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ABSTRACT

The Bikini people wish to resettle Bikini Atoll, from which they

were removed in 1946 to make way for a U. S. nuclear weapons testing

program.

The hazard of resettlement stems almost entirely from cesium-137, a

radionuclide in the soil which may contaminate the ground water and food

crops. The waters of the lagoon and surrounding ocean are "clean".

Strontium-90 plays a minor role, but some details are stil? under

investigation.
a

   

Contamination aside, only two of the atoll's 23 islands are physically

and historically suitable for permanent settlement, Bikini (2.4 km), the

traditional site, and Eneu (1.2 km<) which has been an ancillary one.

On the basis of the Federal radiation protection standards, all

islands may be visited now. Eneu may be resettled, but depending on

population size some food at least would have to be imported, especially

during the initial years of resettlement. Bikini may be resettled with the

proviso that no foods are to be grown nor ground water consumed for a

period of 80 years, by which time spontaneous decay will have reduced

cesium-137 to permissible levels.

The Bikini-Kili Council has informed the Committee (August 14, 1984)

that the foregoing alternatives are unacceptable because Bikini Island

would not be decontaminated.

The Committee has considered courses of action that attack the problem

directly by removing the top 30 cm of Bikini's soil. The spp il would be

disposed of either by the creation of a narrow, peripheral land strip on

the seaward side of the island, or by dumping it into a crater -in the

lagoon. The execution of such plans would take 2-4 years and
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cost $36-42 million. They would entail perhaps 10 years for the mature

revegetation of the denuded island at an additional cost of some $6-8

million.

The Bikinians have requested that the spoil be used to build a

causeway between Eneu and Bikini islands (September 21, 1984). Such

construction would double the overall cost and has been questioned

environmentally.

Some additional information will be required to assist the United

States and the Bikinians to reach a final decision. A more refined

estimate of external dose that specifically considers the beta-ray

component should be made. The contribution to internal dose of strontium-90

in fish bone and in foliage should be examined further.

Pilot studies within the next two years are recommended to determine

the following: (1) the cesium-137 content of plants grown in locations

where 30 cm or more of topsoil have been removed; (2) if the loss of

topsoil and the compacting effects of the excavation operation per se will

materially impair the eventual productivity of Bikini soil; (3) the

limitations of ground water supply on both Eneu and Bikini; (4) the

possible toss of Bikini's seaward beach as a result of creating the

peripheral landstrip; (5) the effectiveness of high-potassium fertilizer in

blocking the uptake of cesium-137 by plants, a technique of potential

ancillary use. However, preliminary civil engineering planning may begin

now, as well as work on a proposed draft environmental impact statement.

Aside from the immediate problems of decontamination, the committee

sees the need to initiate planning with the Bikinians for housing and

community facilities, and for the eventual subsistence, agricultural and

economic activities that will be essential for the maintenance of their

community.
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1. PROBLEM AND SOLUTIONS

The Bikini Atoll Rehabilitation Committee was authorized by Congress

to report independently on the feasibility and cost of rehabilitating

Bikini Atoll (1N)*. The Committee was initiated two years ago through the

Office of Territorial and International Affairs, Department of the

Interior, working with the Bikini people.

Planning for rehabilitation involves two separate tasks. The first

one deals with how the contamination of the Atoll by radioactive. fallout

can be reduced or otherwise controlled to meet the Federal radiation

protection standards, while at the same time respecting the atoll's

biological and environmental integrity. |The second task deals with the

civilian needs of resettlement per se -- revegetation and agriculture,

water supply, housing, community buildings, etc. The Bikinians should be

given the opportunity to participate in such planning and in the actual

work that follows.

In this report (No. 1), the Committee defines and evaluates the

approaches and techniques for contamination. control. The two major

approaches are based on (1) the spontaneous decay of radioactivity or

(2) the removal of contaminated soil.

1.1 Background

In 1946 the U. S. Government removed the 167 inhabitants of

Bikini Atoll so that the atoll could be used for the testing of nuclear

weapons. That program ended in 1958 after 23 tests which had rendered the

atoll unsafe for human habitation (2).

The Bikini people were settled first on Rongerik Atoll

(Figure 1), then briefly on Kwajalein, and finally in September 1948 on

Kili Island, some 425 miles south of Bikini Atoll (3).

*References with an N (e.g., 1N) contain a note as well as a citation.
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In 1968, President Johnson was advised by the Atomic Energy

Commission that the main islands of Bikini Atoll were safe (but should be

monitored in the future), and permission for resettlement was given. In

1969, therefore, the Department of Defense and the Atomic Energy Commission

cleared the atoll of brush, debris, and abandoned equipment, and during

1970-73, thousands of coconut trees and some breadfruit and pandanus were

planted on Bikini and Eneu Islands with the help of a number of Bikini

people who had begun the resettlement (3).

In 1978, however, an examination of the settlers on Bikini Island

by a team from Brookhaven National Laboratory revealed significant body

burdens of the radionuclide cesium-137 (4). As a result of these and

additional findings by the Department of Energy (5), the 139 settlers were

evacuated in August 1978, and settlement has not been allowed by the U. S.

Since that time.

Studies by the Lawrence Livermore National Laboratory team,

especially during the past 6 years, have accumulated extensive information

on the radioactivity of Bikini soil, plant products (6) and water (7). The

validity of these data was questioned by the Bikini people on the basis

that, coming from a government laboratory, the testing may have been

biased. A review in 1982 by independent consultants selected by the Bikini

people (Epidemiology Resources, Inc.) confirmed the Lawrence Livermore

analytical findings (8).

The scarcity of land in the Marshall Islands and the cultural

significance of land ownership make resettlement of Bikini Atoll a matter

of overriding importance to the Bikini people. There are today

approximately 1120 Bikinians, of whom some 500 dwell on Kili Island, about

200 on Ejit Island in Majuro Atoll, and the rest elsewhere in the

Marshalls. The Committee estimates that more than 75 percent of the

population is under 30 years of age, and the majority is well under 20,

perhaps even under 16. The population has been increasing at a rapid rate.

12



1.2 Geography and Political Status

Bikini Atoll is located 4,000 km (2,500 miles) southwest of

Hawaii, at 11°35'N, 16525'E. It comprises a ring of 23 islands with a

total land area of 8.8 km@ (3.4 square miles), including 1.6 km@ (0.6 sq.

mi.) of intertidal area (Figure 2, Table 1). The lagoon of 630 km@
(240 sq. mi.) has an average depth of 45 m (145 feet); the maximum depth is

58 m. Of the 23 islands, only Bikini (2.41 km?) and, to a much lesser

- degree, nearby Eneu (1.22 km”) have been inhabited. In fact, they are the

only islands that are physically suited for permanent settlement; all the

others are too small and too low to be safe from inundation during times of

high wave and storm activity.

The geological structure of Bikini Atoll is that of a coral reef

atoll resting on a submerged volcanic mass. The islands are made of reef

debris, primarily of sand and gravel size, and reef organisms. The reef is

continuously being built and eroded, but under present conditions the

islands and the passes that connect lagoon and ocean are fairly stable

(Appendix A).

The atoll is similar in appearance to others in the Marshall

Islands. The principal islands of Bikini and Eneu, as well as many of the

other smaller ones, are thickly covered with vegetation. The sandy soil

supports a variety of plants, shrubby thickets along exposed coasts, and

coconut plantations over most of the two larger islands. A variety of

other food plants can be grown, but because of the long dry season, they

are not likely to become staples (Appendix B).

Bikini Atoll is part of the Republic of the Marshall Islands,

which has a total land area of about 170 km@ (66 sq. mi.) scattered over

roughly 700,000 km2 of the central Pacific Ocean (Figure 1). The Marshall

Islands, together with the Caroline and Northern Mariana Islands, comprise

the Trust Territory of the Pacific Islands, which the United States has

administered since 1947 under a Trusteeship Agreement with the United

9000012 | : 13
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Nations. Qn September 7, 1983, the voters of the Marshall Islands approved

a Compact of Free Association which, if ratified by the U. S. Congress,

will grant self-government to the Marshall Islands, while continuing United

States financial and program aid for the next decade.

The population of the Marshalls numbers some 33,000 persons. The

principal population centers are on Majuro Island, the capital (Majuro

Atoll), and Ebeye Island in Kwajalein Atoll, which is a missile range under

the jurisdiction of the U. S. Army.

On January 24, 1979, the U. S. conveyed Bikini Atoll back to the

Bikinians. Thus as a legal matter, they possess all the rights of

ownership. However, since the decontamination program for the atoll would

be paid for by the U. S., it might be subject to U. S. environmental law

and radiation protection standards (Appendix E).

1.3. Radiation Exposure and Control

Studies by the Lawrence Livermore National Laboratory group

during recent years have shown that unrestricted settlement on Eneu would

conform to Federal radiation protection standards (6). However, on the

main island of Bikini this would not be the case, as the Brookhaven

National Laboratory team demonstrated by direct measurements on settlers in

1978 (4).

The radiation dose from resettlement today would result primarily

from eating locally grown food (6) (Appendix D), plus a much smaller

contribution from radiation emanating from the ground. More than 90

percent of the dose would stem from the radionuclide cesium-137, and the

rest from strontium-90. These radionuclides are concentrated in the upper-

most layer of the soil. Coconut products would account for some 80 percent

of the ingested dose.

S000013— "
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In general, the following “rules" apply if the Federal radiation

standards are to be met:

(a) Unrestricted use of Eneu and several other islands is now

permissible. Any island may be visited.

(b) Bikini may be resettled only if all food is imported and

only cistern (not ground) water is drunk. To permit

unrestricted use of Bikini now would require a major program

to render the contaminated soil innocuous.

(c) In 80 years, Bikini agricultural produce and ground water

should become safe, owing to the spontaneous decay of

cesium-137.

The direct approach to decontamination calls for the removal of

the top 30 cm of Bikini soil (where cesium-137 and strontium-90 are

concentrated) to expose a “safe" layer for planting. The resulting spoil

(excavated soil) might be used to extend the island's seaward perimeter by

35-40 meters, or it might be dumped into the Bravo crater of the lagoon,

caused by the 1954 test.

The Bikinians, however, notified the Committee (September 21,

° 1984) that they request the spoil be used to construct an 8 km-long

causeway between ‘Eneu and Bikini islands. The addition of this project

would double the total cost.

The removal of the top 30 cm of soil from a coralloid island

raises questions regarding the productivity of the remaining soil. To

settle this and other questions (including the limitations of water-supply

and the blockade of cesium-137 uptake by high-potassium fertilizer), we

have requested support for pilot trials at the atoll. ,

On the other hand, there is the “wait-it-out" approach. That is

to say, resettlement would be effected’ on Bikini and/or Eneu, but the’

IGO0014 1S



 

consumption of local food {except fish) and ground water would be

prohibited for 80 years. In effect, this would preclude any agricultura

use of Bikini and could limit the agricultural use of Eneu under certair

circumstances. It would also require a continuing radiation monitorin«

program of soil and plants and a large, reliable food-importation program.

As a scientific committee, we do not advocate any one of the

feasible alternatives. Whether the direct approach or the wait-it-ou'

policy should be instituted is a decision involving value judgments tha‘

are the responsibility of the Federal Government and the Bikinians. The

Bikini-Kili Council? has informed the Committee (August 14, 1984) that the

“wait-it-out" approach is not acceptable to it.
a

  

 

In the following sections we set out the detailed information or

the distribution of soil contamination (Section 2), the calculation 07

radiation dose and its dependence on diet (Section 3), and the various

specific plans for eliminating or countering soil  contaminatior

(Section 4). Section 4.5 compares the relative merits of such plans anc

notes some additional studies that are required to gauge their reliability

and power. The general interrelationships of these factors are illustratec

by the assessment model presented itn Figure 3. Those desiring more

technical information are referred to the Appendices (see Table of

Contents). Section 5, the final one, notes the importance of community

planning, which is not dealt with in this report.
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2. CONTAMINATION

The 23 nuclear tests from 1946 to 1958, and in particular the Brayo

H-bomb shot of 1954, deposited radioactive fallout unevenly throughout

Bikini Atoll, including the lagoon. Over the past 26 years, contamination

has diminished through spontaneous decay, and in the case of the lagoon, by

exchange of water with the open sea. The most important remaining nuclide

is cesium-137 (half-life, 30 years). Also present but much less important

is strontium-90 (half-life, 29 years). Traces of the transuranic elements

are also present (plutonium-239, -240; americium-241), but contribute very

little to the total dose.

In the discussion that follows, the level of radioactivity (specific-

activity) is expressed in picocuries per gram (pCi/g) of soil or other

substance as of 1987, the earliest that resettlement might occur. One

pCi/g signifies that in one gram of substance one atom disintegrates and

emits a burst of radiation every 27 seconds. For comparison, naturally

occurring potassium-40 in soil ranges between 0.5-0.8 pCi/g (9, p. 30); in

sea water it is about .03 pCi/g.

2.1 Lagoon

The nuclear shots that occurred at Bikini (Appendix C) affected

the floor, water and sediment of the lagoon.

2.1.1 Floor. Three shots in particular affected the floor of

the lagoon. During Operation Crossroads in 1946, 11 ships sank to the

bottom, five during the Able shot and six including the carrier Saratoga

during the Baker shot (Figure 2, sunken ships). These ships carried fuel,

‘loaded guns and stores of ammunition.

The remnants of several observation towers also lie on

the bottom, near Lomilik Island (B4, Figure 2).

17
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The ships themselves do not pose a_ significant

radiation hazard, although the activity of the sediment in the immediate

vicinity of some may be as high as 20 pCi/g (Appendix C). The sediment

accumulating on the ships and a piece of one of the ships itself will be

reported on in Appendix B,

Of more concern is conventional contamination from

leaking fuel tanks or from exploding ammunition. However, at Truk Lagoon

26 sunken Japanese ships still rest on the bottom of a busy harbor and

apparently are not dangerous if left undisturbed (Appendix C). The vessels

are being covered with increasing amounts of sediment and coral and are the

site of active marine life. Moderate chronic fuel leakage can be borne

without difficulty by such ecosystems (10) owing to biodegradation.

However, the Bikini site should be examined by divers to ascertain the

current state of the sunken ships.

The third important event was the Bravo shot in 1954,

creating the sizeable crater in the lagoon off Nam Island (Figure 2) which

now might be used to store very low-level radioactive materials.

2.1.2 Water. Although the levels of contamination were high

especially after the Bravo shot, by 1972 the specific-activity of lagoon

water was Tow enough to meet the Federal standard for fresh drinking water

(11 N).

2.1.3 Sediment. The specific-activity of the lagoon sediment

(0-4 cm depth) is higher than lagoon water but still within permissible

limits. Cesium-137 activity is generally below 10 pCi/g (Figure 2), and on

the lagoon bottom within 15 km of Eneu and Bikini Islands it is 0.1-1 pli/g

(12). The levels of other radionuclides in the Bikini-Eneu area are:

cobalt-60, 13 plutonium, 5; americium-241, <5 pCi/g.

Analyses of sediment from the northeast corner of the

lagoon down to depths of 60 cm have shown that radionuclide levels fall off

18
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very appreciably with depth. The results of recent studies down to 100 cm

off of Eneu and Bikini appear to be showing a similar result and will be

fully reported on in Appendices A and B.

“It is therefore anticipated that sediment dredged from

the bottom of the lagoon offers a convenient source of backfill and

landfill should plans require them. The sandy bottom is generally flat and

thus suitable for dredging, but numerous coral heads emerge, some of which

- may exceed 1 km in diameter and stand more than 30 m high (Appendix A).

2.2 Islands

The islands of the atoll (Figure 2, Tables 1, 2) vary greatly in

size and in contamination. Only two of them are larger than 1 km? ; Bikini

(2.4 km*) and Eneu (1.2 km¢).

2.2.1 Soil Composition. The major elements judged by their

distribution in depth fall into two major classes. The concentrations of

extractable potassium and of total phosphorus, nitrogen, and organic matter |

fall off with depth to become small below 50 cm (20 in.) as shown in

Table 3. Cesium-137 follows this pattern (Tables 2 and 3) and is thought

to be associated with the organic matter. On the other hand, the

concentrations of nonradioactive strontium and calcium are practically

constant, and that of magnesium rises with depth.

2.2.2 Radioactive Contamination. The transuranic elements

plutonium-239, -240 and americium-241 contribute less than .08 percent to

the 30-year cumulative dose because they are scarcely taken up by plants

on Bikini is about 17 pCi/g, on Eneu about 1.3 pCi/g, both well below the

transuranic standard of 40 pCi/g employed at Enewetak (13N).

The two major radioactive contaminants today are

cesium-137 and strontium-90, present in soil at roughly the same range of

5000018 | 19
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specific activities (Table 3). This is in spite of the fact that total

cesium in the soil (radioactive plus nonradioactive) amounts to less than

1.3 parts per million whereas total strontium amounts to 2000-4000 parts

per million owing to its very much greater natural abundance.

Unfortunately for cleanup purposes, cesium-137 is

readily taken up by plants, moving in much the same way as potassium, an

essential element with which it might compete for uptake. Its specific-

activity varies in different foods, but in each case will rise and fall

with the specific-activity of the soil. Plants, especially fruits, may

concentrate cesium 3-6 times over the soil level (6). For strontium-90,

the concentration ratio (plants/soil) in edible fruits ranges from .01 to

.5 but in the leaves it may be as high as 10 (Appendix 8).

The cesium-137 surface-zone activity (0-10 cm} for the

individual islands of the Bikini Atoll, determined by a comprehensive

aerial survey, is given in Table 1. In the case of Bikini and Eneu, the

estimates were confirmed by terrestrial measurements. These measurements

Show that Bikini is among the most heavily contaminated islands, while Eneu

is in the lower range.

In the soil, cesium-137 specific-activity (island

distributed mean) fell exponentially with depth on both islands as

illustrated in Figure 4, based on Table 2:

where A, is specific activity (pCi/g) at depth Z (cm), and A is the

activity at zero depth (Bikini, 80.5 pCi/g; Eneu, 5.5 pCi/g). °

Although the surface activity of Bikini averaged more

than 10 times that of Eneu, the fractional decline of activity per

centimeter depth (4) was about the same (-.065 per cm vs. -.052 per cm).
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The means of these two factors (-.059 per cm) could be used to calculate

the subsurface activity on islands where such data are lacking.

The mean specific-activity of the rooting zone A (0-40

cm depth) is:

— 0 -40u
A= aii - e essen (2)

For Bikini and Eneu, the mean rooting zone activities are 28.6 pCi/g and

2.31 pCi/g, respectively. The relation between these levels and human

dosage is discussed in Sections 3.2 and 3.4.

Although the istand-distributed mean activity fell

smoothly with depth, the local activity at some sampling sites on Bikini

and Eneu did not. These were locations where the ground had been disturbed

mechanically during one or more previous trash cleanups or perhaps during

the planting of trees. Often the buik of the irregularity occurred within

a layer that would be scheduled for excavation (if such decontamination

were calted for). Furthermore, such sites would be monitored during the

course of excavation and could receive additional treatment if necessary.

2.3 WaterSupply

2.3.1 Rain Water and Coconut Fluids. In the Marshall Islands

fresh ground water is in short supply. At Bikini Atoll, although total

annual rainfall is in the range 100-200 cm (40-80 inches), periods of

drought and water scarcity are frequent. Cistern water therefore is the 
usual source of drinking water; it is uncontaminated and is much preferred

to the more or less brackish ground water. Traditionally, coconut fluids

also make an important contribution to fluid intake. More recently,

imported canned soft drinks are being used throughout the Marshall Islands.
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2.3.2 Ground Water. Ground water accumulates in the

following way. Rain water drains through the permeable soil and

accumulates in the underlying porous rock and sand matrix as a roughly

lens-shaped body of fresh water, floating on the denser salt water. Mast

of the fresh water is rapidly mixed with the underlying salt water by wave

and tidal activity, leaving only a very thin fresh layer, usually in the

central portion of the island. The smaller the island, the more rapidly

mixing occurs; hence the smaller the freshwater body. No potable ground

water is thought to exist on the smaller islands. In the Marshall Islands,

the chloride standard for potable water has been set at 400 mg/l compared

to 250 mg/l in the U.S.

During the summer drought of 1984, four of seven wells

on Bikini were dry and none had potable water. None of the wells has met

the Federal standards for cesium-137 or strontium-90 (Table 4) (12, and

Appendices A and B). Two of four wells on Eneu were functional and had

potable water; the quantities observed could have met the needs of 200-250

persons with careful use (Appendix A). These wells were located close to

the runway.

It is therefore recommended that detailed studies be

initiated to estimate the potential for ground water development. The

studies should include the aerial, vertical and seasonal changes in both

salinity and radioactivity.

    

  

On Bikini, the removal of “the uppermost, heavily

contaminated layer of soil presumably would materially reduce’ the

radioactivity in ground water. We note that the cesium-137 levels in the

rooting zone and in ground water on Bikini are both more than 10 times

those of Eneu.

On the other hand, potassium-fertilizer blockade

treatment (Section 4.4) would not be expected to reduce the cesium-137

Yevel in ground water. Whether or not it would increase the level would be

checked in the pilot trials recommended for next year. ,

22
2000021



3. RADIATION EXPOSURE AND DOSE

At Bikini Atoll, the radiation dosage stems from two kinds of

exposure: external from radiation emanating from the contaminated soil

(Table 1), and internal from radiations emitted by contaminated food and

water or inhaled as gas or dust (Appendix D). The decay of cesium-137

accounts for practically all external dosage (half-life 30 years; mean

beta, .52 MeV; .66 MeV gamma). It also accounts for practically all

internal dosage. Bone marrow, however, receives an additional 7 percent

from the decay of strontium-90 (half-life 29 years; mean beta, .196 MeV and

.93 MeV) (6). |

The calculation of the external and internal doses depends directly on

the levels of soil and food contamination, and on assumptions regarding the

Bikini diet (Table 2, Figure 3) (Appendix D). Although the levels of

contamination in the atoll (Table 1) may differ greatly, in no case will

they lead directly or indirectly to an acute or subacute reaction (Annex J

in Reference 14}. The dangers of exposure, if any, would be registered as

a late effect, namely, a small increase in the lifetime risk of cancer if

sufficient contaminated food is eaten over an extended period and

sufficient time elapses for the cancer to appear (15).

3.1 External Dosage

Calculated for 1987, the earliest that resettlement might occur,

the annual external dose per person (above natural background) for both

Eneu (.012 rem) and Bikini (.16 rem) is within the Federal radiation

protection standard of .17 rem (Table 4) (6). For comparison, the annual

dose (world average) from background terrestrial plus cosmic sources is

‘approximately 0.2 rem, and in the Marshall Islands it is less than .03 rem

(14, 16N, 17, 18).

The annual dose declines progressively with time owing to the

Spontaneous decay of cesium-137 (half-life, 30 years). Therefore, the
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30-year cumulative dose (Eneu, .27 rem; Bikini, 3.5 rem) (6) is relatively

further below the standard (5 rem) than the initial annual one.

Although the above external dose estimates are quite adequate for

planning, it is to be noted that specific beta-ray exposure measurements at

ground level (0-10 cm above surface) have not been published for Bikini.

The Committee is therefore recommending that such measurements be made to

make the estimates complete.

3.2 Internal Dosage: Food

Food consumption is the primary determinant of dose, but it is

not clear what the Bikinians will eat when they resettle Bikini Atoll

(Appendix D). The Lawrence Livermore Laboratory team has assumed that the

dietary estimates made by a Micronesian Legal Services investigator in 1979

for the Enewetak people, then living on Ujelang Atoll, would apply to

Bikini. The estimate were made for conditions under which imported foods

might or might not be available. For practical reasons the committee uses

a "planning diet" which assumes that local produce is always available and

that imports are available 75 percent of the year. The local produce

includes coconut, some pork and chicken, pandanus and breadfruit, and fish.

Very important imports are rice, flour and sugar as well as canned meats

and fish.

Knowing the composition of the diet and the average radionuclide

content of the various foods in it, the daily intake of cesium-137 and

strontium-90 can be estimated in pCi/day per person. Assuming the nature

of the diet to remain constant, the 30-year dose in rem (whole-body) is

calculated by multiplying the initial (e.g., 1987) daily intake of

cesium-137 by the conversion factor .00045 rem/pCi (Appendix D). The dose

to bone marrow will be about 7 percent greater owing to strontium-90

consumption.
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All agree that coconut consumption has been the principal

radionuclide source in the diet (e.g., 19, 20), and by Lawrence Livermore

calculation it would account for more than 80 percent of the internal

planning dose (6). Fish meat, an important staple, contributes practically

nothing. The posstble contribution from fish bone is under investigation.

Coconut consumption, however, has been declining in recent years,

and imported foods have become increasingly important as Marshallese life-

style has reacted to the influence of external cultures. On the other

hand, resettlement with a planned agricultural program might very well

increase the importance of local produce.

In view of the foregoing, judgment must be exercised in deciding

on a likely “planning diet" for estimating daily radionuclide intake. To

allow for possible errors of one sort or another, and especially for the

possibility of increased use of local produce after resettlement in order

to become more self-sufficient, we have decided to multiply the estimates

employed by the Lawrence Livermore team by the factor of 1.75.

On this basis, the 30-year cumulative dose for Eneu of 4.2 rem

would be within the 5-rem Federal standard, but the dose of 30.8 rem for

Bikini would be far beyond it (Table 5).

3.3 Internal Dosage: Water

Cistern (rain) water is the chief source of drinking water and is

practically uncontaminated (6). On the other hand, the radionuclide levels

in ground water, though low, are notable because they exceed one of the two ~

Federal standards (Table 4).

Drinking water is regulated by a “practical" Federal standard

(21, 22) that sets specific-activity limits for cesium-137 at 200 pCi/l and

for strontium-90 at 8 pCi/l (Table 4). When two or more nuclides are

present, the standard for each is reduced proportionally. As stated in
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Section 2.3, the Bikini wells do not meet the practical standard, whereas

wells on Eneu do.

Ground-water consumption makes a small contribution to the whole

body dose. If calculated on the unrealistically high consumption of

2 liters per day (6), it would amount to less than 5 percent of the total

dose for Eneu or Bikini. However, the Lawrence Livermore team estimates

ground-water consumption to average about 0.25 liter per day over the

course of a year (6).

3.4 Permissible Soil Specific-Activity

For the very low concentrations of cesium in atoll soil, it may

be assumed that uptake by food plants -- and thus subsequent human intake

--, will be proportional to soil concentration (23N). Turning the problem

around, we may say that having found the estimated dose to be six times too

high (30.8 vs. 5 rem), the island's rooting-zone specific-activity (0-40 cm

depth) should be reduced to one-sixth of the present level.

On this basis, the liminal specific-activity of the island's

rooting zone -- that mean value (0-40 cm depth) not to be exceeded -- can

be calculated for Bikini as follows:

 

(5 rem/30.8 rem) x 28.6 pCi/g = 4.6 pCi/g (liminal value),

where 5 rem is the standard and 30.8 rem is the dose associated with the

current mean specific-activity of the rooting zone, 28.6 pCi/g (island

distributed mean).

Spontaneous decay of cesium-137 will reduce the mean specific-

activity of Bikini's rooting zone to the liminal value in 80 years (79.1

exactly). Or the liminal value can be produced more quickly by removing 30

cm (28 cm, exactly) of the top layer of soil (Section 2.2, Figure 4).
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The strontium-90 level of the rooting zone will fall by some 85

percent in 80 years. Removing 30 cm of topsoil will reduce the level by

some 66 percent (Table 2).

It should be noted that dose does not fall in direct. propartion

to the depth of such excavation. Since dose is proportional to rooting-

zone specific-activity, it falls exponentially with depth like the rooting-

zone activity (Figure 4).
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4. MEETING THE PROTECTION STANDARDS

Operationally, there are three ways to meet the radiation protection

Standards: (a) Delay resettlement so that spontaneous decay of

radionuclides can reduce contamination; (b) Treat the soil to reduce the

uptake of cesium-137 by food plants; (c) Remove the contaminated soil. In

the following, we first note the options under each approach and then

compare effectiveness, cost, and time required for execution.

The estimates of cost in 1984 dollars are based continental. U.S.

experience and especially on the experience of the Army Corps of Engineers

in the Pacific. They assume that work on an isolated, uninhabited atoll |

without construction resources, employing imported U.S. personnel, will

cost 2.4 times as much aS on the continental U.S. Such costs might be

materially reduced by the extent to which a Marshallese work force could be

employed and locally available equipment from Kwajalein or Majuro (250-500

miles away) could be employed. The staging costs, nonetheless, would

probably be relatively high.

Of the 13 islands that do not meet the federal standard and therefore

are potentially in need of decontamination (Table 6), only three of them

are them are larger than 25 hectares (1-hectare = 2.47 acres) -- Bikini

(240 ha), Enedrik (96 ha), and Nam (54 ha). The levels of contamination on

Bikini and Nam are relatively high, that on Enedrik appears marginal. Only

Bikini, however, is physically suitable for settlement (Appendix A).

4.1 Delay Resettlement

The simplest technical approach is to wait until the spontaneous

decay of cesium-137 (half-life, 30 years) and strontium-90 (half-life,

29 years) decontaminates the soil. In the case of Bikini Island, the

objective can be achieved over a period of 80 years. The advantage of

doing nothing is that it costs little or nothing directly. The

disadvantage is that the Bikinians are deprived of the use of their home

land for 80 years. There are two variations of this plan.
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The first one is for the Bikinians to resettle Bikini Island with

the proviso that no food be grown nor ground water consumed on that island

during the decontamination waiting period. Fishing would be permissible.

The plan therefore entails large scale food imports; a substitute

for ground water which is of great importance in times of drought; the

control of agriculture and especially coconut production (nipping the

flower buds 2-3 times a year, annual cost about $100,000); and soil and

plant assays of radioactivity every 5 years (cost, about $500,000 per

survey). Over an 80-year period, the food control and monitoring costs

would total about $20 million. The cost to generate a substitute for the

contaminated ground water would be less than $1 million, but a precise

figure cannot be given now since the number of settlers is not known.

The second one involves resettling Eneu while declaring Bikini

off-limits for agriculture. Since Eneu is one-half as large as Bikini

(2.4 km?) , it is practically certain that it could not support a population

of 1100 living in traditional fashion (assuming that all Bikinians would in

fact return). Its ground water supply appears to be good (Appendix A).

Bikini, of course, would have to be monitored and food (coconut). production

prevented.

4.2 Treatment of Soil

Four types of treatment have been considered -- leaching,

biological extraction by cropping, topping with clean soil, and application

of high-potassium fertilizer. The first three of these are regarded as

ineffective, cumbersome or too expensive. Treatment with fertilizer shows

promise where the level of contamination is low. Unit costs for some of

these operations are given in Table 7.

4.2.1 Leaching. Thirty-five years of rain, averaging some

150 cm (60 inches) per year, have failed to wash the radionuclides from the
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soil. Large-scale leaching with sea water by the Lawrence Livermore group

(Appendix B) has not yet proved effective (24). In most continental soils,

cesium is very firmly fixed to clay minerals (25, 26). In the coralloid

soils of the Marshall Islands, however, the fixation may be to organic

matter, but the nature of the process is undefined (Appendix B).

4.2.2 Biological Extraction (Cropping). Since cesium may be

concentrated in plants, the possibility exists of removing cesium from soil

_ by cropping. The method does not seem practical. For example, assume that

the plant specific-activity is three times that in soil, and that 1.5 kg/m*

of plant material can be harvested annually. Then for Bikini's 2.4 km,

some 3500 metric tons per year of plant material would have to be removed

for 50 years to reduce rooting-zone cesium-137 activity from 29 pCi/g (the

present level) down to 4.6 pCi/g (the liminal level).

4.2.3 Topping. A clean rooting zone may be created by

topping contaminated soil with a fresh layer 50 cm or more thick, as might

be needed. If the topping layer is thick enough and fertile, large numbers

of roots of the edible plants will not penetrate from it into the -

contaminated layer below. Nor would the tightly bound cesium-137 of the

contaminated layer be expected to diffuse upwards into it. The plan would

involvé removing and disposing of the vegetation currently in place (cost,

$3 million), topping with 50 cm of dredged sediment from the lagoon, the

only practical source (cost, $55 million), and conditioning and replanting

the area thus treated (cost, $6-8 million), for a total cost of about $65

million. Two to four years would be required to complete the civil

engineering, after which, with adequate planning and care, mature

revegetation would develop over a period of 10 years.

Topping, however, would not decontaminate the ground

water. Furthermore, the roots of such plants as Messerschmidia, Pisonia,

and mature breadfruit would penetrate into the contaminated depth. As a

result, the falling leaves of these plants would contaminate the surface

soil.
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4.2.4 Treatment with Potassium Fertilizer. Exploratory

experiments have shown that potassium fertilizer at high levels will reduce

the specific-activity of cesium-137 in plants (27N, 28, Appendix B). Such

reduction presumably is the result of competitive blocking by potassium of

the uptake of cesium-137., The extent to which such blockade would be

effective against the cesium levels on Bikini Island is not known; to

estimate this, support has been requested for pilot trials that would begin

in the fall of 1984. |

Although such treatment may not be powerful enough for

the high levels of cesium-137 on Bikini Island, it maybe of use in marginal

or moderate cases of contamination, for example, Enedrik, where 50 percent

reduction in plant uptake would lead to a diet that meets the standard.

Potassium treatment might also be used to truncate the end of the 80-year

waiting period for Bikini if that island is allowed to go untreated.

The advantage of potassium treatment is that the

topsoil is retained, and in fact, its productivity would be improved by the

fertilizer treatment. The increased yields would partly compensate for the

treatment cost. On the other hand, the treatment must be continued year

after year until spontaneous decay of the cesium-13/ reduces specific-

activity to an acceptable level. Furthermore, the treatment does not

decontaminate the ground water. .

The cost of such a treatment would be of the order of

$500 per hectare (.01 km?) ,

be allowed for. The annual and total costs, however, cannot be stated now

The cost of radioactivity monitoring also must

with any precision because it is not yet known how frequently the

individual treatments must be given.

4.3 Soil Removal

Removal is the direct way to deal with contaminated soil. After

clearing of vegetation, the contaminated soil is excavated and disposed of
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by outright dumping or by using it as landfill. The method is feasible at

Bikini Atoll because cesium-137 is largely concentrated in the upper layers

of soil, falling off exponentially with depth (Figure 4). The depth of

soil to be removed varies from about 30 cm on Bikini Island to estimates of

a few centimeters on Enedrik (Tables 6, 8). The spoil (excavated soil) can

be handled with impunity so that only monitoring, but not costly and

complex precautions, would be necessary. Conventional masks might be

required for certain kinds of work owing to the level of dust or smoke.

The disadvantages of direct removal are, first, relatively rich

topsoil is lost; second, some 10 years will be required to revegetate the

denuded island (shading and coconut production are the slowest to appear

(Appendix B)); and third, substantial skills and costs ($6-8 million) will

be required for the revegetation program and to provide for agricultural

development.

Soil removal becomes more efficient when jit jis a large-scale

operation. For Bikini Island, the time required would be 2 to 4 years.

Based on the unit costs in Table 7, the total cost would range from $36 to:

$80 million, depending on how the spoil is disposed of, @€.g., marine

dumping, island extension, or causeway construction. Backfilling the

excavated area with lagoon sediment is an additional option. The more

important details for such soil-removal programs are as follows.

r

4.3.1 Clearing. The process involves clearing the land and

burning the refuse or storing it on an unused island. Aside from the

temporary loss of food supply and amenity, the destruction removes the

shield that guards against excessive sunlight and the winds that blow

almost constantly. Under favorably planned conditions, it is thought that

vegetation can be reestablished in 8-10 years; shading and coconut .

production are the slowest to reappear. The estimated cost is $3 million

for clearing.
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In part on general grounds, in part owing to the variable

results at Enewetak Atoll, a U.S. government operation in the Marshalls

(1972-1980) (13), doubts have been expressed about the possibility of

successful agriculture at Bikini after topsoil removal (Appendices A, 8B,

and E),

We note, however, that the Majuro causeway built of lagoon

sediment has spontaneously revegetated itself. Scrub revegetation of new

sandbars and typhoon-eroded islands is commonplace. At Enewetak where in

certain areas the land had been cleared and in some locations paved, the

difficulties might stem from the compaction of the soil by previous heavy-

duty usage and by the heavy clean-up earth moving machinery employed. In

any case, we recommend that a pilot trial be executed on Bikini that will

deal with the effects on productivity of soil compaction and. exposure to

wind.

4.3.2 Disposal of Spoil. Four locations for the disposal of

spoil are the lagoon, an unoccupied island, the site of causeway

construction, and the oceanward side of Bikini. Various laws, national and

international, regulate disposal. With respect to ocean dumping, the

situation is so complex and uncertain that the option is precluded. (29N).

(a) The lagoon-disposal alternative for Bikini Island

would cost a total of $36 million. To immobilize the spoil by bagging it

before disposal would increase the cost by about $12 million.

The best location in the lagoon would be the Bravo

crater (73 m deep; volume, 16 million m?), The ecological consequences are

minimal because tte crater is "dead", and the more or less ‘monthly

replacement of lagoon water tends to prevent the accumulation of turbidity

and dissolved contaminants (Appendices A, E). From an engineering point of

view, such dumping would be a simple operation.
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The mean specific-activity of Bikini spoil totals

less than 1074 Ci/ton for all radionuclides and thus falls below the former |

so-called de minimis level of 1073 Ci per metric ton, a non-official level

now, but one that might well be considered acceptable scientifically.

However, at present, there is no legal standard and the matter is under

international study (29N).

(b) Disposal on an unoccupied island declared off-

limits for food production would localize the spoil. We see no reason to

incur the additional cost of unloading and other steps.

(c) The Bikinians have suggested that the spoil be

used to build a causeway, 8 km long, connecting Eneu and Bikini Islands.

Such a structure would facilitate transportation between the two islands.

The specific-activity of the spoil would not be important because the

causeway would not be used for food production. The total cost of the

prototype diagrammed in Figure 5 (inc'uding items 1, 2, and 7, Table 7),

would be some $80 million.

From the engineering and ecological points of

view, the desirability of such a structure is open to question (30N,

Appendices A, E). It would be built on a narrow reef, especially sensitive

to wind, wave and tidal action. Even though supplied with a series of

culverts to allow the free flow of water between reef and lagoon, the

causeway would threaten fishing on the neighboring reef flats, the

integrity of the shore line, and the lagoon's circulation. The maintenance

of the causeway would be expensive, running into some millions of dollars

over a period of 20 years. Especially important would be the requirement

to provide continued month by month care.

(d) Instead of dumping the spoil off-island, it could

be used as backfill to extend slightly the land mass of Bikini Island on

the exceptionally broad reef flat that bounds its oceanward side (Figure

6). The total cost is estimated at about $42 million (Table 9). The
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narrow, elevated land strip thus formed would be planted with inedible

vegetation and would serve as a screen against wind and exceptional high

tides. However, the present beach would be covered, so that the formation

of a new beach over a period of some years would have to be planned for.

Significant movement of radionuclides from the strip back into the island's

soil is most unlikely, since over the past 25 years cesium has not been

washed out of the soil by rain. If necessary, a membrane would separate

the strip from the island proper.

Psychologically, this alternative might be

uncomfortable for the Bikinians. The contaminated soil which has prevented

the resettlement of Bikini Island would be used to form its new seaward

boundary.

The legal problems presented by this alternative are

minimal. Since the reef is now awash, the strip would not affect the

atoll's baseline, which in any case has not yet been drawn, nor would it

affect navigation.

4.4 Soil Replacement

The removal of 30 cm of Bikini topsoil does not entail

replacement (Appendices A, B, E£) since the island would have sufficient

elevation without it. If for some reason replacement is undertaken, the

sediment dredged from the lagoon off of Eneu and Bikini could be used

conveniently. The incremental cost would be some $25 million, which when

added to the island-extension plan above, for example, would bring the

total cost to about $67 million (Table 9). If only small quantities of

backfill are needed, projecting sand spits could supply them.

The basic chemical nature of lagoon sediment and of island sand

is similar to that of the island soils, but the upper layers of the soil

have accumulated over the years considerable amounts of organic matter,

nitrogen and sometimes phosphorus (Table 3), important substances for
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vigorous plant growth. In any case, the new land surfaces should be

promptly seeded and fertilized to prevent wind erosion. Revegetation with

desirable food or woody species could then be attempted, but the same

reservations apply here as stated above in Section 4.3.1.

Dredging for backfill might cause some transient but significant

ecological disturbances that will be reflected in diminished fish stocks

and may also lead temporarily to rendering fish tissue toxic for human

consumption (Appendix €).

4.5 Comment

In the Interim Report (Nov. 23, 1983), the cost of

decontamination was estimated to be “of the order of" $100 million. The

simpler plans ‘that continue to merit major consideration cost far less. We

have concentrated primarily on their applicability to Bikini and Eneu,

since only these two islands are suitable for permanent resettlement

(Appendix A). ‘The other islands sooner or later will be washed over by the

great storms of the region.

The cost estimates that we have used may be high; they are a

factor of 2.4 higher than comparable continental costs in the U.S. to allow

for the difficulties of staging in a remote, small, uninhabited area. To

the extent that such difficulties can be overcome by the use of relatively

nearby labor markets and available equipment, the total cost will drop,

possibly dramatically.

All planning, of course, is contingent on the accuracy of the ,

dosimetry, based on the work of the Lawrence Livermore National Laboratory,

which may be subject to minor modification and refinement. We are

recommending field measurements at Bikini, including beta-ray and gamma-ray

components, but we do not anticipate findings that will materially affect

the overall planning discussed here.
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It also should be noted that the plans may be affected by

environmental-impact review. At present, however, it is not clear who the

responsible authority will be. After the Compact of Free Association with

the Republic of the Marshall Islands becomes effective, presumably in 1985,

EPA and/or U.S. Army Corps of Engineers regulations may no longer apply.

In summary, there are two basic approaches to decontamination.

The wait-it-out plan in which spontaneous decay solves the

contamination problem is technically the simplest and ecologically the most

benign, but has the major disadvantage of compelling the Bikinians to give

up agricultural rights to Bikini Island for 80 years. The island would

have to be monitored and otherwise controlled, at a total cost of about $25

million, If the Bikinians settled on the island during this period, a food

import program would have to be established and a substitute for ground

water provided. Or, resettlement could be initiated on Eneu, which is half

the size of Bikini, and Bikini declared off bounds. In this case, Eneu-

grown foods could be used. The Bikini-Kili Council, however, has rejected

both of these alternatives. |

The direct approach, on the other hand, removes the top 30 cm of

the island's soil, where contamination is concentrated, to expose a new,

acceptable layer for planting.

The disposal of the spoil generated by the direct approach

requires a choice among three alternatives. The first one, lagoon dumping,

would be the simplest and cheapest. The second one, using the spoil to

extend the island's seaward perimeter, would provide protection, but would

affect the beach for a period of several years, and might have other

disadvantages as well. These alternatives would cost some $36-42 million

and require 2-4 years for execution. (To achieve mature revegetation of

the denuded surface would cost $6-8 million and would take about 10 years.)
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The third alternative, requested by the Bikinians, uses the spoil

to build a causeway, connecting Bikini and Eneu, a distance of some 8 km.

The increment in cost for this alternative over the other two is estimated

at about $40 million. As noted, our cost estimates may be on the high

side, but in any event on a relative basis the causeway would be about

twice as expensive as the land-extension or lagoon-dumping alternatives.

Also, questions have been raised regarding the environmental impact of such

a structure. Presumably these negative factors would have to be balanced

against the assessed positive value to the Bikini community. Also decisive

would be the U. S. government's perception of its obligation, if any, to

go beyond restoring Bikini to a state functionally equivalent to that of

1946,

A major environmental impact of the excavation approach (whatever

the disposal of the spoil may be)- relates to Bikini Island itself.

Excavation removes the "richest" layer of soil, and there is uncertainty

regarding the productivity of the newly created rooting zone, even after

application of fertilizer. The matter has not been tested.

To deat with this and related questions, the Committee has

. requested support for the following pilot trials at Bikini, to be completed

within two years.

(a) After removing the top 30-60 cm of soil, productivity would

be tested with and without fertilizer treatment (including high-potassium

fertilizer which blocks cesium-137 uptake), and with and without the

compaction that results from the use of heavy earth-moving or trucking

vehicles. Cesium-137 and strontium-90 would be assayed in the crops as

well as in the residual soil to insure that they are at anticipated levels.

{b) The spoil generated in these trials would be used to build a

pilot segment of perimeter strip (including berm). Its stability would be

observed, and tne diffusion from it of cesium-137 and strontium-90, which ~

might contaminate ground water, would be measured.
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(c) The ground-water potentialities of Eneu and Bikini would be

defined much more precisely to facilitate resettlement planning.

(d) The possibility of making land available for agriculture on

contaminated islands that are physically unsuitable for habitation would be

explored. The ability of high-potassium fertilizer to block the uptake of

cesium-137 would be tested on Enedrik (where contamination is marginal) and

compared to results on Bikini (where contamination is high).

On ground water would be observed. In the

The effects

case of Nam (high

contamination), the island's tolerance for the removal of 15-20 cm of soil

would be considered. WE
S
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The Committee believes that within two years of initiation, the

results of these studies will provide an adequate basis for the United

States and the Bikinians to decide on a final course of action. Meanwhile,

various preliminary engineering studies should be initiated, which will  Bedtplekactscite
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also help to define the costs more precisely. As matters stand now, the :

costs for Bikini Island may be tabulated for comparison as follows:

A) Delay resettlement for 80 years: $25 million, {

B) Soil removal, lagoon dumping: $36 million, ;

C) Soil removal, land extension: $42 million, 5

D) Item C plus backfilling with

lagoon sediment: $67 million,

E) Soil removal plus causeway: ~ $80 million.

To the engineering costs of plans B-E would be added $6-8 million for

revegetating the denuded island and providing for agricultural development.  
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5. REHABILITATION: CIVILIAN REQUIREMENTS

Planning for decontamination constitutes the first phase of planning

for rehabilitation. The second phase considers the civilian requirements

such as revegetation including agriculture, water supply, housing,

community buildings, docking facilities, etc. In doing so, it should be

recalled that while 167 persons left Bikini in 1946, more than 1000 may now

wish to return.

Such planning has not been the primary responsibility of this

Committee, and in fact, until the major decisions regarding the

decontamination program have been made, detailed community planning may not

be efficient. The Committee, however, would like to note that such

planning might at least be initiated by the Bikinians and their advisors so.

that by the time the recommended pilot studies, detailed in Section 4.5,

are completed (within two years), the Bikinian needs would be defined, and

where practical, steps to meet ‘them could be coordinated with the

decontamination work.

41
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Standard under the London Dumping Convention (26 U.S.T. 2403, T.I.A.S.

| 8165) has not been established. The Convention's advisor, the

a International Atomic Energy Agency, is studying the matter and has

Te proposed that the standard be stated in terms of dose rather than of

i specific-activity of dumped material (IAEA-TECDOC-244, Vienna 1981).

- On this basis, the annual dose to the average Bikinian should not

exceed 1 mrem as a result of dumping. The external dose would stem

er from boating or swimming, the internal dose from sea food. We note

- that this 30-year standard totals 30 mrem, compared to 5000 mrem for

Tandborne exposure,

 

30. EPA regulations will apply if the work is done by an agency of the

U.S. However, if the funds are given to the Bikini people directly or

_ to an agency of the Marshall Islands government, who then assign the

contracts, the regulation of environmental impact may be outside the

jurisdiction of EPA, and therefore might be more or less confining.

‘
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TABLE 1

ISLANDS OF BIKINI ATOLL
AREA, EXPOSURE RATE, AND SOIL-SURFACE —

ZONE ACTIVITY OF CESIUM-137 (AS OF 1987)

 

 

 

.
1

'
.

 

EXPOSURE RATE®
SOIL ACTIVITY, 0-10 cm DEPTH

(R/y}

TERRESTRIAL SURVEY?

AREA AERIAL TERRESTRIAL AERIAL DISTRIBUTED
ISLAND (KM2} SURVEYS SURVEYS survey> SAMPLES MEAN

(pCi/’g)} {NUMBER} (pCi/g)}

een

B1 NAM 0.54 0.15 _ 30 _ —
B2 IROW 0.20 0.048 _ 9.7 _ _
B3 ODRIK 0.04 0.011 _ 2.3 - —
B4 LOMILIK 0.22 0.15 _ 30 _ _
B5 AOMEN 0.17 0.033 - 6.6 _ _

B6 BIKINI 2.41 0.22 0.23 45 157 55

B87 BOKANTAUK 0.09 0.00085 _ 0.13 - —
88 IOMELER 0.03 0.0053 - 0.81 _ —
89 ENAELO 0.02 0.00085 _ 13 - _
B10 ROJKERE 0.08 0.14 _ 22 — —-
B11 EONJEBI 0.03 0.00085 — 0.13 — ~

B12 ENEU 1.22 0.016 0.02 3.3 133 44

B13 AEROKOJLOL 0.41 0.00085 _ 0.13 — —
B14 BIKORIN 0.10 - _ _ - —
B15 LELE 0.23 0.0093 _ 1.9 - _
B16 ENEMAN 0.10 0.0093 _ 1.9 — ~
B17 ENEDRIK 0.96 0.03 _ 6.0 _ _
B18 LUKOJ 0.14 0.26 _ 54 - _
B19 JELETE 0.17 0.31 ~ 63 - “
B21 OROKEN 0.05 0.078 — 16 _ —        
 

a. The federal standard is less than .45 roentgens per year (R/y).

b. Tipton and Meibaum (2). The exposure rate and the specific activity
calculated from it or measured in soil were due to cesium-137. The
rate was estimated at 1 meter above the ground.

c. Gudiksen et al. (17).

Robison et al. (6), based on dry weight of soil (about 80 percent of
fresh weight).
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TABLE 2

BIKINI AND ENEU ISLANDS:
CESIUM-137 IN SOIL (1987)°

 

SPECIFIC ACTIVITY (pCi’g) AT SPECIFIED DEPTHS —
b

 

 

 

 

NO. OF
ISLAND SITES 0-40 em® 0-10 cm 10-15 om 45-25 om 25-40 cm 40-60 cm 60-100 cm

(ROOTING (SURFACE
ZONE) ZONE}

BIKINI

MEDIAN (MEAN)” 145-157 25 (37.9) 55 (74) 27 (43) 10 (29} 4.2(18} 1 (6.6)

DISTRIBUTED®
MEAN 145-157 28.6 55 36 23.4 9.7 3.0

ENEU

MEDIAN (MEAN)? 126-133 1.93 (2.88) 3.6 (6.1) 2.4 (3.4) 1.6 (2.4) 88 (1.5) 25 (1.149

DISTRIBUTED”
MEAN 126-133 2.31 a4 2.6 2.1 1.0 0.4        
 

1987 is the earliest data of resettlement.

Robison et. al. (6), based on soil dry weight, which is about 80 percent
of fresh weight.

Based on least squares fit of Figure 4 and Equation 2, Section 2.2.
The values at other depths are the observed values.

The data for the entire island were pooled at each depth.

For the distributed mean,
6 areas, the median for each area (at each cepth) determined, and the
island mean of the 6 medians calculated.

85 sites.

63 sites.
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TABLE 3

ANALYSIS OF SOIL FROM BIKINI AND ENEU ISLANDS’

 

 

 

 

totac?
= PARTICLES

ISLAND LOCATION ORGANIC EXTRACTABLE SIZED
ANDO DEPTH Ce-137 $900 Se Ca Mg pe N MATTER «9 < 0.5mm

(em) pHD| ipcirg) (pCirg (%) (%) (%) (%I (%! (*) (ppm! 1%)

BIKINI
0-6 7 282 |. 64 0.38 30.4 96 135 a6 14.4 79 115
6-10 7.8 8s 73 39 308 eo 1.28 82 13.2 26

10-15 7.9 36 63 39 309 99 1.29 83 12.3 20 9.5
16-25 7.9 22 39 40 319 36 1117 50 10.6 23 11.7
25-40 8.3 3.5 24 39 343 1.28 67 19 45 4 6.3
40-60 6.4 1.4 _ at 34.5 2.06 16 WW 1.6 3 0.6

79

BIKININO.2 26
0-5 7.8 419 64 0.40 31.0 1.02 0.82 0.49 10.7 50 5.7

5-10 4.0 55 73 40 324 1.09 o71 46 8.5 24 37
10-15 79 21 63 38 331 118 56 35 7.4 24 3.3
16-40 8.2 42 32 as 347 1.79 .32 W 1.6 6 141

ENEU NO. 1

0-5 | 27 a | 23 0.32 320 1.74 0.085 0.30 6.1 a 2.3
5-10 8.0 67 2.6 34 326 1.76 .o55 .35 5.6 20 1.6

10-15 8.0 25 2.7 31 343 208 037 17 26 9 8
15-26 8.4 a 25 2a 340 240 016] 06 0.9 1 a
25-40 8.7 4 24 23 344 248 .o14] 05 0.8 1 2
40-60 8.9 2 30 333 2.37 .o15 03 0.6 <1 4            
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Samples collected in May 1982 by Lawrence Livermore National Laboratory
team and analyzed by Nelson Laboratories, Stockton, CA. Particle size
was 2mm or less (99.8 percent-83.6 percent total). Based on dry

_ weight (%80 percent fresh weight).

pH in water.

The strontium-90 activities are the mean of 55-63 sites on Bikini and

37-40 on Eneu. The activity at locations 1 and 2 on Bikini and Eneu
Islands was not determined.

Total cesium was below detection limit (1.3 ppm).

High phosphorus values indicate ancient guano deposition.

Organic matter by wet oxidation.

Extractable in N NHq acetate.
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TABLE 4

FEDERAL RADIATION
PROTECTION STANDARDS

1. WHOLE-BODY’

POPULATION STANDARDS
 

 

MEAN ANNUAL DOSE...................--- 0.17 rem PER PERSON
MAXIMUM ANNUAL DOSE................. 0.50 rem PER PERSON
MEAN 30-YEAR CUMULATIVE DOSE....... 5.00 rem PER PERSON

OCCUPATIONAL STANDARD
ANNUAL DOSE..............00ccccccceeeeeeees 5 rem PER WORKER

(OVER 18 YEARS OLD)
2. DRINKING WATER’

CESIUM-137  .....cetteeee eee 200 pCi/LITER

STRONTIUM-90 ...... ccc eee eee eee vce e cence eens 8 pCi/LITER

ANNUAL TOTAL CONTRIBUTION ;
TO WHOLE-BODY DOSE...... 0...ccc eee eens .004 rem

30-YEAR TOTAL CONTRIBUTION ...................5.fee eee .120 rem 
Whole-body equivalent doses (18).

References 19, 20.

For one radionuclide. When more than one is.present, the standards are
reduced proportionally. .The total contribution to the whole-body
equivalent dose shall not be more than .004 rem, annually.

In the Marshall Islands the chloride standard is 400 mg/l, in the U.S.
it is 250 mg/l.
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TABLE 5

RESETTLEMENTWITHOUT DECONTAMINATION
30-YEAR (FROM 1987) ADULT PLANNING DOSES

FOR ENEU AND BIKINI

 

 

 

 

EXPOSURE ADULT DOSE(rem)*

ENEU BIKINI

CESIUM-137: EXTERNAL? 27 3.5

INTERNAL (PLANNING DIET) 3.9 27.3

(8700 pCi/d)* (60,700 pCi/d)*

TOTAL (PLANNING DOSE) 4.2 31

NATURAL BACKGROUND : <0.9 <0.9   
 

Whole-body due to cesium-137., Dose to bone marrow about 7 percent
greater due to strontium-90.

Does not allow for shielding by buildings or gravel spread around
dwellings.

Local foods always available, imported foods available for the equiva-
lent of nine out of twelve months.

Initial intake at the beginning of 30-year period on a constant diet.
The intake declines due to spontaneous decay. The 30-year dose (rem)
equals initial intake (pCi/d) x .00045. The 30-year dose (rem) to
bone marrow due to strontium-90 equals initial intake (pCi/d) x .0031.
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TABLE 6

EXCAVATION REQUIRED ON ISLANDS THAT DO NOT MEET
THE CESIUM-137 STANDARD FOR THE ROOTING ZONE

 

 

 

 
 

 

  

ISLAND ° SURFACE-ZONE EXCAVATION .

» AREA d
SPECIFIC ACTIVITY DEPTH VOLUME cs”

(km?) (m) (104m?) ACTIVITY
(pCi’g) REMOVED(Ci)

B1 NAM 30 .54 15 .083 2.6

B86 BIKINI 65 (45) 2,41 .30 722 30.1

817 ENEDRIK 6 96 0 0 oO

SMALL ISLANCS

B2 FROIJ 9.7 .20 o 0 o
B4 LOMILIK 30 . 22 15 .034 1.1

85 AOMEN 6.6 17 0 0 1 a)

B10 ROJKERE 22 08 10 008 2

B18 LUKOJ §4 .14 .25 .036 1.6

819 JELETE 63 17 28 048 2.4

TOTALS 4.89 0.93 38      
 

Excludes four islands (B20-23) with areas of less than .02 km@.

Mean for O-10 cm depth, by aerial survey (2). For Bikini, the

terrestrial measurement is given, with the aerial one in parentheses,

and is based on dry weight.

1 km2 equals .386 square miles.

Bulk density about 1.2; 1.2 metric tons per m3. There are 1.31 cubic

yards per cubic meter.
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TABLE 7

UNIT COSTS (1984) OF EXCAVATION
PLANS FOR BIKINI ISLAND*

 

 

TTEM UNIT COS

1. VEGETATION
CLEARING AND DISPOSAL(BURNING) $ 1.30/m

2. EXCAVATION & HAULING SPOIL
TO DOCK OR TO ISLAND’S SEAWARD PERIMETER $ 6.30/m:

3. BAGGING SPOIL $12.40/m3

4. CONSTRUCTION OF PERIPHERAL LAND-STRIP WITH BERM” $90.00/m3

5. OUMPING SPOIL IN LAGOON/OCEAN
LOADING AND UNLOADING BARGES FOR MARINE
DUMPING (UP TO 60 KM ROUNDTRIP} $ 5.90/m3

6. BACKFILLING EXCAVATEDSITE
DREDGING LAGOON SEGIMENT _ $12.60/m?
HAULING AND SPREADING $ 5.40/m?

7. CONSTRUCTION CAUSEWAY
HAUL SPOIL TO CAUSEWAY FROM ISLAND $ 3.60/m
ARMORLAYER $86.00/m3
CULVERTS(60; 1.52m DIA, CONCRETE) $39,000/culvert

8. DISPOSAL ON NAM
TRANSPORTTO NAM, UNLOAD AND SPREAD $12.20/m3    

a. In the Marshall Islands, costs are estimated at 2.4 times those in the
continental U.S. (see references on following page). Unit costs will
tend to be significantly greater (about 300 percent) on smaller islands
owing to the relatively greater cost of landing equipment and supplies,
and less efficient operations required for small volume excavation.
The majority of these estimates are provided by The Pacific Division, -
U.S. Corps of Engineers (Ref 6, next page). See Table 9 for depth and
volume of spoil to be dealt with. "

b. The estimated cost range for replanting coconut trees is $2 to $4 per
me,

c. Not including Items 1 and 2, but principally for building protective
coral-rock armor layer.
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