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5. CLEANUP AND RFEHABILITATION PROGRAMS

5.1 APPROACH TO PROBILEM

The nuclear testing at Cnewetak Atoll of the 1950's has left bchmd
it a large number of adverse cnv1ronmental lmpacts Thesd take the
form of debris of all kinds - on the inslands, in the lagoons and along the
ocean shore - some of which is radioactive. 1ln addition, some of the
soil has been made radioactive causing it to be unsafe for habitations and
for plantmg subsistence or commercial- crops. Purely physical damage .
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personnel, to the disappearance of two smadll 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 economically
3 4

and uutrx‘iona ly. This section is devoted to an‘aua.ly'sia of the specific
problems associated with these goals and the formulation of equally
specific proc dures for solving the problems. .

The approach to the problems requiring solution has been through
the following steps:
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the protective guidelines proposed by the Energy Research and
Development Administration (ERDA), formerly the Atomic
Energy Commission (AEC).

° Listing the various methods by which the hazards of radioactive
nd n 1 3
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° Specifying the diet and agricultural practices which must be
observed in order to reduce the radioactivity ingested by the
Enewetak people.

a eocnnd moeane of raducs
a second means of requc

e Analyzing the available procedures for cleanup and disposal
of radioactive materials and othecr debris.

e Synthesizing a number of programs or ''cases' for accomplishing
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from the islands P

° Comparative evaluation of all of the '"cases' to select the
optimum one for the situation 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.

‘5.2 NONRADIOLOCICAL HA?ARﬁQ
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J.ne nonrauxoxugu.a:. .uaz.a.rus ex1siing on tne Lsxanus are of mucn Lesser
magnitude than the radiocactive. 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 Nonradiocactive Materials

e

tures

(4]

Struc
ovides several options. The debns that cewribe
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 interiere with the proposed use of
the land, for agriculture or residence. Finally, some of the debris is
neither hazardous nor obstructive but si mnlv nncmrhtlv An g;\;amplg is
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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:

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

Level 3. Same as Level 2 plus removal of unsightly debris.
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5.2.2 Disposal of Nonradioactive Materials

5.2.2.1 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/ clea&ug _Er}))gres ses. This material will be used by thq Enewetak
people “and it would be carefully monitored to make certain that no radio-
active substances 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 acshes 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 RADIOLOGCICAI HAZARDS

- M
Detrimental effects have been observed incidental to the use}f/
ge

radiation since soon after it was first discovered. These effects/ran
from a temporary reddening of the skin to an increased incidence of
cancer. A recent review (BEIR, 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. - o
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5.3.1 Sources of Radiological Hazards e ((}
_ EETAN
Radiological hazards arise from exposure to radiocontaminants Vﬂ,»’ /ir
which may be located both inside and outside the human body. The radio- Vo
logical dose estimates, based on anticipated dietary and living patterns r

of the people of Enewetak, ranked (NVO-140, 1973) in order of decreasing )<
importance azas 1) the mternal 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 37 Externa.lly.

the important sources of radiation on Enewetak Atoll are Cs, Co,

and 53‘“e radionuclides in the soil. The lateral and vertical distributions

of these vary considerably over the Atoll (NVO-140, 1973). Important
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intexnal sources of radxatzon are Cs and ~ Sr, which concentrate in
muscular and bony tissue respectively, and 239Pu, deposited inthe lung.

Jhars

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
with radioactivity, and of a few victims of radioactivity accidents. Direct
determination of the human health response to low levels of radiaticn,

such 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 such 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,
bas not been used.

The health eifects 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-estimate

of somatic effcct predominate, relative to other effects of radiation. They
arc therefore of primary concern in establishing protective criteria. Also,
the BEIR, 1972 report states that the rate of cancer induction is the only

anvn o bl wial that nansde tn hne ~roneido n!‘ Cronen
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risk to the Enewetak Atoll people frorn exposure to radiation, only cancer
induction has been considered, ' _
H
Induced cancer can be fatal or nonfatal. The risk guidelines listed
in Table 5-1 are estimated to apply equally to either fatal or nonfatal
effects (BEIR, 1972) so that the total number of effects resulting from a
given dose would b2 twice the number of either To calculate the number

ven gose 2% seldlalT d avdinw S .

of either effect, using the data of Table 5-1, {ind the product of (1) the
cancer incidence rate (Column 2}, (2) the exposed population expressed as
millions, and (3) the average dose for an individual for each critical organ.
These products are then sumimed to obtain the total number of cases.

The effects of the induced cancers, or even the cancers themselves,
1 or several decades afier exposure (REIR, 1972,

=2 &l.1 txap V=2 arill;

may appear immediate
p- 91). Since effects are not 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 guidelinc values given
in Table 5-1 are maximal and the number of incidents of induced cancer

ar 2t e mav be as low 2as zero
Wi FY- 24 A=} e L - - VY N e e e e ¥

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 Radiatioh

Council (FRC). The standard-setting responsibilities of the FRC were
trancsferred to the Environmental Protection Acrency (EPA) in IQAQ The

vASiaS AT A 4 ~a WA cilla S Ladl

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 various critical organs.

These recommended dose rate limits are prescnted 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 RADIATION INDUCED
SOMATIC CANCER EI'FECTS ON HUMANS

Radiation Induced (
Critical Incidence of Cancer* ;
l Organ ' Cases/(Million Persons)(Rem)
Whole Body - 50 - 165
Bone ' 25
Lung 25

——— e — g

*Cancer Cases 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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effect. The assumption of no any nonzero dose
yields a nonzero effect detrimental to health. Evaluation of ris}
this assumption probably results in overestimates of risks.

Values for annual dose limits in various situations are;hsted in
These limits represent the recommendations of the FRC.

the UUnited States Atomic Energy
omic Lnergy
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Table 5-2.
For application to the Enewetak Atoll,
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
These reductions in the average population

values are shown in Table 5-3,
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 addxtlon, these recommendations follow the
general guidance of the FRC to provide allowances for exposures from

beneficial nonmedical uses of radioactive materials.

5.4 LIMITING AND CONTROLLING HAZARDS

The methods examin i
1) the control of the diet of he Enewetak people and by
& 3 o {2V el

1slbeacmal bl ol e bt e a ~
tural and food ga ther .Lug pra.t.u.\,ca, lb’ tne cor

lic ir y
esidence of the population throughout the islands of the atoll; and

the cleanup of radioactive materials.

5.4.1 Control of Diet and Food Sources

Radiocontarnina.nts in foods
?3 L\auJ.UL gical

) 5.4.1.1 Internal Dose and Food Source.
Cs and

from the soil in which food puuu.b are grow

me dir ct.u.y 1
veys of Enewetak Atoll have found evidence of uptake of

o
i
Sr, among other radionuclides, in both edible and inedible plants.
Indigenous plants used for food that incorporate radicnuclides from the
Human

soil include coconuts, pandanus, breadfruit, and arrowroot.
internal radiation exposure is directly related to the amount of fruit of
The surveys also report radio-

(Ve Ty

these plants ingested by the individual.
e m12 T e Lo bl flaacl md Acwacamea ~f (mdlcamatsas fniema -~ o o -t
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Internal doses will increase as a result of eating flesh

and land crabs.
from local birds and crabs, or from domestic animals such as poultry

and swine, which have foraged on radiocactive plants. Consequently, an

effective dose reduction procedure would be simply to restrict the
islanders' use of these foods. Lacking such controls, the penalty would
be the accumulation of large radioactive doses for the individual utilizing
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TABLE 5-2: FRC RADIATION PROTECTION GUIDES

Bone, Alternate Guide (1)

Boﬁe Marrow
Gonads

Thyroid (3)

0.003 pg of zz6Ra.

in adult skeleton

0.5

1.5

(REM/YR)
Individual Population
Critical Organs in Population Group
Whole Body 0.5 0.17
Bone 1.5 0.5

0.001 pug of 226Ra
in adult skeleton

0.17
0.17(2)

- 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) The biological equivalents of the indicated amounts of

substituted.

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

(3) 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 .Individual in Population
Organs : (AEC Task Group Report)
Whole Body S 0.25

Bone : 0,75
Bone.Marrow 0.25

Gonads 4 rems in 30 years
Thyroid ' 0.75

These guides are Atomic Energy Commission Task
Group Report recommendations applicable to the
newetak 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,.




5.4.1.2 Possible Food Sources. The results of the radiological survey
ahoaw hioh levels of contamination on the northern islands and low levels

SAAS VY sia gy Sa2 32 iad FLTLI2L Aol

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 {ruit for all. To furmsh the Enewetak

people the purchasing power for imported foods, one source of revenue
could be coconut acn-u'n]tn-rp to n'rndnc‘s copra (Enewetak Master Plan, TabD

SLLas P Lt 1 NP = A A - \dvadte VY W vtds

"Vol. II. It may be desxrable 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 an

nd
earlier, the denJ ebi desi
t
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the island of Enjebi. If
. 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 existing soil w111 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:

° No control over food sources.

e DPeople 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.

e Food for 21l the people would either be imported or grown only
on the southern islands, except for coconut agriculture on the
northern islands. Coconut culture inciudes growing both
subsistence and commercial coconuts.

. \(».LL(‘M‘Y (”‘”“""'\'}
e Al £0 3 must efther be imported or grown only on southern
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5.4.2 Population Distribution

Another means of controlling the doirg ac)sumulated by the Enewetak ><

population would be to limit the time which “tsme Spend in the vicinity of VAN
radiation sources, prmcxpally by postponing the use of some islands for
i available for resi ence, the popu;au'on

Dy Luxubuxg LLIC Laldlluh avaiiaoie LUI I'Cblu!:llb!:,
will receive less dose from external sources than they otherwise would.
Also, the chance of ingesting food containing higher levels of ¥adicactivity

would be decreased.

5.4.2.1 Possible Distributions. The possible population distributions

which have been considered are:

All of the people of Enewetak would be free to choose their

°
place of residence on any island of the atoli.

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

@ The people would be limited to the same group as in 2. abov
(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

AaeiTVmialat fimat marmad Aarnciimerine thae Jawecaaot P o1a aey
uxl..x;.chua., L0 UIrst named \H-\-u.yy&us the PY- Py gcab bea.uu Lu the auu.l.u, d.uu

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 II and has never
been fully restored. Restoration of the traditional pattern would requxre
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

ITm aAdAirian all vacatatrinn

‘to nrnduecae a sizeabhle external dose
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grown on the island would contain radioactive elements which would ,
A
The facts have, bwan wexgned against A

increase the internal dosage.
the strong desire of the dernJebx to return to their ancestral

uland A S -

5.4.3 Cleanup and Disposal
f‘JfAfn‘;

[ € o nal A
The simplest metho(m concept. of limiting radiological hazards
Further,

is that of-etesrmivrg and disposing of all radiocactive materials.
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'“ /¢ q.\\» )
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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 would require:

® Radioactive soil removal.
e Radioactive scrap removal. b
™ Plutonium removal.

5.4.3.1.1 Removal of Radioactive Soil. Removing soil coataining

radionuclides, especially 37Cs and 9081', 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, ee—tkab %

owm%mwmmm
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5.4.3.1.2 Removal of Radioactive Scrap. The optional levels of effort

in the removal of radicactive scrap are minimal in number. Either none

is removed or all of it is removed from 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 zor

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 would depend largely on a team of experts

to interpret field radiation and radid activity measurements, to advise on >\
cleanup actipns, and to provide necessary health physics support.?f;aramount
would be e ;ossible/\potential hazard to the Enewetak people. The )i
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,
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The Pu decontamination actions possible are listed below:
e <40 pCi/gm of soil - corrective action not required.

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

i
§

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

The islands on which Pu cleanup actions are required are shown in
Mabhla &_4 T 1o alamn mAacatihla ¢ta talra ma alaoamlo o o mblme amad ba i3 cwm e bl om =
A BWAT J =X, db LD @ISV PUOSSOIVILIT LUV LantT 110 ‘-J.cd-lllllg aCtlion ang 1o Yualiauune
the islands where Pu is present at 40 pC)./grn of soil or greater.

Bejere
5.4.3.2 Disposal of Radioactive Materials. The quantity of radioactive
debris on the islands of the Atoll is estimated to be 7,262 cu yds. 1Itis
composed of scrap metal and concrete on the islands of Bokoluo, Enjebi, \

Lujor, .Eleleron, Aomon, ¢ and Runit. There is, in addition, a &

___ P — m —ma oo~

considerable amount of soil that is radioactive. The amount to be removed
ha.s been the subject of considerable study and it has been decided that
nearly 80, 000 cu yds would, be removed for disposal, as a minimum. ><

A poee fo

Th.is had led to the important problem of how to dispose of the

a.d__g tive scrap and soil in such a manner that it could not cause harm
h at some later date. There are several me thods which have
RPN Py . | .-,-1...4:“ Araan Ay Ao b Al wata [
|V} -4 4 ausscabcu AliNed A Vwothis uuxsay;&xs, \-L [~ X R -4y uulu.yl.us, \-L GI—C& \-U ALQLLI-

aing
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 xntegrxty of any container filled

with Pu bearing soil and other radioactive debris for even one half life of

the material (about 24, 000 years for Z3’9Pu) In addition, the characteristics

o ocean currents, from the bottom to the top, in a selected locatxon would
delay the p;:a'z;fa.}fn';ma.'g Well 45 {hcrease its“csst Corsidérably. 77 "the present x
estimated cost for ocean disposal of these materials is about 50 percent

huvher than that for crater containment.

Mlhn ceamtslmn "
J.u!: & cqu.b; Ciiiile

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 aiter the necessary studies had been completed.

A hee TT © Towng: msmad swmemislatbl nee Awa asram
Q Oy U.w. 4EaW alia rcguu;uuu are even

5.4.3.2.2 Crater Dumping. In this method, the radioactive debris and
soil would simply be dumped into the Cactus and LLacrosse craters on

b o PTT E 2 b repa a b
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TABLE 5-4: ISLANDS REQUIRING PLUTONIUM CLEANUP PROCEDURES

Island
lLevel of Pu
Local Name Code Name Remarks Concentrations
' ¥
Boken IRENE Isopleth J (See Tab A, 1, 2
Volume II)
Runit YVONNE Northern half, Pu 1, 2
: ” burial grounds
Lujor PEARL Hot spot 1, 2
Aomon SALLY Pu burial grounds
Bokuluo ALICE 2
Bokombako DELLE 2
Kirunu CLARA 2
Louj DAISY 2
Mijikadrek KATE 2
Kidrinen LuUCYy 2
Aej OLIVE 2
Eleleron RUBY 2

*¥Actiong assumed for specific ranges of Pu concentration are tabulated

as follows:

Concentration -
YT aval InCCi Pnn/eo €ai 1N Ac~tinn
had Ve ¥ N & \Evb ad 4/ = thL’ A2 LAIES
i >400 Soil removal by repetitive scraping
2 40=C=400 Individual case consideration
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TABLE 5-5: RECOMMENDED CORRECTIVE ACTION PROGRAMS

/‘f.’/cu

Habltation Plans

Cleanup Actions

No restrictions oa laland or
{o0od usage

B

Live on aoutheryf ialands and

Enjebi; visit northern islands;
food {rorn sodthern lalands or
Enjebl emeept coconut from 12

ti. E. islands and pandanus and

breadfruit from Enjebi farm
plots or imported ’

Cc

visif ncrthern islands; food

lez on southern lsland;
{ro

southern Lalands

coconut from 1Z N.E.
islands

Live oo southern lelands;
visit on southern telands; usse
food grown on only southern
islands

L No ¢lecanup.

Case } ) .
ALC Option I*

Case Zb
AEC Option II

0. Removal of all scrap and

Pu concentrations greater
than 40 pCi/g from
residence and agriculture
Islandas€.

cancentrations from four
islands,

Case 4
AEC Option IV

Case 3
Conforms with Task Group
Recominendations

11, Total cleanup of residence

and agriculture islands™

Case 5
Approximately AEC Option V

."Report by the AEC Task Group on Recommendations for Cleanup and Rebabilitation of Enowetalk, ' June 19, 1974,

Case 2 differs from other'prbgnm- in Row ) by removal of phyelcal hazard and obstructive debris categorien of nonradioactive scrap on southera

islands.

“Plutonium concentrations refer to burial grounds and soil dispcrsions of concentration in excess of 40 pCl/g. Areas of soil concentration in excess of

400 pCi/g should be removed without question; areas of s0il concentraticn betwecen 40 and 400 pCi/g should ba considered on an izdividual basis,

and internal doses no greater than would be absorbed {rom naturally occurriog scurces.

dRemavd of all scrap from all residence {slands npecilied in each column and removal of specific amounts of soil in sp'eciﬁc areas to achleve' external




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% of
the crater entombment procedure described later, it has bean rejected .
from further consideration as the contaminated materials would ez Acweaua ) K
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 plutonium .contaminated 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
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:

e 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.

e . 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 ncted that the containment is not required nor intended

_ to be leak proof. An 18-inch thick concrete cap or lid would be placed
over 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 permxtted
to accept plutonium-contaminated waste.

If either of these sites were available to receive the plutonium
bearing soil and radiocactive 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 irom 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).

. Trauspurt of »ha.a material by vessel would be required to comply
with current regulations (46 CFR 146.19),

5.5 PROGRAM SYNTHESIS

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 5-5 and five combinations chosen for X
detailed analysis of dose reduction, health effects, cost and general
.acceptability. These five, identified as '"cases' are indicated in Table-Swéa__ X

and discussed in detail in the following sections. e

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

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

® Restrictions on living conditions and agricultural practices
increase from left to right.

. I'I'he level of population dose decreases from top to buttom.
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5.5.2 Case l - 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 mutunally
exclusive possibilities would result, i.e., (1) not to return to.the atoll

or (2) to return. » , ,
}

5.5.2.1 Discussion. If the islanders 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 5-1). Under these conditions

it can be expected that the radiological dose to the people would exceed

the recommended & Canidhinid . SM;A‘W.J &

5.5.2.2 Conclusions. In view of the existing hazards to which the
Enewetak people would be exposed-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 be well below the ERDA guidelines, but if
access to certain islands, especially Runit, were uncontrolled a potential
for radiological exposures exceeding the cridassaswould exist. >.<

gwltﬂb*:“

e Residences restricted to southern islands, Jinedrol through
Kidrenen, and the same limitation imposed on interisland
visiting.

5.5.3.1 Habitation Plan

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

e 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.

e Domestic animals and fowl for éonsumption would be reared
only on the southern islands.
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® Coconut crabs would be taken for consumption from the southern
islands only. a

e 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. 4

e 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 5-3,5—Case 2 provides an exception to the cleanup ><
actions generally meant by Row 1. The level of cleanup of nonradioactive
materials would be limited to the southern islands, Jinedrol through

Kidrenen (Figure 5-2), and would include:

@ Removal of all physical hazards.

e Removal of all debris which would obstruct the development |,
of villages and agricultural areas.
beco bt Bl
nonNComi= 2t
e Disposal of unsalvableAdebris by dumping in the lagoon. Pa

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 contaminated 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 not controlled as it is at the present time,
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Since Case 2 offers no solution to these problems, itis not
recommended as a course of action.

5.5.4 Case 3 - Living on Southern Islands, Food from-Southern Islands
plus Coconuts from 12 Northern Islands. Travel Unrestricted.
Material and Some Plutonium Cleanup

!

Case 3 permits partial use of areas of the atoll having low 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, thé Enewetak people would live and
obtain food as follows:

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

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

be unrestricted.
B

° Pandanus, breadfruit, arrowroot and other subsist,alzce foods )<
would be cultivated on the southern islands only.

e Coconuts would be grown on the southern islands and in the
northern islands of Mijikadrek through Billae only. No
cultivation would be permitted on the northwest islands of

Bokoluo through Enjebi and on Runit.

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

® Coconut crabs would be taken from the southern islands only.

e 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:

e Physical hazards would be removed from all islands.

e = Obstructions to development of habitations and agriculture

‘'would be removed. !
: b

o 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
this removal.

e Plutonium would be removed from the three burial crypts on
Aomon.

)
C omd wmwm&sﬁ'\b{‘-
e Unsalvable nonradicactive material 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, lLacrosse craters on Lujor.

5.5.4.3 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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In addition to the quarantine of Runit, (Paragraph 5.5.4.1), Case 3
recommends that studies be conducted as follows:

e A test planting program on Enjebi to determine when exposure
‘wg_n d be within table criteria without the removal of soil.

_______ [,

) QP I
i1evels Lu (-U(-Ullul. d.IIQ

PO N PO ST, Py V. .4

[ J A program Lo uc:ermxne rduxua CLVlt-
other food crops produced on Lujor, Kirunu, Boko;uo, Bokombako,
and Runit (after plutonium cleanup).

e 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

T T2 s ) b e T HIP R U OV (UG, . |
Lalluililp U]. LULLUQLCU LUllLdllluld.LCQ Illdl.ﬂl'].d.l.b- .LL 45 FCCOLOILILNICIIQCU

that this program be conducted under the auspices of ERDA.

L3

® 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

tha dawval i

«a< ucvcsapu.;eaub o] in tho nencasses which

-
1ng DLLUDC yl_ U\-CODCD Wild\wili G

9e to operate to reduce the ecological

Cs below the radiocactive half-life

-a
O~

operating or ca
half-life of ° Sr and
the northern islands.

o]
o
o .
3

Case 3 reasonably insures a safe habitation plan for the proposed
return of the islanders and provides a means of eventual improvement

Al tha ~eerd mmervnnmt faw tha hamafit ~Ff all Af tlha T rmawwatal man~el 'I::....o-l—.n..
52 8 ch cuv&; VAliiiCddbe AL L2 A= UGAL:LL\» WVid @il Vi WilC LL‘CWCLGZ\ FCUPLC- Ul LlidT i,

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 - Living on Southern Islands and Enjebi; 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 Group
Report, 1974) at or above the ERDA guidelines for those who Wwould live on
Enjebi, and would be well above those predicted for Case 3. The success of
this case would depend upon the following factors (Figure 5-4):

e 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.

e 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.

° The water supply for these crops must not have radioactivity
levels higher than those in the southern islands. Wirensaxdxe=d
LooaSEmSccTR e ISR, ‘fﬁ areeiea-e—eeMCase 4 would
be as follaixs: L.,&,«m H’L(n % »
Oacrierd w4+ $o v e,
5.5.5.1 Habitation Plan. If the cleanup actions 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:

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

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

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

5-25

- . - .




W TR K

’{:Lw/'z‘—*g—q E-b
lAasSs

5-26

A‘T*D I N,

:.f




)
L
2

mmmmtster ~anld ha ~ewawe " o Fo b o
VU WUiiWwee wWWWAW Ve A NVWWIL Uid VAN MV

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

9
Q]

e Domestic meat would be raised on the southera islands and
’ on Eniebi.
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e Interisland travel would be unrestricted.
e Wild bird and bird egg gathering would be unrestricted.
vo Lagoon fishing would be unrestricted.

5.5.5.2 Cleanup Actions. Actions are categorized as follows (removal
of approximately 318,000 cu yds of soil is required):

e Removal of physical hazards from all islands.

'@ Removal of debris and structures obstructive to the use of the

1~ ’

land ‘y
'Y 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

T omesall A o svatmiratsme daemt ~
LMJGUL U @ INIOLIMIVIIL QTP ©

®

° Scraping and removal of soil in commercial coconut grove areas
on Enjebi to a depth of 15 cm.

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

o .Repla.cing 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
e 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.




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 fq'r agricultural
development in the Master Plan (Tab D, Appendix) would als¢ 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 5.5.6.4 / \
would achieve a level of exposure reduction as large as the calculated . .4, X
result, the entire atoll could be used in accordance with Table 4- l,A(l‘ab D, Lepe~ey

3%1-1.1;—-31‘8 Agriculturally, this would mean that pandanus and breadfruit

/_ would be permitted to grow only in soil having a 90Sr content of less than

4.6 pCi/g. Assuming that these conditions wou e met, the following

would apply:

° The people would be able to live on any island in the atoll-ae~

’

e Domestic meat could be raised on any island.
e Coconut crabs could be collected on any island.
e Wild birds and bird eggs could be gathered on any island.
° Interisland travel would be unrestricted. |
_. e Lagoon fishing would be unrestricted.
5.5.6.2 Cleanup Actions. The following cléanup actions would be under-

taken (removal and replacement of about 779,000 cu yds of soil is involved

in these cleanun artinnq\
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® Removal of debris and structures obstructive to the use of the
land by the people.
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° Removal of plutonium contaminated soil from Boken, Lujor,
and Runit and the removal of plutonium crypts on Aomon.

e Scraping and removal-of 10 cm of soil from Lujor and Kirunu,
14 cm of soil from Bokombako, and 47 cm {from Bokoluo.
' t
° Scraping and removal of 30 cm of soil from areas where
pandanus and breadf{ruit would be grown on Enjebi, Alembel,
Aomon, Bijire, Lojwa, Lujor, Aej, Ananij and Runit.

e 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.

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

5.5.6.3 Conclusions. Case 5 is clearly more difficult and more expensive
than the other cases as it requires removal and replacement of much more
s0il 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 zltesrnative is 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 program in reducing the estimated potential population
radiological dose are evaluated by calculating 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 resettied 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) and the lungs.
These estimates are based on inforrmation contained in the AEC Radiological
Survey of Encwetak Atoll, NVO-140, 1973 and in the AEC ‘Task Group '

Daoarnmnwt Tivrm o ‘Q 19074

A\DPUL V) J WIS A & 7 8K
Particular considerations in calculating these dose estimates are:

e 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.

e Bone marrow dose estimates are not given because the ratio of
bone marrow dose to the AEC guidelines of 0.25 rem/yr is
essentially the same as the ratio of mineral bone dose estimates
to the AEC guideline of 0.75 rem/yr. The basis for this
conclusion derives from observing that when ° Sr deposition is
the principal source of bone and bone marrow exposure, as on

accented that the marrow dos

Enewetak, it is traditionally accepted that the marrov eis
one-third the bone dos(§e0 AEC data show that conlributions due .
to sources other than ° 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 1l
respectively, for the two organs.

e Separate dose estimates are not provided for the traditionally
more sensitive mgmbe ers 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. -

'.

~!

¢ The dose estimates are maximums expected in the population

for an individual free to move about and eat foods obtained

within the restnctions of each habitation plan/cleanup 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 INTEGRATED DOSES TO INDIVIDUALS"

(REM)

Habitation Plans

Clesnup Actions

No restrictions on leland or
food uenge

B

Llve on southern lolands and
Enjebl; visit northern islande;
food from southern islande or
Enjebl except coconut from 12
N.E. islands and pandanue an-|
breadfruil from Enjcbi farm
pluts or imported”

Live on southern lsiandse;
visit northorn lalands; fo0d

from southern lelands

except coconut from 12 N.E.
lslands®

Llve oo southern lelands;
visit on southern lslands; use
food grown on only scuthern
i9)ande

L No cleanup, Casn ]l R Casg 2
WB =« 6 WB = 3 (6 on Enjebi) Wh s 1 WB = Backgroundd
D =60 . B = 1¢ {20 on Enjedbl) D=5 B = Background
L0} L =0.06 (0.1 ¢n Enjebl) L =0.04 L = Dackground
II. Removal of all scrap and ' Caso 4 Case 3
Pu concentrations greater wB =6 WD = 3 {6 on Enjebi) wB =1
than 40 pCli/g from B = 60 B » 10 {20 on Enjebl) Ba=5 Same as Case 2

renidence and agriculture
fslands.

1. = Background

L 2 Background

L = Background

1. Toutal cleanup of tesidenqge
and agriculiure islands,

Case 5

WDB = Background
B = Background
L. = Background

Habltation restriction not
required. Sce Case 5

Habitation restrictlone not
required. Sece Case 5

Habitatlon restrictlons not
required. Sea Case §

LEGEMD

WB » Whole Body Dose
B = Bone Dose
L = Lung Dose

®Doscs calculated to one significant figure based on data !.rom.NVO-NO and AEC Task Group Report.

b!)cuu calculated from an sssumed population distribution of 44 perge

cDc.un ulcuhléd from lsland area wolghted distributlon of coconutd;

from the southern 1slands.

Dackground means that the dose 1s estimated to bo no greater than would bo absorbed from naturally occurring sources;

Estimates for background 30-year doses are: WD 2 ) rem, B = 4 rem, and L = 0.0009 rem.

®

o
L&

the population on the scuthera ls!

: : Cco
from Mijikadrek to Blllas and Blken AT ol a<tom=-Enjatd, and 50 percent

L SRR

er oxternally or internally.
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TABLE 5-7: ESTIMATED MAXIMUM ANNUAL DOSES TO INDIVLDUALSa

(REM)

Hubjitation Plane

Cleanup Actions

No restrictions on 1sland
or food usage

B

Live on soathern islands and
Enjebl; visit northern islande;
{ood from southern islanda or
Enjebl except coconut from
12 N.E. islande and pandanus
and bread(-ult from Enjebi
farm plots or Imported .

Live on southern lslande; vieit
northern lelands; food {rom
southern Islands except coconut
from 12 N. E. islands

Live on southern {slande; visit
on southera islands; use

food grown on only southern
islands

{slands,

I. No cleanup. Care 1 Case 2 b
) wWB=0,3 WB = 0.1 (0.3 on Enjebi) wB = 0,05 WB = Background
D=2 B = 0.5 (! on Enjebi} B=0.2 b = Background
L = 0,004 L = 0,00 (0,004 on Enjebi) L = 0,001 L = Background
II. Removal of all scrap and 1 Case 4 Case 3
Pu concentrations greater WB = 0,3 WB = 0.1 (0.3 on Enajebi) WwB = 0,05
than 40 pCi/g from B=2 B = 0.5 (! on Enjebi) B=0.2 Same as Case 2
residence and agriculture L = Background L = Back:round ’ L = Background

IIl. Total cleanup of residence
and agriculture islands,

Case 5

Tws= Background

B = Background
L = Background

Habitation restrictions not
required. See Case §

Habltatlon reatrictions not
required. Sce Case 5

Habitatlion restrictione not
required. See Case S

 LEGEND

" WB = Whole Body Dose
B = Bone Dose
L = Lung Dose

®Doses calculated to one significant figure based on data from NVO-140 and AEC Task Group Report. AEC guldelines for maximum anaual dose ar'e:
WB = 0.25, B =0.75. Sece Table 5-6 for assumptions ueed in dose calculations for columns B and C.

anck.round means that the dose 18 estimated to be no greater than would be absorbed from naturally occurring sources, either externally or Internally.

¢ Estimates for annual background dose are: WB 20.04 rem, B=0.1 rem, and L =3 x 10" 3rem.




"AEC Task Group Report but are not considered in the alternative programs
in this EIS. These more adverse Task Group 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
:other combinations would increase alrcady unacceptable doses b;t would
lity of recommended alternative nro

y of recommende lter ve program

s.
\ Table 5-6 lists estimates of deses 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-ycar period. Data and

methods used to obtain the éstimates in Table 5-6 and 5-7 are discussed

AdaT viiVLS valalifial 4l A AN [=9e18]

in Paragraphs 5.6.1.1 through 5.6.1. 3.

Comparison of these results with the dose guidelines recommended
by the AEC Task Group Report, 1974 (see Table 5-3) is shown in.Tdble 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

II, 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

A4diidTsa T e PRI LA

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 satisfactory in comparison to the guideline

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

whnla hadvy 2nd hane docecs in (‘n‘nmn R
LVait UUUYy Qliil Uvac UVoTo 1u wvaalia O

d far ne‘-imnt{n

1]
-a 11 (24
P 9= Adig, Vvia

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, respecctively. An appropriate combination
of these patterns reflectin g the spatial distribution of the population is used

for the final evaluations in Tables 5-6 and 5-7. —

: (5% /
u_7//
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TABLE 5-8: RATIOS OF ESTIMATED MAXIMUM ANNUAL DOSES TO

RECOMMENDED ANNUAL DOSE GUIDELINES FOR INDIVIDUALS?

Habltation Plans

Cleanup Actions

No restrictions on leland oy
food usage

B /
Live on pouthern i3)lands and
Enjebl; vialt nagthern lalande;
food {rom so {;tn lslands or
Enjebl »Jcoconul from
12 N.E. islands and pandanus
and breadfruit from EnLebl
farm plote or Imported

C

Live on southern islandy;

northern islands; {ood from
southern lelands &
coconut {rom 12 N.E. hhndoc

Live on southern lelands; visit
on southern islands; use

food grown oa only southera
lelands

L No cleanup, Case 1 Case 2
RWB = 1,2 WD = 0. 4 (1.2 on Enjebl) RWB = 0,2
RB=2,7 RB 3 0.7 {1. 3 on Enjebl) RB =0.3 b
II. Removal of all scrap and Care ¢ Case 3
Pu concentrations greater |RWB = 1,2 HWWB = 0.4 (1. 2 on Enjebi) RwB =~ 0,2
than 40 pCi/g from RB 22,7 RB = 0,7 (1.3 on Enjebl) RB=0,3
residence and agriculture
islands, b
111, Total cleanup of residence | Case 5
and agriculture islands, b b b b

LEGEND

RWB = Ratlo of Maximum Annual Dose to Rocomm'anded Limit for Whole Body Dose (0.25 rem/yr).
RB = Ratio of Maximum Annual Dose to Recommeanded Limit lor Bone Dose (0.75 rem/yr).

.Applunblo to average individual on entire atoll, except where noted. People should not return If the ratlos are greater than unity,

b'l'hc ratios are cifectively less than or squal to the ratlo of background dose to recommended guldeline where RWB 30,16 and RB30. 13,
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ERNAL DOSES DERIVED FROM INGESTION

TABLE 5-9: INT
OF FOODS GROWN ON GIVEN ISLANDS
v
30-Year Donu‘;
- - -— . (Rem) .
Area Whols Body Bone
A 1 3 H
Island Group {Acresn) Remarks Foods (l 37c.) . (905’
Bokoluo to 104.87 |Northern islands Coconuts 0.9% 8.6
Boken waclusrs showing greatest Pandanus and
FR7 P radicactivities Breadfruit 6.18 93. 4
A(ML P“V\ / of Enewetak Other 2.45 24.0
TN.«‘-) Atoll survey
Sum 9.5% 126.0
Bokombsko 30,50 |Same as above Coconuts 2,18 14.9
/% Hé Pandanus and
(beiie) Breadfruit 13.80 1%6.5
Other 5.42 40.6
Sum 21, 40 212.0
Enjebl 290.58 -]Same as above Coconuts 0.71 5.2 !
, ' - ) Paadanus and
\u%"“v‘* Breadiruit 4.60 55.5
Other 1.80 14.7
sm. . 7.10 15. 4
Mijikaidrek to 524.31 |[Northeasters = Coconuts 0.27 2.2
Yan piun Bikea {Biken is south- Paandanus and
A western) islands Breadfruit 1.71 24.0
(&Aﬂu M’) with intermediate Other 0.03 6.5
‘V levels of
fo radisactivity
Le-mk ).
Sum 2.67 32,7
Jinedrol to 804,58 Southern islands Coconuts 0.04 0,28
Kﬁ?iﬁiﬁ,newf. with very low Paadanus aad
(A( levels of Breadfruit 0. 06 0. 48
£ radioactivity Other 0.04 1. 34
—RAG Ty
Sam 0. 14 2.10
Enewetak
Lagooa - Mazine Source Seafcod 0. osb 0. l4b

"'Emcuk Radiological Survey, ' NVQ-140 (1973), Table 202, p. 604, except where noted.

blb(:!. Table 162,

alln nuclides, not just

p. 540.

The v;lucl taken carrespond to 'holc body and bone dases from

137¢q and 905

Y W0 -
N
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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 population 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 contamination.as follows:

Bokoluo to Boken plus Bokombako
Enjebi

Mijikaidrek to Van plus Biken
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 Atcll, these
foods can not contribute to the internal dose until the maturation period
has passed. For simplicity, 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 of 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. External 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 decay alone. No credit is assumed in the estimation of integral

.doses for any removal from the local environment by weathering or other
'natural processes.
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TABLE 5-10: CALCULATIONS OF EXTERNAL DOSES TO INDIVIDUAL
RESIDING ON GIVEN ISLANDS )

lsopiaths >l .
Land Clessus Espesure ¥ Tolrty Yeaur
Avus Actiea® Aren Ratad . Dmersal Dese
1slaad Creey tAcree) Codet Ceode (Acree) [N VLYY Remarks {rem)
Deoholes to Doken lll. [ 19 fRew § X 1.09 390 Dase caicuiatad by 1sopiota ares waighted
plae Doirosnbdeks, Lajor J 7.1% 19 aad normal.ssd 115 Enjeds) expoenre rates:
nd Ranit . H 4382 ,” Enjebi entornai dose Lanen irom AEC
" 84.22 S0 pattara LW ail locauens sssumed
Q 84,63 4 oqually accassible (W)
r 84, 87 2
B “. 9 [
Bew Radislegias) cloasup dees vt apprecisdly
teduce axterasl dose ta Raw | (]
- L] M
Rew I . Ramoval of st 1east iseploths F through X subgnuu‘
Eajedt - 290, 58 Aow { 1 5,9 1] Eajebl -nond 40se tahea fremm ALC
L] 138,18 [ 1] porters 11°
-3 8. %4 4
’ - ) 7 34,08 [T
¢ ) (> 23.83 ¢ . [ ¥
* Sew B . Samme remark a¢ (ar Raw U cleanusp of
Sehalias te Aokea pins Bonombake,
Lajor aad Ruals 4“9
Rew IX Remeovel of ot least isvplisthe F thraugh qunui‘
Mijkatdrok to Billae oad 378.91 Row -} 17.49 24 Same remark ao far Row | cleanuy of
Bhen r 77.83 12 Beaslus 10 Rokea pise Dokombare,
: . sk 285,40 ¢ Lujor and Reais L1,
Rew 8 Seme remark ss (or Row I cloanug of
. BSehslve o Boken pivs Bonombake,
) . . - - Lajar and Reald Ll
’ Rew I . Removsel of st least lseplethe F and C luigmd‘
Resdrel @ Kidreesa 804,38 Rewl £ [{ 1] 3 External éose of southere lalands
hea {rom pativra Ii esuimsted to b
* appresimately that of bagckgreund (N}
Aowm B ° Sanne remark as for Rew O closaup of
; ) . Beksina 10 Boken pius Bokembaxe,
Lajer ead Rasus s [
. lew IX Litrte radictegiral ciasanp required luh;rn-l‘

.“.l. astions refarenced an oliows: .
Sade Llesnup Actiog v . )
Row ] Mo radislegical clenmup . - ; ]
Rew @ Cleaoup of ait radisacuve scrap : .
- e

Remeval ol plutenium durist sitee
Romevel of plutoniwn bearing se1l w1tk cancantration o sncess of 400 pCl/g
40 und 400 pCli/g considored om case by sans basis

Rermeresl of plutonrum dearing sail with concontration be tw
Row I8 Compirte radisiegical cloasup sueh that the axpected ¢0se (s ast greatar than would be absecbed {rem ssturally sccurciag searces

’h‘un rete 1o related o individual m dese by
nmlyv ll nu- L3 yr)
S aT

l—m rste (oR/Rr) @ l.Qn w0
» 613, uvln‘ pattara } t-rno.oa‘l u .pn:ph Ilvh. 'r.-u' hod And \d.l!b' n ..Iv

."m ul-hﬂcu Sumv." NVO-IM nery, Tlih 204,
Southers islaads Jinedreal to Kidresen, Living pastera Ul corresposds to peopla liviag and growiag (oed sa only Eajei. and -umu sarthers islaads.

.
"&hnﬂ mesns that the dose is 0s5iMai0d ¥ bo a9 gresier thas weuld be sbaerted frem samrally sccurriag sourses,

h\({& w,q.“ )Zw,..nﬁfv (/'U /Q‘W;)
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5.6.1.3 Maximum Annual Dose. The dose rate is not constant during the
30-year period for which "gencration' doses are calculated. Conscquently

" 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 fadifonuclide
as well as its retention characteristics within the body. Consefuently,
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 ma:imum 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 adjusted-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 measure of this risk is provided by estimating
the number of health effects™ expected from the radiological exposure in
each alternative. The risk criteria given in Table 5-1 are used as the basis
for making these estimates, assuming 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.

*¥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, they should be used only as
general guidelines in any risk analysis.

. A




S— // TABLE ?11: INFORMATION FOR CALCULATING MAXIMUM INTERNAL ANNUAL DOSES

a b Dose Conversion
Tmax Tmax +8yr Dose Period Tc Factor

Radionuclide Critical Organ {yrs) {yrs) (yrs) K 1/K
| 905 Bone 4.82 - 30 23.10 0.0433
. - 22 18.22 0. 0549
- 13 30 . 25.65 0,0390
137Cl Whole Body 1.83 - 30 21,11 0.0474
, - 22 17.75 0.0563
- 10 30 25. 17 0.0397
Pu Lung 19.00 ) - 30 28.01 0.0357

vee-S

%The time at which the internal exposure rate becomes maximum for a particular radionuclide and target organ
is denoted by Tma.x' and is calculated from the formula

In (0 /)
T s —tn_r ,
max YR Y . o ,
m r

where A, is the biclogical decay constant for man, and A, is the radiocactive decay coanstant for the radioauclide.

e e e ———————
.

bAllumed 8-year maturation periods for pandanus, breadfruit, and coconut seedling trees.
SThe period of time over which the dosa rate is integrated is denoted by T.

* . dAn empirical factor used to relate the maximum annual dose to an integrated dose for a longer period is denoted
l by K. The relation is given by

D . 22 . UE
T . KT
max

" The factor K is determined from equations given in NVO-140, pp, 537-38.
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TABLE 5-.12: ESTIMATED NUMBER OF HEALTH EIE’]’:"ECTSEE
FROM 30-YEAR DOSES TO POPULATION OF 1, 000

Habitation Plane

Cleanup Actions

7

Mo restrictions on lsland or
food usage

B

Live an southern {3lands and
Enjeti; visit northiern tslands;
focd {rom southern islands or
Enjet!{ exxcept coconut from 12
N.E.
breadlruit from Enjebi farm
plots or imported

falands and pandanus end

f«l uws

Live on southern {slands;
visit northern fslands; food
srom soulhetn islands

apt coconut from 12 N, E.
falnds

Live on southern lslands:
visit on southern lalands; use
food grewn on only southern
lelands

1. No cleanup.

/

/ . Case 2
l}(WB){O.S to X /- H(WD)<0.2t0 0.5 H(WB)<0.05 to 0.2 S
| H(B)<2 H{B)<0:3 1{D)= 0.1 Background
! H(L)% 05— 14(L)=0.002 . . H(L)Z<0.001
H(Total)=3 ~ / 24993 | lHiTowal)z 0.8 H{Total) 0.3
II. Removal of all scrap and . 7 e Case 4 Case 3
Pu concentrations greater H(WDB)<0.3t0 ] H(WD)<0.2 lo 0.5, 14W!3) £0.05 to 0.2
than 40 pCi/g from H(B)<2 N HB)Z0.3 ¢ HIB)=0. 1 4 »n«g;zi?uaf"
residence and agriculture H{l.)=Background HHL)=Background CHiL)2Dackground e @3 (a“, 2
felands. H{Total) 23 : H(Total)2 0.%‘_8‘\ H(Tctal)=0.2 ),
: ¥ ) ) \
111, Total cleanup of residence| Case 5 ’ - / S
and agriculture Islands. - b . \w.\_-_/ S T
Background Same a3 Cese S Same as Case 5 Same as Case 3
LEGEND

H{WB) = Maximum Expected Whole Body Health Effects
H(L) = Maximum xpected Bone Health Eflecto
H{L) = Maxiimum Fxpected Lung Health Effccta
H(Total) = Maximum Expected Total Health Effccts

PN

\
.Hullb effects mean somatic cancer lnducl!ons,(xt result in {atality, calculated to one significant figure, The number of fatal and nonfatal cases Is estimate

to be tiwsice the rnumber of fata: cases.

frvem 69(}Jr¢u~4 Cudiabiom

DMWW
(HeIn bicts for 5o-yind BT e

rwp =1

rem, B .4 rem and L « 0.0009 rem are:

See Table 5-} for dose response rates uscd to estimate health eficcts.

. ]

B

.

H(WD) 0.C5 to 0.2

H(B)=0.1
H(L)=0.00002

H(Total)=0.3 .

v

Theee eflech wtu/ch hadd po A Thoze

- ——
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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. !

*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, they should be used only as

general guidelines in any risk analysis.
.
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/7 Reviewing Table 5-12, it can be

e s

-

VoA

-

riak.- The actual risk may actuﬁ\ﬁ{/ be zero or negligible when compared

/

L

( to effects resulting {rom natural or background exposure.
\ R . -

.\una---.-ne woanlt in o
5‘““‘; 4 COMULL 4ds siW

than those induced by naturally occurring background radiati
programs, yielding the greatest reduction in radiological risk, 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 scuthern islands with no agriculture or visitation on the
northern islands and Case 5 places no restriction on residence, agriculture

O
]
‘] @
o
o
1]

A ol mibatian Af #ka nle hut imnasse anarricue racte ag 16 chawn in

A VhaodblAbliWii Wi Vidw rs— L\.— vul- LAAAruohe e dd o b b WD \-UODD Chod b SDidW TV e &sa
. B

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

- E A N 2 T nana mavirnnrm o tha mismrbhaw A hanlth Affarte a1l YN
inagicates LJJGL, ad & lilaAallliu.ally, LG ddUillivCl g ucuu,u CL&C\-L; o= l’ll,ﬁl

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
d) is estimated to be no more than about 4 times the background

backgroun
case. Again it should be noted that actual number of added health efiects
may be g r than the background effects; however, as suggested by
IS P T W Y . R U abac blhn Themaeramtbale a0~V o 0211 Lo B T N
WIC LdadT = Ii CoLLiiiatC o, LIiC L1 ne clian PUUPLQ Wikl UC t:\l_J S €0 0 ST VARae K
increased po-pu;a;mes because of the Enjebi agricultural activities.

o :

As shown in Table 5-12, the cleanup actions introduced when going

from Row I to Row Il do not significantly reduce the overall estimate of .

radiological risk for any given habitation plan. These added cleanup

""""" [=2a
actions consist of r d oactive scrap removal and m; removal of
77 ctrcrdan'(< .._nh\ A </r',-ua glcried IH"S, . .. . X

plutonium concentrations bet - -

stratips—waTraat . Such cleanup results in negligible 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 II should be omitted. They

awn dacivahla f»Anrmm thae efa Arnnint nt alirminatineg the mAaceihility Af tmnAn
alC QloiTravil AT UIII WiT Seva A\.lJU.LAIIv UL Caaininalling i€ pos a;u;a.a.\-y ci ygna

individual exposure and the accessibility igfradxoacthty anywhere on the

Latou. . fo

In summary, the radiological risks displayed in Table 5-12 suggest
that further consideration of alternative programs can be restricted to
Cases 1 through 5. Case 1 represents the risk, clearly unacceptable,

aod naa ~nf tha a 11 anmd nn ~claannim artinn angd
ed use of the at sa &41A 11U CaCaliu aliilil @i

.
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Case 5 represents the case of esscntially{‘.c»mplete removal of risk to
allow unrcstricted use. Cases 2, 3 and 4 represent compromises on use,
cleanup and risk between Cases 1 and 5. Thcese 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 developed in Section 5. 6. 3.

Reviewing Table 5-13, the best combination of features is foupd in Case 3.

In this case cleanup is practically complete; the problems of ¢ontaminated .
pandanus and breadf{ruit are minimized; restriction on population movement

is reswooabdy minimal, except for the restriction of no residences or
agriculturc on Enjebi; the 30-year doses are resowmeki low; aad the

* maximum annual douses fall within ALC guidelines: end fre shercused o fﬂt/'°/7”d :

rIXk)év)ICJde as bee i C’fffef: 13 Po more Taon PZ ! H fle J::::nv——-( f/‘/( /;ﬂ‘k ‘&ck;muxt(

t[‘)F_L..‘_LAﬁ__ act
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The estimated costs for cleanup operations involved in Cases !
through 5 are summarized in Tabie 5-&7. These estimates were based
on the assumption that work would begin in late 1975 using estimated .

e to 1976 These values were

1.'

.
TAEA e

e dodd ¥ o a e

vralues of services an Xe! pr oducts anﬁhr-::h‘l

Fyse “wees appP wal

determined from contracts and recent historical purchasing data.

Base camp rehabilitation includes the cost of renovating the ,
existing structures on Enewetak and 2ny new construction connected with
the establishment of the camp. Cleanup costs are those associated with

rediviogicel and physical cleanup work on the individual islands.
de estimated travel times from the Hase camp to the work
sites, as well as a contingency for time lost due to weather conditions.
The technical support costs are those which are associated with planning
engineering, and estimating activities pertinent to the cleanup program.
The costs included in logistical support are for air transportation,
helicopter operation, barging and shipping, interisland marine operations,

packing and crating of equipment and supplies, general services for

MAavernrmant acancise anoeyvatinm ~Af Aff_citba A€ ces in Nal-lamA and
WA WY Wl ddildiCise g vidavat vy Wil D vdWad UL il -2 h e UJ.J.; 2 4ddl) \/OINAGAINL il

Honolulu, and the hiring and processing of persornnel. 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 overall costs, twelve million for
rehabilitation and resettlement should be added to the estimate of any of

tha fiva ~Frococ Thic actirmnato 1ic hacaad am e bnmbmnbiecran hindyrat allacatad
Wil AAY L Voo 44li0 Cowiliawl 15 UOaSEed 011 e tentative uuug\cb Glhivearea

by the Trust Territory of the Pacific Islands for this purpose. This
estimate does not include provisiqn for administrative or agricultural
maintenance costs beyond the first 2 years of the operation.
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TABLE 5-¥4: SUMMARY OF ESTIMATED COSTS ($000)

Case
Program Activity 2 3 4 b s
Field Construction . ]
Base Camp Rehabilitation 4,405 4,488 | 4,488 | 4,488
. Radiological Cleanup o . 3,384 ] 7,708 14,121
' *Physical Cleanup 1,502 ( 2,089 2,085 6,343
y
Technical Support 97 97 97 97
Logistical Support 6,933110,193 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 assumption that operations
Disposal costs are shown separately and are

will begin late in 1975.
additive to these totals.

*
Level 2 for Cases 2, 3, and 4; Level 3 for Case 5.
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['/.3 /
' Estifmates for the/costs of disposal operations are summarized in
Table 5-18. Thesc estimates were based on considerations of material .
quantities, mecthods of preparation, and transportation distances.
Assuming the work will be started in late 1975, these estimates reflect

1976 prices.

_—
. t

Major factors influencing the costs in the ocean dumping and Conus
msposal Opthl‘lS are material preparauon and transportaclon 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. Material preparation is
a major factor in the crater entombment option, although transportation

.
requirements are minimal The option calling for stcf‘”ul-".g of con-

Sl IlY aadliid 2. 44 S

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 remcved, but is constant among cases for radioactive scrap.
Measured estimates of these quantities are tabulated as follows (Engineering

St H 1873y
1973):

Contaminated Soil Contaminated Scrap Noncontaminated

Case (cu yds) {cu yds) Scrap (cu yds)

1 - . . - -

> - - 58, 000

3 79,000 7,262 73,000

4 318,000 7,262 80,000

5 779,000 7,262 126,000

' 10
A summary of thé cleanup physical details and costs for each island

is given in Table 5-¥%. The physical details include the acreage, the

radioactivity levels, the plutonium concentrations, the columns of radio-
active, nonradioactive, and cosmetic debris. Estimated rosts are shown

for debrushing, scraping, replacma soil, and removing radioactive and
nonradioactive debris. Costs for disposa al are not included; these are

tabulated in Table 5-}3.
o7

s

é

)
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TABLE 5-18: DISPOSAL COSTS — RADIOACTIVE SOIL AND CONTAMINATED

DEBRIS (¥R
Case
Method ' . 2 3 4 5
. 3 v . .

Material Volume :‘l)lO Cubic Yards 0 87.3 327.3 787.3
Maderial 0/;/':”«/ (osf) § 1000

Crater Dumping : 0 320.0 19, 425. 0* 75, 652. 0%

Ocean Dumping 0 9,989.0% | 43,281.0% | 110,360.0"

Conus Disposal 0 18, 910.0* | 78, 966.0% | 197, 342.0"

Crater Entombment . | 0 6,968.0 | 26,558.0 92,243.0

* ' ’ . ' . .
Includes additional support costs due to schedule extension required for completion of operation.
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TABLE 5-#8 SUMMARY OF CASE STUDIES

of Dollare

Caase
Item 1 ¢ 3 4 s
Residence Islands No Restrictions South Only South QOnly South plus Enjebi No Restrictions
Intarisiand Visitation No Restrictions South Oaly No Restrictions * No Restrictions Nao Restrictions
Sources of Pandanus No Restrictions South Only South Cnly South and farm SewtiuOwiy
and Breadtruit ' ptoty on Enjebi Na Eestrictirag
Sources of Cocoanuts No Restrictions South Only South and agricul- South and Enjebi Seatie-Bwly
ture islands in K v s, w Bulag - N
north -+ 4 N l\}u "”nl(“'\:
Physical Claanup Noae th‘a:u'dobs Physou! Hazardouy |- Payeeset hazard 493| Flywiralthazard e Y
and obstructive and obstructive and obstructive asAd obstructive, ¢V
debris categories« debris categories debria catzgories Aelnphatategnsbews -~
of nonradiocactive of nonradioactive ol nonradinactive «¢ nonradicactive
scrap scrap and all ecrap wad Al ncnp)dﬁll
radidactive scrap radioactive scrap radioaclive scrap
Plutoaium Cleasup None None All concentrations All concentrations All roncentrations
z 400 pCi/g and 400 pCi/g and © 400 pCi/g and
concentrations concen(r'alionc (oncentra(iona
betweea 40 and 400 between 40 and 400 between 40 and 400
pCl/g as considera-| pCi/g as considera- | pCi'g as considera-
tions warrant tiona warrant tions warrant
Thirty Year Dose to
Average Individual
(zemi .
Whols Body [ Background 1 3 {6 on Enjebi) Background
Bone 60 / Backgrouad H 10 {20 on Enjebi) Background
Lung o, Backgrouad acf?\ounj e id3y Background
_ s 6 60(‘<f)f£‘luk{
'] Number of Fatalities [ S 1o 28 4 CIRAADARE . 0.02.0.04 »
from Thisty Year
:)ooa.o. to Population of \<l 5 Ba.(kjmund S a, 5 S 0.8 Backq fG(U\’{
Maximum Asonual Dose .
to Average ladividual
{rem)
Whole Body 0.3 Background 0.08 0.1 (0.3 on Enjebl) | Background
Bone 2 Background 0.2 0.5 {1 on Enjebi} Background
Lung 0.804 Background an 5a{\u‘a,‘g T (Laln T ebide | Background
vackyioundg
Ratio of Maximum
Aunnual Doss to AEC
Criteria
Whole Body 12 < Yockqrownd " g a.:’(;.zn.\ Enjebi) | € Ba»d(c/rou._.{
Bone =2, < i o8& 0.%71(¢.3 on Enjebi} -
oo EX ~ E““ “‘]“’ 4 o O ad e i §1202 5 lﬁmkg YDy,
—
Cleaaup Cost (Millions - o D [ ©
of Dollars)
Disposeal Cost (Millions) - 0 - <o [ 3 3 ==




' TABLE 5-14:

CLEANUP REQUIREMENTS BY CASE AND ISLANDGL)

oo,

- Prosens Cleamep Cases 2 Case 3 Coon s ! Case §
Condstine Actions ;
Qty. Com Qy. Cont Qty. et Gy ' Cont
13000} 130001 T 83000 €001
Debrusa it A 1.4
Bekelue /22 Acrer
‘ o Serape 54, 10 cy 3239
BeY 130 R /e
L, (2}
(1] /
~ iy Replsce Soil 54,706 cy a10.8
Debris, Radisactive 10 ey
Dabrie- Radisactive 2.5 2.5 ¢.8
Total Dubris N, C. 426 ey
Debris-Physical 13.% ty. e e,
Debris-Coometic 147 ey
Totat 1.4 [T Ltar e
Betembako/J0 Acres Debruen BIsA ) o
Bey 200 WR /N Scrape 24445 ¢y a1
~ 130 pCi/g
Dabris, Radioactive ° Reptace Soil 24. 493 cy 277 9
Tatai Debris N.C. & ey Dabris-Radisactive
Debris-Cosmatic ey Debris-Phyeical 4.0 s.4
Tetal .. 60 ble. ¢
Daosuan 5.7} A 1413
Kirees/? Actes
. Serspe 3. 081 ey [ ]
Y &6 ul/he
” 13 1
el Replace Soil 3.081 ey e
Dubris, Radioactive ° .
Debrie-Radisactive
Tmal Debris N.C. 112 ¢y .
Debris-Physicsl 5.3 5.3 1.0
Dubris-Cosmetic 100 ¢y .
Total (1) $. 3 210 2
Debrusa
jras
Leuj Acres Scrape
} ey % pR e
38 oCi/
P ecils Replace Soil
bri i
Pebrie, Radicactive ! ° Debrie- Radiaactive
. is N.C.
| st Dedrte N.C e Debris-Paysical
Debris-Cosmetic °
Total
Debrusa
bokiowetma
Scrapa
Doy 1b uR /a2
e 24 oG/
s Replace Seil
Dabdris, Radicactive [
Debeis- Radioactive
Tetal Debrie N.C, °
Deberis-Physical
Debris-Cosmetic °
Totat
Beken/Boxaidrindrik/ Datruso 1.20 A 8.2 L2 A od 2 121 A 582
€0 Acree Scrape 4403 ey 3.0 6403 cy 9.9 5403 ey 3.9
| 23] 260 uR/ur .
P 280 pCL/G Rapiage Soll 403 ey 13.4 6403 cy 3.8 4403 cy 73.8
Debris, Radicactiva 0 Debris-Radlosctive 2.2 32 3.2
Total Debris N.C. .32 ey Debris-Physical 5.1 L7704 $2.17
Debris-Cosmetic 717 ey Total 2v1.0 237.9 217 8
i Dubreash 250 A 548. 3 280 A S42. 4
Eajebl /291 Acres
Scrape 239, 112 cr| 9913 {13 tiley]  9en3
| 8] 130 WA /hr
Pe 170 pCi/,
Debris, R Y] e Replace Soil 239. 112 ey| 2.825.2 RI9.1Zey| 2.825.2
ets di $
» Radicactive hid Dedris-Radiaactive $3.4 i 72.3
Tetat Dubdris N.C, 9. 804 cy
- Dabris-Prysicat 6.1 TS A 338.3
Dabrie-Cosenatic 2,021 ey
. Toeal . 3.7 4, 7497 4778 7

(@) Cased 15 ot luated 68 0o eomup wmdd be - perforned. cond
N%W'Y"e onds oond 05 wmutd

ot g,




TABLE 5-19 (continued)

~- ¢
Preseat Cleasup Cson 2 Cases ) Case 6 . Case §
Condirian Actions
Quy. Lot Cry. Cont Qty. Coet uty v oat
13000} 3000 ORI R
Debrueh
Mijikadrek /16 Acres A Serape
Rey 33 wR /e
i s0 9ci/e Replace Soif
Debris, Radicsctive L] Debris- Asdioactive
.G . Dey
Total Debeis N.C ! b Dubris-Physical ot 231 a9
- ”
Delrie-Cosmatic 691 cy Toal 23.1 21 4.9
Dmbresh
Kidrinea/20 Acres Serape
Bey 33 wRinr
Pe 1 pciie Replace Soil
Dabrie, Radicactive -] Debris-Radioactive
Total Dedris N.C. biey Dwbris-Physicat 2.3 2.8 4. ¢
Debris-Cosmatic 87 ey Total s X 9
Debrush -
Bokenslad /12 Acree
Scraps
BeY 16 uR/be )
Pe 35 9ctis Replace Soil
[}
Debeis. Rediosctive Dubris-Radicactive
otal Debris N.C. n
Total Debris N.C ey Desris-Fagsical 15.4 15.4 .5
Dabtis-Coematic )
Towl 15. ¢ 5. 4 24.)
Debrusa
Lt
/1l Acres Sccape
Bey 16 xR /ur
Pe Wi Replace Soil N
Deb i ']
rie, Radisaciive Debris-Radioactive
N.C.
Total Debrie N.C 4 Dabeis-Paysical
Dabris-Cosmatic []
Total
Cabrusa I8 A 1255
Aeajle) A
! eres Scrape . 26,621 ¢y 158,14
Bey 3} pR/0r
Pu
20 pci/e Replace Sotl 26,021 ¢y 303.1
Debris, Radicective [
Debris-Rasdicactive
Total Debris N.C. Ley
b Debris.Physical 1.9
ie-
rig-Coameric 1 ey Total §91.8
Debrusa L1 A 3.2 Lia . 0. 75 A Yoo
Lujor/S4 Acres
Scraps 600 <y 6.7 %00 cy 6.7 41, 13% cy 244.2
By 200 R /br
Pe 333 4CL/
vci/s Repiace Soil 400 ey 12.4 600 ¢y 12.4 (41,138 ¢y a6
Dabris, Radicactive 37 ey
. Deb Radioactive 20.8 30.9 0.8
stal Debris N.C.
. s ey Onbrie-Physical .4 ¢ 3.5
Debris-Coometic 2t ey
Totel 4). 8 43.3 224.7
Deabruen
Elslecon/4 Acren
Serape
Y 33 uR/wr
Pu 4 pCi/
Peb 30 9Cils Replace Soil
ria, Redieacti 194
* e <r Owsria-Radiosctive 2.1 . 3.1
Tetal Debris N.C. ° )
Db Dabris-Payaical .1 A .4
ise -
eis-Cosmeric [} Towmt 12.1 12.2 3.
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TABLE 5-19 (continued)

ey ..

Present Cleanup Case I Case ) Case 4 (sen s
Candition Actiens
Qty. Coat Sty Cost -y 1 -um iy ot
J (309N 13000y LIney $7e
Denrusn /.8 A 5.7 . dA 2T - A Lt
Asmeu/99 Acres
omes/ 99 . Gcrape 4800 cy ey | ssoo oy 48,3 J12.140 ¢y as.s
By 33 uR/br
130 oCt
Pe _ wci/s Reptace Sotl® 40,200 ey| 1. 017.3 [140.260 ¢y 1. #17.4 |04 ¢0cy| 23160
Dedrly, Radisactive 2106 cy Debris-Radroactive 9.6 9.4 98.a
N.C.
Tetsl Dabes [ 1084 ey Debers-Physicat 1.9 3 40,4
Debris-Coumetic 54 cy Total 1,171, I 2.933.4
i Detrush 14 A b1, 4
Bljire/52 Acres Vo Scrape S.esley 1874
BeY ‘ 14 uR/he
P 34 wCi/g Replace Seil . deley 385.2
Dedale, Radicactive 1 4 Debris-Radionctive
Tetal Dabris N.C. 200 ey Debrie- Physteat TR IR 9.9
Debris-Cosmetic 19 cv Totsl 1.4 0 8339
. .4 8
Debrusa 25 A 45
Lojwa/40 Acres Scrape 24,200 ey 144, 1
Bey 8 pRite
*s
o~ .S pCilg Replace Soil 24,291 oy 275. 4
» sctive : T ‘ Debrie- Radidective
Total Debris N.C. 170 ¢y Dabris-Phymicai 2. 2.9 .2
Dabris.Coemetic 154 cy Total 2.8 2.5 Ak 0
Debruen 23 A EYE)
Alambel/38 Acres Scrape 22,%8%cy 138.2
B4V S uh/hur
| 2 pCi/y Replace Seit 22,387y 2% 0
Debris, Radioactive o Debris- Radisuctive
(Y A +
Total Debris N.C. 2% ey Debris-Puysical s. 4
tabris-Csamatic ey i Towl o8
Debruen ST A 5%.6 3t A 5.6 tl A TC- 1
Sarepe 63,723 ey 40.) [83,728 cy 40.3 [100. 8.2¢cy 60,3
$20 yA/ur
840 pCi/g Replace Soll 63,725 cy 714.0 [63, 728 cy T14.0 {i00.832cy{ 1.13C.0
Dabria, Radicactive 4,064 cy Debris- Rediaactive 13,1 473.2 457. 4
Tetal Debris N.C. 8,155 ey Cadeio-Puysical 101.2 1072 965. 4
Oubris-Cosmatic 3. 148 ey Total 1.430.2 1,4%0.2 2,718, 8
&
LR 4 pn e pr—
1 |

(1) Cress count sxposure rate, typical all lolande (EGHC Aeriai Survey, 1972).
@) pCl/g in tap 15 cm of sail, sscapt Ruait where high concentration i8 &t & greatss dagth (Easwerni Radioiogicsl Survey, NVO-140, October 1973),

SCont insludes 132,000 ¢y of GU (or PACK smsavatioa.




TAB LE. 5 -i 9 (contim.ied)

Present Clramup Case 2 Case } Case ¢ Case §
. Conditlen Actions
iy, Cuet Qy. Cost Q.. tCoe Gy, Coxst
11000 (3000) (§oo0) 30001
::""”5 heres $ R /e DebeisePhysical 1) i .3 . 3
P 2) pCilre Total 5. M P ] 1.3
Blita
Bt e/16 Acree A Debrie.Physlcal 10.3 : 10.) 1)
Pe $.3 pCilg Total 10.3 10.3 1)
Inedrat/e Acren- -~ - R - - BRI ——— T — S T e
BeY 1.5 uRime Debria.Physircsl .. . e 4 0.4 .3
Pe 1.1 9Ci/s Tatal ] (R 0.4 T8
Van/? Acres Debris-Physical " i.3
BeY 1.5 pR/be
F P [0y MU | Bt (L L N e ) —— 1} M
Ananl}/25 Acsen
By ’ 2 pR/nr Debeis. Phystcal ‘ 1.9 1.y . TR 1.7
™~ 1.1 pCilg Yotal ) .y 1.9 171
Ji a/19 Acre .
o * 1.8 yR/ne Debris. Phyaical - 2.9 2.9 2.9 1ae.e
P . .31 pCilg Total 20.9 2.9 289 1.266.6
Jodrot/5 Acras
80y 1.5 sR/he Debris-Thysical 3.2 3.2 32 3.0
WU T T i lg T Total - T - “—Il - EE T - W T [N )
Z.
::"rul 20 Acras . Debris-Physical 1.,1038.2 1.13.2 1.038,2 2,109.2
Pe .31 pClig Fotal 1.938.2 3,188.2 1,138.2 2.1069.2
Dokandretoh/2 Acres
Bey ) wR /e Pebess:Physical . s 1.8 1.8 3.8
Pe i V.1 pCife Tetal 1.8 s s s
Cnewetak/32¢ Actes . B
uex Cottibe . . | Deveie-Physicat } b 9% IR 71 25 IO DN S 71 P N DUSSRSO Y 1L
™ . .0 pCilg Total 2497 249.7 249.7 1.015.3
lkusen/4) Acres .
Bey 2.r/me Debris-Physcal . 28.3 . 1385
Pe - 1.3 pCilg Tozat nm:s ) 28.8 .8 138.%
Mul /40 Acres _
BeY 2 WR/nr Debris-Thysical 1¢.6 14.6 4.6 28.4
Pe L. pCilg Tots) 14.6 4.6 14,4 8.4
::'.!/" Actes LiThar T Uesrie-Popsieat — | — -3 - j—2 -p—- |- —32 : .6
. wels .
Pu 1.1 pCi/g Total 3.2 32 %2 2.4
Sew. H
:"‘ on/1¥ Acres 2 aR/he Debris-Physical 1.6 11. 6 1.6 43.¢
Pe 1,1 pCifg Total "ne 15.6 1n.s 9.0
id
:07""‘“’ Reves 2 yR/br Debris-Physical ° 10.1 10.7 19,12 9.4
P 1.1 pcilg Total 10.1 10.7 10,7 19.6
Biken/14 Acres . B
Bey 8 yR/Nr Debris-Physical . 1" 1.7 [T
Pe ipcilg Total 31,7 11.7 14.3
Westurs Reel Debris-Physical [
Totsl 1.4
Swh e 7 . LrRALEE 4 LRl X ew] L 2Rk
Tetsl 1.%02.0 9.47).0 9.853.0 20,464, 0
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5.7 SUMMARY OF AEC TASK GROUP RECOMMENDATIONS

INTRODUCTION

The Atomic Energy Commission agreed to provide radiplogical
criteria for cleanup and rehabilitation of Enewetak Atoll to th';a 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, Division of Operational Safety, appointed a Task Group
and through it staff liaison representatives of DNA, DOI 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:

e Population dose to the Enewetak people should be as low as
practicable.

e The Federal Radiation Council (FRC) Radiation Protection
Guides (RPQG) 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 |  0.15 Rem/yr
Gonads | 4 Rem in 30 yr
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a., - <40—pCi/gm of soil - corrective action not required.
. 40 to 400 pCi/gm of soil - corrective action determined on a
case-by- case basxs consxdermg all radzologlcal cohditions.

For comparison with popula.txon dose guidelines, evaluations were ‘
made for the following conditions:

- _. @ _ Dose without cleanu
L R Ais bl mmm bt L 3 v e ° )
.., . ® LUOs& requciions obiaineda by aiet modiii cation.

t
ive actions: - -

P

= - PR § DRSS P i - PR S S .7 a o - o e L
® Plow the village island, and gravel the village area for radiation

shielding. . = . . _. e -

1}
'
‘
]
|
1

° Import pandanus and breadfruit from the southern islands |
(ALVIN-KEITH) for inhabitants of the northern islands to

control ingestion of radionuclides.

- Tonmon manbh evm enod o omse o en o Y Lacal e mmm s b mn ) hmommm Lo mm L1
» PRy 1?U£ (4 t) dlualiue, RiIcalil i, LOLOIIUL allQ aCla LI0OILI1 LS
southern islands.

) Import pandanus, breadfruit, coconut, tacca, and domestic
meat from the southern islands.

DISPOSAL OF CONTAMINATED 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.

} | ' yoor)
2~




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 level of the scrap is no
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 AND 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 will 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 estirmates and natural background
estimates of typical levels in the U.S. are given for comparison.




RECOMMENDATIONS

The Task Group reached the following conclusions:

1.

3.

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 seerris permissible
in relation to the desire of the people to return.

To assure exposures that will be as low as practicable:

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

b. 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.

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

d. Subsistence and commercial coconut may be grown without
remedial measures except on ALICE, BELLE, CLARA
DAISY, IRENE, JANET, and YVONNE.

e. Fishing permitted anywhere.
£. Wild birds and eggs may be collected anywhere.

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

h. 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 southera islands.
The island can be resettled sometime in the future when

-5/
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5.

radionuclide ingestion is no longer a problem. To develop the

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

Construction and agriculture would be deferred until produce
from test plantings showed acceptably low levels of radiocactivity.
Test plantings without soil removal would have least a.dverse
xmpact on the 1sland env1ronment o,

.'_Concurr'ent with the Enjebi woxjk, radioactivity levels should be
‘measured in coconut and other food crops grown on PEARL,
CLARA, ALICE, and BELLE.- Produce from YVONNE should
be included after removal of plutonium contamination.

"All radioactive scrap metal and conta.rmnated debns now or
later identified should be removed. " This includes three
locations on SALLY and one on ELMER where buried
contan‘u.nated debns should be exhurned and removed

YVONNE, 'Quarantined'by the USAF in 1972, should remain

 quarantined u.ntll plutonium contamination on that island has

been cleaned up. An authority responsible “for ‘enforcement
of the quarantine’ sﬁould be identified and in residenc® in the
a.toll if people return to the a.toll before cleanup is completed '

Only aeneral recommendat:.ons for cleanup of Pu on YVONNE
can be presented at this time. An accurate picture of this
contamination should 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. Assembly of a team of experts to interpret field radiation
and radioactivity measurements, advise on cleanup actions

‘ .and provide necessary health physics support. A Public

~ . Health Service group, now part of EPA, provided radio-
logical assistance for cleanup of Bikini Atoll. Similar
support should be sought from EPA for Enewetak.

b. 'Decontamination of YVONNE is seen as an iterative

- process. This amounts to a search for and removal of

the higher plutonium levels m soil.

c . The objectives of the cleanup are two:

'“ ('l)' _Recovery of t.hepieces of biutonium that have been
) '_observed on or near the island surface.

- -
-

T - {2) " Recovery of plutonium contaminated soil. -
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jii'.f Recovery of plutomum dn soil at concentrations greater
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11.

12.

13.
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" "than 400 pCi/g Pu at any depth these levels are’ EX DN
~~found. Also, recovery of contaminated soil sufficient to G
- '"i-nduce surface levels to a value well below 40 pCi/g e
g 39 Pu. After soil removal, all areas should be

i

) resurveyea to ensure no pieces or hot spots of: pxutomum
remazn. . .

Plutonium contaminated soil on IRENE should be handled as on
YVONNE. Pieces of Pu metal are not expected to be found.

Test plantings of food crops may be conducted on each of the
Yno crops'' islands as designated by the Enewetak people. As
edible parts of these plants become available, concentrations
of significant radionuclides should be measured and compared
with the radiological survey predictions. These studies will
indicate times at which plantmg of subsistence and commercial
g:nns can be safelv _requmed )
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L_cns water saim p I‘g and analysi
to be taken over a period of at least 12 calendar months., '
Bacterial content, salinity, and ‘radionuclide content should be
measured. Radioactivity information will contribute to an
u.nderstandmg of processes operating - or which can be made to
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ép r_a_fp - to reduce the ecg_l_ga;g;_]_ half-life of Sr and Cs
Bél ‘the radioactive half- hfe on the northern 1slands. _especially
JA T.

A éonﬂprehensive air sampling program should be conducted
over a period of 12 consecutive months under conditions closely

approximating human habitation and expected soil disturbance
to prnvuie information on radxnactnnhr levels in air. This

program could be conducted comcxdent with and support cleanup.

. o . 137
Base-line surveys of body burdens and urine content of Cs
and ‘” 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 the 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
disposal is deferred for further studv. such study should be

untxa.ted promptly. //\
s
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14. The cleanup, with particular attention to removal and disposal

of contaminated scrap, debris, and soil, should.be documented
in detail in 2 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 employment of

Enewetak people during cleanup.
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