of 
the crater entombment procedure described later, it has be& rejected 
from further consideration as the contaminated materials would be? phrlb~i d 

t potential threat to the safety of the Enewetak people. The debris- 
laden craters would require continuous surveillance and policing to 

enforce a quarantine on the area which would be necessary for the safety 
of the atoll population. In addition, the craters would be neither lined 
nor capped in this option and there would be nothing to prevent the 
migration of the radionuclides into ocean and lagoon waters through 
cracks and fissures in the crater walls, ,or to prevent redistribution on 
land as a result of wave action or storms, 

5.4.3.2.3 Crater Containment. Crater containment also utilizes the 

Runit craters for disposal but with additional measures taken to prevent 
human contact with the radioactive material, or the entry of the material 

into the food chain. The crater bottoms and sides would be sealed with , 

concrete. The plutoniumcontaminated soil would then be mixed with 
cement and water to form a soil-cement slurry which would be placed in 
the crater. Radioactive debris would be dumped into the lined crater 

)c 

along with the slurry. This would be -done in such a manner that erosive 

water velocities are held to the lowest practicable level in order to 
reduce the transport potential of the plutonium in the soil. Crater 
containment also has the further advantages of: 

. 

tobe 
over 

l 

l 

0 

-0 

Reducing the availability of small contaminated particles and 

contaminated scrap by binding them in a cementations matrix. 

Providing a coating for the sand and plutonium particles to 
shield and reduce the hazards of alpha emissions. 

Dispersing the radioactive material within disposal criteria in 
a relatively uniform manner within the larger mass of material 
available. 

Placing the material in a semipermanent location where it would 
be least available to man but where it could be observed and 
retrieved if necessary or desirable. 

It should be noted that the containment is not required nor intended 
leak proof. An Is-inch thick concrete cap or lid would be placed 

the entire mass for erosion resistance and to seal off the radioactive 
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material, During the disposal operations, Lacrosse crater (and Cactus 

crater if necessary) would be protected from tidal currents and wind 

generated waves by temporary dikes. 

5.4.3.2.4 Conus Disposal. This term designates the procedure of 

disposing of radioactive materials in the continental United States. These 

materials, including soils, would be sealed in containers and shipped 
‘from the atoll to one of the low-grade disposal areas in the western part 
of the United States. There are two radioactive waste burial areas which 
have been identified in the western United States, both near Richland, 

Washington. One is operated by the AEC for waste from the AEC’s 

Richland operations, but which does not accept offsite-generated waste. The 
other is operated by a private firm licensed by the State of Washington. 
Under proposed regulations, this latter burial ground may not be permitted 
to accept plutonium-contaminated waste. 

If either of these sites were available to receive the plutonium 

bearing soil and radioactive debris from Enewetak, they could be reached 
by a combination of ocean, Columbia River, railroad, and truck transports. 
This method would move the contaminated material away from the atoll, 
however, it has serious disadvantages. The procedural or legal difficulties 
.could be considerable and the cost would be approximately three times , 

that of crater containment (Table 5 -18). 

Transport of this -material by vessel would be required to comply 

with current regulations (46 CFR 146‘. 19). 

5.5 PROGRAM SYXTHESIS 

5.5.1 Possible combinations of residence , agriculture and cleanup levels 
were examined. Some combinations were found to be mutually exclusive 
and others were rejected for basic deficiencies. Of those remaining, a 
matrix was constructed, Table 5-Kand five combinations chosen for 
detailed analysis of dose reduction, health effects, cost and general 

X 

. acceptability. These five, identified as “cases” are indicated in Tible++s, 
and discussed in detail in the following sections. 

f 

*< 

:k 
The matrix arrangement is such that the following trends are 

apparent: 

0 The level of cleanup effort increases from top to bottom. 

0 Restrictions on Living conditions and agricultural practices 
increase from left to right. 

l The level of population dose decreases from top to bottom. 
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5. 5.2 Case 1 - No Restrictions on’ Island Residence or Food Usage. 

No Cleanup 

_ _- _ -. .- _ _ ._- .__ 
In this case no cleanup action would be taken. All nonradioactive 

: scrap and radioactive materials would remain in place. Two mutually 

exclusive possibilities would result, i. e., (1) not to return to.the atoll 

or (2) to return. I 

c 
5.5. 2.1 Discussion. If the isla:ders were to return to Enewetak Atoll, 
they would be exposed to the possibility of injury to themselves and their 
children as a result of hazardous debris and exposure to residual radiation, 
none of which would be cleaned up., The possibility of injury from radiation 
exposure would be predominant as Case 1 imposes no restriction on 
sources of food, whether terrestrial or marine, and no limitations on 
traveling or location of habitation (Figure 5-l). Under these conditions 

it can be expected t&FL tk 
I!%? 

e radiological dose to the people would exceed 
the recommended& w. QdUa 

d 

5.5.2.2 Conclusions. In view of the existing hazards to which the 
Enewetak people would be expose&should they return to the atoll under 
Case 1 conditions, it is recommended that they do not return. 

5.5.3 Case 2 - Living, Terrestrial Food Sources, Travel, and Cleanup’ 
Restricted to Southern Islands 

Case 2 would establish the requirement for a long term quarantine 
of certain islands in the atoll. With a quarantine in effect, the radiological 
dose to the islanders would b.e well below the ERDA guidelines, but if 
access to certain islands, especially Runit, were uncontrolled a potential 
for radiological exposures exceeding the epould exist. 

5.5.3.1 

a 

0 

0 

# 

l 

Habitation Plan 

Residences -restricted to southern islands, Jinedrol through 

Kidrenen, and the same limitation imposed on interisland 
visiting. 

All terrestrial foods including birds and bird eggs would be 
grown on or collected from the southern islands only. 

Coconuts for subsistence or for copra would be grown only 
on the southern islands. Any use of coconuts from the northern 
sector, Bokoluo through Runit, would be specifically prohibited. 

Domestic animals and fowl for consumption would be reared 
only on the southe.rn islands. _ 



__ _.. - 
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1 
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0 Coconut crabs would be taken for consumption from the southern 

islands only. 

a Wells intended for providing groundwater for’human consumption 
or agricultural use would be drilled only in the southern islands, 
Jinedrol through Kidrenen. Prior to being approved for use, 
water from each well would be checked for salinity! bacteria 
count, and radioactivity. 

t 

0 Lagoon fishing would be unrestricted. 

5.5.3.2 Cleanup Actions. Under the conditions presented in Case 2, there 
would be no cleanup of any radioactive materials on the atoll as cleanup is 

restricted to the southern islands where no radioactive contamination 
occurred. In Table 5-H, r Case 2 provides an exception to the cleanup 
actions generally meant by Row 1. The level of cleanup of nonradioactive 

X 

materials would be limited to the southern islands, Jinedrol through 
Kidrenen (Figure 5-2), and would include: 

0 Removal of all physical hazards. 

0 Removal of all debris which would obstruct the development , 

of villages and agricultural areas. 

n m&?rn Lb, h’/A 
0 Disposal of unsalvablendebris by dumping in the-lagoon. X 

5.5.3.3 Conclusions. Case 2 limits all foods sources to the southern 
islands which action is difficult to justify as some of the northern islands 
are only lightly contaminated. Also, it is difficult to justify limiting 
travel to the southern islands since ambient gamma levels on the northern 
islands do not represent a significant external exposure potential for 
occasional visitation. Case 2 does leave the problems of contaminated 
scrap on many islands of the atoll, and the Pu in the soil on Runit, Boken, 

Lujor , and in the burial sites on Aomon, unresolved. It also leaves the 
generally contam.inated areas on Bokoluo, Bokombako, Kirunu, and Lujor 
as they presently exist. There is also a question as to the ability of such 
a limited land area to support 400 people, with a continuous upward 
population growth rate. 

A selection of Case 2 would necessitate the establishment of off- 
limits areas in perpetuity, at least for Runit, since the metallic Pu can 
be expected to be on the surface of the island indefinitely. Under present 

conditions, there is a potential for exceeding established standards 

through inhalation, and the possibility of spreading contamination if 
access to the island is no+ controlled as it is at the present time. 
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. 
Since Case 2 offers no solution to these problems, it is not 

recommended as a course of action. 

5.5.4 Case 3 - Livine on Southern Islands, Food from.Southern Islands 

plus Coconuts from 12 Northern Islands. Travel Unrestricted. 
Material and Some Plutonium Cleanup 

f 

Case 3 permits partial use of areas of the atoll having tow radio- 
active 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 ERDA guidelines. This case 
does restrict habitation to the southern islands, Jinedrol through Kidrenen, 
and does not recommend specific action against radioactivity in the soils 

of Bokoluo, Bokombako, and Kirunu (Figure 5-3). 

5. 5.4.1 Habitation Plan. In Case 3, the Enewetak people would live and 
obtain food as follows: 

0 

0 

0 

0 

0 

0 

0 

Residence would be restricted to the southern islands, Jinedrol 
through Kidrenen. 

Runit would be quarantined until complete Pu cleanup is effected 
and crater containment has been completed. Other travel would 

be unrestricted. 

Pandanus, breadfruit, arrowroot and other subsist 
would be cultivated on the southern islands only. 

Coconuts would be grown on the southern islands and in the 
northern islands of LMijikadrek through Billae only. No 
cultivation would be permitted on the northwest islands of 
Bokoluo through Enjebi and on Runit. 

Domestic meat would be raised on the southern islands only 
(Jinedrol-Kidrenen). 

Coconut crabs would be taken from the southern islands only. 

Lagoon fishing and wild bird and bird egg gathering would be 
unrestricted (except on Runit). 

‘.. 
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5.5.4.2 Cleanup Actions. The following actions would be taken to clean 

up the atoll: 

0 

0 

0 

0 

l 

5.5.4.3 

Physical hazards would be removed from all islands, 

Obstructions to development of habitations and agriculture 

would be removed. 1 

Radioactive scrap would be removed from all islands in the 

atoll. 

Boken, Lujor, and Runit plutonium concentrations greater 
than 400 pCi/g would be excised and all other concentrations 
between 400 and 40 pCi/g would be dealt with on an individual 

basis. Concentrations of less than 40 pCi/g would not be 
disturbed. Cleanup of Pu is expected to be performed 
iteratively until a sufficiently low concentration level is 
attained. Some 79,000 cu yds of soil would be involved in 
thie removal. 

Plutonium would be removed from the three burial crypts on 

Aomon. 

&+A .M.u+~~~~ 
, 

. 

Unsalvable nonradioactiveAmaterial would be disposed of by 

dumping in the lagoon at selected locations for forming 
artificial reefs. 

Radioactive materials would be disposed of as discussed in 
Section 5.4.3.2.3, namely by containment in Cactus and, if 
necessary, Lacrosse craters on Lujor. 

. 

Conclusions. Case 3, by virtue of the fact that it requires 
removal of only the most seriously contaminated materials, is less 
expensive than succeeding Cases 4 and 5. Although this case recommends 
that Enjebi not be utilized for habitation, it does impose far less stringent 
limitations on interisland visitations and the growing of commercial crops. 
With respect to the latter, it provides for the clearance of obstructions 
which would deny use of some of the land. Case 3 also provides for the 
removal of contaminated scrap to negate the possibility of any reaching the 
world’s markets. Although Case 3 is composed of all actions described 

in Case 2, it also provides for further actions in establishing and 
maintaining radiological safeguards. 

. 
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J.n addition to the quarantine of Runit, (Paragraph 5. 5.4.1), Case 3 
recommends that studies be conducted as follows: 

A test planting program on Enjebi to determine when exposure 

‘would be within acceptable criteria without the removal of soil. 

A program to determine radioactivity levels in coconut and 
other food crops produced on Lujor, Kirunu, Boko{uo, Bokombako, 
and Runit -(after plutonium cleanup). 

As an alternate to the preceding program, soil removal on 
Enjebi, followed by a test planting series to determine whether 
exposure for Enjebi residents would be within acceptable 

criteria. 

The assembly of a team of experts to make and interpret field 
radiation and activity measurements, advise on cleanup actions 
involving plutonium and other radionuclides, and provide 
necessary health physics support for protection of workers, 
decontamination of workers and equipment, and packaging and 

handling of collected contaminated materials. It is recommended 
that this program be conducted under the auspices of ERDA. 

; , 

A comprehensive underground water lens sampling and analysis 
program for a minimum period of 1 year. Bacterial content, 

salinity, and radionuclide content would be measured every 
twelve months. 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 ’ 37 Cs below the radioactive half-life on 
the northern islands. 

Case 3 reasonably insures a safe habitation plan for the proposed 
return of the islanders and provides a means of eventual improvement 
of the environment for the benefit of all of the Enewetak people. Further, 

the controlling criteria for radiation exposure developed by the AEC Task 
Group can be best met by this particular alternative. This is most likely 
to provide the lowest possible exposure in accordance with accepted 

guidelines . 
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5.5.5 Case 4 - Livine on Southern Islands and Eniebi; Subsistance and 

Commerical Crops on Southern Islands and, Under Controlled 
Conditions, on Enjebi; Material, Soil and Some Plutonium Cleanup 

Assuming the effectiveness of the corrective measures to be suggested, 
Case 4 would still result in annual and 30-year gonadal doses (Task Croup 

Report, 1974) at or above the ERDA guidelines for those who +ould live on 
Enjebi, and would be well above those predicted for Case 3. L’rhe success of 

this case would depend upon the following factors (Figure 5-4): 

0 Importation of food for the Enjebi inhabitants. While this is 
the most dependable method, it would be a long-term burden 
on the driEnjebi which would eventually become objectionable 

to them. 

0 Removal of soil and replacement with imported soil. This 
method is not as certain a safeguard against internal exposure 
as the importation of food, but in theory it is possible that it 
would reduce the dose from pandanus and breadfruit to levels 

comparable to those found on the southern islands. All this 

depends upon providing sufficient imported soil to encompass 

the entire root system of the mature trees, and that factors do, 
not exist which would lead to recontamination. In any event, 
there is reasonable doubt that safe levels could be attained by 

soil replacement alone. 

l The water supply for these crops must not have radioactivity 
levels higher than those in the southern islands. wkeri; ’ ’ 4 

Case 4 would 

5.5.5.1 Habitation Plan. If the cleanup ktions to be described in 
Paragraph 5. 5.5.2 should prove to be as effective as predicted, the 
Enjebi people could be permitted to return to their island with the following 

conditions applying: 

0 Residence would be restricted to the southern islands, Jinedrol 
through Kidrenen and Enjebi. 

0 Pandanus and breadfruit would be cultivated in the south and in 
imported soil on Enjebi (Paragraph 5.5.5.2). 

0 Other subsistence crops, e.g., arrowroot, papaya, etc., would 
be grown only in the south and on Enjebi. 

---- ___...._ _ 
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0 Coconuts could be grown on the northern islands of &$&B 

through Billae and on the southern islands. They are specifi- 
cally prohibited on the northwest islands (Bokoluo-Boken). 

0 

0 

0 

0 

0 

5.5.5.2 

Domestic meat would be raised on the southera islands and 
on Enj ebi . 

i 

Coconut crabs would be taken only from the southe’rn islands. 

Interisland travel would be unrestricted. 

Wild bird and bird egg gathering would be unrestricted. 

Lagoon fishing would be unrestricted. 

Cleanup Actions. Actions are categorized as follows (removal 

of approximately 318,000 cu yds of soil is required): 

0 

0 

0 

0 
.__ 

0 

Re’moval of physical hazards from all islands. 

Removal of debris and structures obstructive to the use of the 
land by the.people. 

Removal of plutonium contaminated soil from Boken, Lujor, and 
Runit and removal of plutonium crypts on Aomon. 

. 
Scraping and removal of soil in pandanus and breadfruit growing 
areas (along the lagoon shore and on the northwest shore) of 
Enjebi to a minimum depth of 30 cm. 

Scraping and removal of soil in commercial coconut grove areas 

on Enjebi to a depth of 15 cm. 

Scraping and removal of soil in other subsistence agricultural 
areas on Enjebi to a depth of 15 cm. 

Replacing soil from scraped areas with at least equal depths 
of imported soil. 

5.5. 5.3 Conclusions. In Case 4 predicted doses would equal or exceed 

the upper limit of the ERDA guidelines (Task Group Report, 1974). This 

factor, when weighed with the great uncertainty in achieving even this 
dose reduction, makes it very difficult to justify the return of the driEnjebi 
to their home island. Case 4 is not recommended as a course of action. 
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5.5.6 Case 5 - Unrestricted Living, Food Sources and Travel, Total 

Cleanup of Residence and Agricultural Islands 

In addition to the removal and replacement of soil on Enjebi as in 

Case 4, Case 5 provides for the removal of soil to specific depths on Lujor, 
Bokoluo, Bokombako, and Kirunu. The islands designated for agricultural 

development in the Master Plan (Tab D, Appendix) would al+ be treated 
to a soil removal and replacement operation similar to that described for 
Enjebi. There would be no restriction on living patterns or food sources 

in Case 5 (Figure 5-5). 
2 

5.5.6.1 Habitation Plan. If the actions to be described in Paragraph 5. 5.6.A’ 
would achieve a level of exposure reduction as large as the calculate$,,,,,&,,,, 
result, the entire atoll could be used in accordance with Table 4-1,Ap6b _D,,$ra&] 

ZX3. Agriculturally, 
would be 

this would mean thaGOpandanus and breadfruit . 

Sr content of less than permitted to grow only in soil having a 

4.6 pCi/g. Assuming that these conditions would be met, the following 
would apply: 

The people would be able to lice on any island in the atoll- 
. _- 

-*WA-_ 

0 Coconut, p&danus, and breadfruit could be cultivated on those 
islands designated in Table 4-l. 

0 

: 0 

0 

0 

0 

5.5.6.2 

Domestic meat could be raised on any island. 

Coconut crabs could be collected on any island. 

Wild birds and bird eggs could be gathered on any island. 

Interisland travel would be unrestricted. 

Lagoon fishing would be unrestricted. 

Cleanup Actions. The following cleanup actions would be under- 

taken (removal and replacement of about 779,000 cu yds of soil is involved 
in these cleanup actions): 

l Removal of physical hazards from all islands. 

0 Removal of debris and structures obstructive to the use of the 
land by the people. 

0 Removal of unsightly debris. 
. 
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0 

0 

0 

0 

0 

5.5.6.3 

Removal of plutonium contaminated soil from Boken, Lujor, 

and Runit and the removal of plutonium crypts on Aomon. 

Scraping and removal.of 10 cm of soil from Lujor and Kirunu, 
14 cm of soil from Bokombako, and 47 cm from Bokoluo. 

I 

Scraping and removal of 30 cm of soil from areas where 
pandanus and breadfruit would be grown on Enjebi, Alembel, 
Aomon, Bijire, Lojwa, Lujor, _Aej, Ananij and Runit. 

Scraping and Removal of 15 cm of soil where.commercial 
coconut crops will be grown on the same islands. 

Scraping and removal of 15 cm of soil in other subsistence 
agricultural areas on Enjebi. 

Replacing soil from scraped areas with at least equal depths 
Of igipGrted soil. 

. 

Conclusions. Case 5 is clearly more difficult and more expensive 
. . 

than the other cases as rt requires removal and replacement of much more 
soil in the cleared areas (Case 3: 79,000 cu yds; Case 4: 318,000 cu yds;’ 

Case 5: 779,000 cu yds). Consideration of the actions in Case 5 as a 
viable alter;?ative :- -’ A.J clouded by uncertainties regarding the exposure 
reduction that can be achieved through partial soil removal and selective 
soil replacement. .In view of these considerations and the additional high 

cost of the operation, Case 5 is not recommended as a course of action. 

5.6 EVALUATION OF ALTERNATIVE PROGRAMS 

Several considerations are treated quantitatively here to assist in 
selecting a suitable course of action in cleanup and rehabilitation of 
Enewetak Atoll and in resettlement of the Enewetak on the atoll. These 
considerations include estimated dose and the associated radiological 
risk and the financial costs of alternative programs. The effectiveness of 
each alternative progra.m in reducing the estimated potential population 
radiological dose are evaluated by calsulating whole body, bone, and lung 
dose for each program (see Paragraph 5.6.1). These doses are estimated 
on two time bases: a 30-year dose and a maximum annual dose. Relative 
values of radiological risks for each alternative program is estimated in 
Paragraph 5.6.2. Estimates of the financial costs of selected alternative 
programs and associated disposal ‘methods are discussed in Paragraph 5; 6.3. 
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5.6.1 Dose Estimates 

Estimates of doses that individuals in the Enewetak Atoll population 

may incur after they have resettled on the atoll are presented for various 
alternative programs in Tables 5-6 and 5-7, In both tables, the dose 
estimates are given for the whole body, the bone (mineral) an 

P 
the lungs. 

These estimates are based on information contained in the AE’C Radiological 
* Survey of Enewetak Atoll, NVO-140, 1973 and in the AEC’Task Group 

Report> June 19, 1974. 

Particular considerations in calculating these dose estimates are: 
. 

0 No contribution to dose is assumed from groundwater since it 
will be monitored and will not be used unless it meets established 
guidelines for radioactive and nonradioactive impurities. 

0 Bone marrow dose estimates are not given because the &atio.of 

bone marrow dose to the AEC guidelines of 0.25 rem/yr is 
essentially the same ai the ratio of mineral bone dose estimates 
to the AEC guideline of 0.75 rem/yr. 

The ba$-~;,‘“6,;‘d;;tion is 
conclusion derives from observing that when 
the principal’source of bone and bone marrow exposure, as on 
Enewetak, it is traditionally accepted that the marrow dose is 
one-third the bone dose 
to sources other than 90 

AEC data show that conlributions due. 
Sr do not add significantly to bone or 

bone marrow dose estimates. Consequently, it makes no 
significant difference whether bone or bone marrow is the organ 
used for radiological hazard analysis since dose estimates and 
dose guidelines occur in essentially the same ratio, 3 to 1 
respectively, for the two organs. 

l Separate dose estimates are not provided for the traditionally 

more sensitive msmber’s of the population (fetus and newborn). 
The AEC Task Group Report (Tab B, Vol. 2 of the EIS) and 

. NVO-140, page 505, show that calculations based on the most 
sensitive individual do not result in significant differences in 
close estimates. e 

l The dose estimates are maximums expected in the population 
for an individual free to move about and eat foods obtained 
within the restrictions of each habitation plan/clean,up action 
combination. These estimates are developed to provide a means 
for estimating radiological health effects and risks for each 
combination of interest. Dose estimates for individuals subjected 
to more restrictive and adverse combinations of habitation and 
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TABLE 5-6: ESTIMATED 30-YEAR IXTEGRATED DOSE6 TO INDIVIDUALSa 
(REM) 

Habitrtlon P&on 

* 

C1oMup Actloar \ 

1. No clranup 

LT. Removal of ill wrap and 
Pu conceotratlon~ greater 
than 40 pCl/g from 
reridenco and l prlcultura 
lalandr. 

l.R Tital cleanup of residenTa 
and l grtcul:ure lmlandr. 

LEGKPID . 

We’ l Whola Body Dora 
B = Bone DQSO 
L = Lung DQ8* 

No rertrlctlono on 11Lod or 
food "..l(. 

CIII I ' 

WI386 

D = 60 

L=O.t- .- 

WD = 6' 
B = 60 
L = Background 

Coos 5 
WD = Dackground 

B = MBckground 
L = Background 

B 

Iv* on southern lalurdn rad 
Injsbl; vImIt northern IaIandB: 
ood from routhcrn Ialande or 
Znjcbl except coconut from 12 
4. E. Islnnd* and p~ndanu~ .n 
Ircrdfruif. from E,,njcbi Inrm 
ilot* or imp~lrtcd 
-_ 

WB = 3 (6 on Enjebi) 
B L Its (20 on Enjebl) 
L = 0.06 (0. 1 (.A Enjcbl) 

case 4 
\VB = 3 (6 on Enjebi) 

B a 10 (20 on Znjebl) 
L = Background 

ilabltatlon rcatrictlon not 
rcqulrcd. Sea Caoe 5 

‘Do&cm calculatrd to one l lgoltlcaot flguro bared on data from NVO-140 bnd A&C Tark Group Rqort. 
. 

Llvo on routhern l*:nado: 
vinlt northern lmI&nda; food Llvo on l outhcre lolands: 
‘from southern lmlanda vlrlt oo routbcrn IDLand*: oa. 
except coconut lrom 12 N.E. 
lrlsnde’ 

food grown on only rcuthern 
lrlwde 

WB = 1 

Da5 
L = 0.04 

Case 3 
wn = 1 

D=5 
L = Background 

Cams 2 
WB = Backgroundd 

B = Background 
L = Ilackground 

Same A* Caac 2 

5 

I1abltrtlon rcrtrlctlonr not Habltatlon rcatrlctlooa not 
required. Se. Care 5 requlrcd. SC0 C&O. 5 

DDorae c&ulatad from an armurn* population dlmtrlbutloo of U par 

c 
Doclea calculated from Irlnnd ama wolghtcd dIrtrlbutloo of coconut 
from tbo southern lrlandm. 

from Mljikadrok to Blllao and Blken 

.d Background meann thnt the doro 19 l atlnutod to bo na greater than would bo abrorbcd from naturally occurrlng DOU 
EBtlnatce for brckground 30-year darer are: WD = 1 rem. B = 4 rem, and L = 0.0009 ram. 

er externally or lntcrlu!ly. 

._ 

, 

0 



.- 

. 

. * 

VI 

(: 
W 

. 

TABLE 5-7: ESTIMATED MAXIMUM ANNUAL DOSES TO INDIVIDUALSa 
(REM) 

Llvs on so*lthern lslmds and 
Enjebl: visit nnrrhern islands; 
food from gourhrrn islands or 
Enjebl excs:pt coconut from 
12 N.E. islands and pandanus 

LAW on l outhern iahnde; rtslc 
northern lslsnds; food from 

snd breadlwll from Enjcbi 
on southern islands: use 

southern lsiands except coconut food grown on only southern 

islands 

L No cleanup. Case 1 Case 2 
WB . 0. 3 WD = 0. 1 (0. 3 on Enjebl) i WD = 0.05 

1 BzO.2 
WB = Background b 

D-2 B = 0. 5 (I on Enjebi) C = Background 
L I 0.004 L = 0.00;. (0. 004 on Enjebl) 1 1, = 0.001 L = Bxckground 

IL Removal of all rcrap and * Case 4 Case 3 

Pu concentr~tIon8 greater WB l 0.3 . WB = 0.1 (0.3 on Enjebi) WB = 0.05 

than 40 pCtlg from B=Z B = 0.5 (1 on Enjebi) B =0.2 Same as Case 2 

residence and agriculture L = Background L = Back;round ’ L = Background 
islands. 

lL Total clcwwp of re~ldenca , Case 5 
and, agriculture hlandr. WB = Background 

B = Background 
L = Background 

HabItatton restrictions not Habltatlon restrlctlonr not 
requlrcd. Sea Case 5 required. See Caec 5 

Habitatton rtstrlctlons not 

required. See Case 5 

LEGWD 

WB = \ybole Body Do10 
B = Bone Doss 
L = Lung Dose 

aDores calculated to one rlgnlflcurt figure bared on data from NVO-140 and AEC Task Group Report. 
. 

AEC ~uldcllnee for mulmum l aual dare are: 
WB l 0.25, B = 0.75. Seo Table 5-6 for assumptiona used In dose calculations for columns B and C. 

b 

4 
Background means that the dose la crtlmatcd to be no greater than would be absorbed from naturally occurring eourcea , either externally or internally. 

Estimator for annual background doss are: WB = 0.04 rem. B = 0.1 rem, and L = 3 x 10-5rcm. 



YAEC Task Group Report but are not considered in the alternative programs 

in this EIS. These more adverse Task Croup Report combinations are 
extremely unlikely when’ considering historic living patterns on the atoll and 
the stated preferences of the ,Enewetak Atoll people for use of the various 

islands. Furthermore, it has been determined that consideration of these 
lother combinations would increase already unacceptable doses bit would 
;not change the acceptability of recommended alternative programs. 
%- 

( Table 5-6 1’ t is s estimates of doses absorbed over a period of 30 years. 
These estimates can be considered the higest that any generation would * . 

receive. The maximum annual doses listed in Table 5-7, include recogni- 
tion that the maximum for each component of ‘radionuclide contribution to 
total dose occurs at different times during the 30-year period. Data and 
methods used to obtain the estimates in Table 5-6 and 5-7 are discussed 
in Paragraphs 5.6. 1. 1 through 5.6. 1. 3. 

Comparison of th ese results with the dose guidelines recommended 
by the AEC Task Group R,eport, 197.4 (see Table 5-3) is shown in.Taible 5-8. 
This comparison is given as the ratio of estimated individual dose to the 
appropriate dose guideline. For habitation plan A with cleanup actions I or 
11, the maximum annual whole body dose for an average individual on the * 

atoll is about 20 percent higher than the AEC guideline, For habitation 
plan B, the maximum annual whole body dose for an average individual is 
well below the AEC guideline; but for an individual residing on Enjebi, the ’ 

whole body dose under these conditions is estimated to be 20 percent higher 
than the AEC guideline. For other combinations of cleanup actions and 
habitation plans, the maximum annual doses are well within the guidelines 
recommended by the AEC. 

Regarding bone doses, estimates for habitation plan A exceed the 
AEC guideline of 0.75 rem/yr, except for cleanup action III, even when 
the distribution of population is taken into account. For habitation plan B, 
the bone dose appears to be sayisfactory in comparison to the guideline 
except for an individual residing on Enjebi. Other combinations result 
in maximum annual doses well within AEC guidelines. 

_ 5.6.1.1 Internal 30-Year Doses. Data for internal doses to whole body 
and bone are presented in Table 5-9. These data were used in developing 
the estimates in Table 5-6. In addition, data from Tables 1 and 2 of the 
AEC Task Group Report were used in deriving these estimates. In 
particular, living patterns A and D in Tables 1 and 2 of the Task Group 
Report were used for estimating whole body and bone doses in Column B 
of Table 5-6. These patterns correspond to life styles likely to be adopted 
by people living and growing food on the southern islands and by people 

‘living and growing food on Enjebi, respectively. An appropriate combination 
of these patterns reflecting the spatial distribution of the pqulation is used 
for the final evaluations in Tables 5-6 and 5-1. 
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TABLE 5-8: RATIOS OF ESTIMATED MAXIMUM ANNUAL DOSES TO 
RECOMMENDED ANNUAL DOSE GUIDELINES FOR INDIVIDUALS= 

Habltatiaa Pluir 

L No clwwp. 

IL Removal of all #crap and 
Pu cooccntratlonr creator 
than 40 pCl/g from 
rerldenca and agriculture 
Maads. 

UL Total cleanup of ramldmnem 
and l grleulturo Ialando. 

bEGEND 

NO roatrlctloar on Lo&ad OI 

load uaqp 

Cam 1 
RWB l 1.2 

RBm2.7 

12 N. E. Irlrnde and twadanur 
and breadfruit from En’ebl 
[arm plolr or imported b 

OVB = 0. 4 (I:2 oo Enjebl) 
RB = 0. 7 (1. 3 oo Enjebl) 

Car. 4 
RWB l 1.2 (WB n 0.4 (1.2 on EnJebl) 

RBa2.7 RB = 0.7 (1. 3 OII Eojebl) 

Cu. 5 

b 

coconut from 

b 

l- 

: 

, 

C 

routhern lalaode 
coconut from I2 N.E. LAndrC -_- 

RWB 8 0.2 
RBWO.3 

Care 3 
HWB=O.Z 

RBwO.3 

b * 

RWB = Rallo of Mulmum Annual Doos to Recommended Llmlt for Wholo Body Dow (0.2) r*m/yr). 
RB = Ratio of Maximum .hM(ul Dare to Rocommerrdrd UmIt lor Bone Dow (0.75 rrm/yr). 

JJva on wuthoro Irlusdo; rim11 
01) l outhoro ieland*; uw 
food grown oo oaly l dmr~ 
Lolaada 

Car* 2 

b 

b 

b 

*Applicable to l varago indlvkdual on cntlre atoll. except where noted. People &odd not roturn lf the rrtlor are groatar than w&y. 

bTbe ratlor are effectively lou than or l pu~l to the ratlo of background doae to rmcommeaded ~uldellao wham RWBS 0.16 and RBS 0. IS. 
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TABLE 5-9: INTERYAL DO.SES DERIVED FROA4 INGESTION 
OF FOODS GROWN ON GIVEN ISLANDS 

30-Year Do.cr'j 
_.._ _ _ -- (Rem) 

Arab 
&laad Group !ACW#) Rcmarlw Fwdm Tqdy _ (ZJ 

Bokoluo to 101.87 Northera irlmdo 

( 

B&en, d.& 
Coconutr 0.95 8.6 

rhoring greatest Pmdmu8 aad 

Akc *fi+ 
rdiorctivitirr 5readfrurt 6.1s 93.4 

%+) 

. of Eaerttak other 2.4s 24.0 
Atoll survey 

Bokombtio 

sum 9.5s 126.0 

30.50 -ma aa abow Cocoautm 2.18 14.9 
Plodumr md 

Brmadfruir 13.80 156.5 
othw 5.42 40.6 

I I 

SUm 21.40 212.0 

Eajcbl I 290.58 Same as above Coconut a 
Pandusur and 

Breadfruit 

I 
ctber 

0.71 5.2 

4.60 55.5 
1.80 14.7 

sum 

524.31 INorthcmrrn ’ Cocoauta 

I 

(Bikea ir routh- Pandanua and 
western) ialandg Breadfruit 
rftb Intermediate Other 

Jiaedrol to 804. IS Southern illrndr Cocoaut* 
with very low Paaduur aod 
lowlr of Brwdfruit 
rbdiowztivity Other 

7.10 75.4 

0.27 2.2 

1.71 24.0 
0.03 6.5 

i 2.67 32.7 

0.04 0.2a 

0.06 0.48 
0.04 1.34 

sum 0. I4 2. 10 

m- 
SW xrrble source 

SlCnmwatak Radiological Survey, ” NVO-140 (1973). Tale 202. p. 604. l rcqt where noted. 

b 
lbtd., T&lo 162. p. 540. The valuer taken corrorpond to r&lo body and boaa doror Dam 
suc1id.a. not just l”Ca aad 90Sr. 
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by people livihg and growing food on the southern islands and by people 

living and growing food on Enjebi, respectively. An appropriate combination 

of these patterns reflecting the s.patial distribution of the ijopulation is used 

for the final evaluations in Tables 5-6 and 5-7: 

The contributions of radionuclides in coconuts, pandanus and bread- 
fruit, and other components of the Enewetak diet are given for ebch of 

several island groups in Table 5-9. The islands are grouped in decreasing 

order of contam.ination.as follows: 

0 Bokoluo to Boken plus Bokombako 
0 Enjebi 
0 Mijikaidrek to Van plus Biken 

0 Jinedrol to Kidrenen 

These data were used in the construction of area weighted food and island 
contributions to the internal dose estimates in .Column C of Table 5-6. 

Variation in the time of exposure among foodstuffs influences the 

cumulative internal dose. As a period of about 7 to 10 years is required 

for the maturation of seedling pandanus, breadfruit, and coconut trees, , 

and few fruit bearing plants are now available on Enewetak Atoll, these 
foods can not contribute to the internal dose until the maturation period 

has passed. For siLrlpLCi’i)i, the maturation period is assumed to be 8 
years in the calculation of doses for Tables 5-6 and 5-7. 

Values for. the lung dose contributions are. comprised df two 

components : dose from inhalation of plutonium and whole body dose. In 
every case of Table 5-6, the magnitude of the inhalation dose is insignificant 
compared to the whole body dose. Estimates of inhalation dose to the lungs 
were based on the data in Table 204 of NVO-140, 1973, using living 

patterns I and III. These estimates are noted in Table 5-6. Due to the 
small magnitude found for the plutonium contribution to the lung dose, the 
time dependent character of the inhalation dose is not significant to the 

calculation of maximum annual dose, . 

5.6. 1.2 External 30-Year Doses. ELternal dose contributions from 
gross gamma radiation fields of different isopleths on different island 

groups are listed in Table 5-10. Area weighted averages of the exposure 

rates of isopleths and of the external dose estimates by island group areas 
were used in determining the external dose contributions to the estimates 

given in Table 5-6. 

The sources of external exposure are assumed to disappear by their 

nuclear de cay alone. No credit is assumed in the estimation of integral 
doses for any removal from Lhe local environment by weathering or other 

natural proces.oes. 

5-37 . . 
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TABLE 5-10: CALCULATLONSOFEXTERNALDOSESTO INDIVIDUAL 
RESIDING ONGIVENISLSLNDS _ 

ma88 

818. oa 

804.88 

I 
Y 
a 

J 

a 
r 

1s 

9: 

I 

au 
1s. IS 
a8. II 
Y. 0, 
ta. 88 

IT. 40 
11.m 

us. 40 

884.88 

Dam e.lcu1.W C. L...I.u .,.. r.hckr.. 
..I “*,m.,r*,* OD cn,.w ..m ..I. ,.I..> 

4.8 

8.8 

. 
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5.6.1.3 Maximum Annual Dose. The dose rate is not constant during the 

30-year period for which “generation” doses are calculated. Consequently 

the maximum annual dose during this period is calculated. for comparison 

with the annual exposure guidelines recommended’by the AEC. 

The internal dose rate is dependent on the particular radironuclidc 
as well as its retention characteristics within the body. Consehuently, 
the time dependence and the point in time of the maximum dose rate is 

’ different for each combination of radionuclide, environmental pathway, 
and target organ for which the dose is being-calculated. Because of 

uncertainties inherent in some of these time constants, the internal con- 
‘tribution to the maximum annual dose rate is the sum of the individual 

maxima disregarding their separation in time. This results in a slightly 
conservative estimate of the maximum annual dose. The times of these 

maxima are shown in Table 5- 11. As discussed in Paragraph 5.6.1.1, 

the maturation time for pandanus, breadfruit, and coconut trees is taken 

to be 8 years for simplicity. The maxima for these exposure pathways 

are then adjust.ed.accordingly. 

The external dose contribution is simply corrected for its radio- 

logical decay with no credit being assumed for any weathering, erosion, , 

or other natural process that might increase its rate of disappearance. 

The sum of the internal and external contributions represents the total of 

the maximum annual dose. The results are presented in Table 5-7. Refer- 

ring to Case 1 in Table 5-7, higher maximum annual doses could be estimated 
as shown in.Table 3 of the AEC Task Group Report. However, these higher 

doses represent highly unlikely living patterns and, even if included, would 
only have increased the unacceptability of this case. 

5.6.2 Comparison of Risks for Alternative Programs 

Each alternative program considered for cleanup and habitation can 
be associated with a level of radiological risk for the people of Enewetak 
Atoll. A semi-quantitative meas’ure of this r!sk is provided by estimating 

the number of health effects<: expected from the radiological exposure in 

each alternative. The risk criteria given in Table 5-I are used as $he basis 

for making these estimates, as sumin’g a total atoll population of 1,000 
receiving the 30-year integrated doses given in Table 5-6 for each alternative. 
Table 5-12 lists the estimated health effects. 

_. .--. _. . ._ ----- .-- 1 

*As indicated in NCRP Report No. 43, Review of the Current State of 

Radiation Protection Philosophy, January 15, 1975, it is very unreasonable 
to interpret these upper limit estimate? as actual risk. Because of the 
extreme conservatism in these estimates, they should be used only as 

general guidelines in any risk analysis. 
. w 
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5: I/ TABLE 5;;l: INFORMATION FOR CALCULATING MAXIMUM INTERNAL ANNUAL DOSES 

Radionuclida Critical Organ 

9OSr 

13’c. 

Pu 

Bone 4.82 

Whole Body 1.83 

Lung 

P 

T a 
max 

(yrsl 

1 

19.00 

T max + 8 yrb Sore Period T= 

(Yrs) (yrs) 

30 
22 
30 . 

30 
22 
30 

30 

Fal 

K 

23.10 
18.22 
25.65 

21.11 
17.75 
25.17 

28.01 

0.0433 
0.0549 
0.0390 

0.0474 
0.0563 
0.0397 

0.0357 

aThe time at which the internal exposure rate becomes marlmum for a particular radionuclide and target organ 
is denoted by Tmu, and is calculated from the formula 

Ln (Am/X,) 

T =k_h--* . max 
m r 

where km is the biological decay con&ant for man, and Ar is the radioactive decay constant for the radionuclide. 

b 
Auauxned S-year maturation period0 for pandanur, breadfruit, and coconlt seedling trees. 

%‘he period of time over which the doe e rate ie integrated ir denoted by T. 

d 
AII empirical factor used to relate the maximum annual doss to an integrated dose for a longer period ir denoted 

by K. The relation is given by 

DT 
1 -. DTma*. K 

’ The factor K is determined from equations given in NVO-140, pp. 537-38. 

..m.....- ,, 





i 

. \ t 
, ’ 

c -, - 
t': 
\ As indicated in Table 5-12, the total number. of health effects per 

1,000 people is the sum of health effects estimated for whole body, bone 

and lung doses. This total is the maximum estimated health effect’: or 

risk. The actual risk may .actually be zero or negligible when compared 
to effects resulting from natural or background exposure, 

i 

P I \ 

*As indicated in NCRP Report No. 43, Review of the Current State of 
Radiation Protection Philosophy, January 15, 1975, it is very unreasonable 
to interpret these upper limit estimates as actual risk. Because of the 
extreme conservatism in these estimates, the’y should be used only as 
general guidelines in any risk analysis. 
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The actual risk may actua’Ly be zero or negligible when compared 

to effects,resulting from natural or background exposure. 

-;G 
L-’ **. 

Reviewing Table 5-12, it can, be seen that several alternative 

programs result in health effects which are estimated to be no greater 
’ than those induced by naturally occurring background radiation. These 

programs, yielding the greatest reduction in radiological ris f( , also are 

either the most restrictive in terms of habitation plans or the most costly 
in terms of cleanup. For example, Case 2 restricts the Enewetak Atoll 

people to the southern islands with no agriculture or visitation on the 
northern islands,and Case 5 places no restriction on residence, agriculture 
or visitation of the people but imposes enormous costs as is shown in 
later discussion. 

: Short of reducing radiological risk to background levels, it can be 
seen that Cases 3 and 4 offer compromises which increase the extent of 
Enewetak Atoll people’s agricultural, residence and visitation activities 

without causing significant increases in risk. The Case 3 risk estimate 

indicates that, as a maximurn,, the number of health effects LY=&& rn,iAP 
increase to twice the background level although the actual number of 
added health effects may be no greater than those observed in the back-’ 
ground cases. For Case 4 the total number of health effects (Case 4 plus 
background) is estimated to be no more than about 4 times the background 

case. Again it should be noted that actual number of added health efiects 

inay be no greater than the background effects; however, as. suggested by 

the Case 4 risk estimates, ^ the Enewetak people will be exposed to r 4 
1 C’_ . increased w . ,m 

r&/y,;1 - nir 
S because of the Enjebi agricultural activities. 

As shown in Table 5 -12, the cleanup actions introduced when going 
from Row I to Rev; II do not significantly reduce the overall estimate of. 
radiological ris !; for any given habitation plan. These added cleanup 
actions consist of radioactive scrap re&y;val and g_ ‘+.F removal of 

II, 4 rrorlir, 7 V c r(r c/c-,r,rr y&.&r lL’“5. _ I . , _- plutonium concentrations b-.1 ,/- r: ,e 
II. ‘i<d ‘3x%&. Such cleanup results in negliiible dose reduction 

since these actions mitigate the external and inhalation pathway doses 
which contribute only small fractions to the total dose. This result does 

not mean that cleanup actions defined by Row 11 should be omitted. They 
are desirable from the standpoint of eliminating the possibility of undue 
individual exposure and the accessibility Q/radioactivity anywhere on the 
atoll. . -fo 

In summary, the radiological risks displayed in Table 5-l 2 suggest 
that further consideration of alternative programs can be restricted to 

., Cases 1 through 5. Case 1 representi the risk, clearly unacceptable, 
associated with unrestricted use of tkie atoll and no cleanup action and 

.._ . .._.. - - --- ..--- -. 
w 
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Case 5 represents the case of essentially ‘canplete removal of risk to 
allow unrcstiicted USC. Cases 2, 3 and 4 rczprcscnt compromises on use, 
cleanup and risk between Cases 1 and 5. These factors-are summarized 
in Table 5-13 along with cost data to provide a basis for overall consid- 
eration of each case. The cost data are dcvcloped in Section 5. 6. 3. 
Reviewing Table 5-l 3, the best combination of features is foupd in Case 3. 
In this case cleanup is practically complete; the problems of tontaminsted . 

pandanus and breadfruit are minimized; restriction on population movement 

is p minimal, except for the restriction of no residences or 
agriculture on Enjcbi;. the 30-year doses a‘re r;r;lrrack-L, ,. lo-.v; 366 the 

* maximum annual doses fall within AEC guideiincs; and /kc J~C~QJ~* radA+r4 

risk ~ Q yvcs:cd aJ hf@flJ f/ f e L-cc, ts no moq Iiun r ,ue/ f. hu 

5.6.3 Estimated Costs r*& Ah * e w 
/Irk f&m 6O&9/dUKll 

AL 

19 

The estimated costs for cleanup o erations involved in Cases 1 

through 5 are summarized in Table S- . These estimates were bzsed 

on the assumption that work would begin in late 1975 using estimated 
values of scrvltes and products apphcable to Jq76. These values were 

determined from contracts and recent ,h.istorical purchasing data. 

Base camp rehabilitation includes the cost of renovating the 
existing structur es on Enewetak and ?ny new construction connected with’ 
the establishment of the camp. Cleanup costs are those associated with 
the act&al lzditilogictil ~;iid physical cleanup work on the i_ndividi;al islaz<;. 

They include estimated travel times from the base camp to the work 

sites, as well as a contingency for time lost due to weather conditions. 

The teclu?ical support costs are those which are associated with planning, 

engineering, and estimating activities pertineRt to the cleanup program. 

The costs included in logistical support are for air transportation, 
helicopter operation, barging and shipping, interisland marine oper&tions, 

packing and crating of equipment ar,d supplies, general services far 
Government agencies, operation of off-site offices in Oakland and 
Honolulu, and the hiring and processing of persor.nel. Maintenance and 

operations costs included all base camp operations associated with the 

program as well as procurement and maintenance of equipment. 

To obtain a broader view of ove-rall costs, twelve million for’ 
rehabilitation and resettlement should be added to the estimate of any of 

the five cases. This estimate is based on the tentative budget allocated 
by the Trust Territory of the Pacific Islands for this purpose. This 

estimate does not include provision for adknistrative or agricultural 

maintenance costs beydnd the first 2 years of the operation. 

5-41 
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OF ESTIMATED COSTS ($000) 

Program Activity 2 

Case 
I 

3 4 I 5 

Field Construction 
Base Camp Rehabilitation 4,405 4,488 4,488 4,458 

Cleanup 
J ,+Radiologica? Physical Cleanup 

0 
1,502 

3, 384 7,708 14,121 
2,089 2,085 6, 343 

Technical Support 97 97 97 97 

Logisticai Support 6,933 10, 193 13, 992 23,318 

.Maintenance and Operations 12,566 15; 326 19, 966 33,245 

Including Equipment 

Total Program 25, 503 35, 577 48, 396 81, 612 

The above estimated costs are based on the assuAmption that operations 

will begin late in 1975. Disposal costs are shown separately and are 
additive to these totals. 

. 

* 
Level 2 for Cases 2, 3,. and 4; Level 3 for Case 5. 



. 
Esti 
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ates for t&costs of disposal operations are summarized in 

Table 5- . . These cstimatcs were based on considerations of material 

quantities, methods of preparation, and transportation distances. 

Assuming the work will be started in late 1975, these estimates reflect 

1976 prices. .’ 

Major factors influencing the costs in the ocean dumpinb and Conus 
dieposal options are material preparation and transportation distance. 
In the crater disposal option, the contaminated materials are left on 

. Runit. Transportation requirements are ‘minimal for this option and no 
particular preparation of materials is required. hIateria1 preparation is 

a major factor in the crater entombment option, although transportation 
requirements are minimal. The option callin g for stockpiling of con- 
taminated materials on Runit is a temporary measure, and ultimately 
involves the cost of one of the other options. 

Material quantities .vary strongly among the different cases for soil 
that is removed, but is constant among cases for radioactive scrap. 
Measured estimates of these quantities are tabulated as 

. Study, .I 973): 

Case 
Contaminated Soil Contaminated Scrap Noncontaminatei 

(cu yds) (cu yds) Scrap (cu yds) 

1 w 

2 ._ .- 
. 

_ 
.3 79,000 7,262 

. 318,000 ’ 4 7,262 

5 779,000 7,262 
‘/ 16 

follows (Engineering 

58,000 

73,000 

80,000’ 

126,000 

A’summary of t 
is given in Table 5- 42 

4 cleanup physical details and costs for each island’ 
. The physical details include the acreage, the 

radioactivity levels, the plutonium concentrations, the colum~ls of radio- 
active, nonradioactive, and cosmetic debris. Estimated costs are shown 
for debrushing, scraping, replacing soil, and removing radioactive and 
nonradioactive debris. Costs for disposal are not included; these-are 
tabulated in Table 5-B. _ 

20 
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TABLE 5-l& CLEANUP REQUIREMENTS BY CASE AND ISLAND Q 0 



TABLE 5- 19 (continued) 
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TABLE 5- 19 (continued) 

i 

- 

- 

- 

- 

- 

! 2 5 / 

I. 5 

1. 5 

I 5.4 

.,* 1 





-.-_ 

5.7 SUMMARY OF AEC TASK GROUP RECOMMENDATIONS 

INTRODUCTION 

The Atomic Energy Commission agreed to provide -adi$ogical 
criteria for cleanup and rehabilitation of Enewetak Atoll to thF Department 
of Defense (DOD) and to the Department of the Interior (DOI): A compre- 
hensive survey of the radiological environment of Enewetak was made to 
serve as a basis for judgement and recommendations. The survey data 

show that the northern islands have-the greater amount of radioactive 
contamination and there are plutonium problems. 

The Director, D.ivision of Operational Safety, appointed a Task Group 
and through it staff liaison representatives of DNA, DO1 and EPA were 
kept informed of progress toward completion of recommendations, 
Current radiation protection guidance containing numerical standards 
and radiation protection philosophy of national and international standards 
bodies was used to develop recommended criteria: 

a Population dose to the Enewetak people should be as low as 

practicable. 

a The Federal Radiation Council (FRC) Radiation Protection 
Guides (RPG) for individual and gonadal exposures will be 
used to evaluate exposure options. The values should be 

reduced by 50 percent for individual exposure and 20 percent 
for gonadal exposure to allow for uncertainties in dose pre- 
dictions. The guides for cleanup planning become: 

Exposure 

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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.: . -Cleanup of soil containing Pu can be handled on a case-by-case 
baeislrsing the-following: -_--_ ._ _CI --. - -_._ - _ _-_.-_- .--. _.- 

_.-_ . ..-- - 
“-----a*- - <4O-pCi/gm of soil - corrective action not required, 

b.-‘ ‘40 to 400 pCi/gm of soil i corrective actiondetermined on a .._ ___ 
_. - case-by-case basis considering all radiological cohditions. 
__ _____-ew _ -- . 

.- _ . _ . 
. . _-. . 

C. _. >400 pCi/gm’df soil - corrective action required. 
_ - 

DOSE ASSESSMENT AND CORRECTIVE ACTION ALTERNATIVES 
. 

For comparison with population dose guidelines, evaluations were .- 
made for the following conditions:‘ : _ 
L. _ . _ -- ._ 
._-. ._ _ _ . __ -- : _ I._. ..__.. -I 

__ 0 ___Dose without cleanup. - ‘_.. : ’ .’ - _ _ -. 
w_. _ --. _._ --. _.--. _ _ ..- _._... _. . . - _ .-. . 

. 

I_ _ 

r, - -.: 0 Dose reductions-obtained by-diet modification. -. 
e_ . _ - -- _ - . _ _ . _ -.. 

t 
Dose reductions achieved .bg removal of contaminated soil. _- . - ._ -. 

In ad~~~~~&~ 
estimates were made for representative living patterns 

plus corrective -actions :_ _ __ .- . 
_-. _ -_. _ _ _ ___ ._... -. - 
- _. _ 

0 &@ the-village -is-land, _ ~ 

shielding. ‘. _ 

and gravel- the village area for radiation 
_ - _ _ _ _ _-.. __. ._. _ _ _-. 

.-. . _ _ 

0 Import pandanus and breadfruit from the southern islands 
[ALVIN-KEITH) for inhabitants of the northern islands to 
control ingestion of radionuclides. 

;,_._-_- 

0 Import pandanus, 
southern islands. 

0 1~mport pandanus, 

breadfruit, coconut and tacca from the 

- _._ _ 

breadfruit, coconut, tacca, and domestic 
meat from the southern islands. 
1 .-. . 

DISPOSAL OF CONTAlMINATED MATERIAL 

Contaminated material is composed of soil, debris and scrap. At 
some places there is Pu including pieces of Pu metal. Contamination is 
distributed on and below the surface; some is in rad waste burial sites. 

P 



Fission products and induced radioactivity found on such scrap and 

debris, particularly scrap metal, should be made unavailable to the 

returning people. Possible approaches are: 

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

2. Land burial where the radiation ievel of the scrap 1s not 
significantly above that on land. 

3. Disposal in deep water. _ 

Pu excepted, the Task Group has not made recommendations for 
removal of contaminated soil. For any disposal there should be no pathway 
to people; periodic followup surveys are necessary. Disposal of Pu in 
any form is a greater problem, and disposal must protect against exposure 
for the future. 

OBSERVATIONS _4ND CONCLUSIONS 

The consensus of the Task group reflects consideration cf a range 
of options and the benefits of reviews and comments. 

Choice of the method which wiU optimize reduction of exposures is 

a matter of judgement. Action such as use of imported foods could be 
effective but is not recommended. Although engineering actions, e. g. , 

soil removal and replacements may appear to be preferable to restricting 
use of land for living and agriculture, these actions can otherwise 

adversely affect the environment and for some the effectiveness is uncertain. 
The extent of compliance by the people with restrictions has been 

considered, and an acceptable level of cooperation is expected so that 
they may use land where the radiation environment is or can be made 
acceptable. 

Return of people to live on the southern islands, ALVIN through 

KEITH, is expected to result in radiation doses within the recommended 
criteria. JANET (Enjebi), which the people desire for a residence island 
is a special case of the category of islands having radiation and radio- 
activity levels which preclude living and agriculture. Steps to make this 

island completely or partially available in the near term are important 
from the social as well as scientific viewpoint. Predicted radiation doses 
associated with the Task Groups recommendation are given in the 
following table. The Bikini Atoll estirrates and natural background 
estimates of typical levels in the U.S. are given for comparison. 
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RECOMMENDATIONS 

The 

1. 

2. 

3. 

Task Group reached the following conclusions: 

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 permissible 

in relation to the desire of the people to return. 

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

a. 

b. 

C. 

d. 

e. 

f. 

g* 

h. 

Villages and residences to be located’on ELMER, FRED, 
DAVID, or other southern islands (ALVm -KEITH). 

Travel and visits may be unrestricted to all islands except 
YVONNE. When Pu contamination on YVONNE is removed, 
the restriction of travel to that island may be lifted. 

Coconut excepted, growth of animal and vegetable subsistence 
crops to be limited to southern islands ALVIN-KEITH. 

Subsistence and commercial coconut may be grown witho& 
remedial measures except on ALICE, BELLE, CLARA, 

DAISY, IRENE, JANET, and YVONNE. 

Fishing permitted anywhere. 

Wild birds and’eggs may be collected anywhere. 

Coconut crabs may be collected only on the southern islands 
(ALVIN-KEITH). 

Wells to provide lens water for human consumption or for 
agricultural use to be drilled only on the southern islands 

(ALVIN-KEITH). Water from any well to be assayed for 
bacterial, salinity, and radioactivity content before 
approved for use. 

Enjebi (JANET) is a special case, 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 this 
was the most heavily contaminated of the larger islands. The 

Task Group has been unable to determine a reliable, feasible 
way to bring exposures within the acceptable criteria and permit 
resettlement of Enjebi on the same schedule as southern islands. 
The island can be resettled sometime in the future when 
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radionuclide ingestion is no longer a problem. To develop the 

--facts,-test plantings with and without soil removal may be made, 

- --- _ -. 

4. 

5. 

6: .__ _ 

7. 

. 

. 

.C_onstruct&n_ and agriculture would be deferr$d until produce 
Iiom test plantings showed acceptably low levels of radioactivity. 

Jest-P1 n _ .g a tin s without soi1 removal would have least adverse _ . ._ 
*iFpact .q the islan’d environment. 

_ _ 
- 1 - . . i _- 

‘Condurrent with the Enjebi work, 
i _ ._... 

radioactivity i&&ls should be 
‘keasured in coconut and other’food crops g-iown on PEARL, 

.CLARA, A_LICE, .and BELLE;- Produce from YVONNE should 
be included after removal of plutonium contamination. 

-. - __ 
‘All radioactive scrap metal and cdntaminated-debris now tir 
later identified should be remove‘d. This includes three 

locations on SALLY aed one 09 ELIMER where buried 
‘con&mated debiis should be-exhumed and removed.- _ ._.. 

_ _..- _.. . _, .-.. -._.-.___. _. _ .w... 
.._ 

YVONNE, -quarantined.by the U.$F.ii 197i;‘should remain 
-quarefined until_plutonium contamination on that island has 
beenl:ef+i6d‘ti@.‘ 

_. ^... 
Xxi authority re sponsible-foi enfo-i&e&ent 

of thk’ ptii&ntin&- sliould. be idillti‘fied and in i-5 sidence ‘in- the 
atoll if. pe_ople, return _ I__.. ._. _ __ 

to the .a!011 before cleanup is completed.< __. 
_. - _--- .._:. -. __._ ___ . . - 

Onli g&‘&a1 reco&~encGticG~_~for &Hnupt Pu-on Y&NNE 
can be-presented at this time.’ An accurate picture of this 
contaminatiqn s&ould,develop as the decontamination proceeds. 
The area observed to have small pieces of plutonium and the 
highest soil concentrations is about 30% of the island. A 
‘background for plans for the recovery of Pu will require: 

a. 

b. 

_-. 
C. *_- - 

- . __ i - 
__ - 

Assembly of a team of experts to interpret field radiation 
&id radioactivity measurements, advise on cleanup actions 
_and provide necessary health physics support. A Public 
.H+lth Service group, now part of EPA, provided radio- 
logical assistance for cleanup of Bikini Atoll. Similar 

_ttippi>rt should be sought from EPA for Enewetak. 
. ___ 

‘I&ontamination of YVONNE is seen as an iterative 
process. This amounts to a search for and removal of 
the higher plutonium levels in soil. 

,The__qbjectiyes of the cleanup are. two: 

(1) Recovery of the pieces of plutonium that have been 
._. __ 

observed on or near the island surface. _-. _.- . 
-. _ .. (.2) - Recovery of plutonium contaminated soil. 

. 
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9. 

10. 

11. 

12. 

13. 

Q . 

_ a6 Ir. _ 
Recovery of plutonium ‘n soil at concentrations greater 

‘than 400 pCi/g 
239, 246 Pu at any-depth these levels are 

- ” efouxid. Also, recovery of contaminated soil sufficient to . _ ,- ___--. . 

I : zs$;‘2%a 
. -Lrface levels to a value well below 40 pCi/g 

Pu. After soil removal, all areas should be -. ___. _ - - 
resurveyed to ensure no pieces or hot spots of/plutonium 

_. remain. _ . . ._ _ _ ..- __ ._ __ ___. - _ -.’ - . . - 
-.. _ 

Plutonium contaminated soil on IRENE should be handled ds on 

YVONNE. Pieces of Pu metal are not expected to be found. _ ._ . .- . 

Test plantings of food crops may be conducted on each of the 
l’_no cropsli islands as designated by the Enewetak people. As 
edible parts of these plants become available, concentrations- 

Qf’.significant radionuclides should be measured and compared 
wit&the radi-oiogical ‘survey predictions. These studies will 
indicate times at which planting of subsistence and commercial 
Crops can be ‘safely resumed. : 1. _ _, - _ _ _ _ _ _ 
f ,. : --. - . -_. -_ . __. __ ._. *___;_-. _ _ _ __._. _. *. _.- . 

t%s water- sampling and’.analys’is- shoujd be’ cbnaucted.,‘-sa’mples 

&j _be taken’over a- period’ of at least 12 calendar months. 
Bacterial content, salinity, and.radibnuclide content should be’ 

measured. Radioactivity information will contribute to an 
tiderstanding of processes- operating -- -.or which can be made to 

&erate - ‘&reduce the ecological half-life’of 90 Sr and 13’Cs 

tiil&,v the 

JANET.1 

radioactive haif-life on the northern-islands, especially _____ _ -_ 

_ _.. ._ __.__ _.-__ .--_ ___ *_. _ 
_. _ _._ 
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 
progtam could be conducted coincident with and support cleanup. _. 

. 

Base-line surveys of body burdens and urine content of 

and 9o 

13%s 
Sr should be made for the Enewetak people prior to 

return to Enewetak Atoll, and periodically thereafter. Resurveys 
of the environmental radiation and radioactivity should be made 
in t.he first year of return and repeated, for example, every 

other year. 

. 
Methods of disposal of plutonium contaminated soil and scrap 
will have to be decided. Pending a decision, it is recommended 
that cleanup should accomplish the recovery of plutonium 
contaminated soil and scrap with storage on YVONNE. If 
diapoeal is deferred for further study, such study should be 
initiated promptly. 
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14. 

15. 

i 

The cleanup, with particular attention to removal and disposal 

of contaminated scrap, debris, and soil, should..be documented 

in detail in a final report by those responsible in the field. 

Advantage would be taken of experience gained during cleanup 
of Bikini Atoll. No objection should be made to ernpldyment of 

Enewe tak people during cleanup. 


