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ABSTRACT

The principal findings of Report No. 4 Bikini Atoll Rehabilita-

tion Committee (March 31, 1986) are as follows:

(1) On the basis of the Federal protective action guide (ionizing

radiation) and an Environmental Assessment, Eneu may be resettled now.

(Appendices B, D, E). The calculation of the planning dose for the esti-

mation of radiation risk is given in detail.

(2) Three principal methods for decontamination control are being

studied in field trials at Bikini Atoll -- removal of top soil, treatment

with potassium salt, and irrigation with sea water. The latter two, still

in an early experimental stage, give promise of being cheaper and ecologically

superior to excavation, but the details and limits of their practical appli-

cation remain to be established (Appendices A, .

(3) The important socioeconomic factors that affect resettlement

planning for the Bikinians are reviewed. Prominent among them is a popula-

tion growth rate of 5% per annum. Sketch plans to serve as models for the

resettlement community are discussed (Appendix E).
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1. INTRODUCTION

1.1 Task

The Bikini Atoll Rehabilitation Committee (BARC) was established

at the request of Congress (House Report 99-450) to report independently

on the feasibility and cost of rehabilitating Bikini Atoll. The reporting

is to take the form of defining the problem and describing the practical

alternative methods for its solution. BARCIs primary duty, therefore, is

to provide information.

This progress report covers the period October 1, 1985 - March 31,

1986. It is supported by the FY 1986 budget, which may be spent over 25

years, an extended period considered necessary owing to the nature of cer-

tain biological field studies, to be discussed below.

The practical application of BARC's findings is to be carried out

according to the Memorandum of Understanding (March 13, 1985) between the

Government and the Bikinians, which states (Article 1, Section 2 that funds

for the resettlement of Bikini Atoll will not be appropriated until:

It a. the submission of a final report to the Congress of the
United States by the Bikini Atoll Rehabilitation Committee;

11 b. the acceptance by the people of Bikini of the final report
and conclusions of the Bikini Atoll Rehabilitation Committee; and

11 C. the development of a plan by the United States, in consulta-
tion with the people of Bikini, for the use of the funds to be pro-
vided by the United States for the resettlement of Bikini Atoll by
the United States in accordance with Article VI of the Compact
Section 177 Agreement and approval of the plan by the people of
Bikini in the context of their agreement to resettle Bikini Atoll.
This plan shall, to the maximum extent relevant and practicable,
incorporate material from the final report of the Bikini Atoll
Rehabilitation Committee, and the United States shall expeditiously
complete the plan following submission of a final report to the
Congress of the United States by the Bikini Atoll Rehabilitation
Committee."

The use of the term "final report" in regard to BARC's mission

requires comment. In a conventional sense, final report might not only

imply a terminal report, but also the definitive statement. BARC, however,

reports its findings whenever they become definitive in order to facili-

tate planning, policy making and negotiations. In the present report,
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for example, we state our findings about Eneu.

An additional consideration applies to R&D (research and develop-

ment) projects. A particular project can generate new information that

might either call for earlier termination than anticipated, or on the

other hand, an extension. In the latter case, a report called for by a

contract date might be a summary of the results to date, but it could not

be "final", i.e., complete. Contamination control as dealt with in this

report falls into the R&D category; the final word on the evaluation of

the potassium and sea-water methods may take longer than was anticipated.

1.2 Program

Bikini Atoll in the Marshall Islands Republic is located 2500

miles southwest of Hawaii at 11035'N, 1650251E. It comprises a ring of small

islands, with a total land area of about 27 sq. miles plus 0.5 sq. miles

of intertidal area. Owing to their size and elevation above sea level, two

islands are of immediate importance for resettlement: Bikini (.87 sq. miles),

the traditional site, and Eneu (.47 sq. miles), an ancillary one.

Planning for rehabilitation involves two interdependent tasks.

The primary one for present consideration deals with how soil contamination

from fallout (cesium-137, strontium-90, and a very small fraction of trans-

uranics) chiefly from the 1954 nuclear weapons tests, can be controlled to

meet the Federal Protective Action Guides. The second task relates to the

civilian needs of resettlement and includes water supply, vegetation and

the general area of socioeconomic planning. In this connection it should be

noted that while 167 Bikinians left the atoll in 1946 prior to the tests,

the population in 1985 was some 1200, about half of which is younger

than 15 years.

BARCIs work initially consisted of critically reviewing the

literature, largely the product of the Environmental Sciences Division,

Lawrence Livermore National Laboratory (LLNL), and partly that of the

Brookhaven National Laboratory. Report No. concluded that about half

of Bikini Atoll (including Eneu Island) is not dangerously contaminated.
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On the other hand, although "residence" on Bikini Island would be permissible,

the consumption of its ground water and locally grown food would not.

To deal with Bikini Island (and by extension with other contami-

nated areas), greatly increased support for the study of three types of

contamination control, already considered or initiated by LLNL, was proposed

for field trials at the atoll: removal of the top soil in which the radio-

nuclides are concentrated (excavation); treatment of soil with potassium

salts to block uptake of radionuclides by plants; treatment of soil with

sea-water irrigation to block uptake or leach out the contaminants. A

number of related technical studies were also proposed.

It should be noted that LLNL's own program at Bikini Atoll and

that for BARC are now complementary, and their combined results are

necessary to meet Congressional needs. Research planning and logistics

have been coordinated. BARC now contributes some 40% of the cost of the

field trials, and two BARC nembers(Stone, Peterson) have been actively

participating in the joint effort. BARC's reports, therefore, include

work by the LLNL team funded by DOE as well as by BARC (Appendix A).

Report No. 2 (15 Nov 85) reported that field trials had been

initiated with more than 20 species of food plants. Fertilized plants

were growing as well on excavated plots as on unexcavated ones. Other

projects underway included studies on the water supply and on berm con-

struction. The socioeconomic survey had been initiated.

Report No. 3 (15 Jan 86) presented the topographic survey of

the 7 principal islands of Bikini Atoll, which comprise 87% of the

land area.

The present report - No. 4 - presents results from the field trials

and a variety of related studies. It is centered on three major questions:

Of the two major islands, is Eneu ready for resettlement now? n the case

of Bikini Island, what is the current outlook for contamination control?

In the case of the Bikinians what are the more important socioeconomic

requirements/problems associated with resettlement?
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The basis for discussing each question is provided by the six

detailed appendices which cover the topics of (A) contamination control,

(B) water supply, (C) engineering costs, (D) radiation dosage, (E) environ-

mental assessment for Eneu, and (F) socioeconomic planning.
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2. IS ENEU READY FOR RESETTLEMENT IN 1987?

It was concluded in Report No. I that Eneu is ready for re-

settlement, although it was proposed that more information on soil and

ground-water contamination be obtained. Much of that additional infor-

mation has been obtained and the conclusion remains unchanged. Here we

briefly review the situation, chiefly with respect to the critical

limiting factors of radiation dosage (Appendix D and water supply

(Appendix B). Appendix E presents the Summary Environmental Assess-

ment. (The full Environmental Assessment document should be completed

within several months.) Socioeconomic and community planning for Eneu

are discussed in Appendix F.

2.1 Radiation Dosage

The data and the calculation for the Eneu planning dose have

been reviewed and the dose itself recalculated as described in Appendix D.

The "planning dose" that we employ is for adult males and females. The

juvenile planning dose would be lower; therefore, if the adult dose

satisfies the Federal protective action guide, that for the juvenile

population will do likewise.

The Federal protective action guide was defined specifically in

terms of bone-marrow dose 02 rem/year) for use in situations like the

present one where low-level contamination occurs and the immediate question

is one of resettlement. The guide was not intended to be an absolute

cut-off figure, but rather a gauge to be used for purposes of cost-

benefit analysis.

For Eneu, the maximum annual bone-marrow planning dose is 0.188

rem, 6 below the guide (Table 1). Cesium-137 contributes 84%, and

strontium-90 16%. The data and the method to calculate the planning

dose are detailed in Appendix D.

The maximum annual whole-body planning dose is 0157 rem, which

is 8% below the NCRP average population dose limit of 017 rem/year.
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The shallow-dose as defined by the International Commission of

Radiological Protection (ICRP) is negligible. It amounts to about 028

rem/year for naked skin within a centimeter or two of the ground, but

approaches or falls to zero when sandals or clothing are worn, or within

doors (Appendix A).

Owing to spontaneous physical decay of the radionuclides, the

annual dose will fall each year by 23%. The total 30-year planning dose

is therefore 397 rem to bone-marrow 341 rem, whole-body), well below

the commonly employed rem "radiation protection guide" used, for example,

when dealing with nuclear power. "Environmental decay", i.e., leaching

of nuclides from soil to lagoon, could reduce the dose further.

In 1985, the ICRP recommended 0.1 rem/year as the average

effective dose limit over a life-time 70 years). The Eneu life-time

planning dose of 0078 rem calculated in Appendix D meets the ICRP limit.

Table also provides the planning doses for Bikini Island.

Clearly they are excessive. It should be noted, however, that if only

imported food were eaten, the planning dose would simply equal that from

external exposure alone (the doses in Table I given in parentheses). As

a result, the planning dose would be below the guides.

It should be noted explicitly here that the lagoon does not pose

an exposure problem. Fish caught in the lagoon do not contribute sig-

nificantly to dose when included in the diet(Appendix D, Tables 917).
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Table PLANNING DOSES a/

Ist year 30-year total
1987 1987-2037

rem rem

Eneu

Bone marrow b/ .188 (.012) d/ 3.97 (.268)

Whole-body / .157 012) 3.41 (.268)

Bikini

Bone marrow 1. 39 14) 29.5 31)

Whole-body 1.23 (.14) 26.8 31)

a/ The sum for cesium-137 and strontium-90. The contribution from
other radionuclides is negligible. The assumptions and data
underlying the planning dose are given in Appendix D.

b/ Committed dose equivalent.

c/ Effective committed dose equivalent.

d/ Contribution of external exposure to the planning dose is given
in parentheses.

13



2 2 Wat er

A major factor to contend with in planning for the resettlement

of Bikini Atoll is the limited supply of potable water (Appendix B) .

This results from a seasonal (May-December) and relatively "small" annual

rainfall (usually 50-60 inches, but as low as 30-40 inches) falling on ver%

porous soil in close proximity to salt water and a dense water-consuming

vegetation.

Roof catchment water is a usual source of potable water for the

Marshallese household and presumably will be used at Bikini Atoll. Catch-

ment options and the possibility of supplementing them with a communal

desalinization plant is discussed in Appendix B.

To determine the extent to which ground water might supplement

the use of catchment water, a 1-year study was initiated in 1985, based on

sampling 30 monitor wells on Eneu and 21 on Bikini. Although the samplings

and the analyses are still incomplete, certain results have become clear.

First, there is no ground water on Bikini Island that meets the

salinity or chloride standards, but there is on Eneu.

Second, previous analyses on wells sampled in 1977-78 showed

that Eneu well water met the Federal standards for cesium-137 200 pCi/1)

and strontium-90 ( 8 pCi/1). This result is suggestive, and is being

reinvestigated by much larger present sampling.

Third, the quantity of potable ground water discovered on Eneu

is much greater than on Bikini, as shown by the following comparison:

Eneu

Chloride
Not more than 250 mg/l (U.S. standard) 17,000,000 gal.

Bikini 400 mg/l (Trust Territory standard): 25,000,000 gal.

Chloride
400 mg/l (Trust Territory standard): None

1000 mg/l (unacceptable) 180,000 gal.
2000 mg/l (unacceptable) 550,000 gal.

14



The relatively large ground water reservoir on Eneu is the result

of the collective and protective action of the hard packed air strip and

the paved neighboring parking area. Since a roof catchment does not guaran-

tee an adequate potable water supply for each family, a valuable asset is

the presence of 20,000,000 gallons of potable ground water from which

approximately 1,500,000 gallons can be taken annually without depleting

the supply.

2.3 Other Considerations

Physically, Eneu is in good condition for resettlement. The

island is approximately 17 miles long, and at its maximum width 4 mile

from lagoon to ocean. The total area is 304 acres. For the most part, the

island is 812 feet above mean high-tide level.

The island is provided with an airstrip runway, 4500 feet long

and 125 feet wide attached to a 10-acre parking area, which is adequate to

service light aircraft. A nearby 8500 sq. ft. frame building provides

quarters for a camp and for the storage of materials and equipment. The

only dock, however, is in derelict condition.

In general, the rest of the island is covered with 10,000 or so

coconut palm trees, planted during the 70's at 30-foot intervals in a grid

pattern. A perimeter road provides access along the lagoon.

Community planning by the Bikinians will be a prerequisite for

resettlement, and its progress will be dependent on a number of basic

policy questions. For example, how does land ownership control the

distribution of housing and community facilities? How many settlers will

there be? When will they arrive? What part of the atoll's economic life

and public services will be based on Eneu? What part will be tied to

Bikini? In any case, the airport is already located on Eneu. These and

related matters of socioeconomic planning are explored at length in

Appendix F.

One question of some immediate interest has been raised b a

Congressional FY 1986 appropriation of 250,000, to plan an Eneu base
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camp specifically dedicated to carrying out the rehabilitation program of

Bikini Island. The establishment of such a base camp would not pose a

problem of radiation safety. One may inquire, however, how such plans could

be drawn before the Congress and the Bikinians have decided upon the method

of contamination control for Bikini Island. As will be discussed in

Section 3 (Contamination Control), two methods of considerable potential

interest only require very small camps that would be placed on Bikini

Island itself.
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3. WHAT IS THE OUTLOOK FOR CONTAMINATION CONTROL ON BIKINI ISLAND?

The outlook is good -'Appendix A). As a result of the field trials

at the atoll by the Lawrence Livermore team, several methods must now be

considered as likely candidates for the work of contamination control.

Since two of these are "new" methods, they require considerable exploration.

The four methods to be reported on are: spontaneous decay; excavation;

potassium treatment; sea-water treatment.

3.1 Spontaneous physical and environmental decay

The spontaneous physical decay of both cesium-137 and strontium-90

is such that half of the radioactivity is lost in 30 years, or at the rate

of about 23% per annum. As calculated in Report No. 1, the reduction in

soil specific activity from this process over a period of about 80 years

should permit the growth of edible crops.

In addition, the factor of environmental decay will contribute to

this reduction. That is to say, through ordinary environmental processes,

cesium-137 is leached or otherwise removed from soil and carried into the

lagoon or ocean. Analyses of soil and vegetation during 1986 and 1987 com-

pared to earlier ones should permit a rough estimate of the rate of environ-

mental decay.

The potential importance of these two decay factors can be gauged

from the fact that a loss of only 23% per annum due to either factor over

a period of 30 years would halve the level of radioactivity in soil. If each

factor were responsible for a loss of 23% per annum, the combination would

reduce activity by 75% in 30 years. Although spontaneous decay cannot de-

contaminate Bikini Island quickly enough, it will be helpful in at least

two ways. First, it provides an additional margin of safety for any con-

tamination control plan. Second, it will take care of contamination in

marginal cases, as in some of the other smaller islands of the atoll.
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3.2 Excavation

On the basis of the soil analyses available at that time, it

was predicted in Report No. that the removal of 30 cm (I foot) of top-

soil at Bikini sland should remove the bulk of the contamination, and

that the remaining soil should produce acceptable crops. However, the

removal of topsoil raises the question of whether or not the remaining

soil could be made adequately productive.

Experiments initiated in February 1985 and still in progress

have demonstrated that removal of 40 cm of topsoil brings the specific

activity of Bikini soil down to the level of that on Eneu, and reduces

the external exposure rate to gamma rays from an average of 68 p/h to Pr/h.

The limited analystical data completed thus far for food crops grown in the

experimental and control areas indicate a dramatic response. Corn, winged

beans and zucchini had cesium-137 specific activities of 2 - 4 pCi/g (wet

weight) compared to 29 pCi/g (wet weight) in the control site.

During the remainder of 1986 more extensive results should become

available from the original experiment at 40 cm depth with some species

(including some successive crops) and at 30 and 60 cm depth where 2 species

were planted.

The expectation that removal of topsoil would limit productivity

was realized. For example, in the case of the control plot, fertilizer

application had made little difference to the mean height of banana

(2.6 v 25 meters) and lime (1.1 to 1.0 m), but was important in the exca-

vated one 32 v 1.1 m, banana; 125 v 7 m, lime) when measured 7 - 95

months after planting. Moreover, the data demonstrate that with adequate

care, the excavated plot can be as productive as the natural one. In both

cases, watering is often necessary.

These basic experiments are being extended in several directions,

since they have a variety of important implications:

(a) The use of some 30 species contributes to community planning,

since it will demonstrate the potentialities for household gardening.
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(b) Included in the trials are plants suitable for increasing the

quality of soil, for covering soil and preventing erosion, to serve as wind-

breaks, and for amenity.

(c) The investigation of optimal conditions for planting in exca-

vated soil is being paralleled with studies in natural soil. Aside from

exploring the use of fertilizer, significant positive effects have been found

for the use of microelement treatment (zinc, manganese, iron) of seedling

coconut husks, and the loosening of subsoil at 0.8 m below the surface (by

making cut lines) which allows much greater penetration of root systems.

3.3 Potassium treatment

Potassium is thought to compete with cesium for absorption by the

roots of plants. Applying relatively large quantities of potassium to soil,

therefore, may prevent the uptake of cesium-137. hether or not this model

of potassium action is correct, the fact that potassium application to soil

does block the uptake of cesium by coconut trees has been established by

three experiments, two on Eneu and one on Bikini, using 600 lbs/acre per year

of potassium in the form of commercial fertilizer. As shown in Figures - 3,

treatment during the course of 2 - 3 years has reduced the cesium-137 level

in coconut meat by an average of 68% to 85%.

Two additional experiments are under way. The large scale one

involves 120 trees on 12 acres and varies the nitrogen and phosphorus com-

ponents of fertilizer as well as the potassium. Some results should be

available by December 1986. A second smaller scale experiment (Nov 198S)

involves the treatment of a vegetable garden in which okra, peppers, corn

and squash are being cultivated.

The leading questions for investigation now include the following:

How long do the effects of treatment remain? What is the efficient treat-

ment schedule, both with respect to frequency and amount of treatment?

Do the nitrogen and phosphorus components of fertilizer play a role'

Obviously, the answers to some of these questions cannot be hurried.
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It should be noted that the effect of treatment on the uptake of

strontium-90 has not been reported. If the level of strontium-90 remains

unchanged, as would be expected for theoretical reasons, strontium will

replace cesium-137 as the principal contaminant of food crops. On this

basis, since the contribution of strontium-90 to the 30-year planning dose

would remain unchanged at 27 rem, the cesium contributions would have to be

reduced from 23.7 rem to about 2 rem (Appendix D, Tables 6 and 7 i.e.,

by more than 90%, to meet the guide.

The effect of potassium treatment on the contamination of ground

water has not been reported upon. Since there is no reason to suppose that

treatment will act to decontaminate or otherwise improve quality, the

ground water will remain non-potable.

3.4 Sea-water irrigation

Irrigation treatment has been carried out by clearing an area, then

using a sprinkler system to water it periodically. In the first trial, the

results - at least thus far - have been dramatic, and also somewhat puzzling.

A plot cleared of vegetation (100 m X 100 m) was irrigated

periodically between December 1982 and April 1984 with sea water, equivalent

to a total depth of 20 m C66 feet). Soil analyses showed that less than %

of the soil's burden of cesium-137 had been removed.

After the rainy season (May-October 1984), which washed out excess

salt, the area was planted in part with papaya and coconut 1984) and subse-

quently with a variety of food crops 1985). Samples taken in the first half

of 1985 showed that the level of cesium-137 in grass, morning glory, Messer-

chmidia and sweet corn was not more than 5% of that in neighboring controls.

The area has been sampled more extensively and many more analyses will be

available by the end of this year.

A second trial, scheduled for May 1986 will employ two stands of

mature coconut trees (total 2 X 25 trees) and two wells. One will receive

1 meter, the other 2 meters of salt water in 1986. Samples of coconuts and

well water will be collected through 1987-88.
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The dramatic effect of sea water - at least thus far - in the

absence of a material decrease in the soil's burden of cesium-137 is puzzling.

To study which of the principal ions in sea water may be responsible,

an experiment with 33 small plots was established in March 1986 to determine

whether the leaching effect of sea water or its ion content (sodium, potassium,

calcium chloride) was the important factor in suppressing the uptake of

cesium-137. The first harvest of corn is expected in May.

Whether or not sea water irrigation affected the uptake of

strontium-90, or of the transuranics, has not been determined. However, if

sea water can be relied upon to reduce the uptake of cesium by more than 95%,

the uptake of strontium would cease to be critical.

3.S Combined treatment

The potassium and sea water treatments might well be used sequen-

tially. An irrigation treatment with sea water would be followed several

years later (e.g., 3 S? ) by potassium treatment, as found necessary. It

is thought that the irrigation might require only 3 - 6 acre-feet instead

of the 66 acre-feet used in the experiment above.

The present understanding is that irrigation would be appropriate

only as an initial application before resettlement activities begin. It is

expected to kill the tops or entire plants of almost all useful species

apart from coconut and probably Pandanus. Residual salts would be washed

out in the course of the first normal rainy season, which would then allow

either planting of additional desired species or spontaneous revegetation

from resistant seeds. If the suppressive effect of the initial irrigation

diminished over, say, a 310 year period, as may be expected, it could not

be repeated without again killing useful plants. It is proposed, therefore,

that the suppressive effects would be maintained by application of potassium

as described above.
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3.6 Cost of Implementation-

The excavation method is now well enough understood so that budgetary

cost estimates can be made for it, as discussed in Appendix C. For com-

parative purposes, approximate minimal costs based on foreign labor are

given below. The Appendix should be consulted for a precise discussion.

The excavation method involves three sequential operations --

excavation, disposal of the resulting spoil, and revegetation of the

denuded island.

Three alternatives have been considered for the disposal of the

940,000 cubic yards of spoil produced by I foot 30 cm) of excavation:

(a) Construction of a berm 13 feet high, 6600 feet long), on

the ceanside of Bikini Island. This would require an additional 64,000

cubic yards of armor stone, mined from the reef. Total cost: 43 million.

(b) Dumping (after bagging or by tremie) into the lagoon's

Bravo Crater, some 19 miles away; or dumping on Nam Island across the

lagoon (or some other island), thereby raising its elevation four feet.

Total cost: 45 - 59 million.

(c) Using the spoil in the construction of a causeway miles

long between Bikini and Eneu Islands, and requiring 420,000 cubic yards

of armor stone, mined from the reef. Total cost: 73 million.

These are relatively large-scale operations, made more difficult

by their remote location. After 6 - 12 months for planning and procure-

ment, their execution could be -accomplished over the course of two years.

Revegetation would not be complete for about eight years, the

period necessary for the coconut palm to grow to maturity. Costs might

be in the range 4 - 8 million.

Projected costs for potassium or sea water treatments can only

be speculative because we do not know how long the suppressive effect

of a single adequate treatment will persist. The cost for a first

treatment period with potassium fertilizer would allow for clearing of
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brush, the purchase of 700 tons of fertilizer and the monitoring of food

plant radioactivity. The total cost might run $ - 2 million. Subse-

quent treatment might cost less because brush would be controlled in

productive groves and because the amount of potassium required would be

only enough to replace annual losses through crop removal and leaching.

These losses are as yet unknown, but are expected to be high at the high

soil contents required for cesium suppression.

In the case of sea-water irrigation, it has been estimated that

the initial treatment might cost 2 - 4 million, depending on the amount

of water used and the speed with which the operations were carred out.

Irrigation would be followed by potassium treatment.

As we have emphasized, these treatments are still under develop-

ment, so that their cost is partly a matter of speculation, illustrated

by the large range of the estimate from $10 to 33 million.

In spite of this, the estimate is given to illustrate their potential

advantage.

3.7 Comparison of options

Although significantly more radiobiological and ecological in-

formation will be available by the end of the year, important character-

istics of the several methods of contamination control are now apparent

and worth noting specifically.

The simplest and least destructive method is that of spontaneous

decay, but it is much too slow for use on Bikini Island.

The surest method today is that of excavation. The cheapest

variant (berm construction) would cost 43 million, take 3 years for

planning and execution, followed by as much as years for revegetation,

at an additional cost of 4 - million.

On the other hand, in the case of the potassium and sea-water

treatment methods, there would be no loss of topsoil and no waiting
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period, or a short one, for revegetation. A variety of proposed treat-

ment schedules can be rationalized, together with a wide range of

monitoring requirements. To give an idea of what the outside limits

of cost might be, BARC has estimated for the time being $10 to 33 million.
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4. WHAT ARE THE MAJOR SOCIOECONOMIC CONCERNS ASSOCIATED WITH RESETTLEMENT?

Appendix F deals with the status of the Bikinians today, and with

their alternative courses of action in the future. The following summary of

the Appendix is taken largely from that document's own summary. BARC neither

approves nor disapproves of the model plans that are provided, but regards

them as important in providing a basis for discussion and specific development.

Bikinians numbered about 1280 in mid-1985, six times the popula-

tion evacuated from the atoll in 1946. They are dispersed among several

locations in the Marshall Islands: Kili (550), Majuro (400),Ejit 200),

Ebeye (80) and the remainder on outer islands or at school in the United

States.

Despite the dispersion, the Bikinians remain a cohesive people.

Religion is one factor in maintaining cohesion and community leadership

another. An elected Mayor and Council and an elected representative in the

Marshall Islands' legislature manage community affairs and represent the

Bikini people to the outside world.

This governmental structure has been superimposed on a traditional

system which relates family and individual status to clan rights in land on

Bikini Atoll. Historically -- and characteristically for islands in the

Marshalls atolls -- Bikini and Eneu were subdivided into watos a series of

parallel plots stretching from lagoon to ocean, where extended families

within a lineage group had rights to settle their cluster of houses, plant,

and derive benefit from the harvest. The distribution of rights and status

has been adjusted once since 1946, with difficulty, in order to allocate land

in the Kili settlement. The Bikini Council wants to revert to the earlier

pattern, basing the Bikini Atoll resettlement master plan on pre-1946 oner-

ship and corresponding household settlement rights.

Any community building program, therefore, must come to terms with

the wato distribution of land and the fact that land cannot be bought or

sold in the conventional way.
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The Bikini population is young (almost 0 per cent below the age of

15) and is growing faster than the Marshalls as a whole. It will likely

double (to 2500-2,800) by the turn of the century. About one-third of the

households have more than 10 family members.

The Bikini economy is welfare-based. It is supported by trust fund

grants and imported U. S. surplus food. Bikinians are employed in a lower

proportion than the Marshallese in general. Most of their jobs are in the

public sector and temporary. Several Bikinians have, however, established

service enterprises on Majuro and Kili and several have job skills.

Trust funds under the Compact of Free Association, combined with

earlier trust funds from the U. S., provide the Bikinians' monetary resources.

Total grants will amount to over $100 million by the end of the 15-year

Compact period. Although the bulk of these funds must be invested for the

benefit of the people as a whole, and must be relied upon for community

maintenance both now and after resettlement on Bikini, substantial amounts

will be disbursed to households on a per capita basis. If the Compact goes

into effect this year, total 1986 disbursements will amount to about 2300

per capita. The average household will receive about 16,000 for the year.

Recent capital improvements notwithstanding, living conditions at

both the Kili and Ejit settlements are poor, but not necessarily worse than

elsewhere in the Marshalls. The settlements are severely overcrowded, as are

many individual houses which sleep 20 or more people. Housing is deteriorated,

poorly ventilated and devoid of amenities. Community facilities are similarly

deficient. Wooded areas on these islands do, however, provide some privacy

and relief from the oppressive atmosphere of the man-made environmnet.

Housing on Majuro may be crowded but it is accessible to utilities and

services. Some high quality Bikinian residences have been built on leased

land.

The timing of resettlement on Bikini Atoll and the nature of a

master plan to guide construction of a new community depend on four critical
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determinants which are not yet definitively known. The Bikini Atoll Rehabili-

tation Committee and its consultants have been addressing the first three

of these:

(1) How long it will take to restore Bikini Island, which will

be the main settlement area, to a habitable state.

(2) Adequacy of water resources (groundwater and rainwater catch-

ment potential) on Bikini and Eneu Islands to support both revegetation as

necessary, and a new community.

(3) The likely state of the Bikini people (size of the popu-

lation, locations), living conditions, financial commitments, etc.) at

the time their atoll is ready for resettlement.

(4) The judgment and wishes of the Bikini people regarding a com-

munity plan in light of all the foregoing factors, once they become known.

Given the indefinite prospects for resettlement, the Bikini Council

faces increasing pressure for interim measures to improve living conditions

in existing settlements and to support further emigration from Kili and Ejit.

These measures may include redevelopment of Kili and a selective migration

to Maui (or elsewhere in Hawaii or the U. S. mainland if approved by Congress).

The Bikinians would draw on trust funds to finance these activities. The

current drift of Bikinians to Majuro will probably intensify in the process

and more people will establish permanent residence there.

Once the Bikinians do return to their atoll, it is unlikely that

they will revert entirely to the traditional subsistence economy or that

reliance on trust fund disbursements will, alone, provide an adequate livali-

hood or meaningful way of life. Employment will be desirable. Hence,

early attention to an economic development program is warranted. Areas to

explore are:

- commercial development of marine resources;

- training of Bikini adults to take part, as paid employees,
in the clean-up and reconstruction program and maintenance
of the new community;

- boat-building and repair;

- commercial production and marketing of handicrafts;
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- establishment of a small commercial resort on Bikini Island;

- creation of an economic development fund from Trust Fund resources
to finance technical assistance and capital investment for
Bikinian enterprises and/or joint ventures with outside
entrepreneurs.

Congress has requested BARC to prepare preliminary development

plans for Bikini and Eneu Islands so that resettlement per se will be

considered along with contamination control in developing the costs of

the whole rehabilitation program.

In lieu of definitive information about the circumstances sur-

rounding resettlement of the atoll, a number of assumptions form the frame-

work for the physical development presented in this report. They will be

subject to analysis and revision by both BARC and the Bikinians as planning

studies progress:

(a) Beginning within the decade of the 1980s or as soon as funds become
available, a base camp or preliminary installation on Eneu could be
the initial phase of a staged return to Bikini Atoll. Major com-
munity settlement can occur on Bikini and Eneu during the 1990s.
By the year 2000, approximately 1000-1,250 Bikinians will be re-
settled on the atoll.

(b) The United States will fund the atoll rehabilitation and settlement
construction, but the Bikinians will accept responsibility for
operating and maintaining all facilities, making the necessary budget
commitments from their own resources.

(c) Bikinians will be able to adapt their traditional land pattern so
that housing in the new community can be sited on watos in a way that
economizes on infrastructure costs, and land allocated for community
facilities and economic enterprises can be selected on the basis of
efficiency and other suitability criteria.

(d) The Bikini people will demonstrate the motivation, capacity and
fiscal responsibility to manage their communities (Bikini, Kili, etc.)
and to engage in new economic enterprises and other productive
activities, including self-help housing construction.

Model sketch land-use plans for Bikini and Eneu Islands are presented

in Appendix F for a program to accommodate a residential community of

100-135 dwellings by the year 2000. The models also call for community and
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economic facilities as well as roads, docks and other infrastructure.

Rainwater catchments on all buildings and/or properly prepared open land,

including the apron at the Eneu airstrip, will be the principal water

sources. A waterborne sanitation system utilizing saltwater for flushing

is envisioned.

Housing, infrastructure and community facilities are allotted about

100 acres on Bikini Island and 80 acres on Eneu, leaving about 400 acres and

215 acres, respectively, for cultivation, open space and community expansion

on the two islands. Preliminary cost estimates for infrastructure, community

facilities and housing are o the order of 60 million (in 1986 dollars).

A part of this construction might be done during the contamination control

program, the rest afterwards.

Capital investment requirements could be reduced by modifying develop-

ment assumptions or altering standards. For example, infrastructrure costs

may be lowered by changing the circulation pattern to make roadways both

shorter and narrower. A more compact, clustered pattern of settlement could

result in cost savings for power and water distribution and wastewater

collection. If the cleanup program leaves existing concrete buildings on

the two islands and the existing scientific base camp on Bikini, studies of

appropriate re-uses such as community facilities, workshops, or storage

might reveal the feasibility of retrofitting them at costs lower than new

construction.

Housing cost estimates have been based on the assumption that Bikini

families will build their own houses after the contractor has erected a

basic "wet" core (cistern, kitchen, washing facility and toilet). Engaging

the people in self-help housing construction will save money and yield the

additional benefits of enhancing their skills and giving them a personal

stake in maintaining the new community.

These particular model plans, which have been neither approved nor dis-

approved by BARC, indicate a community-resettlement cost on the order of 60

million, to which contamination-control costs would be added (see Appendix C).

29



As noted above, they can be modified in a number of cost-sensitive ways.

Together with their economic, fiscal and administrative implications,

they provide a concrete basis for discussion and further development by

consultants, the Government, and the Bikini people.
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S. THE PRICE IS RIGHT?

By way of a final rehabilitation survey, Table 2 presents the

costs of three alternative methods of contamination control -- excavation

and berm construction, potassium treatment; sea-water-irrigation treat-

ment -- and of one community plan. The cost of community construction

is taken from Appendix C and is based on the models of Appendix F, but

the specifications are not necessarily identical and lead to a lower

estimate. This kind of difference is to be expected at an early stage

of planning.

The estimate for the excavation/berm method (the cheapest

one for excavation) is regarded as reasonably accurate, but those for

treatment with potassium plus or minus sea-water irrigation are highly

speculative. Important trade offs among methods appear to be ecological,

and time and rate of expenditure, as well as total ost.

With respect to the treatment methods of contamination

control, although their cost estimate now has a wide range, it appears

nonetheless that their use (if proved practical) would be cheaper than

excavation, and might be considerably so. It is for this reason that

BARC is pushing the treatment trials at Bikini Atoll.

The present estimated total price is 57-$87 million.
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TABLE 2 BUDGET ESTIMATES ($ MILLIONS 

ITEM METHOD OF CONTAMINATION CONTROL

EXCAVATION/BEPJ�J POTASSIUM SEA WATER

Execution a/ b/ f/
Cost $43 $10-33 c/g/ $2.5-4
Years 2 40? 1 2-3

Construction camp
Location Eneu Bikini Bikini
Capacity (men) 180 12 12

Revegetation, etc.
Cost $4-8 none $2 
Years 8 none 1 ?

Resettlement delay (years) 8 2 2 

Community construction d/ $36 e/ $47 $47

TOTAL DOLLAR COST (million) $83-87 $57 - 0? $57-80 

a/ Planning costs for each particular project is contained in its burden
and is 75%. Planning will take 612 months.

b/ Assumes foreign labor and temporary construction for electric power and
concrete plants, and for construction camp. The use of U.S. labor would
raise the cost about 20%.

C/ The cost of a unit treatment is: potassium $-2 million (I year);
sea water $-4 million 3 years). This is speculative.

d/ Foreign labor assumed.

e/ The total 47 million community construction cost is reduced by 9 million
of contamination control construction usable for resettlement facilities and
$2 million for mobilization and demobilization costs.

f/ Cost of a single treatment with sea water. This would be followed by
potassium treatments as needed.

g/The very large range of this estimate indicates present uncertainty about
the treatment schedule -- the number and frequency of treatments and the
extent of radionuclide monitoring that might be necessary to control the
schedule.
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Introduction

The LLNL/DOE field program at Bikini Atoll began in 1977. The first few years

were devoted to developing an adequate data base from which to do an updated

dose assessment of Bikini and Eneu Islands (reference 1). The results

indicated that 137 Cs was the most significant radionuclide, actually

accounting for more than 90% of the total estimated wholebody and bone marrow

dose, and that the terrestrial food chain (especially coconut) was the most

significant potential exposure pathway. Strontium-90 accounts for only about

507% of the total bone marrow dose and the transuranics, 239+240 Pu and 241 Am,

less than 1%. Thus, if the intake of 137 Cs can be reduced to 10% or less of

its current concentration in food crops the radiological dose for Bikini Island

would be within federal guidelines. However, samples of vegetation and soil

will be analyzed for Sr and the transuranics to ensure an adequate data

for evaluation of these radionuclide.

In 1980, prior to the formation of the BARC, the oals of our Marshall Island

program were extended to include an initial evaluation of methods to reduce the

uptake of 137 Cs by food crops and/or reduce the 137 Cs soil inventory. We

expanded one of our experiments and added two more when the BARC was formed

and additional funding became available for evaluating the rehabilitation of

Bikini Atoll.

The remedial methods being evaluated to reduce the potential exposure of a

population to 137 Cs fall into three general categories.

Excavation: The physical removal of the surface soil to remove a
137significant fraction of the Cs. The excavated soil would have to

be disposed of in some manner which has yet to be determined.

Treatment with potassium (K): The application of K in the form of

fertilizers in quantities which perhaps will block the utake of

137Cs into food crops and thus reduce the exposure of inhabitants.

Irrigation with sea water: The application of seawater (with its

abundant K and sodium (Na)). This procedure may leach a certain

fraction of the 137 Cs soil inventory into the groundwater where it

is unavailable to plants and add K and Na to the soil system to help

block uptake of the remaining 137 Cs.
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Below are-listed the various projects which are in progress at Bikini and

which are relevant to the overall question of Bikini rehabilitation. Some are

supported under continuing DOE funding, others are supported throuqh the BARC

and all are coordinated to supply timely data for decision making relative to

clean-up options at the atoll.

Project Support

A. Remedial Options

a. Excavation DOE/BARC

b. Potassium Treatment

1.) Initial and continuing experiments DOE

2.) Large-scale field trial DOE/BARC

c. Saltwater irrigation

1.) Phase DOE

2.) Phase 2 DOE

B. Environmental Half-Life DOE

C. Beta Dosimetry DOE

D. Extended Eneu Sampling

a. Soil sampling DOE/BARC

b. Associated vegetation sampling DOE

E. Support Experiments DOE/BARC

F. Total Dollar Support

DOE BARC TOTAL

FY85 1.5 1.0 2.5

FY86 1.45 0.9 2.35
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Field Trials

1. Remedial Options

A. Excavation experiment.

a. Experimental design and results

Data developed from several thousand soil samples collected on

Bikini Island indicated that removal of the top 40 cm of the soil

column would, on the average, reduce the 137 Cs concentrations by

more than a factor of 10 and that the subsequent 137 Cs soil

concentration would be similar to that of Eneu Island or perhaps

less.

An experiment was designed to demonstrate the effectiveness of

soil removal on reducing the concentrations of 137Cs in the

soil, and thus in plants, at Bikini Island and test how well crops

could be grown on the remaining nutrient deficient soil.

A 1.5 acre plot in an area of high 137 Cs concentration in the

soil was cleared of all trees and excavated to 40 cm depth in

February of 1985. A control plot of the same size, where only

trees were removed and no excavation occurred, was established

immediately adjacent to the excavation site.

In-situ gamma spectroscopy measurements were made at lm height

prior and subsequent to excavation. Soil profiles were also taken

before and after excavation. About 30 different plant species

were planted in the excavation and control plots in February, May

and July of 1985.

All plants in the excavation plot received micro-nutrients and

NPK with the exception of one row of various plants which

received only micro-nutrients. All plants were irrigated and

fertilized as required.

The in-situ gamma measurements and the analysis of samples from the

excavation and control plots show a significant decrease in 137 Cs

to levels at or below that of Eneu Island. The averaqe exposure in
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Pr/h before and after excavation and the preliminary data for food crops

from the excavation and control sites are listed in Table A-1. The 137 Cs

exposure contours in pr/h are shown in Figs. Al and A2. 137 Cs exposure

is less by about 13 times after excavation and is similar to Eneu Island.

Thus, as predicted, the excavation of 40cm of soil was effective in

removing 137 Cs from a region of the island.

Table A-]. Excavation Experiment - Bikini Island

In-Situ Gamma Spectroscopy Results

Pr/h

Before excavation After excavation Before/After Ratio

Excavation Site 68 5 13.6

137Cs pCi/g Wet Weight

Plant (edible portion) Excavation Site Excavation Control Site

Corn 4 29
Winged Bean 1.8
Zucchini 2.1

Before the excavation studies began, however, strong doubts were expressed

about the prospect of restoring the exposed subsoil to a productive

condition, at least in the immediate future. These doubts have been

answered by the favorable growth of numerous food, cover and ornamental

species. For example, both bananas and papayas averaged 10.5 feet to the

highest leaf tip only 9 months after planting (Fig. A3, Table A-2). Two

to four successive crops of sweet corn, pumpkins, squash, chinese cabbage,

sweet potatoes, etc. have been harvested for analysis. Coconut,

breadfruit, Pandanus and lime--all slow starting tree crops--are also

growing well. Such growth is possible only with application of fertilizer

on all crops and with light but frequent irrigation of vegetables and

other drought sensitive plant during rainless periods.
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Table A-2. Mean heights of perennials in Excavation Study, 7 to 91/2 months after

planting.

Leucaena

Treatment Banana Papaya1 Lime Breadfruit Pandanus I K636 29 K28 Casuarina

- - - - - - - - - - Meters - - - - - - - - - -

Excavated Plot

Fertilized 3.2 3.2 1.25 1.40 1.4 3.2 2.4 2.2
Unfertilized 1.1 1.4 .70 .65 0.7 1.0

Control Plot

Fertilized 2.6 2.8 1.1 1.00 0.8
Unfertilized 2.5 2.3 1.0 1.10 1.1

1 Highest leaf.

It is apparent from these studies that the original surface soil is

important and does contain nutrient material for plant growth. The

difference between plant growth in the excavation and control plots for

unfertilized plants shows a remarkable difference even at their early

stage. Unfertilized plants in the control plot are 50 to 100 % larqer

than the unfertilized plants in the excavated plot based on plant height

about nine months after planting.

The plants generally did very well with this careful attention to nutrient

and water supply. The unfertilized row is vastly inferior to the

fertilized rows. Thus, plants can be rown on the nutrient deficient soil

if adequate nutrient and water are applied correctly. This requires a

significant commitment for a long period of time if excavation is the

selected clean-up option.

If it proves necessary to remove surface soil from the entire islands only

drought-tolerant plants such as coconut, Pandanus, cover and windbreak

species would be appropriate for wide scale planting. Other plants such

as bananas, papayas and ornamentals would be restricted to gardens in the

vicinity of houses where additional water is available and frequent

attention can be given the crops.
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Much has been learned about the effective use of fertilizers and

micro-nutrients, and about drought susceptibility on sandy subsoils. Five

nitrogen-fixing species useful for "rebuilding" soil organic matter are

under study. Special emphasis is placed on possible methods of increasing

root development in the packed sands of the deep subsoil so that plants

can use the moisture stored there.

b. Summary of the excavation experiment

Excavation completed February, 1985

• Crops planted in February, May and July of 1985

• Limited Analytical results for 137 Cs activity in food crops

• Analysis of the soil profile samples taken prior and subsequent

to excavation will be completed by December 1986.

Processing and analysis of about 200 annual crop samples will

continue into mid-FY 1987

Processing and analysis of perennial crops, (papaya, banana and

citrus) will continue through FY 1987 and perhaps into FY 1988.

Processing and analysis of long term food crops (coconut,

breadfruit and Pandanus) will not begin until FY 1987; this

will not include edible fruit.

Basic results will be available in FY 1986 from annual and some

perennial crops to show whether excavation will reduce the 137 Cs

in plants to concentrations at or below those of Eneu Island.

Demonstration of ability to grow plants after excavation will

be complete in FY 1987.

B. Treatment with Potassium

The effect of K on the uptake of 137 Cs in plants is being evaluated

in three experiments. The first experiment started in 1981 consist of

treating nine coconut trees on Eneu Island and five coconut trees on

Bikini Island with N, P, K thus adding significant quantities of

available K to the root zone of the trees. The second experiment is a

large scale field trial incorporating one hundred twenty coconut trees.

The experiment is a factorial design using combinations of three rates

of application of K and one of NP. This experiment was begun in
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February of 1985. The third experiment is designed to determine the

effect of various rates of K application on the uptake of 137 Cs in

vegetable crops. This experiment was started in November of 1985.

a. N, P K Initial Experiments

The atoll soil system contains marginal amounts of potassium K)

for plant growth and as a result plant content of K is low. Also,

K and cesium (Cs) are in the same group in the periodic table and,

thus, in many biological systems, Cs acts as an analog for K and

will be absorbed similar to K.

In January of 1981 four coconut trees on Eneu Island were selected

to determine whether adding significant amounts of potassium (K)

to the soil, and thus the root zone of the coconut trees, would

reduce the uptake of 137Cs into coconut meat and fluid. The 

fertilizer was applied at a rate of about 600 lbs of K per acre

per year. This annual total was added at four intervals during

the year and continued for three years.

The results of this initial experiment are shown in Fig. A4. The

137 Cs concentration in coconut meat and fluid dropped from levels

of about 10 to 20 pCi/g wet weight to around 2 pCi/g wet weight in

three years. In fact, the 137 Cs concentration dropped below the

natural radioactivity in plants, ie. the natural 40 K shown in

the figure.

The last application of fertilizer was made in February of 1984.

The 137 Cs concentration has continued to drop slightly and

remains below the natural activity level of about 2 pCi/g for the

two years since the last application of fertilizer.

In 1983, when data from the initial trial indicated it became clear

that we were able to reduce the 137 Cs concentrations in coconuts,

we started a second experiment on Eneu to see if we could duplicate

our original results. We also wanted to evaluate the effect added

K might have on 137 Cs uptake in coconuts on Bikini where 137 Cs
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concentrations are 10 times those on Eneu. Thus, five new trees

were selected on Eneu Island and five trees on Bikini Island and

the first application of K was made in May of 1983.

The results for the five additional trees on Eneu are shown in

Fig. A5. After two years of applying K we are seeing the same

effect as we did initially; the 137 Cs concentration in coconut

meat and milk is approaching 2 pCi/q. Within a year or two these

data will be complete and available for comparison with our

original experiment.

The five trees on Bikini are proving quite interesting. The

results to date are shown in Fig. A6. The 137 Cs concentration

in coconut meat and fluid has dropped from as high as 200 pCi/g wet

weight to 20-30 pCi/g wet weight. Results over the next 2 years

will confirm how low the 137Cs concentrations in coconuts on

Bikini Island might go.

Another very important feature of these experiments is to determine

the duration of the effect and evaluate the significance of the

rate and total amount of added K. The duration of the effect will

be evaluated by following the 137 Cs concentration in coconuts over

the next two years from the initial four trees on Eneu Island. The

effect of rate of application and total quantity of K added to the

system is currently being evaluated in the large scale field trial

started jointly with BARC and discussed in Part 2 and in the

experiments discussed above.

b. N, P, K large scale field trial on Bikini Island

The large scale field trial was begun in February 1985. A 12 acre

site within the coconut grove was cleared of underbrush. The

experiment is a factorial design with three rates of K (0, 300 lbs/

acre, 600 lbs/acre) and two rates of NP (0, 104 lbs/acre N

+104 lbs/acre P205). The plot design is shown in Fig. A7.

The experiment is split into 2 randomized replicate plots. Two

buffer rows of coconuts are between each application row in order

to ensure no contamination of various treatments.
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All 120 trees were sampled prior to the start of the various

applications and will serve as a control point in addition to the

control rows. Fertilizer was applied in February, May, July and

November of 1983 for a total of 1200 lbs/acre per year and

2400 lbs/acres per year of K. No further applications are

anticipated.

The first samples, subsequent to the initial ones, were collected

in November of 1985 and are currently being processed for analysis.

Data will be available by December of 1986. Samples were again

collected from all trees in February of 1986 and will be collected

again in May, August and November of 1986. The results of these

two rates of K application over a year period will be evaluated

over the next 2 years. Based on our initial K experiments we can

expect to see the effectiveness of these treatments in that lenqth

of time.

c. N, P K vegetable crop experiment on Bikini Island

A small scale study of the effects of 3 rates of K treatment on

the uptake of 137 Cs in vegetable crops was begun in November of

1985. The crops used in the experiment are okra, peppers, corn

and squash. Samples from these test plots will be available

throughout FY1986. Initial results will be available in FY1986

although most results and the final analysis will occur in FY1987.

d. Summary of NPK Experiments - Bikini and Eneu Islands

Preliminary experiment started on Eneu Island - January 1, 1981

4 trees.

Experiment expanded on Eneu Island and Bikini Island - May, 1983

5 trees on Eneu and trees on Bikini.

Large scale field trial started with BARC on Bikini Island -

February 1985. Factorial Experiment with N, P and 2 rates of K.

120 trees in experiment.

Results from preliminary and expanded experiments (see

Figs. A4-A6).
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e. Questions and Implications

Eneu coconut uptake of 137 Cs reduced below 2 pCi/g wet weight;

but how low can we get Bikini 137Cs coconut concentrations?

Duration? Time dependent. It will take about 2 to complete

evaluation of the field trials to determine the extent of reduction

and the duration of the effect.

If reduced uptake persists through FY 1988, the implication is that

the treatment with K would have to be done at most every 4 y.

C. Saltwater Irrigation

The saltwater irrigation study consists of two experiments. The phase

1 experiment was designed to determine if we could remove 137 Cs from

the soil column when all coconut trees and vegetation had been removed

and the active root zone material made non-functional. The phase

2 experiment, based upon the results of the phase experiment

described below, is designed to determine whether we can move some

137 Cs from the soil column to the roundwater and block the uptake

of 137 Cs into the coconuts while leaving all the coconut trees and

minor vegetation cover in place.

a. Phase 

The irrigation with salt water is based on the premise that sea

water, with its significant Na and K content, can when applied to

the soil column remove 137 Cs from the soil column into the

groundwater. This premise is based on observations that:

1.) 137 Cs is in the groundwater and can only get there by

transport down the soil column, 2) as the coconut trees mature and

root zones became larger and essentially overlapping, less 137 Cs

was observed in the ground water. We interpreted this as a reduced

flow of fresh water into the groundwater from rainfall because a

much larger fraction of the rainfall is being recycled via plant

transpiration.
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Thus, if we added enough water to the surface to oroduce a through-

flow to the groundwater some of the 137 Cs inventory in the soil

would be eliminated. In 1982 we set up the experiment to irrigate

with salt water a 00m x 100m plot (1 hectare) with a groundwater

well in the middle. The plot was cleared of all trees and active

root material with the thought that this might prevent recycling

of the 137 Cs and help eliminate it from the soil column.

The saltwater was applied using a 0hp diesel pump; a 200' 6 PVC

suction line from the lagoon to the pump; a 7001 6"PVC discharge

line from the pump to a 300', 6"PVC manifold; and eight 250', 2"PVC

parallel runner lines with sprinkler heads every 401. The

sprinkler heads covered a 0' diameter area and thus there was a

slight overlap so the hectare area got uniform coverage With

saltwater.

A total of 20 m (". 66 ft.) of salt water was added by the

sprinkler irrigation system. The first short irrigation was bequn

in June of 1982 4 days). Short irrigations followed in December

of 1982 (8 days), and in February 9 days), May 7 days) and

December 14 days) of 1983. In late February of 1984 we started a

long irrigation which ran 44 days into April. This was the last

irrigation. We observed that the first few meters of applied salt

water moved some 137 Cs into the roundwater. But the next several

meters of water produced no additional movement of 137 Cs. The

fraction of the soil 137 Cs inventory moved to the roundwater was

about 3 to 5%.

These data indicate that of the total 137 Cs inventory in the soil

only a small fraction is biologically available and cycling through

the soil-vegetation system. This fraction was removed to the

groundwater. The remaining and largest fraction of the 137 Cs

could not be removed by diffusion-exchange processes. Thus, could

it be available to plants? We planted coconuts and Pandanus in May
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and August of 1984 and many other food and vegetable crops in

February, May and July of 1985. These plants all grew after only

one rainy season following the 20m of added saltwater. Similar

plantings were made in two control plots on 2 sides of the

irrigation plot. In addition to the planted crops, natural species

such as grasses, Scaveola, Messerschmidia, etc. re-vegetated the

area.

Plants were first collected from the irrigation and control sites

in February and May of 1985. The results are s hown in Table A-3.

The 137 Cs in vegetation from the control sites is ratioed to the

concentration of 137 Cs in the same plant species from the

irrigation site. The ratio ranges from about 20 to 250. In other

words, in most species one year after the termination of the salt

water irrigation, the 137 Cs concentration in crops from the

irrigation site is about 35% that in the same species in the

control site. The 1 3 7Cs concentrations in the plants from the

control site are less than the 137 Cs concentrations in plants on

Eneu Island.

This is a most encouraging result. The significant thin to

establish now is the duration of this effect. This can be done by

monitoring the plants from the irrigation and control sites over

the next 2 years. If the effect should last for that period of

time the saltwater irrigation could be considered an option for

reducing 137 Cs uptake into plants and thus reducing the

radiological dose to people.

The next immediate question is whether the sarne effect of salt

water irrigation will occur if the coconut trees are not removed

prior to irrigation. This is phase 2 of our irrigation experiment

and is discussed in the next section.

b. Phase 2

This experiment is the natural follow-on to the phase I experiment

in light of the phase results.
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Table A-3. Results from February and May 1985 Collections.

137CS Concentration, pCi/g wet weight

Plant Species Irrigation Site Control Sites Ratio Control/
Irrigation

Grass 2.0 537 270
Morning Glory 0.75 20 27
Messerschmidia 2.4 46 19
Corn 0.99 27 27
Scaveola 6.5 131 20

The premise is:

1. Irrigation with sea water will remove exchangeable 137 Cs from

the soil column and block the uptake of 137 Cs in trees with

their active root zone in tact.

2. Coconut trees and most vegetation other than breadfruit will

survive the required irrigation.

It is very important to determine if we can reduce the uptake of

137 Cs in coconut trees with the salt water irrigation. Experience

on islands which have been awash with sea water for significant

periods of time would indicate that the coconut trees will survive

the irrigation with sea water. Only if the entire Bikini Island

coconut grove can remain in tact will the irrigation concept prove

to be an option worth considering.

Two new test plots in the coconut grove were cleared of underbrush

in February 1986. The 2 plots each contain 25 coconut trees in a

5 x grid. A groundwater well was established in the middle of

each plot. The initial 50 coconut and 2 groundwater samples were

collected in February, 1986. The saltwater will be applied by a

sprinkler system similar to that described previously. The

experiment will start in May 1986. Sample collections of coconut

and groundwater will continue through FY 1987-88 and sample

processing and analytical work will continue throuqh FY 1988.

A - 17



Initial results will be obtained in FY 1987 but the total effect

may not be observed until Fy 1988. The duration of any observed

effects would have to be evaluated through FY 1988-89.

c. Summary of Saltwater Irrigation Experiments

The initial saltwater irrigation results are very significant

because the concentration of 137 Cs in various plants has been

reduced to less than 5% that of plants in the control sites.

The plants and food crops were able to grow in the irrigation plot

after one rainy season subsequent to the termination of the

saltwater application. A total of about 20m 66 ft) of salt water

had been applied.

The duration of the effect is of importance. The reduction of

137 Cs in plants is about year post irrigation. We will continue

to monitor crops from this experiment over the next 2 years.

It is now important to see if we can produce the same general

effect and reduce the 137 Cs concentration by irrigating a mature

coconut grove. This is an important demonstration if this approach

is to be an alternative clean-up option. Results will be

forthcoming during FY 1987-88.

D. Evaluation of remedial options

There are two major categories to evaluate when comparing the p5tential

remedial options. One is the environmental consequences of each action

and the other is the dollar cost.

The excavation option creates a major adverse environmental impact and

costs about M. As a result, the potential use of methods currently

being evaluated in the ongoing LLNL/DOE, BARC projects at Bikini Atoll

become very significant.
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Preliminary results from both salt water leaching and potassium

experiments indicate that there may be ways of accomplishing the

desired dose reduction without the severe environmental impacts of the

scrape and dump option and at much less cost.

For example, the estimated cost of the K and saltwater irrigation

options are much less than the excavation option. In addition, both

the leaching and K would be much easier to implement. Thus,

completion in about 2y of the experiments currently under way is

essential for selecting the appropriate method, or combination of

methods, and for reducing the potential cost to the U.S. Government by

very significant amounts.

A comparison of the remedial options are listed below:

a. Excavation

1.) Positive effects

137 Cs reduced to acceptable levels.

2.) Negative effects

Loss of all vegetation including 30,000 coconut trees, breadfruit

and Pandanus.

Loss of top soil and thus most of the organic matter and

nutrients built up over several hundred years.

Loss of moisture retaining capacity in the soil.

Need for re-vegetation of the island and all the associated

requirements; not trivial.

. Relatively difficult to implement.

3.) Estimated Cost - $50M.

b. N, P, K Treatment

1.) Positive effects

Reduced uptake of 137 Cs in plants to acceptable level.

Increased growth and productivity of all plants due to N, P K.

Simple to implement.

All current vegetation survives and flourishes.
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2.) Negative effects

External wholebody exposure unchanged. Estimated doses will be

below the current federal guidelines.

3.) Estimated cost - < $6M if 300 lbs per acre per y of K in the

form of a complete fertilizer is applied 10 times. If applied

every 3 y this would cover a 30 y period.

c. Irrigation/leaching with sea water.

1.) Positive effects

Reduced uptake of 137 Cs in plants to acceptable level.

Simple to implement.

No major environmental impact. No loss of surface soil.

2.). Negative effects

• External wholebody exposure unchanged. Estimated doses will be

below the current federal guidelines.

• Would probably kill the breadfruit trees and perhaps the Pandanus.

3.).. The irrigation option, if employed for clean-up, would pr obably

be a one time shot likely to be followed by treatment with K.

4.). Estimated Cost - 6M.

E. Summary of estimated cost and impact remedial options

Table A-4. Impact and cost of various potential clean-up options.

Environmental Estimated Cost as a
Project impact clean-up option

Bikini excavation Extreme $50M
Bikini irrigation leaching Minimal $6M
Bikini N, PI) K None <$6M
Bikini-Enewetak environmental T1/2 None Reduces clean-up

requirements
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2. Environmental Half-Life

A. Experimental concept and plan

The estimated doses via the terrestrial food chain for Bikini Atoll are

based on measured concentrations of 137 Cs in food products, an average

diet, average biological parameters and the radiological half-life of

137 Cs (T = 30y).
R

We have not accounted for environmental processes which might cause an

additional reduction of 137 Cs. Environmental processes do in fact

remove 137Cs from the soil column to the ground water; thus, there is

some net environmental half-life, T E'

The importance of the environmental half-life can be seen in Table A-5.

If TE were the order of 30 y, the same as the radiological half-life,

then the estimated doses would be one-half of those currently estimated

for 30, 50 or 70 y. If T E is as long as 70 y there would still be

about a 25% reduction in our current dose estimates.

There are no historical data to evaluate T E' Thus, when we started

our program on Enewetak in 1974 and Bikini in 1977 we selected and

labelled trees that we could locate and sample every year (or more

frequently in some cases). Evaluating half-life is a time dependent

process so it takes time to generate sufficient data to factor out

biological and seasonal variability to try to determine T E'

Thus, in addition to sampling our permanent trees on Enewetak and

Bikini, we recently met with Drs. Stanley Gessel and Richard Walker

from the University of Washington who sampled various sites on Rongelap

and Bikini Atolls in 1959 and 1961. We had them review their log book

books and records to determine a series of sites on both Rongelap and

Bikini that might possibly be relocated. We looked for these sites in

February of 1986 and were more successful than we dared hope. Seven

sites on Rongelap and Kabelle Islands at Rongelap Atoll and three sites

on Aomon, Nam and Eneman Islands at Bikini Atoll were found. All sites

were re-sampled to compare with 1959,61 data. Thus, we gain nearly

27 years retrospectively in the quest to determine the environmental

half-life of 137 Cs in an atoll ecosystem.
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Table A-5. Reduction of current estimated doses when corrected for

environmental half-life.

Fraction of

Environmental half-life current estimated dose

100y 0.83

70 y 0.74

50 y 0.66

30 y 0.5

20 y 0.35

10 y 0.14

Our current experiments are, therefore:

• Six trees on Enewetak Atoll first sampled in 1973. Sampled 7 times

since then. Last sampled in February, 1986.

• Approximately 30 trees on Bikini Atoll first sampled in 1978-1979.

Sampled at least annually since then.

About 10 sites first sampled in 1959 by the University of

Washington and re-sampled in February of this year. Thus, we could

gain 27 years, retrospectively.

B. Significance of environmental half-life of 137 Cs

Can greatly alter the predicted doses over 30, 50 or 70 y and the

predicted maximum annual dose.

Could alter resettlement decisions.

Could alter the scope of clean-up on some islands and eliminate

others from consideration.

This TE effect would be applicable to all northern Marshall

Island atolls.
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C. Time-lines

TE based on Enewetak trees - FY1987

TE based on Rongelap Historical sites - FY1987

TE based on Bikini trees - FY1988

3. Beta Dosimetry

The evaluation of the beta dose contribution to the total exposure dose

was begun in May of 1985. Two types of thermoluminescent dosimeters were

placed at cm, 50 cm and 100 cm, above the ground and at 50 locations on

Eneu Island and 45 locations on Bikini Island.

The average (median) unshielded, base ground beta and low energy gamma

skin dose (shallow dose as defined by ICRU) is about 10 mrem/y 9 mrem/y)

at 100 cm height above the ground surface, 15 mrem/y 12 mrem/y) at 5 cm

and 28 mrem/y 24 mrem/y) at cm. The total unshielded, base ground

shallow dose will be the sum of this beta component plus the average

external gamma exposure.

The beta exposure can be greatly reduced because of the low penetrating

action of the beta particles (or low energy gamma). For example,

measurements inside the houses at Bikini Island and over the crushed

coral around the houses show a very significant reduction in beta

exposure. Thus, time spent in and around the houses, perhaps as much as

12 h per day, would greatly reduce the beta dose listed above for the

various heights. Similarly, clothing, shoes, zories, etc. will also

eliminate the beta dose. Thus, in reality the beta dose to persons-

resettling Eneu Island would be considerably less than those unshielded,

bare ground doses listed above.

4. Extended Eneu Sampling

A. Soil sampling

In February and May of 1985 we collected 72 additional soil profile

samples to depths of 100 cm for a total of 576 soil samples. The soil

profiles were taken through the root zone of bearing coconut trees.
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The soil samples have all been processed. About half have been

analyzed for 137 Cs but not completely reviewed. The other half will

be completed in the next few weeks. Thus, comparison between the 72

new soil profiles and the 114 previous profiles from Eneu Island will

be forthcoming.

Wet chemistry analysis on the soils and vegetation to determine the

90 Sr, 239+240 Pu and 241 Am concentrations will proceed throughout

FY1987 and be available in late FY1987 early FY1988.

B. Vegetation sampling

Concurrent with the extended soil sampling requested by BARC we

sampled the coconuts from the trees associated with each soil profile.

We had previously established 44 trees from which we were developing

the average 137 Cs concentration for Eneu Island. Of the 72 soil

profiles taken 61 associated trees were bearing fruit. Thus, our data

bank now consists of results from 105 coconut trees. The analysis for

137 Cs has been completed for all 61 samples.

C. Significance of vegetation sampling

The average 137Cs concentration in drinking coconut meat in our 1981

radiological dose assessment of Eneu and Bikini Islands was based on a

very limited amount of data. The 137 Cs concentration in drinking

coconut meat on Eneu Island at that time was 19 pCi/g wet weight.

Data from 125 trees now available show the 137 Cs concentration in

drinking coconut meat, adjusted to January 1987, is about 12 pCi/g wet

weight. The distributed mean is 9 pCi/g wet weight. Thus based on

more detailed data and a 1987 resettlement date, the estimated 

radiological dose from the terrestrial food chain for Eneu Island will

be about 30% less than that estimated for 1981 based on the island

average or about 50% or less based on the distributed mean.

5. Explanation of K and Seawater results (Cation Equivalency Experiment).

All studies of cesium in atoll soil are handicapped by lack of a chemical

or biochemical explanation for retention of cesium in the face of

prolonged leaching, even with seawater. Likewise the mechanisms whereby

applications of potassium or seawater reduce plant uptake of cesium are
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largely matters of conjecture. Consequently a small plot study installed

in March will be used to examine the relative effects of potassium,

sodium, and sodium in seawater, applied in chemically equivalent amounts,

on plant uptake of cesium-137. The three application rates represent

fractions of the estimated cation exchange capacity, which in turn is

regulated by soil organic content. The findings may help rationalize the

present evidence on potassium and seawater effects, as well as increase

predictability of magnitude and duration.

6. Revegetation and rebuilding of soil.

Current studies that are not specifically mentioned above are listed

below. They range from formal designed experiments to exploratory studies

to demonstration plots. All are aimed either at facilitating revegetation

of exposed subsoils or increasing cropping opportunities and productivity

of both excavated and unexcavated soils.

A. Three level excavation study; "step plots". Adjacent unreplicated

plots from which 0, 12 and 24 inches (0, 30, 60 cm) of surface soil

was removed. Samples have been collected from four successive crops

of sweet corn and two cuttings of alfalfa. Results for this

experiment will be available in FY1987.

B. Species suitability demonstration. The following plants have been or

are now growing in the 40 cm Excavation Plot; several are also grown

in the Excavation Control and the Saltwater Irrigation Series.

Food Crops:

Arrowroot* (Tacca), banana*--cooking and edible, bellpepper, breadfruit

casaba melon (N),cassava - short season, Chinese cabbage, coconut*, cow peas

(N), cucumber, green bean, horse-radish tree (Morinda pterygosperma), lime*,

okra (N), Pandanus*, papaya* - 2 cultivars, passionfruit, pineapple, pumpkin-

2 cultivars, squash - 5 cultivars, sweet corn - 2 cultivars, sweet potato,

tomato - standard (N), and small fruited watermelon (N), winged bean,

(Psophocarpus - selections (N), yard-long bean (N).
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Windbreak, ground cover and "soil-building" plants:

Alfalfa - Florida and New Mexico cultivars, "beach pea" (Vigna marina),

Canavalia sp., Casuarina equisetifolia ("Australian pine"), Leucaena

leucocephala - 4 selections, sorghum - cultivars

Shade and ornamental plants:

Bougainvillea, Calophyllum inophyllum, Cassia sp., copperleaf (Acalypha

Willkesiana), hibiscus, Indian almond (Terminalia cattappa), "Miss Hong Kong",

Morinda citrifolia, Plumeria - 4 cultivars, sea grapes (Coccoloba uvifera)

Analytical results for 137 Cs will be forthcoming in FY1986 and 1987.

Analysis of selected samples for 90 Sr and transuranics will be done in

FY1987-88.

* - major permanent food crops

N - severely damaged by root-knot nematode.

3. Fertilizer response demonstration 40 cm Excavation Plot). A single,

mixed species row has received the same irrigation and micro-element

applications as the remainder of the plot but no nitrogen, phosphorus and

potassium. The growth differences are striking (Table Al 

C. Fertilizer response (Excavation Control Plot, i.e., soil surface

intact). Tree crops on one-third of this plot are now fertilized the

same as on the Excavated Plot. Crops on the remaining two thirds

receive the same watering, micro-nutrient, and weed control treatments

but no nitrogen, phosphorus, and potassium fertilizers. Growth

differences are apparent. The effect, if any, of accelerated growth

rate or cesium-137 content of coconut will be examined.

D. Micro-element implants in seedling coconut husks (Excavation Control

Plot). All routinely planted coconuts received a husk implant of

iron, manganese and zinc, a procedure developed in French Polynesia.
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They show a clear advantage after one year over supplemental plantings

of untreated seedlings.

E. Subsoiling effects on young coconut 40 cm Excavation Plot). A

ripping bar about 4 long with a winged foot on the end was pulled by

a D-6 caterpillar tractor to fracture and loosen the subsoil to a

depth of about 3 feet approximately 1.5 feet in width. All

"permanent" seedlings on the plot were planted at the intersections of

subsoil or "rip" lines. Additional seedlings were planted over and

between these lines. Excavation 9 months later revealed deeper and

more extensive root development in the zone loosened by subsoiling.

The study continues.

F. Deep phosphorus placement 40 cm Excavation Plot). This provides two

types of comparison: (1) plant root growth on soil with phosphorus

placed at three different levels in the soil column as trenches

excavated to underlying rock (1.5 m = 55-60 inches), were refilled and

(2) between this deeply loosened soil and undisturbed naturally-

packed sand. Preliminary sampling 9 months later shows penetration of

coconut and leucaena roots to rock in the loosened soil in contrast

to very few roots at a meter or below in undisturbed soil.

G. Papaya rooting study 40 cm Excavation Plot). This study also

involves two types of comparisons: (1) root development and drought

endurance of papaya planted on solid ground, versus over a subsoiled

line formerly occupied by vigorous winged bean plants, versus over

excavated and refilled holes 3 to 31/2 feet deep, with or without

added organic materials. 2 Growth and cesium content of papaya

planted over the filled stump holes of coconuts removed when the plot

was established. A certain amount of the original surface soil was

incorporated where the holes were backfilled.

H. Zero-irrigation demonstration 40 cm Excavation Plot). A single row

of micro-element-implanted sprouting coconuts and interspersed beach

pea (Vigna) were planted in moist soil above a subsoil line in

November 1985. Supplemental watering ended 17 days after planting.

Since the dry season was beginning this is a severe test of the

drought tolerance of the two species before full establishment.
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I. Windbreak establishment demonstration. An area of exposed coastal

scrub (overgrown with Cassytha) was cleared and planted with rows of

scrub species, Casuarina, Pandanus, and Guettarda, arranged to

eventually form a tall windbreak with a leading edge. Establishment

and growth of these species under adverse condition is being observed.

7. Samples Collected in FY1985 and FY1986.

The total number of samples collected in FY1985 and FY1986 are listed in

Table A-6. A breakdown of samples by project is given in Table A-7. Most

of the FY1985 samples have been processed and most have been analyzed for

CJ�7 Samples collected in FY1986 are currently being processed.

Our sample processing laboratory and our gamma spectroscopy facility

operate seven days a week in order to produce results consistent with the

need of DOE and BARC. We have recently expanded the capacity of our gamma

spectroscopy and vegetation processing facilities to improve the rate at

which we can process samples and produce analytical data. Wet chemistry

analysis for 90 Sr and the transuranics will continue over the next

two years but always at a slower rate than the gamma spectrocopy for
137 Cs.
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Table A-6. Total Samples Collected at Bikini and Eneu Islands.

SAMPLES COLLECTED IN FY 1985 - ALL EXPERIMENTS

VEGF IA T 1011 0 1[ GRourlDwAIER

TRIP ENE U BiKuji ENEU BI K I I ENEU BIKINI TOTAL

NOV. 19814 41 97 32 26 5 5 206

FEB. 198 5 1511 3 30 742 392 5 5 1 , 2 

MAY 1985 125 96 75 7 5 5 313

JULY 1985 Os 2-U I K S llG�
TOTAL 365 776 850 521 20 20 2,552

THESE SAMPLES HAVE BEEN PROCESSED EXCEPT FOR SOME OF THE ENEU AND ALL OF THE

BIKINI SOIL SAMPLES. THESE WILL BE COMPLETED OVER THE 11EXT 3 motiTiis.

SAMPLES COLLECTED IN FY 1986 OR ESTIMATED FOR FY 186 A

VFqFTAT10N soil CRnij"�Lw_� 1;:!!

TRIP ENE U BI K ri RONGELAP ENE U I K ri RONGELAP ENE U B i K I I ToIAL

COLLECTED NOV. 1985 138 L118 51 66 10 S U8

ESTIMATED FEB. 1986 78 so 60 110 till 1 0 5 5 902

ESTIMATED MAY 1986 137 625 ? 19t_1 298 ? 5 25 1,281i

ESTIMATED AUG. 1986 -qa SW 7 I IS 9 I -I Fj �

TOTAL 401 2143 60 3S7 6011 160 25 r'12 3,802

A THESE NUMBERS COULD INCREASE DUE TO ADDITIONAL EXPERIMENTS IMPLEMENTED OR ISLANDS

EVALUATED AS WE MOVE THROUGH THE YEAR.
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Table A-7. Samples Collected for Various Experiments at Bikini and Eneu Islands.

MICA EXPERIMENT (STARTED BY W)LaARI: EE. 1-085) .

1. FY1985 - 20 VJSZ-A710.11 SAMPLES
A. NOV. 1985 - 20 vE-G=jA)1.O11 SAMPLES
B. FEB. 1986 - 20 v=.G:_1A71.ON SAMPLES
C. MAY 1986 - 20 V E G EI A- I N SAMPLES
D. AUG. 186 - 20 VEGZ-TA'T1ON SAMPLES
E. TOTAL FY1986 - 80 VEGETATION SAMPLES

ExCAVATioN ExPERIMENT (STARTED BY LNUBARC FEB. 985).

1. FY1985 - 60 VEGETATION SAMPLES; 12vo SOIL SAMPLES
-2. FY1986

A. Nov. 1985 - 50 VEGETATION SAMPLES
B. FEB. 1986 - 50 VEGETATION SA:iPLES
C. MAY 1986 - 40 VEGETATION SAMPLES
D. AUG. 1986 - 40 VrGZTATION SAMPLES
E. TOTAL FY1986 - 180 VEGETATIOU SAMPLES

ENEU GARDEN SAMPLING

1. FY1985 - 742 SOILS: 144 VEGETATIO.I. SAXPLES
2. FY1986 - 120 S 0 1 L S ; 120 iGEIATION SAMPLES

GROUNDWATER

1. FY1985 - 30 SAXPLES
2. FY1986 - 77 SAMPLES

OTHER EXPERIMENTS (BIKINI ISLAND)

1. FY1985 - 21
2. FY1986 - 300 VEGETATIO1.1 SAMPLES AD 0 SOIL SAMPLES

ENvjRONMENTAL HALF-LIFE STARTED BY WIL IN 1978) .

1. FY1985 484 VEGETATION; 392 SOILS
2. FY1986

BIKINI ISLAND: 60 VEGETATION SAMPLES;
80 SOIL SAMPLES

RONGELAP ISLAND: 60 VEGETATION SAMPLES;
160 SOIL SAMPLES

EuEu JSLAND: 80 VEGETATION SAMPLES;
80 SOIL SAMPLES

TOTAL FY1986 VEGETATION SAMPLES 200
TOTAL FY1986 SOIL SAMPLES 320
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Table A-7 (Continued).

SAMPLES C01 I FrTFD OR Pi ANNET) FOR Cn I FrT1Q.I

'HIGH K" EXPERIMENT (STARTED BY LLIJL III 1981 AND 1983).

1. FY1985 - 130 SAMPLES
2. FY1986

A. NOV. 1985 - 28 VEGETATIO.'l SAMPLES
B. FEB. 1986 - 28 VEGETATION SAMPLES
C. MAY 1986 - 42 VEGETATION SAMPLES (DRINKNG, COPRA,

FRONDS) AND
14 SOIL PROFILES 112 SOIL SAMPLES)

D. AUG. 1986 - 28 VEGETATION SAMPLES
C . TOTAL FY1986 - 252 SA14PLES

IRRIGATION/LEACHING EXPERIMENT (STARTED BY LLNL I:j 1982).

1. FY1985 - APPROX114AIELY 80 SAMPLES
2. FY1986

A. 110V 185 - 60 VEGETATION SAMPLES
B. FEB. 1986 - 60 VEGETA110:1 SAMPLES; 611 SOIL SAMPLES
C. MAY 1986 - 11U VEGETATION SAMPLES
D. AUG. 1986 - 40 VEGETATION SAMPLES
E. TOTAL FY 1986 - 200 VEGEiATION SAMPLES

PHASE 2 IRRIGATIOWLEACHING EXPERIMEUT (STARTED By LLNL FEB. 1986).

1. FY1986
A. FEB. 1986 - 100 VEGETATION SAMPLES NSITU GAMMA

SPECTROSCOPY
B. MAY 1986 - 100 VEGETATION SAMPLES

128 SOIL SAMPLES
20 GROUND WATER SAMPLES

TOTAL 248 SAMPLES
C. AUG. 1986 - 100 VEGETATIOU SAMPLES IN-SITU GAMMA

SPECTROSCOPY
2 GROUND WAIER SAMPLES

128 SOIL SAMPLES
TOTAL 2q8 SAMPLES
D. TOTAL FY1986 496 SAMPLES

N, P, K EXPERIMENT (STARTED BY LL:IL/BARC FEB. 1985).

1. FY1985 360 VEGETATION SAMPLES; 112 SOIL SAMPLES
2. FY1986

A. NOV. 1985 2qO VEGETATION SAMPLES
B. FEB. 1986 200 VEGE]AIJON SAMPLES
C. MAY 1986 200 VEGETATION SAMPLES; 112.SOIL SAMPLES
D. AUG. 1986 - 2'10 VEGEIAT[OJ SAMPLES
E. TOTAL FY1986 - 1072 SAMPLES
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Summary of Time-Lines

Table A-8. Estimated time-lines for various field and laboratory projects.

Project Sampling Processing Analytical Product

Bikini Excavation FY86-87 FY86-87 FY86-87-88 FY86-87
Bikini NPK 14 trees) FY86-87-88 FY86-87-88 FY86-87-88 FY86-87-88
Bikini NPK (Field Trial) FY86-87-88-89 FY86-87-88-89 FY87-88-89 FY87-88-89
Bikini Irrigation (Phase I) FY86-87-88 FY86-87-88 FY87-88-89 FY86-87-88
Bikini Irrigation (Phase II) FY86-87-88 FY87-88-89 FY87-88-89 FY87-88-89
Field/Laboratory Exp. FY86-87 FY87 FY87-88 FY86-87-88
Environmental T E Rongelap FY86 FY86-87 FY87 FY87
Environmental T E Nnewetaki FY86-87 FY86-87 FY87 FY86-87
Environmental T E (Bikini) FY86-87-88 FY86-87-88 FY87-88 FY88
Specific activity measurements

and Eneu Dose Assessment Continuous Continuous Continuous FY86-877
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Feb 85, Pre-excavation, Bikini uR/hi-
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Figure Al. The 137 Cs exposure contour in pr per hour in the excavation site

prior to excavation. Exposure is quite variable and as high as 90 jjr/h Te

1jr/h numbers include 33 j1r/h of natural background. Note the difference

between contour lines is 10 ir/h.
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Feb 05 ExcavaLed, Bikini, uR/hr
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Figure A2. The 137 Cs exposure contour in 1jr per hour in the excavation

site subsequent to excavation of te top 40 cill of soil. Tile exposure is now

quite uniform and about 13 times lower tat of te average exposure prior to

.excavation.' The pr/h numbers iclude 33 or/h of natural background. Note

the difference between contour lines is I pr/h.
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Table A3. Cooking ananas in tbe eavatio pt where 40 c of soil
was removed 2 months previously.
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CS-137 UME DEPENDENCY
ENEU IS. HIGH K TREES 25ABC&D
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Figure A4. The concentration of 137 Cs in pCi/g �qet weiqht in drinking

coconut meat and fluid for the four initial experimental trees on Eneu Island

at Bikini Atoll. Dates are given as the year and onth; thus, 810 is

flay of 1981. The natural activity is due to natural radioactive potassium (K-40).
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CS-137 TIME DEPENDENCY
ENEU IS. HIGH K TREES 1,2A.10&17A
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Figure A5. The concentration of 137 Cs in pCi/g wet weight in drinking

coconut meat and fluid for the five trees in the replicate experiment on

Eneu Island. Dates and natUral radioactivity are as in Figure A4.
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CS-137 TIME DEPENDENCY
BIKINI IS. HIGH K TREES B-1.4,9,10&13
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Figure A6. The concentration of 11"37 Cs in pCi/g wet weight in drinking

coconut meat and fluid for the five trees on Bikini Island. Dates and

natural radioactivity are in Figure A4.
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INTRODUCTION

options and methodologies for the development of fresh water
supplies on Bikini Atoll are much the same as those practiced
in the rest of the Marshall Islandsr and for that matter,
most atolls in the central Pacific Ocean Basin. That is,
rainfall distribution on Bikini produces a distinct wet
season, lasting from about May through November, with the
remaining months being generally dry. As a result, fresh
water from surface catchments tends to be plentiful during
the wet season? but is usually scarce during the dry months,
and alternative sources such as groundwater must be utilized
during this time. On Bikini the problems of fresh water
supply are somewhat more difficult than for most Marshall
Island atolls because rainfall is only about half the
Marshall Island's average. Tus water supply is a critical
factor limiting the carrying capacity of Bikini Atoll.

To address this problem BARC has undertaken a study of the
Bikini Atoll water supply. Te primary objectives of this
work are to determine: (1) alternatives available for fresh
water supply, 2 the amounts, location and quality of
available supplies and 3 optimal development methods.
The studyr planned for one's year duration, has been underway
only since the summer of 1985l and is thus not yet fully
completed. Howeverr work done to date, which is presented in
this report of preliminary findings, provides a reasonably
accurate picture of Bikini's fresh water supplies and the
various options available for their development. The work
remaining to be completed will mainly add refinements to the
water supply picture presented in the sections to follow.

GROUNDWATER SUPPLIES

Monitorina C-11A

To determine groundwater development potential, a total of
53 monitor wells 21 on Bikini, 30 on Eneup and each on Nam
and Enedrik) were utilized to measure various groundwater
quality and quantity parameters. Of these 49 have been
constructed during the BRC study and 4 were constructed
previously by scientists from Lawrence Livermore National
Laboratory (LLL). Figure I shows the well locations and
Table well details.

The purpose of the monitoring well program is twofold. To
assess the suitability of groundwater for drinking and
agricultural use various water quality parameters such as
salinity, chloride concentration Cl)r electrical
conductivity, and radionuclide concentration are being
monitored on a regular basis. This program began in August
1985 and will continue through at least the summer of 1986.
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Results obtained to date are presented in te following
section on Water Quality Monitoriag. Te second purpose of
the well monitoring program is to obtain quantitative data on
the physical nature of the aquifers, primarily from
groundwater tidal responses and pump testing. This
information can then be used to evaluate such things as long-
term aquifer sustainable yield and responses to alternative
groundwater development schemes. The physical aquifer
testing began only in February 1986 and results will be
presented in a later report.

Groundwater Ouality Monitor'

A program involving three different types of groundwater
quality monitoring has been undertaken. First, an effort is
being made to delineate overall groundwater salinity, both in
time and space, for the atoll. Field and laboratory
measurements of total salinity, chlorides, and electrical
conductivity of groundwater from Bikini and Eneu islands were
made in August and November 1985 and February 1986.
Additional measurements are planned for May and possibly
August 1986. In addition groundwater from wells on'Enedrik
and Nam was tested in Novemeber 1985. All the 1985 results
are given in Table 2 (the February 1986 results have not yet
been processed). It should be noted that U.S. drinking water
standards require Cl concentration of 250 mg/1 or less
(salinity of 046 ppt) and TTPI standards are slightly less
stringent at 400 mg/1 (salinity of 074 ppt).

To evaluate in more detail te suitability of groundwater for
drinking purposes, during February 1986 groundwater samples
from wells B4-12 and HFH-7 on Bikini and wells E5-12, E-271
E8-15 and FWR-4 on Eneu were collected and are presently
being analyzed for a complete suite of inorganic constituents
of greatest interest for drinking water. These results will
be described in a later report.

Finally, groundwater samples were collected in November 1985
and February 1986 by scientists from LLL for radionuclide
analysis, specifically Sr-901 Cs-137 and transuranics.
Results of these analyses are not yet completed and also will
be published in a later report. Some radionuclide data have
been collected previously by LLL, and they are shown in Table
3. As can be seen, groundwater on Eneu generally meets U.S.
standards (Sr-90 - 0 pCi/1 and Cs-137 - 200 pCi/1) but
Bikini groundwater does not. Results from the most recent
sampling cycle should further confirm the groundwater
radionuclide picture.

Historic Data

In addition to the data collected by the BARC study a limited
amount of groundwater quality data has been collected by
previous investigators. These data are summarized in Figure 3
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and Tables 4 and 5. From these data it appears as though
the quality, at least in terms of C1 and total salinity of
Eneuls groundwater has not changed appreciably during recent
years. However, early data from Bikini suggest that
groundwater there once was somewhat fresher than at present.
The U.S. Geological Survey work (Emery, Tracey and Ladd,
1954) indicates that in 1946 groundwater on Bikini was
appreciably fresher than today, at least in the few wells
sampled. It is quite likely, however, as alluded to in their
report, that the very low Cl observed was mainly a function
of rainfall standing in the well bore and did not reflect
true groundwater quality at that time. Likewise, several of
the very low C1 values reported by Noshkin &I Al 1977 in
1975 undoubtably are measurements of pure rainwater and do
not reflect actual aquifer conditions. The C values
reported in 1972 by Tenorio for Bikini groundwater probably
are much more accurate representations of true aquifer
conditions as the samples were collected during periods of
very low pumping rates and not simply skimmed off the top of
the water column in the well bore. These values also are
slightly fresher than the values we are observing todaye but
are in the same general ballpark.

It is likely that the overall salinity of Bikini groundwater
has increased during the past decade. This can be accounted
for by: (1) lower rainfalls during the past several years
(the average annual rainfall for Bikini is 50+ inches but in
1984 it was only 32 inchest in 1985 46 inchest and 1983F
although not recorded was also an extremely dry year), and
(2) probably more important, the increased water usage of the
maturing coconut trees. In all likelihood a greatly reduced
portion of the total rainfall is able to recharge the
groundwater body today compared to earlier times when uptake
by coconut tree was considerably less. However, as long as
the present density of coconut trees is maintained it is
unlikely that groundwater recharge will increase
substantially and thus the present high groundwater
salinities can be expected to persist.

Results

Based on the water quality data presented in Tables 23 it
can be seen that Eneu is te only island in the atoll with
any appreciable fresh groundwater resource. In terms of both
radionuclides and salinity Bikini at present has no water
that meets drinking water standards. Likewise, from the
standpoint of salinity, it is virtually certain that none of
the other smaller islands have potable groundwater. The most
favorable of the smaller islands (because of their size) are
Nam and Enedrik. Although groundwater samples were collected
only once from a single site on each of these islandst the
sampling wells are located in sites that should be favorable
for fresh groundwater accumulation, and yet the analyses
showed very saline water, about 30% seawater on Enedrik and
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almost 50% seawater on Nam. Thus it is extremely unlikely
that any of the other even smaller islands in the atoll would
contain fresh groundwater.

To show the location and general extent of fresh groundwater
resources, salinity contour maps (Figure 3 and hydrogeologic
cross-sections (Figures 4 and 5) have been constructed for
Eneu and Bikini. For Eneu these show the extent of the 250
and 400 mg/1 isochlors (U.S. and TTPI drinking water limits),
and for Bikini the 1000 and 2000 mg1l isochlors (useful only
for irrigation purposes). Based on the areal extent and
depth data contained in the isochlor maps and cross-sections,
and assuming an average aquifer porosity of 20%, crude
estimates have been made of the volumes of fresh water
contained in the Eneu and Bikini groundwater bodies. These
are as follows:

Eneu (apron/runway area): 250 mg/1 C.....,,,17,,000,000 gal
400 mg/1 C1 ........ 25,000,000 gal

Bikini (near B-4 & B-8): 1000 mg/l Cl...........180,000 gal
2000 mg/l C ........... 550,000 gal

SURFACE WATER

Rainfall

Rainfall gathered from rooftops and other catchment areas
will constitute the primary source of fresh water supply in
Bikini. Rainfall characteristics, at least from the long-
term statistical sense that is generally required for precise
hydrologic evaluation, are not available for Bikini Atoll.
LLL has been collecting rainfall data since 1982 and has
complete records only for the years 1984 and 1985 (Table 6.
During both of these years annual rainfall was well less than
the generally-reported average of 50+ inches.

In addition to the LLL data, Holmes and Narver previously
developed a rainfall distribution curve for their 1975 master
plan for Bikini based on an average annual rainfall of 57.4
inches (Figure 7. Both the Holmes and Narver planning
rainfall distribution and the actual rainfall as measured by
LLL will be used for computation purposes in this report. It
should be recognized that during any given year the total
amount of rainfall and its monthly distribution may vary
considerably from the Holmes and Narver model and the actual
rainfall measured in 1984 and 1985. However, since the
rainfall catchment computations.in this report are of a
preliminary nature and will be used primarily for comparative
purposes, these limited rainfall data should be adequate.
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Catchment Svstems

Two principal rainfall catchment systems can be used on
Bikini Atoll, individual rooftop catchments and larger
impervious catchments such as the Eneu runway/apron surface
and any other impervious surfaces constructed especially for
rainwater catchment.

In addition to the amount and seasonal distribution of
rainfall, which determines the water input into the system,
other factors that determine relative efficiency of catchment
systems are the catchment area, the storage volume, and the
rate of water consumption. If values for these four
variables are known a running budget of water in storage from
the catchment system can be computed. For the case of Bikini
Atoll several sample budgets have been computed using the
Holmes and Narver planning rainfall distribution together
with various combinations of roof catchment area, storage
volume, and daily consumption. These computations indicate
that roof catchment areas of at least 1200-1400 q ft and
storage tank volumes of 5000-6000 gallons will be required.
As an example, Table 7 shows budget calculations for three
different consumption rates, 20, 15, and a mixed 15 and 12
gallons-per-day/person (gpd/person) and assumes the following
conditions: Holmes and Narver planning rainfall distribution,
1400 sq ft roof catchment area with 85% catchment efficiency,
6000 gallon storage volume, and persons per household.
These computations indicate that roof catchment should be
effective in producing water supply at modest consumption
rates throughout the rainy season but in most years
additional supplies will be required during the driest
months. Only for the case of consumption rates of 5
gpd/person during May-December and reduced rates of 12
gpd/person during January-April was it possible for roof
catchment to approach supplying 100% of total consumption.
During very dry years roof catchment will have to be
supplemented by other sources to a much greater extent. For
example, Table shows budget calculations for conditions
similar to those modelled in Table 71 but using actual
rainfall data measured on Bikini for 1984, one of the driest
years on record throughout the central Pacific Basin. Under
these conditions roof catchment would have provided the very
modest consumption rate of 12 gpd/person for only about half
the year, and the slightly higher rate of 15 gpd/person for
only 4 months in 1984. It is interesting to note that on
Enewetak, where rainfall is about the same as for Bikini,
roof catchment systems with 6000 gallon tanks were used
during the 1983-84 drought and no severe water shortages are
known to have occurred. Actual consumption rates during this
period are not known. 

In addition to individual roof catchments, two other
catchment options are available. The runway/apron area on
Eneu is already in place and if additional sealing work were
done, it could provide up to nearly one million sq ft of
usable catchment surface. On Bikini, if desired, an
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impervious surface could be constructed specifically for use
as a catchment basin. In both cases collection and storage
facilities would have to be constructed.

If it is assumed that these surface catchments have an
efficiency of 60-80% (personal communication, W. Toelkest IBC
and A. Kubo, BDM Corp) each 1000 sq ft of surface area will
produce between 375 60% efficiency) and 500 (80% efficiency)
gallons of water per inch of rainfall. At these rates, if
the entire Eneu runway/apron surface is used for catchment,
it will produce about 370r000-490,000 gallons of water per
inch of rain, assuming of course that sufficient storage
capacity is available to store the water. The approximate
costs of sealing the runway/apron area and constructing new
impervious catchment surfaces including appurtenant
conveyance and storage facilities are discussed in the
following section on Water Suppl Options.

WATER SUPPLY OPTIONS

outer islands

Fresh water supplies for all the small outer islands are
extremely limited. Our observations of groundwater
occurrence on Enedrik and Nam, the largest of the outer
islands and thus the most favorable for groundwater
accumulation, indicate that no fresh groundwater presently
exists# and it is extremely unlikely that any fresh
groundwater will ever accumulate in these islands except,
perhaps, during extremely wet years. Even if small amounts
of potable groundwater do accumulate during very wet periods
its existence will be very ephemeral. Thus the only
conceivable fresh water supply for the outer islands must
come from constructing impervious catchments or importing
water.

Eneu

Of all the islands in the Bikini Atoll, Eneu by far is the
most favorably endowed with fresh water sources. If as
expected, individual roof catchment and storage systems are
utilized, during most years they should provide adequate
fresh water supplies for household use during all but the
driest few months each year when additional sources will be
required (the time when additional supplies will be required
will of course depend on the rainfall conditions, the size of
the catchment and storage system and the rate of
consumption). During those times when rooftop catchment
sources are depleted groundwater supplies and/or runway/apron
catchment water can readily be utilized.

According to the calculations developed in the previous
section on Groundwater Supplies some 17 to 25 million gallons
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of fresh groundwater (depending on which drinking water
standard is used) presently are in storage beneath and
adjacent to the Eneu runway/apron. The usual procedure for
determining the amount of sustainable yield from such
groundwater aquifers is based on calculations of recharge
from rainfall which has not yet been completed for Eneu.
However, experience at other atolls in the Marshall Islands
and elsewhere in the central Pacific indicates that as much
as 10% of the fresh groundwater in storage can be developed
each year. This would potentially provide some 15-2.5
million gallons of additional fresh water annually, ample to
supply Eneuls needs during the dry months when roof catchment
water is not available. Costs for groundwater development
have not been computed but they certainly will be low
compared to other options, probably a few $100rOOO at most.

As calculated in the previous section on Catchment Systems,
the Eneu runway/apron area is capable of producing some
400,000+ gallons of water per inch of rainfall. Thus if
adequate storage were constructed surface catchment from the
runway/apron could provide several million gallons of water
per year, again adequate to satisfy all Eneuls dry season
water needs plus most likely those of Bikini as well. It
should be pointed out that any water collected from the
runway/apron area by surface catchment will no longer be
available for groundwater recharge and thus will reduce the
amount of groundwater that can be developed. Costs for
sealing the Eneu runway/apron area and piping, pumping and
storage facilities are given in Table 9 of the following
section.

Bikini

It is anticipated that roof catchment and storage systems on
Bikini, as for Eneu, will supply individual household water
needs during all but the driest months in normal rainfall
years. Any additional fresh water needs for agriculture and
for household use during very dry years must be obtained from
other sources. Bikini, unlike Eneup cannot rely on
groundwater to supply these requirements. As indicated
previously Bikini's groundwater contains unacceptably high
levels of both radionuclides and salinity. It is likely that
if soil and vegetable removal is the clean-up option chosen,
radionuclides will be flushed from Bikini's groundwater
system within a few years. Furthermore, it is possible that
with the wholesale removal of coconut trees during suc a
clean-up, recharge to the groundwater will increase and the
groundwater body will freshen somewhat. It is unlikely,
howeverv that Bikini's groundwater body will ever be capable
of providing substantial fresh water supplies. Tus
alternative fresh water sources must be considered for Bikini
Island.

Three options have been examined in this reportr construction
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of a large impervious catchment system on Bikinir use of the
Eneu runway/apron catchment system and transport of water by
pipeline to Bikini, and desalting. Technically all are
feasible (although desalting presents many technological
challenges in the harsh Bikini environment), and all are
capable of producing the amounts of fresh water required.
Table 9 summarizes very rough costs for various combinations
of each of the three alternatives.

Using the 1984 Bikini rainfall distribution as a worst case,
budget calculations for water in storage from a large
impervious catchment surface (following the same techniques
as used in Tables 7 and for individual roof catchment
systems) indicates that a catchment area of approximately
25OyOOO sq ft with 2 million gallons of storage will supply
151000-20rOOO gpd (about 20 gpd/person for 800-1000 persons)
during the dry times when water from individual roof
catchment systems is depleted.

Thus for comparative cost purposesr the catchment systemr
whether it be the existing Eneu runway/apron area or a newly
constructed catchment on Bikini, was assumed to have an area
of 250,000 sq ft with 2 million gallons of storage. From
Table 9 the rough cost for using the Eneu runway and piping
the water to Bikini is 2,240,000 ($900,000 for runway
sealing and water collection, 440,000 for 2 million gallons
of storage with floating roof, 900,000 for Eneu-Bikini
pipeline and pumps). The cost for a similar system
constructed on Bikini is about 1,700#000 $lt250,000 for the
catchment system and 440,000 for 2 million gallons of
storage).

There are advantages and disadvantages to each system. From
a purely cost standpoint it appears the Bikini system would
be preferred, especially since operational pumping costs have
not been considered in these estimates. It must be recognized
however, that these cost estimates are very approximate, and
firmer figures would have to be obtained before actually
making a decision. A Bikini system would have the additional
benefit of being situated on Bikini and thus would not be
subject to any possible pipeline or pumping problems.
Conversely, such a system located on Bikini would occupy
about 10 acres or more of very valuable landr whereas the
runway and apron on Eneu are already in place. Finally if
the present Eneu runway/apron were used it could serve the
dual purpose of water supply for Eneu as well as Bikini. To
summarize, from a cost standpoint both systems are in roughly
the same ballpark, but perhaps even more important, both of
these systems are simple to operate, relatively maintenance-
freer and have very low energy operating costs, all factors
of primary importance in the Bikini environment.

A comparative evaluation of the costs of the desalting option
is much more difficult. The Cost estimates given in Table 9
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for desalting cannot be transferred directly to the Bikini
situation with any reasonable degree of confidence for
several reasons. Firstj for the most part, these figures are
based on much higher production rates than those anticipated
for Bikini. Thus scaling factors will be very important and
these were not readily available. Generally speaking, per
unit desalting costs are much greater at low rates than at
higher ones. Secondly, each cost figure is very site
specific. For example, the system presently being
constructed on Ebeye, an atoll environment in the Marshall
Islands similar to Bikini, will use waste heat from the new
Ebeye power plantr thus energy operating costs will be much
lower than those for Bikini. The Honolulu demonstration
plant will produce more than 50 times the amount of water
required from a Bikini plant# and will desalt brackish water
only about one-tenth as saline as the seawater a Bikini plant
would use. Furthermorey it is located near Honolulu where
realtively low-cost energy and highly trained technical
personnel are readily available. Even for the Johnson Island
reverse osmosis system, which would seem to be the most
similar to that required for Bikini, the cost estimates
listed in Table 9 are somewhat suspect. It is quite likely
that because Johnson Island is a U.S. military installation
such items as energy, transportation and manpower costs are
all much less than would actually be charged for a similar
plant on Bikini.

Thus before the desalting option can be seriously considered,
a more detailed evaluation must be made of the capital and
operation and maintenance costs of a desalting plant actually
located on Bikini, operating at a rate directly applicable to
Bikini's needs. Careful consideration should also be given
to the very stringent technological requirements for
operation in the Bikini environment and the availability of
technical expertise required to operate and maintain the
system,

SUMMARY OF CONCLUSIONS

The results presented in this report can be summarized as
follows:

(1) Fresh water supplies on the small outer islands (all
islands except Bikini and Eueu) are extremely limited.
Fresh groundwater is not available thus all potable
water must come from constructed catchment systems or
importation.

(2) Eneu Island has relatively plentiful fresh water
supplies. Individual household roof catchment water can
be readily supplemented by groundwater sources and/or
catchment from the runway/apron surface.
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(3) Bikini Island fresh water supplies are limited. Fresh
groundwater is not available, thus individual household
roof catchment water must be supplemented by either (1)
water from a new catchment system constructed on Bikini,
(2) water from the Eneu runway/apron catchment system
which is then transported to Bikini via pipeline, or 3)
desalting.

(4) All three options listed above are capable of providing
the quantities of supplemental fresh water required for
Bikini Island, however, the true costs of catchment
versus desalting are not well defined at this time.
Capital costs for the two catchment options (1 and 2
above) are roughly comparable, and probably are
considerably higher than for the desalting option.
Operation and maintenance costs (especially energy and
technology requirements) for desalting at Bikini Atoll,
though not well definedr undoubtedly will be extremely
high. Thus before a final decision can be made on which
option to user more detailed study of the costs,
especially those for desalting, must be undertaken.
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TABLE 1. Bikini Atoll Test Boreholes.

Well Number Depth J111 LocatiQn

BI-12 12 Bikini
BI-19 19
Bl-28 28

B2-12 12
B2-19 19
B2-26 26

B3-12 12
B3-19 19
B3-28 28

B4-14 14
B4-19 19
B4-29 29

B5-12 12
B5-19 19
B5-27 27

B6-14 14

B7-12 12
B7-19 19
BP7-19 19

B8-12 12

El-12 12 Eneu
EI-19 19
EI-29 29

E2-12 12
E2-19 19
E2-29 29

E3-12 12
E3-19 19
E3-29 29

E4-12 12
E4-19 19
E4-27 27

E5-12 12
E5-19 19
ES-27 27
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Well Number Depth (ft) Location

E6-11 11 Eneu
E6-19 19
E6-28 28

E7-10 10
E7-19 19
EP7-19 19

E8-11 11 w
E8-15 15

E9-9 9 m

E10-9 9 a
E10-13 13.5 6

Ell-11 11.5 a

E12-11 11 a
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TABLE 2 Bikini Atoll Water Quality Measurements.

Salinity cl Salinity ci
Well (put) (mg/1) Date (Rvt) (mg/1)

BI-12 7/26/85 19.5 14377 11/18/85 19.8 13450
Bl-19 23.2 23.1
BI-28 25.5 24.8

B2-12 21.2 17.2
B2-19 24.8 23.7
B2-26 24.5 23.0

B3-12 3.8 3.9 2574
B3-19 24.8 23.5
B3-28 27.0 18095 25.9

B4-14 4.2 2068 1.0 690
B4-19 21.0 19.9
B4-29 25.5 24.5 18090

B5-12 16.5 11078 15.6 10850
B5-19 23.3 15306 22.0 15450
B5-27 26.0 24.7

B6-14 20.5 20.9

B7-12 n 20.9 21.8
B7-19 22.1 19.6
BP7-19 22.9 20.3

B8-12 2.3

HFH-7 715/85 2.0 1124 4.0 450
(Bikini)

El-12 7/26/85 0.2 56 11/19/85 0.2 62
El-19 7.0 3975 4.9 2979
EI-29 16.3 19.0

E2-12 7/28/85 0.6 174 0.5 186
E2-19 6.1 3588 5.1
E2-29 21.2 15050 19.7 14770

E3-12 6.7 4337 7.6 3900
E3-19 10.5 7600 10.1 5144
E3-29 18.0 16.9

E4-12 0.8 431 0.8 368
E4-19 10.2 9.8
E4-27 15.0 10093 14.6 10640
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E5-12 7/28/85 0.1 23 11/19/85 0.1 23
E5-19 0.1 30 0.1 16
E5-27 0.1 21 0.1 15

E6-11 0.8 287 0.9 281
E6-19 1.5 652 1.6 724
E6-28 7.5 4683 8.0 5158

E7-10 4.0 2247 3.5 2059
E7-19 11.4 8159 11.2
EP7-19 4.4

EB-11 0.2 61 0.2
E8-15 0.1 22 0.1

E9-9 0.2

E10-9 0.4 209
E10-13 0.8 418

Ell-11 2/19/86 0.5 180

E12-11 2/19/86 0.4 135

FWR-4 7/23/85 0.1 18 11/19/85 0.1
FWR-6 ---- w 0.8

Nam ---- 11/16/85 15.0 10167

Enedrik ---- 11/9/85 10.0 7567
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TABLE 3 Cesium-137 and Strontium-90 Concentrations in
Bikini Groundwater (after W. Robisonr LLL,
unpublished results).

Island W-PU DAIte Sr-90 (pCi/1) Cs-137 NCi/l)

Bikini HFHI 6/21/75 57 601
1/24/77 7.2 ---

11/19/77 25.5 ---
11/8/78 12.3 ---

HFH2 6/19/75 77 294
11/23/77 7.3 ---
11/19/77 77.5 ---

11/9/78 13 ---

H�M 6/20/75 227 335
1/24/77 4.0 ---

11/20/77 73.6 ---

E�H4 6/20/75 260 226
1/24/77 21.9 ---

11/20/77 92 ---

HFH5 6/19/75 180 530
1/23/77 4.2 ---

11/20/77 4.0 ---

E�V 6/20/75 1.0 250
1/24/77 4.2 ---

11/20/77 6.4 ---

Eneu FWRI 6/24/75 58.3 32.7
1/27/77 9.9 ---

11/17/77 8.2 ---

FWR2 6/22/75 66 69
1/27/77 3.9 ---
11/7/77 1.3 ---

FWR3 6/22/75 1.3 32
W 1/27/77 4.2 ---

FWR4 6/22/75 3.4 1.1
1/27/77 9.5 ---
11/7/77 2.8 ---

FWR5 1/28/77 32.6 ---
11/19/77 10.7 ---
11/7/78 7.7 ---
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TABLE 4 Historic Groundwater Salinity Data From Bikini
and Eneu Islands.

Island Well Date Salinity (pvt) Chlorides G/1)

*Bikini 2A 9/24/46 --- 32
v 2B a --- 86

+Bikini B-1 4/25/72 --- 909-3000
B-2 4/26/72 --- 1015-1115
B-3A 5/3/72 --- 1245
B-4 5/3/72 1040
B-5 5/3/72 --- 1025
B-6 5/2/72 --- 955-1547

xBikini HFH1 6/21/75 0.90 475
HFH2 6/19/75 0.06 6
HFH3 6/20/75 2.56 1390
HFE4 6/20/75 0.14 53
HFH5 6/19/75 0.67 344
HFH7 6/20/75 0.61 315

xEneu FWR1 6/24/75 1.07 559
FWR2 6/24/75 3.33 1820
FWR3 6/22/75 2.61 1420
FWR4 6/22/75 0.10 30.9

*After Enery, Tracey, and Ladd, 1954, U.S.G.S. Prof. Paper
260-A.

+After P. Tenorio, 1972, TTPI memorandum to file.
xAfter Noshkin, Robisonf Wong, and Eagle, 1977, LLL Report

UCRL-51879, part 4.
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TABLE 5. Detailed groundwater quality analysis from Bikini & Eneu

U. S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION

Analyses by Geological Survey, United States Department of the Interior
(milligrams per liter)

Laboratory Number HAW 2736 HAW 2737 HAW 2738

Date of collection May 2 1972 May 3 1972 May 4 1972
1400 hours 1105 hours 0815 hours

Silica (SiO2) ............. 2.0 1.5 1.2

Iron (Fe) .................
Manganese (Mn) ............

Calcium (Ca) .............. 80 113 56
Magnesium (Mg) ............ 75 200 32
Sodium (Na) ............... 370 1740 62
Potassium (K) ............. 19 85 2.7

Bicarbonate (HC03) ........ 376 326 260
Carbonate (CO3) ........... 0 0 0
Sulfate (SO4) ............. 109 374 31
Chloride (Cl) ............. 640 3000 115
Fluoride (F) .............. 1.0 1.2 1.2
Nitrate (NO3) ............. 18 37 .8

Dissolved solids
Residue on evaporation at
1800C Calculated 1500 5710 430

Hardness as CaCO3 ......... 509 1110 271
Noncarbonate hardness as -

CaCO3 .................. 198 838 58
Alkalinity as CaCO3 308 267 213
Specific conductance

(micromh.os at 250C) ...... 2730 9610 802
pH ........................ 7.8 8.3 8.2
Color .....................
Carbon dioxide C2)calcula-

ted ...................
Temperature (OC) .......... 29.0 24.7 28.0

Dug well B-6 Dug well B-7 Camp well (dug)
Bikini Isl. Bikini Isl. Eneu Island
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TABLE 6 Monthly rainfall for Bikini and Eneu (provided by W. Robison,
Lawrence Livermore National Laboratory).

Rainfall, inches

Date Bikini Eneu

1/82 No Data 0.03
2/82 No Data 0.55
3/82 No Data 2.64
4/82 No Data 3.89
5/82 No Data 11.36
6/1-22/82 No Data 0.78
7/10-31/82 No Data 9.56
8/82 No Data 10.01
9/82 No Data 11.06
10/82 No Data 12.01
11-482 No Data 7.39
12/82 No Data 2.37

No Data Z 71.65

1/83 No Data 1.51
2/83 No Data Data tape problem;
3/83 No Data Data still to be
4/83 No Data retrieved.
5/83 Mo Data sIme as aDove
6/83 No Data same as above
7/83 No Data same as above
8/83 No Data same as above
9/83 No Data 7.6
10/1-16/83 No Data 0.38
11/83 No Data 0.01
12/83 No Data 1.61

1/84 0.23 0.66
2/84 0.97 1.08
3/84 1.57 1.92
4/84 0.50 0.71
5/84 0.24 0.13
6/84 4.47 3.90
7/84 0.51 0.96
8/84 6.76 5.87
9/84 4.01 3.13
10/84 4.73 7.76
11/84 3.98 7.22
12/84 3.76 3.18

131.7 Z36.5

1/85 0.39 3.3
2/85 0.64 0.08
3/85 1.32 2.50
4/85 2.59 1.55
5/85 7.15 8.79
6/85 4.53 3.25
7/85 2.35 1.97
8/85 6.69 5.27
9/85 7.95 5.70
10/85 6.58 5.22
11/85 3.21 3.04
12/85 2.27 1.93

Z45.67 Z42.60
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TABLE 7 Roof Catchment Storage Budget (note: values in the
deficit (Def) column represent the amount of water
not available from roof catchment that must be
supplied from other sources).

Assumptions: Rainfall: 1975 Holmes Narver Planning Rain
Roof Area: 1400 sq ft
Catchment efficiency: 85%
Storage volume: 6000 gal
Household size: 
Condition #1 usage: 20 gpd/person
Condition 2 usage: 15 gpd/person
Condition 13 usage: 15 gpd/person May-December,

12 gpd/person January-April

Condition #1 Condition 2 Condition 3
Month Input In-Use Z= Dif Tn-T7-c;p Z-= D-e-f In=_jj&a S= DAL

July 5400 +600 600 0 +1800 1800 0 +1800 1800 0
Aug 5400 +600 1200 0 +1800 3600 0 +1800 3600 0
Sept 5400 +600 1800 0 +1800 5400 0 +1800 5400 0
Oct 7450 +2650 4450 0 +3850 6000 0 +3850 6000 0
Nov 4700 -100 4350 0 +1100 6000 0 +1100 6000 0
Dec 2600 -2200 2150 0 -1000 5000 0 -1000 5000 0
Jan 750 -4150 0 2000 -2850 2150 0 -2150 2850 0
Feb 1400 -3400 0 3400 -2200 0 50 -1500 1350 0
Mar 1350 -3450 0 3450 -2250 0 2250 -1550 0 200
Apr 1300 -3500 0 3500 -2300 0 2300 -1600 01600
May 3800 -1000 0 1000 +200 200 0 +200 200 0
June 3150 -1650 0 1650 -450 0 250 -450 0 250
July 5400 +600 600 0 +1800 1800 0 +1800 1800 0

Note: all quantities are given in units of gallons.
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TABLE 8. Roof Catchment Storage Budget Using 1984 Bikini
Rainfall (Note: values in the deficit column
represent the amount of water not available from
roof catchment that must be supplied from other
sources).

Assumptions: Rainfall: 1984 Bikini rain
Roof area: 1400 s ft
Catchment efficiency: 85%
Storage volume: 6000
Household size: 
Usage condition #I: 12 gpd/person
Usage condition 2: 15 gpd/person

Condition #1 Condition 2
Month Inr>ut In-Use Z= Dal In-Use Stor D&L

July 400 -2500 0 2500 -3200 0 3200
Aug 5050 +2150 2150 0 +1450 1450 0
Sept 3000 +100 2250 0 -600 850 0
Oct 3500 +600 2850 0 -100 750 0
Nov 2950 +50 2900 0 -650 100 0
Dec 2800 -100 2800 0 -800 0 700
Jan 150 -2750 so 0 -3450 0 3450
Feb 700 -2200 0 2150 -2900 0 2900
Mar 1150 -1750 0 1750 -2450 0 2450
Apr 350 -2550 0 2550 -3250 0 3250
May 200 -2700 0 2700 -3400 0 3400
June 3350 +450 450 0 -250 0 250
July 400 -2500 0 2500 -2500 0 2500

Note: all quantities are given in units of gallons.

30



TABLE 9 Cost Estimates For Freshwater Alternatives
(items 1-5 after W. Toelkesr International Bridge
Corp; items 6 and 7 after Holmes Narverl Honolulu
office; item after CH2MHill Cot Honolulu Office).

1. Eneu runway (sealing, piping, pumping):
total apron/runway area ...... $3,600,000
500,000 sq ft ...... 60616044606 18001000
250,000 sq ft ..... 00600000000 900,000

2. New catchment construction ($5/sq ft):
500,000 sq ft ...... *ee***9e**$2r500r000
250FOOO sq ft ..... 000000000* 1250,000

3. Storage tanks (rubber-lined earth berms):
Without floating roof: $.20/gal - $200,000/million gal
With floating roof: $.22/gal - $220,000/million gal

4. Eneu-Bikini pipeline (6-inch sch. 0 PVC
buried in concrete): $22.50/ft 3r000 ft ... 795,000
Pumping station .... 1008000

$895tOOO

5. Desalting (Ebeye power plant waste heat):
Capital cost ...... oooooooeeoeeoo$41,5OOtOOO/l6OrOOO gpd
Operating cost .... gal

6. Desalting (Johnson Is. reverse osmosis):
Capital cost ...... 0*000000090000*0$75OfOOO/l4OlOOO gpd
Operating cost ....... 9�*e*�ee*9oee** ...... $10/1000 gal

7. Desalting (Bikini LLL camp reverse osmosis):
Capital cost., .... oooooooooooooooooo$20,000/2tOOO gpd
Operating cost not available

B. Desalting (Honolulu I mgd demonstration
plant using combination of reverse osmosis
and electrodialysis reversal):
Capital cost ..... ee**oooooeooo$4,215,000/lrOOOFOOO gpd
Operating cost ....... ....... $3/1000 gal
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APPENDIX C: REHABILITATION COSTS

1. INTRODUCTION

The costs of radioactivity contamination control and other matters

relating to the resettlement of Bikini Atoll were reviewed for BARC by

a panel of engineers which met in Berkeley, California on January 22-24,

1986. The meeting was chaired by BARC member Arthur S. Kubo and was

attended by Henry I. Kohn, Chairman* The members of the panel were as

follows:

Lawrence Camp
Hanscomb Associates
Suite 500, 8 Piedmont Center
Atlanta, Georgia 30305 (404) 262-3638

Winfred Lee
U.S. Army Corps of Engineers
Pacific Ocean Division
Fort Shafter, Hawaii 96858 (808) 438-1154

Ian Mousley
Morrison-Knudson Engineers, Inc.
180 Howard Street
San Francisco, California 94105 (415) 442-7435

William E. Toelkes
International Bridge and Construction, Inc.
Post Office Box 21149
Hain Postal Facility
Guam, Mariana Islands 96921 (671) 646-4370 (International)

In addition,

Ms G. Rivkin
Rivkin Associates
7508 Wisconsin Avenue
Bethesda, aryland 20814

presented a community plan for cost analysis.

The cost estimates are based on 1986 construction with no escalation
during the construction period.
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2. TYPES OF CONTAMINATION CONTROL

The methods under consideration for contamination control on Bikini

Island fall into three major categories: removal of contaminated soil

by excavation, treatment with potassium salt, or treatment with sea water

irrigation.

2.1 Excavation Programs

Excavation requires clearing the island of vegetation 560 acres),

followed by the removal of one foot of topsoil 940,000 cubic yards).

There are three cost-sensitive alternatives for disposal of the spoil:

(a) Construction of a berm on the ocean side of the island

(Figure C-1). This would require an additional 64,000 cubic yards of

armor stone to be mined from the reef.

(b) Dumping (after bagging or by tremie) into the BRAVO Crater

on the other side of the agoon (about 19 miles away); or dumping on Nam

Island, thereby raising its elevation some four feet. A tug-barge operation

would be employed 10 hours/day, 6 days/week.

(c) Using the spoil in the construction of a causeway miles

long between Bikini and Eneu Islands requiring 420,000 cubic yards of

armor stone mined from the reef. The cross-sectional dimensions are shown

in Figure C-2.

These are relatively large-scale operations, made more difficult

by the remote construction location. Construction could be accomplished

over the course of two years after planning was completed (Figure C-3).

About 6 to 12 months would be necessary for the design, planning and

procurement to begin this operation. Regulatory requirements may lengthen

this preconstruction period.

A construction camp would be required capable of supporting

a crew of 180 workers at one time when necessary (Figure C-3). The camp

might be located on Eneu for amenity and to escape the Bikini construction

dust, although this may be better judged later on. The camp buildings

may be either of permanent or less expensive temporary construction (a

decision best left to the Project Manager). If permanent, the design would
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be such that the buildings could be adapted for subsequent use by the

Bikini community. The difference in cost for the camp would be 1,900,000.

For the electric power and concrete plants, the cost difference would

be 400,000 and 340,000, respectively (Table C-1).

A second cost-sensitive choice would be between foreign and

U.S. labor. On this score, Bikinians should be given the opportunity

to work on the project as much as possible. However, training and

experience would be necessary for many of the jobs.

As a rule of thumb, based on the calculations in Addenda I-VI

of this Appendix, the use of temporary rather than permanent construction

for the projected construction camp would reduce the entire project's

total cost by 57% and the use of foreign labor instead of U.S. labor

would reduce the cost by 20%.

It should be noted that after demobilization a number of useful

structures would remain at no additional cost: the reconditioned airstrip

and apron together with the "airport" building on Eneu; two lagoon-side

docks, one at Bikini and one at Eneu a water collection system on Eneu

with a storage capacity of 1.5 million gallons; and an electric power

plant. Presumably some of the temporary structures could be left in place

and would be useful during the transitional period of resettlement.

2.2 Excavation Budgets: Cost-Analysis

The cost specifications which underlie the present budget

estimates are detailed in Addenda I-V under the headings of Summary,

Mobilization/Demobilization, Indirect Costs, Direct Costs, and Costs for

Other Options. They are categorized into Contractor and Owner costs and

can be aggregated to account for decontamination control per se -(e.g.,

excavation, berm construction) or mobilization, construction camp, etc.

The design of specific projects is included in the burden (see below);

however, the costs for master and/or economic planning are not included.

(a) Burden and Contingency: A contingency rate of 15% is used

for all costs. Two different sets of burden rates are used for contractor

and owner as follows:

C-5



Item Rate

Contractor Owner

General and Administrative 8 5
Fee 8 8
Insurance and Bond 2.24 1.25
Marshall Islands Business Tax 3.09 3.09
Design -7.5 0

Total Burden 32.16 18.37

(b) Mobilization and Demobilization Costs: Mobilization and

demobilization at Bikini Atoll are assumed from and to the west coast,

U.S. mainland (see Addendum II, Mobilization and Demobilization Costs).

W Labor Costs: Labor costs are estimated for the use of

(1) 100% U.S. personnel including unionized trades or (b) foreign labor

in all but key position (see Addendum I):

Base Labor Rates
Job U.S. Foreign

Construction Manager $5,500/mon. $5,000/mon. (U.S.)
Superintendent 5,000/mon. 4,500/mon. (U.S.)
Foreman 19.50/hr. 6.00/hr.
Operator 17.50/hr. 4.00/hr.
Laborer 14.00/hr. 3.00/hr.

To compensate for productivity differences between U.S. and foreign labor,
a factor of 2 multiplier is applied to foreign labor rates in the above
tabulation. The difference of wages for the Construction Manager and
Superintendent using U.S. versus foreign crews is based on off-shore
construction experience.

For the excavation projects considered here, the use of

foreign labor can reduce the total cost by approximately 20%.

W Permanent vs. Temporary Construction: In the case of the

construction (base) camp, power plant and concrete production, a choice

can be made between a permanent and temporary installation (Addendem IV).

As indicated in Table C-1 for the excavation-berm option, temporary

construction would reduce the cost of the entire project by 7.
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(e) Radiation Safety: The cost of radiation monitoring has

been included in the indirect costs (Addendum III). The soil must be

monitored to insure that excavation has reduced contamination to a safe

level. Likewise, the workers should be monitored to insure that none

has been overexposed. We are not certain as to the exact cost of such

services but have prepared the following budget estimate for the two-year

construction period:

Radiation survey and quality control $1.8 million
Whole-body counting (as required) 2.0 (Maximum)
Additional survey data for outer island .90
Legal fees .25
Consultant fees .15

Subtotal T5.1 million
Owner burden and contingency 36.12%) 1.2

TOTAL T6.3 million

M Revegetation: At the conclusion of the construction project,

the denuded island will require revegetation. The program, estimated

to require $8 million over a period of eight years, would be most active

during its initial period.

(g) Cost Summary: The cost of the excavation-berm option,

with U.S. labor and a permanent camp, totals 59.9 million (plus $8 million

for revegetation) (Table C-1). This summary represents an estimate of

all cost elements necessary to control contamination. Some of the

structures such as two piers and an 800-KW power station will be utilized

in the resettlement of the Atoll.

As noted above, the overall cost would be reduced by about 20

percent if foreign labor was employed.

Three other excavation options are considered in Table C-2,

dispose of the spoil by (a) dump it in the BRAVO Crater of the lagoon,

(b) dump it on Nam Island across the lagoon, and (c) use it in the

construction of a causeway between Bikini and Eneu Islands. These costs

range from about 25 million greater than berm construction for crater

dumping, to 28 million more for causeway construction. In general the

current estimates for dumping and berm construction are 13-23 million

greater than those of Report No. (allowing 5% inflation per year).
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Table C-2 illustrates for each option the differences that can

be generated by use of foreign labor and temporary construction where

they are suitable. Thus, the costs for the four principal options can

fall from the range of 60-88 million to 43-66 million.

2.3 Potassium Treatment

Potassium salt, for example that in fertilizer, has blocked

the uptake of cesium-137 by plants on Bikini. Whether or not such treatment

by itself will prove strong enough to control the problem is not yet known.

For orientation, very crude budgetary estimates can be made

of the cost of such treatment on the basis of accumulating field-trial
experience.

We estimate a cost of 14 million for a single application

to the entire island made over the course of one year as follows:

Fertilizer 712 tons, f.o.b. Bikini) $ 340,000

Labor (1 U.S. supervisor, 6 foreign
laborers) $ 115,000

Monitoring (Equipment 270,000; U.S. lab
analysis of 1200 samples, 270,000 US.
staff 320,000; subsistence and
travel, $80,000) $ 940,000

TOTAL $1,395,000

In addition, prior to the initial treatment it would be necessary

to clear the island of brush and shrubbery at a cost of 240,000.

The required frequency of treatment is not known. Assuming that

20 treatments over 40 years are needed, the expenditure would be 28 million

for treatment and monitoring and 48 million for clearing, a total of

approximately 33 million. This estimate could be high by a factor of 3

owing to the cost assumed for fertilizer, the large number of samples going

to laboratory analysis, duplication of monitoring equipment, and the fre-

quency of treatment. The range is therefore 11-33 million.

C-8



2.4 Sea Water Irrigation

A marked decline in cesium-137 uptake by plants has been obtained

after irrigation of their soil with sea water. As in the case of potassium

treatment, the optimum schedule of treatment for permanent control is

still under investigation at Bikini.

For orientation, very crude budgetary estimates can be made.

The island would be cleared of brush and most shrubbery. It would be

divided into unit areas (e.g., 25 acres).

The total depth of water applied during field

trials was 66 feet but probably only 10-20% of this would be needed.

The entire island would be irrigated in the course of 3 years (this period

could be shortened materially).

We estimate the cost of one such treatment (for 66 feet of water)

to be 3.8 million as follows:

Clearing (brush, etc.) $ 240,000

Pumps 6 1500 gpm) 180,000
Pipe (8" PVC reinf, 30,000 ft.) 400,000

Subtotal $ 820,000

Fuel, etc. $ 780,000
Labor (1 U.S. supervisor, 7 foreign
laborers) 760,000
Radiation monitoring (Equipment,
$270,000; U.S. lab analysis of
1200 samples, 270,000; U.S.
staff, 950,000; subsistence and
travel, $180,000) 1,670,000

Subtotal $3,210,000

TOTAL $4,030,000

*If the total depth of irrigation can be reduced to 10-20 of
the 66 feet applied during field trials, this would reduce fuel,
labor, subsistence and travel costs proportionately. Overall,
this could reduce the cost by $1.5 million, to a total of 2.5 million.

The present view is that only one such treatment would be givEn owing

to the toxic effect of salt water on most plants. After the treatment (and a

rainy season, the anti-cesium effect would be maintained by potassium treatments.
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Their schedule is not known (see above) Treatment with sea water appears to be

more powerful than with potassium. It is therefore projected that the combined

treatment will cost no more and possibly less than with potassium alone.

2.5 Comment

Table C-3 attempts to provide a basis for comparison of three

contamination-control methods (excavation and berm construction, potassum

treatment, sea water irrigation) in terms of both time and money. The

estimates assume the use of foreign labor where appropriate, and of

temporary construction for the camp and for the electric power and concrete

production plants. Although the estimates for the two treatment methods

are soft, they exhibit certain trends whose recognition at this early

time is important.

Some of the potential advantages of the two treatment methods

are the following: There is no topsoil loss. The cost per se might be

half that for excavation. Furthermore, it would be spread over a period

of years, which would be advantageous. Planning and mobilization would

be much simpler. Ecologic damage would be much less or negligible. The

work force of 10-15 men would easer to maintain with than one of 180.

Resettlement might take place within two years of initiating the program,

compared to 8-10.

Some disadvantages are: The treatments might have to be repeated

ten times or more over a period of 20 years or more (this is uncertain).

The contamination would remain in the soil and potentially be a

psychological issue. In the case of irrigation, such treatment might

be messy, inconvenient in settled areas, and kill salt sensitive plants.

On the other hand, the use of excavation is now well understood

and the results, it is believed, can be predicted reliably. The job would

be completed in a couple of years and does not require repeated increments,

but the denuded island must be revegetated.
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3. COMMUNITY PLANNING

Plans for the re-establishment of communities on Eneu and Bikini

Islands, drawn by Rivkin Associates, were presented for cost analysis

to the panel at Berkeley by G. Rivkin. An outline of the work proposed

by this model program is given in Addendum VI to this Appendix. The program

itself is discussed in detail and illustrated by Rivkin Associates in

its Appendix F (Socioeconomic and Physical Planning) to the main report.

The Rivkin plan is not official and has not been accepted by the

Government nor the Bikinians. It does provide a baseline for studying,

the community costs of resettlement, and we have applied our cost parameters

to it (assuming foreign labor construction):

Infrastructure
(roads, Jocks, marina, electric power,
potable water, sewers, communication
system, landfill) $25,900,000

Community Facilities
(school, church, parsonage, dispensary,
"city hall", telephone-radio-post office,
public works depot, builders' yard,
dockside-warehouse-freezer, etc.,
recreation and parks) 4,300,000

Housing 135 houses, including plumbing) 14,500,000

Mobilization/Demobilization 2,000,000

TOTAL $46,700,000

The total cost of 46.7 million would be diminished if the Rivkin

plan was used after decontamination control by excavation. First, the

mobilization/demobilization costs to construct the resettlement facilities

need not be duplicated. Second, approximately 9 million of construction

will be accomplished to support contamination control, i.e., the piers,

electric power plant and water supply facility (Addendum VI).

As previously noted, the Rivkin model is not an official one. It

is, therefore, subject to changes which might significantly diminish the
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cost, or perhaps to some additions which might tend to increase it. For

example, more precise planning may permit some of the contamination control

construction camp facilities to be used as permanent resettlement

facilities. However, if either potassium or sea water are used to control

contamination, the resettlement construction costs would be the full

estimate of 46.7 million.

4. CONCLUSIONS.

The rehabilitation costs of Bikini and Eneu Islands are divided into

two categories -- contamination control on Bikini and community construction

(infrastructure, housing, public buildings) on both Bikini and Eneu.

The costs are not only sensitive to the type of plan chosen but also

to the fact that foreign labor is estimated to cost about 20% less than

U.S. labor.

The overall range of estimates for the entire project is $80-150

million. This may be broken down as follows:

(a) The options for contamination control by excavation cost 43-76

million. Adding a causeway would raise the figure -to between 66 to $88

million. In either case, $8 million should be added for revegetation.

Revegetation would take about eight years: one year to plant and another

7 years to achieve useful trees -- fruit-bearing and a windbreak.

(b) Estimates for contamination control by potassium treatment or

sea water irrigation range from roughly 11-33 million. These estimates

are speculative at present but will improve within a year when additional

results from the field trials become available.

(c) The time for complete contamination control by either treatment

method might extend over a period of 40 or more years. Resettlement,

however, might possibly be initiated within two years of the first

treatment.

(d) The estimated cost of community construction on Bikini and Eneu

Islands is estimated at 38-47 million. These estimates are very sensitive

to design, overall planning and the method of contamination control.
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They are provided for orientation; no accepted plan has been published.

If community construction immediately followed the excavation activities

on Bikini Island, a credit of approximately 2-3 million could be realized.

This savings would occur if mobilization-demobilization was unnecessary

between the two major operations.
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TABLE C-1. EXCAVATION-BERM OPTION - COST FOR BIKINI ISLAND

CATEGORY COST (S MILLIONS)(2)

ITEM(4) TOTALS

A. CONTRACTOR COSTS 45.46 41.99) 3)

DIRECT COSTS

CONSTRUCTION CAMP 2.84 (.92)(3)
WATER SYSTEM 1.92
ELECTRIC POWER 2.62 (2.22)(3:
2 PIERS (BIKINI 

ENEU 2.82
CONCRETE

PROOUCTION(6) .48 (.14)(3T
EXCAVATION & BERM 11.40

SUBTOTAL 22.08 19.42)(3)

IMDIRECT COSTS I I
M081LILArION 1.82
DEMOBILIZATION 1.21
INDIRECT 7.14
SEWAGE .09
SUBSISTANCE/TRAVEL 2.09

SUBTOTAL 12.35

CONTRACTOR BURDEN
(32.16%) 11.07 (10.22)(3)

B. OWNER COSTS 6.62

MOBILIZATION .20
DEMOBILIZATION .10
INDIRECT 5.29

SUBTITAL 5.59

OWNER BURDEN 18.37%) 1.03

C. CONTINGENCY (15 OF
OWNER CONTRACTOR) __Z.8j_j7.2qJ/3)

D. GRAND TOTAL 59.89 55.90 (3)

E. REVEGETATION (5) 8.00

NOTES.

MOne foot of topsoil is removed. The 940,000 c.y. of spoil plus 64,000
c.y. of local armor stone are used to build a berm on the ocean side of
Bikini Island. The estimated duration of the job is two years.

(2)The costs are based on U.S. labor. The use of foreign labor in certain
categories ef the work force wuuld reduce the overall cost by approximately
20%.

(3)The costs are based on permanent construction. The cost of temporary
construction is given in parentheses. The overall saving would amount to
7%.

(4)The breakdown of cost for individual items is given in the Addenda

(5)The time to complete the lob i estimated at two Years. Reveaptation.
however-, would require a nre or less active program for a piod of
eight yars.

�6)',rush-rock and roncrete-bat--h lant.
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TABLE C-2. COST ESTIMATES FOR EXCAVATION OPTIONSW

COST ($MILLIONS)

DISPOSAL U.S. LABOR, FOREIGN LABOR 2)
OF SPOIL PERMANENT CONSTRUCTION TEMPORARY CONSTOTION(3)

BERM 60 43

BRAVO CRATER

TREMIE 62 45

BAGGED 76 59

NAM ISLAND 64 46

CAUSEWAY 88 66

NOTES:

(1)$8 million should be added for the revegetation of Bikini Island.

(2)Excepting certain managerial posts.

(3)For construction camp, power plant and concrete facility. The saving
is about 4 million.
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TABLE C-3. BUDGET ESTIMATES ($ MILLIONS)

ITEM METHOD OF CONTAMINATION CONTROL

EXCAVATIOM/BERM POTASSIUM SEA WATER

EXECUTION(1.2)
COST $43 $11-33 (3) $2.5-4 (6)
YEARS 2 40? 2-3

CONSTRUCTION CAMP
LOCATION ENEU BIKINI BIKINI
CAPACITY (MEN) 180 12 12

REVEGETATION ETC
COST $4-8 NONE $2?
YEARS 8 NONE I?

RESETTLEMENT DELAY (YEARS) 8 2? 2?

COMMUNITY CONSTRUCTION(4) $36(5) $47 $47

TOTAL DOLLAR COST (MILLION) $83-87 $58-80 ? $58-80 ?

NOTES:

(I)Planning costs for each particular project is contained in its burden
and is 75%. Planning will take 612 months.

(2)Assumes foreign labor and temporary construction for electric power and
concrete plants, and for construction camp. The use of U.S. labor would
raise the cost about 20%.

(3)The cost of a unit treatment is: potassium $ -2 million (1 year);
sea water $ -4 million 3 years). This is speculative.

(4)Foreign labor assumed.

(5)The total 47 million community construction cost is reduced by
$9 million of contamination control construction useable for resettlement
facilities and 2 million for mobilization and demobilization costs.

(6)Cost of a single treatment with sea water. This would be followed
by potassium treatments as needed.
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OCEAN
EEF

BERM STRUCTURE

KINI ISLAND

GOON

VARIABLE DEPTH
FOF ARMOR STONE

+1 3' r4'-4 2/3"�6'-7'�-WAVE

I -6' MAX HIGH WATER
ARMOR ST A-

------- 0 MIN LOW WATER
-2' REEF SURFACE-

SECTION A-A

Figure C-1. Placement of Berm on the Oceanside of Bikini Island.
The Berm Rests on the Reef Surface, 2 Feet Below Minimum
Low Water
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Figure C-2. Causeway to Connect Bikini and Eneu Islands



I MONTHS
I TEM 0 6 2 1 8 23
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OWNER 4 6 1 .THIS WORK SCHEDULE IS BASED ON THE
BERN CONSTRUCTION OPTION DESCRIBED

20 IN THIS APPENDIX. UPON COMPLETION
CONTRACTOR OF THIS WORK, CONSTRUCTION OF COM-

- SET UP/CONSTRUCTION MUNITY FACILITIES WOULD BEG1W

• ASPHALT SET UP 4 -2 2 TASK DURATION AND CREW TASK URRTIOW

• ASPHALT OPERATION - 4 4 451 MONTHS2 A 6
i 2 - START FINISH

• CONCRETE SET UP 2 ZCREW BERM

• CONCRETE OPERATION 12 2 CREW CAUSEWAY

• POWER A.17

• BASE CMP 7 -A4

• DOCK ENEU �4

6 DOCK BIKINI - 7 .64
0WATER PLANT 17

- REHABILITATION

* CLEARING 10 A12

* EXCAVATE HUL 32 36) 10.4
7 26)

a DRILL A SHOOT A Ak __A1O
s EXCAVATE. SORT R T 7(44) 10.3

M 0
A HAUL 0 N

e PLACE R E A. 6 20) A, 0

- INDIRECT

• OWNER 23 is

• CONTRACTOR 4S 49) 5
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* OWNER 6

o CONTRACTOR 24 --- A62

I SO 228)
TOTAL PEOPLE 24 104 114 -7 i SO 228) 133 214) 33

6 144(208) 12 18 23

W3144SAR6082

Figure C-3. Schedule, Berm Option





ADDENDUM 1: COST SUMMARY

This addendum summarizes all costs to control contamination using the

excavation option. The Berm disposal alternative is the baseline option

costed. Cost estimates for other disposal options are in Addendum V. The

data presented are:

Table Title

I-1 Cost Summary U.S. Labor

I-2 Labor Summary
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TABLE I-1. COST SUMMARY (U.S. LABOR) ($1000)

COSTS

SUPPLIES/MATERIALS EQUIPMENT LABOR

COST OF BERM DSPOSAL PERMANENT TEMPORARY PERMANENT TEMPORARY

INDIRECT COSTS (1)
OWNER 1,927 1,927 531 2,832 5,290 5,290
CONTRACTOR 535 535 1,361 5,244 7,140 7,140

OWNER
MOBILIZATION 201 201 201
DEMOBILIZATION 97 97 97

CONTRACTOR
MOBILIZATION 680 680 150 993 10Y 1,823
DEMOBILIZATION 680 680 150 387 1 217 1 217

SUBTOTAL 15�, i8

DIRECT COSTS (1)
SEWAGE 86 86 86 86
CONSTRUCTION CAMP 2,037 922 2,837 922
WATPQ qTnQdnP FArTITTV 1,�17 1,617 179 128 1,�;4 i,9�4
ELECTRIC POWER PLANT 400 0 1,796 420 2,616 2,616
PIERS, BIKINI AND ENEU 1,298 1,298 480 1,045 2,823 2,823
CRUSHER AND BATCH

PLANT 121 357 478
CONCRETE (TEMPORARY) 28 115 143
DISPOSAL BERM 115 115 6,267 5,012 11,395 11,395

SUBTOTAL 22,159 19,509

TOTAL COST BERM DISPOSAL 2 59,930 55,903

ADJUSTMENTS 3)
CAUSEWAY, BIKINI-ENEU 28,255 27,239
DISPOSAL A 3,508 3,508
DISPOSAL BRAVO CRATER

VIA TREMIE, UNBAGGED 2,119 2,119
DISPOSAL BRAVO CRATER

VIA TREMIE, BAGGEU 15,768 15,768
DISPOSAL OF OUTER ISLAND

SPOIL BRAVO CRATER,
UNBAGGED 7,602 7,602

DISPOSAL OF OUTER ISLAND
SPOIL BRAVO CRATEa,
BAGGEO 12,367 12,367

NOTES: 1. Burden and contingency not included.

2. Burden and contingency included. See Table C-1 for incorporation of burden and contingency.

3. Burden and contingency included. Add option adjustments directly to "total cost of berm
disposal" to derive desired option cost. Duplicated and additional work between
desired option and berm option is accounted for.
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TABLE 12. LABOR SUMMARY BERM DISPOSAL

PERSON MONTHS MONTH Y WAGE ($) (1) LABOR CO. T ($) 2)
LABOR CATEGORY us FOREIGN CREWS us FOREIGN us FOREIGN

CREWS us FOREIGN us FOREIGN

OWNER
CONSTRUCTION MANAGER 3 21 21 0 9625 8750 - 202,125
SUPERINTENDENT 3 93 93 0 8750 7875 - 813,750
FOREMEN 0 0 0 8873 - 3806 0
OPERATOR 265 265 0 7963 2538 2,110,195
LABORER 2 2 0 6370 1903 12,740

SUBTOTAL 379 379 0 3,138,810

CONTRACTOR
CONSTRUCTION MANAGER 3 21 21 0 9625 8750 - 202,125 183,750
SUPERINTENDENT 3 147 80 67 8750 7875 6100 1,286,250 1,038,700
FOREMAN 96.1 0 96.1 8873 - 3806 852,695 365,757
OPERATOR 1124 0 1124 7963 2538 8,950,412 2,849,340
LABORER 394.8 0 394.8 6370 1903 2,514,876 751,304

SUBTOTAL 1783- T61 1682 13,806,358 5,188,851

OWNER AND CONTRACTOR
TOTAL 2162 480 1682 16,945,168 8,327,661

LABOR COST DIFFERENCE 8,617,507
LABOR COST DIFFERENCE,

WITH BURDEN AND CONTINGENCY 13,096,887

NOTES:

1. Labor markup included
US = 175 = .41 [fringe benefits + .15 [labor tax] x 1122 (overtime)
Foreign = 244 = (1 + ((.15 fringe benefits] 07 [labor tax]))) x 2 (productivity)

2. Labor costs computed without burden nor contingency.

3. The difference in wages for the construction manager and superintendent using US versus foreign
crews is based on off-shore construction.





Addendum II

Mobilization and Demobilization Costs

This addendum summarizes mobilization and demobilization costs

assuming movement from and returning to the West Coast, U.S. The equipment

list is based on the Berm Option; however, the other excavation options do

not significantly change this equipment list. The 6 month mobilization

work period is based on equipment and preparation lead times to assemble

the equipment and travel to Bikini Atoll. Construction Project planning,

design, and logistics would begin before mobilization. The costs and data

are presented for:

Table Title

II-1 Mobilization and Demobilization Cost Summary

II-2 Mobilization, Owner

II-3 Mobilization, Contractor

II-4 Demobilization, Owner

II-5 Demobilization, Contractor

II-6 Equipment Summary
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TABLE II-1. MOBILIZATION AND DEMOBILIZATION COST SUMMARY

WORK ACTIVITY: MOBILIZATION AND DEMOBILIZATION 1588 TONS TOTAL, WEST COAST,
USA TO BIKINI

DURATION: 6 MONTHS MOBILIZATION; 2 MONTHS DEMOBILIZATION

MOBILIZATION DEMOBILIZATION

TOW(l) WEST COAST, USA - BIK NI $ 550,000 $ 550,000
STEVEDORES, HEAVY LIFTS, ETC12) 50,000 50,000
CONTRACTOR ABORP) 993,000 387,000
OWNER LABOR(3) 201,000 97,000
EQUIPMENT (STANDBY)(4) 150,000 150,000
INSURANCE ON EQUIPMENT $8,000,000(4)

AT 1% 80,000 80,000
$2,024,000 $1,314,000

NOTES: 1. This includes
1 - tug
2 - 86 class barges, 7000 ton capacity
2 days to load
2 days to discharge

11-12 days West Coast to Honolulu 2100 nautical miles
9-10 days Honolulu to Bikini Atoll 100 nautical miles

$10,000/day demurrage

2. Cost to load and unload barges

3. See Tables II-2 through II-5

4. See Table II-6 for equipment basis
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TABLE II-2. MOBILIZATION, OWNER

WORK ACTIVITY: MOBILIZATION - OWNER LABOR
PLAN AND EXECUTE MOVE FROM WEST COAST, U.S. TO BIKINI ATOLL

DURATION: 6 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 0 30.63 0.00
LABORER 1 24.50 24.50
SUPERINTENDENT 2 33.68 67.36
CONSTRUCTION MANAGER 1 37.05 37.05

EQUIPMENT

NONE

TOTAL COST/HOUR: 129 LABOR COST/HOUR: 129 EQUIP. COST/HOUR: 0
TOTAL COST: 201,085 LABOR COST: 201,085 EQUIP. COST: 0

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

NONE 0

TOTAL: 0

GRAND TOTAL: $201,000
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TABLE II-3. MOBILIZATION, CONTRACTOR

WORK ACTIVITY: MOBILIZATION - CONTRACTOR LABOR
PLAN AND EXECUTE MOVE FROM WEST COAST, U.S. TO BIKINI ATOLL

DURATION: 6 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 13 30.63 398.19
LABORER 0 24.50 0.00
SUPERINTENDENT 6 33.68 202.08
CONSTRUCTION MANAGER 1 37.05 37.05

EQUIPMENT

NONE

TOTAL COST/HOUR: 637 LABOR COST/HOUR: 637 EQUIP. COSTMOUR: 0
TOTAL COST: 993,454 LABOR COST: 993,454 EQUIP. COST: 0

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

NONE 0

TOTAL: 0

GRAND TOTAL: $993,000
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TABLE II-4. DEMOBILIZATION, OWNER

WORK ACTIVITY: DEMOBILIZATION - OWNER LABOR
PLAN AND EXECUTE MOVE FROM WEST COAST, U.S. TO BIKINI ATOLL

DURATION: 2 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 2 30.63 61.26
LABORER 1 24.50 24.50
SUPERINTENDENT 3 33.63 100.89

EQUIPMENT

NONE

TOTAL COST/HOUR: 187 LABOR COST/HOUR: 187 EQUIP. COST/HOUR: 0
TOTAL COST: 97,165 LABOR COST: 97,165 EQUIP. COST: 0

COST OF SUPPLIES/FACILITIES:

ITEM COST

NONE 0

TOTAL: 0

GRAND TOTAL: $97,000
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TABLE II-5. DEMOBILIZATION, CONTRACTOR

WORK ACTIVITY: DEMOBILIZATION - CONTRACTOR LABOR
PLAN AND EXECUTE MOVE FROM WEST COAST, U.S. TO BIKINI ATOLL

DURATION: 2 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 21 30.63 643.23
LABORER 0 24.50 0.00
SUPERINTENDENT 3 33.68 101.04

EQUIPMENT

NONE

TOTAL COSTROUR: 744 LABOR COSTMOUR: 744 EQUIP. COST/HOUR: 0
TOTAL COST: 386,722 LABOR COST: 386,722 EQUIP. COST: 0

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

NONE 0

TOTAL: 0

GRAND TOTAL: $387,000
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TABLE II-6. EQUIPMENT SUMMARY

HOURLY UNIT TOTAL UNIT TOTAL
RATE WEIGHT WEIGHT COST COST

ITEM TOTAL ($/HR) (TON) (TON) ($1000) ($1000)

A/C PLANT, 75 TPH 1 155.00 75 75 275 275

BACKHOE 235 1 60.00 45 45 288 288

245 1 94.00 70 70 450 450

BACKHOE WITH HYD. CLAM 1 55.00 30 30 161 161

BARGE, 125 X 35 1 56.00 TOWED 400 400
SEPARATELY

BATCH PLANT 5CY/HR 1 30.00 15 15 35 35

BOAT, 25 PERSONS 2 89.00 50 100 50 100

BROOM MACHINE 1 5.00 2 2 7 7

CHIPPER 1 18.00 8 8 100 100

CONTRACTOR VIBRATORY 2 22.00 21 42 85 170

GRID 1 9.00 21 21 60 60

COMPRESSOR, 210 CFM 2 11.00 3 6 28 56

COMPRESSOR, 750 CFM 2 25.00 6 12 31 62

CRANE, 60T 1 69.00 60 60 324 324

CRUSHER, 50 TPH 1 120.00 75 75 225 225

DOZER D-6 1 65.00 15 15 125 125

D-8 2 118.00 45 90 256 512

FRONT END LOADER 23,, 988 3 37.00 16 48 120 360

5 966 36 76.00 36 108 220 660

FUEL TANKS 2 W/.I 48 96 30 60

GENERATOR, 15 KW 2 4.00 0.5 1 8 18

GRADER 2 34.07 22 44 127 254

SUBTOTALS 963 4,700
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TABLE II-6. EQUIPMENT SUMMARY (CONCLUDED)

HOURLY UNIT TOTAL UNIT TOTAL
RATE WEIGHT WEIGHT COST COST

ITEM TOTAL ($/HR) (TON) (TON) ($1000) ($1000)

GENERATOR, 800 KW 2 100.00 32.5 75 225 450

LOW BED W/TRACTOR 1 45.00 24 24 150 150

PAVING MACHINE, SA 150 1 49.00 19 19 145 145

PILE DRIVER EQUIPMENT 1 92.00 17 17 100 100

ROLLER, RUBBER 1 13.00 20 20 50 50

SCRAPER, PADDLE 623 1 80.00 36 36 129 129

STORAGE TANK, I MG 1 4.00 4 4 100 100

TRACK DRILLS 2 20.00 5 10 70 140

TRUCK, CONCRETE READI-MIX 1 46.00 10 10 86 86

TRUCK, DIST. (ASPHALT) 1 11.00 5 5 31 31

TRUCK, DUMP 15 CY 17 39.00 14 238 65 1105

TRUCK, DUMP ROCK R22 3 88.00 30 90 150 450

TRUCK, FLATBED 2 21.00 5 10 20 40

TRUCK, FUEL 1 21.00 5 5 30 30

TRUCK, MECHANICS 1 21.00 5 5 30 30

TRUCK, PICKUP 34 TON 10 6.00 2 20 11 110

TRUCK, SERVICE/LUBE 1 21.00 5 5 40 40

TRUCK, TIRE 1 21.00 5 5 30 30

TRUCK, WATER 1 42.00 9 9 33 33

WATER PUMP 1 11.00 2 2 10 10

WELDER, 300 AMP 3 10.00 2 6 5 15

SUBTOTALS PAGE 2 615 3,274

SUBTOTALS PAGE 963 4,700

TOTALS 1,578 7,974
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Addendum III

Indirect Costs

This addendum summarizes owner and contractor indirect costs.

Indirect costs include:

a. General Management and Administration

b. Project Equipment Maintenance

C. Construction Camp Operations and Maintenance

d. Topographic and Radiological Survey

e. Quality Control

f. Radiation Health Safety

g. Subsistence and Travel

It is assumed the owner crew is supported by contractor facilities and

operations. The costs are based on the Berm option. Except for the cause-

way option, changes to the Berm option indirect cost are insignificant.

For the causeway option, the labor crews are significantly larger. This

variance was accounted for in the Causeway Adjustment calculation (see

Addendum V). The data presented are:

Table Title

III-1 Contractor Indirect Costs

III-2 Owner Indirect Costs

111-3 Subsistence and Travel Costs for Berm Option
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TABLE III-1. CONTRACTOR INDIRECT COSTS

WORK ACTIVITY: CONTRACTOR INDIRECT COSTS FOR BERM OPTION

DURATION: 15 MONTHS FOR LABOR AND EQUIPMENT COSTS; 23 MONTHS FOR
OTHER COSTS 260 HRS/MONTH

CREW DESCRIPTION NO. MONTHLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/MON) ($/MON)

PROJECT MANAGER 1 9,625 9,625
SUPERINTENDENT 1 8,750 8,750
GENERAL FOREMAN 1 8,750 8,750
CAMP MANAGER 1 8,750 8,750
PROJECT ENGINEER 2 8,750 17,500
ADMINISTRATION 2 7,965 15,930
MAINTENANCE SUPERVISOR 1 8,750 8,750
MAINTENANCE TECHNICIAN 18 7,965 143,370
MEDIC 1 7,965 7,965
SAFETY SUPERVISOR 1 8,750 8,750
COOKS 3 7,965 23,895
BOAT OPERATORS 2 7,965 15,930
WAREHOUSE MAN 1 7,965 7,965
LABORERS FOR LAUNDRY, CAMP MAINTENANCE 10 6,370 63,700

45 SUBTOTAL 349,630

OTHER MONTHLY COSTS
TRAVEL 12,000 12,000
OFFICE SUPPLIES AND OPERATIONS 4,400 4,400
FACILITIES MAINTENANCE AND OPERATIONS 3,750 3,750
FUEL STORAGE 1,650 1,650
SMALL TOOLS 1,450 1,450

SUBTOTAL 23,250

EQUIPMENT COSTS
TRUCK, TIRE $21/HR 1 5,460 5,460
TRUCK, MAINTENANCE $21/HR 1 5,460 5,460
TRUCK, FUEL $21/HR 1 5,460 5,460
TRUCK, PICKUP (INCL 3 FOR OWNER) $6/HR 8 12,480 12,480
MISC EQUIP, COOK SET, MAINT, ETC. $60/HR 1 15,600 15,600
BOATS $89/HR 2 46,280 46,280

SUBTOTAL $90,740

LABOR COST: 5244,450 EQUIP COST: 1361,100 OTHER COSTS: $534,750

GRAND TOTAL: 7140,000
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TABLE III-2. OWNER INDIRECT COSTS

WORK ACTIVITY: OWNER INDIRECT COSTS FOR BERM OPTION

DURATION: 15 MONTHS FOR LABOR AND EQUIPMENT COSTS; 23 MONTHS FOR
OTHER COSTS

CREW DESCRIPTION NO. MONTHLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/MON.) ($/MON.)

PROJECT MANAGER 1 9,625 9,625
ADMINISTRATIVE 1 7,965 7,965
TOPOGRAPHIC SURVEY CHIEF 1 8,750 8,750
TOPOGRAPHIC SURVEYOR 4 7,965 31,860
RADIATION SURVEY CHIEF 2 8,750 17,500
RADIATION TECHNICIAN 12 7,965 95,580
QUALITY CONTROL TECHNICIAN 2 8,750 17,500

23 SUBTOTAL $1�8,780

OTHER MONTHLY COSTS
TRAVEL EXPENSES 3,000 3,000
OFFICE SUPPLIES 200 200
OFFICE EQUIPMENT 50 50
PHOTOREPRODUCTION 150 150
LIC/FEES/PERMITS 200 200
PROFESSIONAL FEES/EXPENSES 7,000 7,000
LABORATORY SUPPLIES 2,000 2,000
ATTORNEY FEES 10,000 10,000
QUALITY CONTROL 2,000 2,000
SAMPLE TRANSPORT 3,000 3,000
COMMUNICATIONS 1,000 1,000
FILMBADGES 1,200 1,200

SUBTOTAL 83,800

TOTAL COST 4,759,100 LABOR COST 2,831,700 OTHER COST $1,927,400

COST OF SUPPLIES/EQUIPMENT/ONE-TIME EXPENDITURES

NEGOTIATION 8,000
COMPUTER 15,000
SURVEY EQUIPMENT 12,000
RADIATION MEASUREMENT EQUIPMENT 500,000
CONCRETE TEST EQUIPMENT 5,000
ASPHALT TEST EQUIPMENT 10,000
SOIL GRADATION EQUIPMENT 1,000
WHOLE BODY COUNT 2,000,000
TRUCK, PICKUP CHARGED TO CONTRACTOR

SUBTOTAL $f 5 I O O O
GRAND TOTAL $7,310,100
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TABLE 111-3. SUBSISTANCE AND TRAVEL COSTS FOR BERM OPTION

INDIRECT COSTS

ITEM U.S. CREW FOREIGN CREW

TRAVEL 2 trips/pers x 180 pers x $1800/trip = 648,000 315 x 1800 $ 567,000

SUBSISTANCE 2162 pers-mon x 30 day/mon x $15/day = 972,900 2162 x 15 x 30 x 10 972,900

PROCESSING 180 pers x $500/pers 90,000 315 x 500 157,500

TRAVEL PAY 4 days/pers x 180 pers x $500/day 360,000 315 x 500 157,500

PERSONAL TOOLS 180 pers x $100/pers 18,000
TOTAL $2,088,900 $1,539,900

NOTES: 1. These are the costs to move owner and contractor work crews to and from the Atoll and
provide for one vacation per person to U.S.

2. This cost estimate assumes:

20% turnover U.S. labor, U.S. base = 150 max 30 = 0
1.5 x's Foreign over U.S. labor count = 225
40% turnover Foreign labor = 90 315



Addendum IV

Direct Costs

This addendum summarizes the direct costs to excavate the contaminated

soil on Bikini Island and dispose of the soil in a Berm constructed on the

Oceanside reef. Itemized costs are presented for:

Table Item

IV-1 Construction Camp Facilities

IV-2 Water Supply Facility

IV-3 Electric Power Plant and Operations

IV-4 Pier Construction Bikini and Eneu

IV-5 Rock Crushing Operations (Permanent Facilities)

IV-6 Rock Crushing Operations (Temporary Facilities)

IV-7 Clear and Grub Vegetation

IV-8 Excavate and Haul Contaminated Soil

IV-9 Quarry Armor Stone

IV-10 Excavate, Sort and Haul Armor Stone

IV-11 Place Armor Stone on Berm
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TABLE IV-1. CONSTRUCTION CAMP FACILITIES

FACILITY SIZE (1) UNIT COST TOTAL COST

PERM(2) TEMP(3) PERM TEMP

DORMITORY, 60SF/PER 10,800 SF 86$/SF 25$/SF 928,800 270,000
DORMITORY MANAGEMENT IMPROVEMENT 1,500 SF 86$/SF 25$/SF 129,000 37,500
DINING FACILITY 15SF/PER 2,700 SF 135$/SF 25$/SF 364,500 67,500
FREEZER FACILITY 1,000 SF 150$/SF 25$/SF 150,000 25,000
RECREATION FACILITY 1,000 SF 86$/SF 25$/SF 86,000 25,000
LATRINE AND SHOWERS 2,500 SF 135$/SF 25$/SF 337,500 62,500
DISPENSARY 2-BED 500 SF 135$/SF 25$/SF 67,500 12,500
OFFICE 2,000 SF 135$/SF 25$/SF 270,000 50,000
LABORATORY 1,200 SF 135$/SF 25$/SF 162,000 30,000
WAREHOUSE EXISTING 95$/SF - -
PARTS BUILDING EXISTING 95$/SF
MAINTENANCE BUILDING EXISTING 95$/SF - - -
ROADS, CORAL SURFACED 1 MILE 100,000 100,000 100,000 100,000

$/MILE $/MILE
RUNWAY, CORAL GRADING 53,800 SY $4.50/SY 242,100 242,100

TOTAL $2,836,900 $922,100

NOTES: 1. Facility size based on 180 people.
2. Permanent facilities usable for Bikini resettlement.
3. Temporary facilities removed/destroyed.
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TABLE IV-2. WATER SUPPLY FACILITY

WORK ACTIVITY: ESTABLISH AND OPERATE ASPHALT PLANT,
CONSTRUCT WATER STORAGE FACILITY PAVE AIRFIELD
APRON, ENEU, 2 AC OVERLAY FOR WATER CATCHMENT

DURATION: SET UP 2 MONTHS; OPERATE 2 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 4 30.63 122.52
LABORER 0 24.50 0.00

EQUIPMENT OP/STBY OP/STBY
ASPHALT PLANT, 75 TPH 155*/50 155/50
ASPHALT PAVER 49/12 49/12
TRUCK, ASPHALT DISTRIBUTER 11/2 11/2
ROLLER, STEEL WHEEL SP 22/4 22/4
ROLLER, RUBBER WHEEL SP 13/3 13/3
BROOM MACHINE, TOWED 5/1 5/1
WATER TANK 4/1 4/1
WATER PUMP 11/2 11/2

TOTAL COSTMOUR: 393/198 LABOR COST/HOUR: 123 EQUIP. COST/HOUR: 270/75
TOTAL COST: 307,320 LABOR COST: 127,920 EQUIP. COST: 179,400

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)
STORAGE TANK, 1.5 MGAL (INCLUDES LABOR) 300,000
PUMP PIPE, 1000 FT (INCLUDES LABOR) 300,000
ASPHALT $17.85/SY: 57,000 SY 1,017,000

TOTAL: $1,617,000

GRAND TOTAL: $1,924,000

*INCLUDES FUEL COST OF $20/HR.

C-39



TABLE IV-3. ELECTRIC POWER PLANT AND OPERATIONS

WORK ACTIVITY: OPERATE ELECTRICAL PLANT: ON COMPLETION OF PROJECT
THIS FACILITY BECOMES PART OF PERMANENT BIKINI OPERATIONS
ELECTRICAL POWER 24 HR/DAY; CREW, SHIFT/DAY - 6 DAYS/WEEK

DURATION: TOTAL PROJECT DURATION - 17 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 1 30.63 34.13
LABORER 2 24.50 61.26

EQUIPMENT
ELECTRIC GENERATOR, 800 KW 1 100.00 100.00
ELECTRIC GENERATOR, 800 KW 1 10.00 10.00

(STANDBY)

TOTAL COSTMOUR: 205 LABOR COSTMOUR: 95 EQUIP. COST/HOUR: 110
TOTAL COST: 1765,977 LABOR COST: 419,577 EQUIP. COST: 1346,400

COST OF SUPPLIES/FACILITIES:

ITEM COST
ELECTRIC GENERATOR, 2-80OKW 450,000
BUILDING REPAIR (DELETE FOR TEMPORARY FACILITY) 400,000

RATIONALE: 0.5 KW/PERSON, 1350 BIKINIANS TOTAL: 850,000
RETURNING

GRAND TOTAL: $2,616,000
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TABLE IV-4. PIER CONSTRUCTION, BIKINI AND ENEU

WORK ACTIVITY: CONSTRUCT 2 - 50' X 250' PIERS, BIKINI AND ENEU

DURATION: 8 MONTHS CONSTRUCTION

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 2 34.13 68.26
OPERATOR 11 30.63 336.93
LABORER 4 24.50 98.00

EQUIPMENT
CRANE 1 69.00 69.00
PILEDRIVING EQUIPMENT 1 92.00 92.00
ELECTRIC GENERATOR, 15 KW 1 4.00 4.00
BARGE, WORKING 1 56.00 56.00
WELDING MACHINE 1 10.00 10.00

TOTAL COSTMOUR: 734 LABOR COSTMOUR: 503 EQUIP. COST/HOUR: 231
TOTAL COST: 1525,252 LABOR COST: 1045,234 EQUIP. COST: 480,018

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)
MATERIALS 1,298,000

TOTAL: 1,298,000

GRAND TOTAL: 2,823,000
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TABLE IV-5. ROCK CRUSHING OPERATIONS (PERMANENT FACILITIES)

WORK ACTIVITY: CRUSHED ROCK AND CONCRETE FOR PIERS, CONSTRUCTION CAMP
FACILITIES, ETC., AS REQUIRED FOR PERMANENT FACILITIES

DURATION: SETUP 2 MONTHS; OPERATE 2 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 8 30.63 245.04
LABORER 4 24.50 98.00

EQUIPMENT OP/STBY OP/STBY
CRUSHER, 50 TPH 1 120/20 120/20
BATCH PLANT, CY/HR 1 30/6 30/6
CONCRETE REDI-MIX TRK 1 46/10 46/10

TOTAL COSTROUR: 539/379 LABOR COST/HOUR: 343 EQUIP. COST/HOUR:196/36
TOTAL COST: 477,360 LABOR COST: 356,720 EQUIP. COST: 120,640

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

NONE 0

TOTAL: 0

GRAND TOTAL: $477,360
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TABLE IV-6. ROCK CRUSHING OPERATIONS (TEMPORARY FACILITIES)

WORK ACTIVITY: CONCRETE CONSTRUCTION CAMP FACILITIES,
AS REQUIRED FOR TEMPORARY FACILITIES

DURATION: SETUP I MONTH; OPERATE MONTH

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 0 34.13 0.00
OPERATOR 4 30.63 122.52
LABORER 4 24.50 98.00

EQUIPMENT OP/STBY OP/STBY
BATCH PLANT, CY/HR 1 30/6 30/6
CONCRETE REDI-MIX TRK 1 46/10 46/10

TOTAL COSTMOUR: 297/237 LABOR COST/HOUR: 221 EQUIP. COST/HOUR: 76/16
TOTAL COST: 143,000 LABOR COST: 114,920 EQUIP. COST: 28,080

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

NONE 0
TOTAL: 0

GRAND TOTAL: $143,000
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TABLE IV-7. CLEAR AND GRUB VEGETATION

WORK ACTIVITY: CLEAR AND GRUB VEGETATION 2870,000 SY)
BIKINI ISLAND, BURN/HAUL-BURY AS APPROPRIATE

DURATION: 12 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 1 34.13 34.13
OPERATOR 3 30.63 91.89
LABORER 6 24.50 147.00

EQUIPMENT OP/STBY OP/STBY
CHIPPER 1 18.00 18.00
FRONTEND LOADER, CY 1 76.00 76.00
TRUCK, DUMP, 15 CY 1 39.00 39.00
TRUCK, PICKUP 1 6.00 6.00

TOTAL COST/HOUR: 412 LABOR COSTMOUR: 273 EQUIP. COST/HOUR: 139
TOTAL COST: 1284,451 LABOR COST: 851,105 EQUIP. COST: 433,346

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

NONE 0
TOTAL: 0

GRAND TOTAL: $1,284,451
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TABLE IV-8. EXCAVATE AND HAUL CONTAMINATED SOIL

WORK ACTIVITY: EXCAVATE AND HAUL 940,000 CY OF
CONTAMINATE SOIL FROM ISLAND TO BERM

DURATION: 10.4 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 2 34.13 68.26
OPERATOR 28 30.63 857.64
LABORER 2 24.50 49.00

EQUIPMENT
TRUCK, 15 CY DUMP 2 SPARE) 16 39.00 624.00
FRONTEND LOADER, CY 3 76.00 228.00
COMPACTOR, VIBRATORY 1 22.00 22.00
COMPACTOR, GRID 1 9.00 9.00
DOZER, D8 2 118.00 236.00
GRADER 2 34.00 68.00
SCRAPER, PADDLE 1 80.00 80.00
TRUCK, SERVICE 1 21.00 21.00
TRUCK, MECHANICS 1 21.00 21.00
TRUCK, TIRE 1 21.00 21.00
TRUCK, WATER 1 42.00 42.00
TRUCK, PICKUP 2 6.00 12.00

TOTAL COSTMOUR: 2359 LABOR COST/HOUR: 975 EQUIP. COSTMOUR: 1,384
TOTAL COST: 6,373,829 LABOR COST: 2634,372 EQUIP. COST: 3,739,457

COST OF SUPPLIES/FACILITIES:

ITEM COST

NONE 0
TOTAL: 0

GRAND TOTAL: $6,374,000
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TABLE IV-9. QUARRY ARMOR STONE

WORK ACTIVITY: DRILL AND SHOOT 64,000 CY OF ARMOR STONE

DURATION: 10 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 1 34.13 34.13
OPERATOR 3 30.63 91.89
LABORER 3 24.50 73.50

EQUIPMENT
TRACK DRILL 2 20.00 40.00
COMPRESSOR, 750 CFM 2 25.00 50.00
TRUCK, FLATBED 1 21.00 21.00
TRUCK, PICKUP 1 6.00 6.00

TOTAL COSTMOUR: 317 LABOR COST/HOUR: 200 EQUIP. COST/HOUR: 117
TOTAL COST: 823,566 LABOR COST: 519,600 EQUIP. COST: 303,966

COST OF SUPPLIES/FACILITIES:

ITEM COST )
EXPLOSIVES 80,000

TOTAL: 80,000

GRAND TOTAL: $904,000
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TABLE IV-10. EXCAVATE, SORT AND HAUL ARMOR STONE

WORK ACTIVITY: EXCAVATE, SORT, AND HAUL 64,000 CY OF ARMOR STONE

DURATION: 10.3 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 1 34.13 34.13
OPERATOR 6 30.63 183.78
LABORER 0 24.50 0.00

EQUIPMENT
BACKHOE, 245 2 94.00 188.00
FRONT END LOADER, CY 966) 2 76.00 152.00
TRUCK, DUMP ROCK 3 88.00 264.00
TRUCK, PICKUP 1 6.00 6.00

TOTAL COST/HOUR: 828 LABOR COST/HOUR: 218 EQUIP. COST/HOUR: 610
TOTAL COST: 2216,000 LABOR COST: 583,355 EQUIP. COST: 1632,323

COST OF SUPPLIES/FACILITIES:

ITEM COST )

NONE 0
TOTAL: 0

GRAND TOTAL: $2,216,000
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TABLE IV-11. PLACE ARMOR STONE ON BERM

WORK ACTIVITY: PLACE 64,000 CY ARMOR STONE AND
NECESSARY FILTER CLOTH ON BERM

DURATION: 10.3 MONTHS

CREW DESCRIPTION NO. HOURLY TOTAL
REQUIRED RATE FOR CREW
PER CREW ($/HR.) ($/HR.)

LABOR
FOREMAN 1 34.13 34.13
OPERATOR 1 30.63 30.63
LABORER 4 24.50 98.00

EQUIPMENT
BACKHOE, W/HYD CLAMSHELL 1 55.00 55.00
TRUCK, PICKUP 1 6.00 6.00

TOTAL COSTROUR: 224 LABOR COST/HOUR: 163 EQUIP. COST/HOUR: 61
TOTAL COST: 581,952 LABOR COST: 423,474 EQUIP. COST: 158,478

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

FILTER CLOTH 35,000
TOTAL: 35,000

GRAND TOTAL: $617,000
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ADDENDUM V

COSTS FOR OTHER EXCAVATION OPTIONS

The cost estimates for the other disposal options for the contaminated

soil are calculated. For disposal in Bravo Crater, on Nam Island or in a

Bikini-Eneu Causeway, the construction tasks are re-estimated for time,

material, labor and equipment. These new estimates when added to the Berm

costs yield the desired option cost. Cleanup of the outer contaminated

islands using excavation is estimated. These islands are small and very

low, and may not be amenable to clean up by excavation. The contaminated

outer islands (Barc Report No. 1) are Nam, Lomilik, Rojkere, Luko, and

Jelete. The data presented are:

TABLE TITLE

V-1 COST CHANGE DISPOSAL BRAVO CRATER

V-2 DISPOSAL BRAVO CRATER

V-3 COST CHANGE DISPOSAL NAM ISLAND

v-4 DISPOSAL NAM ISLAND

V-5 COST CHANGE DISPOSAL CAUSEWAY

V-6 EXCAVATE AND HAUL SOIL TO CAUSEWAY

v-7 QUARRY ARMOR STONE

V-8 EXCAVATE SORT AND HAUL ARMOR STONE

V-9 PLACE ARMOR STONE ON CAUSEWAY

V-10 COST DISPOSAL OUTER ISLANDS INTO
BRAVO CRATER
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TABLE V-1. COST CHANGE DISPOSAL BRAVO CRATER

DECREMENT DIRECT COST PERSON MONTHS PER-MON COST ($1000)

DRILL AND SHOOT ARMOR STONE 7 10 70 $ 904
EXCAVATE, SORT HAUL AND

PLACE ARMOR STONE 7 10.3 72 2,126
PLACE ARMOR STONE AND FILTER

CLOTH ON BERM 6 10 60 617

20 30 202 $3,701

INCREMENT DIRECT COST

DISPOSAL TREMIE BRAVO CRATER 11 5 55 5,148

NET CHANGE (9) (147) 1,447

BURDEN, FEE AND CONTINGENCY 51.98% 752

TOTAL DIRECT CHANGE $2,199

BAG AT $12.40/M3 8928
FEE, BURDEN 4,641

DIRECT CHANGE $13,569

TOTAL DIRECT CHANGE $15,768
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TABLE V-2. DISPOSAL BRAVO CRATER

WORK ACTIVITY: DISPOSAL OF 940,000 CY INTO BRAVO CRATER USING TREMIE*
ASSUME 2 TRIPS PER DAY 19 MILES ONE WAY, KTS IN TOW,
4.5 HRS ROUND TRIP

DURATION: 5 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 1 34.13 34.13
OPERATOR 10 30.63 306.30
LABORER 24.50

EQUIPMENT
TUG, OCEAN GOING 3 460.00 1380.00
(INCLUDES CREW COSTS)
BARGE, 1000 TON 6 50.00 300.00
DOZER, D8 4 118.00 472.00
FRONT END LOADER, 5CY 4 76.00 304.00
CONVEYOR, 910 TPH 2 20.00 40.00

TOTAL COSTMOUR: 2,836 LABOR COST/HOUR: 340 EQUIP. COST/HOUR: 2496
TOTAL COST: 3,686,800 LABOR COST: 442,000 EQUIP. COST: 3244,800

COST OF SUPPLIES/FACILITIES:

ITEM COST

TREMIE AND PLATFORM $ 650,000
MOBILIZE/DEMOBILIZE TUG AND EQUIPMENT 20% STDBY RATE) .810,920

3800 NM, 22 DAYS ONE WAY $1630/DAY
TUG BARGES = 739,200
EQUIPMENT = 71,720

TOTAL: $1,460,920

GRAND TOTAL: $5,148,000

*TREMIE: A CHUTE TO DIRECT AND CONTROL DISPOSAL OF UNBAGGED SOIL INTO
WATER. USUALLY USED TO PLACE CONCRETE UNDERWATER.
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TABLE V-3. COST CHANGE DISPOSAL NAM ISLAND

DECREMENT DIRECT COST PERSON MONTHS PER-MON COST ($1000)

DRILL AND SHOOT ARMOR STONE 7 10 70 $ 904
EXCAVATE, SORT AND HAUL

ARMOR STONE 7 10.3 72 2,126
PLACE ARMOR STONE AND FILTER

CLOTH ON BERM 6 10 -60 617

20 202 $3,701

INCREMENT DIRECT COST

DISPOSAL NAM 31 5 155 6,009

NET CHANGE 9 2,308

BURDEN, FEE AND CONTINGENCY 51.98% 1,200

TOTAL DIRECT CHANGE $3,508

INDIRECT COST CHANGE NEGLIGIBLE
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TABLE V-4. DISPOSAL NAM ISLAND

WORK ACTIVITY: DISPOSAL OF 940,000 CY ON TO NAM ISLAND
ASSUME 2 TRIPS PER DAY, USE SAME DATA FROM TREMIE
DISPOSAL BRAVO CRATER

DURATION: 5 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 2 34.13 68.26
OPERATOR 18 30.63 551.34
LABORER 0 24.50 0.00
DISPOSAL BRAVO CRATER 11 340.00

EQUIPMENT
DISPOSAL BRAVO CRATER 2496.00
DOZER, D8 4 118.00 472.00
FRONT END LOADER, 5CY 4 76.00 304.00
TRUCK, DUMP 15CY 10 39.00 390.00

TOTAL COSTMOUR: 4622 LABOR COSTMOUR: 960 EQUIP. COST/HOUR: 3662
TOTAL COST: 6,008,600 LABOR COST: 1248,000 EQUIP. COST: 4760,600

COST OF SUPPLIES/FACILITIES

ITEM COST

NONE 0

TOTAL: 0

GRAND TOTAL: $6,009,000

C-53



TABLE V-5. COST CHANGE DISPOSAL CAUSEWAY

DECREMENT DIRECT COST PERSON MONTHS PER-MON COST ($1000)

BRILL AND SHOOT ARMOR STORE 7 10 70 $ 904
EXCAVATE, SORT AND HAUL

ARMOR STONE 7 10.3 72 2,126
PLACE ARMOR STONE AND FILTER

CLOTH ON BERM 6 IO 60 617
EXCAVATE AND HAUL SOIL TO BERM 32 10.4 333 6,374

52 535 $10,021

INCREMENT DIRECT COST

DRILL AND SHOOT ARMOR STONE 26 10 260' $ 3826
EXCAVATE, SORT, HAUL AND

PLACE ARMOR STONE 44 10.3 453 12,913
PLACE ARMOR, STONE AND F!LTER

CLOTH ON CAUSEwAr zu iu zuu Zb94
EXCAVATE AND HAUL SOIL TO

CAUSEWAY 36 10.4 374 7,114

126 1,227 $26,547

NET CHANGE 74 692 16,526

INCREMENT INDIRECT CONTRACTORS COST

INDIRECT COST CHANGE us ($1000) FOREIGN ($1000)

TRAVEL 2 x 89 x $180 = 320 155 x 1,800 =$279
SUBSISTANCE 692 x 30 x $15 311 692 1.5 x 30 x $1 = 311
PROCESSING $500 x 89 = 44.5 $500 x 155 = 77.5
TRAVEL PAY $500 x 89 x 4 = 178 $500 x 15 = 77.5
PFRSONNEL TOOLS $100 x 89 8.9

$862 $745
lNULRECT LABOR CHANGE

Coors (10 MONS) ADD 2 � $7965/MON $159.3 $2,538!MON $ 51
LA�NDARY (10 MONS) ADD 2 � $7965/MON 159.3 $1,903/MON 38

$318 $89

COST ($1000)

BUILDINGS PERMANANT TEMPORARY

DORMATORY 60 SF/MAN $ 86/SF $ 459 $25/SF $ 134
DINING FACILITY 15 SFIMAN $135/SF 180 $25/SF 33
LATRINE/SHOWER ADD 1000SF $135/SF 135 $25/SF 25
DISPENSARY ADD 500 SF $135/SF 68 $25/SF 13
RECREATION ROOM ADO 500 SF S 86/SF 43 $25/SF 13

$ 885 $ 217

TOTAL NET CHANGE US LABOR $18,591 $17,923
BURDEN AND CONTINGENCY 51.98%) - 9664 9,316

TOTAL NET CHANGE, DURDENED, US LABOR $28,255 $27,239
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TABLE V-6. EXCAVATE AND HAUL SOIL TO CAUSEWAY

WORK ACTIVITY: EXCAVATE AND HAUL 940,000 CY CONTAMINATED SOIL FROM
ISLAND TO CAUSEWAY

DURATION: 10.4 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 2 34.13 68.26
OPERATOR 32 30.63 980.16
LABORER 2 24.50 49.00

EQUIPMENT
TRUCK, 15 CY DUMP 20 39.00 730.00
(2 SPARE)
FRONT END LOADERS, 5CY 3 76.00 228.00
COMPACTOR, VIBRATORY 1 22.00 22.00
COMPACTOR, GRID 1 9.00 9.00
DOZER, D8 2 118.00 236.00
GRADER 2 34.00 68.00
SCRAPER, PADDLE 1 80.00 80.00
TRUCK, SERVICE 1 21.00 21.00
TRUCK, MECHANICS 1 21.00 21.00
TRUCK, TIRE 1 21.00 21.00
TRUCK, WATER 1 42.00 42.00
TRUCK, PICKUP 1 6.00 6.00

TOTAL COSTMOUR: 2631 LABOR COST/HOUR: 1097 EQUIP. COST/HOUR: 1,534
TOTAL COST: 7,114,224 LABOR COST: 2,966,288 EQUIP. COST: 4147,936

COST OF SUPPLIES/FACILITIES

ITEM COST ($)

NONE 0

TOTAL: 0

GRAND TOTAL: $7,114,000
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TABLE V-7. QUARRY ARMOR STONE

WORK ACTIVITY: DRILL AND SHOOT 422,000 CY ARMOR STONE FOR CAUSEWAY

DURATION: 10 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 3 34.13 102.39
OPERATOR 13 30.63 398.19
LABORER 10 24.50 245.00

EQUIPMENT
TRUCK DRILL 3 SPARES) 10 20.00 200.00
COMPRESSOR, 750 CFM 10 25.00 250.00
(3 SPARES)
TRUCK, FLAT BED 2 21.00 42.00
TRUCK, PICKUP 3 6.00 18.00

TOTAL COSTIHOUR: 1256 LABOR COST/HOUR: 746 EQUIP. COST/HOUR: 510
TOTAL COST: 3,265,600 LABOR COST: 1,939,600 EQUIP. COST: 1326,000

COST OF SUPPLIES/FACILITIES:

ITEM COST )

EXPLOSIVES $ 560,000

TOTAL: $ 560,000

GRAND TOTAL: $3,826,000

DRILL AND SHOOT ARMOR STONE = $11.85/M3
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TABLE V-8. EXCAVATE, SORT AND HAUL ARMOR STONE

WORK ACTIVITY: EXCAVATE, SORT, AND HAUL 422,000 CY ARMOR STONE

DURATION: 10.3 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 3 34.13 102.39
OPERATOR 41 30.63 1255.83
LABORER 0 24.50 0.00

EQUIPMENT
BACKHOE, 245 3 94.00 282.00
(1 SPARE)
FRONT END LOADER, 15 76.00 1140.00
5 CY (I SPARE)
TRUCK, DUMP ROCK 23 88.00 3464.00
(2 SPARE)
TRUCK, PICK UP 3 6.00 18.00

TOTAL COST/HOUR: 4822 LABOR COST/HOUR: 1358 EQUIP. COSTMOUR: 3464
TOTAL COST: 12,913,316 LABOR COST: 3,636,724 EQUIP. COST: 9276,592

COST OF SUPPLIES/FACILITIES:

ITEM COST

NONE 0

TOTAL: 0

GRAND TOTAL: $12,913,000
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TABLE V-9. PLACE ARMOR STONE OR CAUSEWAY

WORK ACTIVITY: PLACE ARMOR STONE 422,000 CY AND NECESSARY FILTER
CLOTH ON BERM

DURATION: 10 MONTHS

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 1 34.13 34.13
OPERATOR 7 30.63 214.41
LABORER 12 24.50 294.00

EQUIPMENT
BACKHOE, W/HYO 6 55.00 330.00
CLAMSHELL 2 SPARE)
TRUCK, PICK UP 1 6.00 6.00
TRUCK, FLATBED 1 21.00 21.00

TOTAL COSTMOUR: 900 LABOR COST/HOUR: 543 EQUIP. COST/HOUR: 357
TOTAL COST: 2,340,000 LABOR COST: 1,411,800 EQUIP. COST: 928,200

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

FILTER CLOTH 354,000

TOTAL: 354,000

GRAND TOTAL: 2694,000
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TABLE V-10. COST DISPOSAL OUTER ISLANDS INTO BRAVO CRATER

DECREMENT DIRECT COST: NONE

INCREMENT DIRECT COST PERSONS MONTHS PER-MON COST ($1000)

OUTER ISLAND DISPOSAL 13 5.3 69 5002

NET CHANGE 13 69 5002

BURDEN, FEE AND CONTINGENCY 51.98% 2,600

TOTAL DIRECT CHANGE $ 7,602

BAG AT 15$/M3 $ 3,135

BURDEN, FEE AND CONTINGENCY 51.98% 1,630

DIRECT CHANGE $ 4,765

TOTAL DIRECT CHANGE $12,367

C-59



TABLE V-10. DISPOSAL OUTER ISLANDS INTO BRAVO CRATER(l)

WORK ACTIVITY: DISPOSAL OUTER ISLANDS INTO BRAVO CRATER: NAM 109,000 CY;
LOMILIK 44,000 CY; ROJKERE 10,000 CY; LUKOJ 47,000 CY;
JELETE 63,000 CY; TOTAL = 273,000 CY 410,000 TONS

DURATION: 5.3 MONTHS; ASSUME 3000 TONS/DAY

NO. HOURLY TOTAL
REQUIRED RATE FOR CREW

CREW DESCRIPTION PER CREW ($/HR) ($/HR)

LABOR
FOREMAN 1 34.13 34.13
OPERATOR 12 30.63 367.56
LABORER 24.50

EQUIPMENT
BARGE, 1000 TON 4 50.00 200.00
TUG, OCEAN GOING 1 460.00 460.00
DOZER, D-8 4 118.00 472.00
FRONTEND LOADER, SCY 2 76.00 152.00
TRUCK, DUMP 15 CY 5 39.00 195.00
CONVEYOR, 91OTPM 1 20.00 20.00

TOTAL COSTMOUR: 1901 LABOR COST/HOUR: 402 EQUIP. COST/HOUR: 1499
TOTAL COST: 5,001,589 LABOR COST: 2,935,967 EQUIP. COST: 2065,622

COST OF SUPPLIES/FACILITIES:

ITEM COST ($)

NONE 0

TOTAL: 0

GRAND TOTAL: 5002,000

NOTE: ASSUME NOT DONE UNLESS DISPOSAL TO BRAVO CRATER FOR BIKINI IMPLEMENTED
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ADDENDUM VI

COMMUNITY CONSTRUCTION

This addendum presents cost data for one model community program based

on the works of G. Rivkin, Appendix E. This proposal is not official and

has not been accepted by the Government nor the Bikinians. It provides a

baseline for studying the community costs of resettlement.
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TABLE V-1. CONSTRUCTION COST ESTIMATE FOR
A PROPOSED RESETTLEMENT OPTION

BIKINI ENEU

UNIT COST COST
COSTM QUANTITY $1000's QUANTITY $1000's

ROADS

PRIMARY, CORAL, 22- ROAD WIDTH $100,000/MILE 7.2 MILES 720 2.8 MILES 280

SECONDARY, CORAL $ 44,000/MILE 3 MILES 132 2 MILES 88

PIERS(2) (See Tables 1 EA 2,508 1 EA 2,508

VI-4&5)

C-1) SMALL BOAT MARINA $638,000/EA I EA 638 1 EA 6381
Cm
N) RUNWAY, CORAL GRADING $ 4.50/SY 0 0 53,800 SY 242

PARKING APRON (INCLUDED IN "WATER --- ---

SUPPLY FACILITY" BELOW)

ELECTRICAL POWER

ELECTRICAL POWER PLANT, 2800 KW GEN.(2) (See Table 0 1 EA 1,292

IV-3)

LOCAL DISTRIBUTION $229,000/MILE 12 MILES 2,748 5 MILES 1,145

DISTRIBUTION OVER REEF $229,000/MILE 6 MILES 1,374 0 0

FUEL STORAGE $.40/GAL --- 5X105 GAL 200

STANDBY GENERATOR $ 30,000 EA 1 EA 30 0

POTABLE WATER

WATER SPPLY FACILITY 2 (See Table 0 1 EA 2,924

IV-2 )

STORAGE $.34/GAL 5X106 GAL 1.700

LOCAL DISTRIBUTION $ 81,000/MILE 12 MILES 972 6 MILES 486

DISTRIBUTION OVER REEF, $183,000/MILE 6 MILES 1,098



TABLE VI-1. CONSTRUCTION COST ESTIMATE FOR
A PROPOSED RESETTLEMENT OPTION (CONTINUED)

BIKINI ENEU

UNIT COST COST
COST QUANTITY $1000's QUANTITY $1000's

WASTE DISPOSAL INCINERATOR 175 75

EQUIPMENT 200 100

SEWAGE $195,000/MILES 12 MILES 2,340 6 MILES 1,170

COMMUNICATIONS EQUIPMENT 100

PERMANENT BUILDINGS

SCHOOL $135/SF 11,000 SF 1,485

CHURCH $135/SF 3,700 SF 500

DISPENSARY $135/SF 1,200 SF 162

OFFICE $135/SF 3,000 SF 405

COMMUNITY BUILDING $135/SF 800 SF 108

WAREHOUSE $ 95/SF 10,000 SF 950 5,000 SF 475

FREEZER $15O/SF 1,000 SF 150

RECREATION BUILDING $ 86/SF 900 SF 77

HOMES 1300 SQUARE FEET EACH $111,800 ea. 100 HOMES 11,180 30 HOMES 3,354

SUBTOTAL $28,052 $16,677

TOTAL $44,729

MOBILIZATION/DEMOBILIZATION (EST) 2000

GRAND TOTAL 46,729

NOTES: (1) These are total construction costs.

(2) Burden and contingency included to Costs Development in Addendum IV.
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1. INTRODUCTION

Radiation dosage at Bikini Atoll is the result of current soil

contamination, a relic of the nuclear weapons testing program of some 30

years ago. The principal contaminants today and some of their physical

properties are listed in Table 1: cesium-137, strontium-90, plutonium

-239, 240 and americium-241. Cobalt-60 contributes less than 1 to

the dose and is not considered significant.

A resident of the atoll would accumulate radiation dose (rem)

in two ways -- by exposure to radiation emanating from the ground and vege-

tation, and by exposure to radiation released in the spontaneous decay of

radionuclides that have entered his body during the ingestion of locally

grown foods. The latter process would account for some 90% of the dose;

cesium-137 would be responsible for 0 90% of it.

Since BARC's method of estimating dosage differs in some respects

from that employed by the Lawrence Livermore National Laboratory (LLNL),

(Ref.1, LLNL 1982) we are presenting our method in detail. The differences

have two sources. First, the numbers used by BARC for the daily ingestion

of radionuclides via the diet are higher than LLNL's. Second, BARC's

calculation of dose from radionuclide intake utilizes the ICRP system.

The net result is that BARC doses are consistently higher than LLNL doses,

and in this respect are more conservative.

2. EXTERNAL DOSE

The external exposure from soil and standing vegetation is due

to the gamma rays of cesium-137 (whole-body exposure) and to the beta rays

of both cesium-137 and strontium-90. The shallow dose (ICRU) due to beta

rays is negligible (W.L. Robison in Apprendix A, p. 23).

Gamma-ray exposure (r/yr) was measured by a detailed terrestrial

survey of Bikini and Eneu Islands in 1975 (Ref 2 and by an aerial sur-

vey of the entire atoll in 1978 (Ref.I3). both were in good agreement.

Using a factor of 061 rem/R to convert open field measurements at I m
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above ground-surface to whole-body-dose-equivalent (rem), the 1987 annual

doses for Eneu and Bikini are projected to be 0012 and 0141 rem, respec-

tively, the 30-year integral doses thereafter 0268 and 305 rem, and the

70-year integral doses 0416 and 489 rem. These estimates do not allow for

the shielding by buildings and the crushed stone spread on the grounds around

them, which could reduce exposure by 50% or more. 4.

3. INTERNAL PLANNING DOSE

Since no one knows accurately what the Bikinians will eat when

they resettle Bikini Atoll, it is necessary to project a diet so that dosage

can be estimated for planning purposes. BARC therefore terms the pro-

jected diet the "planning diet" and the dose calculated from it the

internal "planning dose". (In the case of the external dose which can be

measured directly at the atoll, the qualification "planning" is not

necessary.)

The calculation of the internal planning dose is based on a number

of assumptions and may be split into four steps.

(1) Planning diets (Section 4 below) are selected for adult

males and females. They involve the assumption that imported foods are

available for the equivalent of 9 months per year, and native foods are

always available.

(2) Knowing the radionuclide content of each food in the diets

(Tables 9 - 16), the daily average intake of each radionuclide (pCi/d)

was calculated for males and females separately. The average for both

sexes x 175 (a safety factor) is the "adult planning intake" (Table 2:

i.e., the intake for the adult general population.

On this basis, the daily pCi intake of cesium-137 is about
80 - 120 times that of strontium-90, which in turn is 350 - 150 times
that of the transuranic elements plutonium-239, 240 and americium-241
(Table 2. The intake of cesium and strontium on Bikini Island is

- 7 times that on Eneu.

(3) The factors to convert "planning daily intake" (pCi/d) or

any other daily intake, into committed whole-body dose (rem) are given in

Table 3 The conversion factors span a number of variables.
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For each principal tissue, the factors convert each radionuclide
intake (pCi/d) (Table 2 into annual absorbed dose (ionizing energy per
unit tissue mass) for each of the 50 years subsequent to intake; the
sum is the committed dose. In addition, the committed dose is weighted
for (a) the potency of the radiation (quality factor: I for gamma and
beta rays, 20 for alpha rays) and (b) for the relative cntribution
of each principal tissue to total body risk. The resulting parameter
is technically termed the effective-committed-dose-equivalent, or whole-
body committed dose (5).

The weighting factors take into account the fraction of the intake
absorbed from the gut (Table 4, the distribution of the absorbed nuclides
in the body, and the rate of excretion of nuclides from the tissues of
the body. Excretion is based on adult males only. In the case of
cesium-137, the rate of excretion is 30% higher in the female, and about
85% higher in juveniles. For comparable diets- therefore, their whole-
body committed doses will be less than that for the male.

For strontium-90 and the transuranics there is no significant
difference between the sexes as far as excretion rate is concerned. How-
ever, for strontium-90 the excretion rate varies significantly with age,
in a complex manner. Because it contributes such a small fraction to
the dose compared to cesium-137, detailed age-dependent calculations for
strontium-90 have not been attempted.

The number of atoms which disintegrate in a given organ over a
50-year period following intake of one pCi is converted into dose com-
mitment (rem) by using factors such as energy per disintegration (Table 
and the locations where the energy is absorbed. ICRP Publication 30
describes the details 6.

For the 30-year dose, it is assumed that the diet remains con-
stant, but its radionuclide content falls because of spontaneous decay.
No allowance is made for the possible leaching of radionuclides from
the soil, which will tend to diminish the dose.

(4) The bone-marrow dose and the whole-body committed dose for

resettlement of Eneu and Bikini are given in Tables and 6 respectively.

(They are the result of multiplying the intakes of Table 2 by the factors

of Table 3 The following major conclusions may be drawn from them:

• The Bikini doses are About 7 times those of Eneu.

• The bone marrow dose is 15% greater than the whole-

body committed dose.

* Cesium-137 is responsible for about 95% of the whole-

body dose and 85% of the bone marrow dose. Strontium-90

is responsible for 5% and 15%, respectively.,and the trans-

uranics for less than 1% during the first 70 years.
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The doses that have been under consideration are for adults.

In the case of juveniles and infants, the doses would be less for three

reasons. First, the intake of radionuclides per kg body weight is no

greater than in the case of adults. Second, the fractional lo-ss of burden

per day is much greater, about twice that in adults. Third, the smaller

size of children and especially infants diminishes the fraction of gamma ray

energy absorbed in the body.

Using the adult planning dose, therefore, should be adequate to

cover the entire population.

4. COMMENT ON DOSE CALCULATIONS

4.1 Planning Diet The planning diet is an average for adult

males and females, and assumes that imported foods will be available for

the equivalent of 9 months of the year and local foods for 12 months.

The reasoning behind this procedure is as follows.

The basic information for the planning diet was obtained through

the courtesy of the Lawrence Livermore National Laboratory team 7 an is

set out in Tables 9 - 16. They have provided not only the projected

weights of food consumed on Eneu and Bikini, but also calories, specific

activity, and total activity, both for males and females individually,

and for periods when imported foods are or are not available.

The distribution of foods within the diets is based on the report

of M. Pritchard of the Micronesian Legal Services Corporation (MLSQ, who

visited the Enewetak people for 25 weeks when they were residing on Ujelang

Atoll in 1979. Pritchard noted that the circumstances of atoll living

included periods when the population runs out of imported foods (owing to

failure of delivery services) and thus eats only local produce. To allow

for this, the BARC planning diet assumes that imported foods are available

for the equivalent of only 9 months of the year. The chief imported

staples are flour, rice, sugar and canned meat.

The Pritchard (MLSC) diets attribute somewhat greater food con-

sumption to women than to men (Table 17), although on average women weigh

somewhat less. () The differences are not great, however, and in view of
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the overall uncertainty, BARE considered it best for planning purposes to

combine the male and female data to obtain an "adult average diet".

Ralph Waltz, who resides on Majuro and is a member of the Bikini

family, made a small dietary survey for Kili and Majuro during the fall of

1983. The 88 individual members of 14 Bikini families were re-ported on

daily for six days. The data given to the Committee by Mr. Waltz show that

references to fish and chicken (imported) averaged 07 per day per person.

The overall average for coconuts was less than per person per week.

In fact, coconut consumption was limited to 4 of the 14 families; in these

four, there were 3 - 4 references per person per week, equivalent to about

one-third of the Pritchard estimate of 7 - 0 coconuts per person per week.

Two senior Marshallese officials independently have made the

following estimates from their experience on the outer atolls where there

are no major food distribution program: less than one coconut per day per

person; from 0.5 to one coconut per day per person (8).

The Bikini Council was asked to estimate coconut usage after re-

settlement but has not been heard from.

It is clear to all who have been visiting the Marshall Islands )

that the Marshallese diet has been changing significantly during the past

10 years, Canned drinks and canned foods are now commonplace in many

communities, in part due to the food assistance program. Flour, sugar, rice

and canned goods have become staples. Coconut consumption has certainly

diminished greatly over the years.

4.2 Planning Radionuclide Intake The principal single determinant

of radionuclide intake in the Dlanning diet is coconut; it accounts for 65%

(Eneu) or 84% (Bikini). Tables 9 - 7 assume the use of 12 coconuts per person

per day, averaged over a year. Older estimates ranged from 0.5 to upwards of

5 per day 7 Also, it has been pointed out that the number of coconuts

used in preparing a meal is not necessarily equal to the number eaten; that

many nuts are used only for drinking (the meat being discarded); and that

local and external factors affect consumption.
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On the other hand, under the influence of socioeconomic planning,

resettlement may lead to gardening and an increase in the diet of local

produce, thus increasing radionuclide intake.

Tn view of all of the foregoing considerations, it is clear that

judgment must be exercised in using the original Pritchard (MLSC) diets for

planning purposes. As noted above 42), the BARC planning diet uses the

average adult diet, with imports available for the equivalent of 9 months of

the year. Also, the radionuclide intake calculated from the planning diet

is multiplied by 175 (as a safety factor) to obtain the "planning intake"

used in the calculation of the planning dose.

The radionuclide intake from the planning diet should be based

on island-wide estimates of food contamination, not that of one or t;to

particular areas. The statistics of Tables 9 - 16, however, are based

on non-uniform sampling, as discussed on page D 20. It appears, therefore,

that the specific activity levels given in the tables are biased upwards,

so that the planning doses calculated from them will tend to be high rather

than low. The error, therefore, will be in the direction of added protection.

5. PLANNING DOSE AND FEDERAL GUIDES

The Federal "protective action guides" (10) apply to releases

of radiation that havealreadyoccurred whereas the more frequently employed

"radiation protection guides" apply to anticipated controlled

releases of radiation, e.g., from nuclear power stations, whose design and

operations are formulated in advance to meet the guide.

Category 3 of the protective action guides is concerned with the

long-term harm by cesium-137 and strontium-90 acting through the food web

after the first year of a contaminating event. The Federal Radiation

Council recognized the great diversity of such situations. It concluded

that protective action must be determined on a case by case basis when the

annual dose to the bone marrow after the first year would exceed 0.5 rem to

individuals or 02 rad to a suitable sample of the population.
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Such an evaluation involves cost-benefit analysis. Suppose that

the excess bone-marrow dose over a 10-year period is estimated to be 15%.

Would this be sufficient to warrant a population giving up the use of its

homes and land? Obriously, the excess dose would be trivial from the point

of view of harm, whereas the personal loss measured in terms o social

values would be considerable. To emphasize the need for judgment of this

kind, the Federal Radiation Council instituted the term protective action

guide rather than standard.

The summary of planning doses in Table shows that Eneu meets the

guides and may be resettled now. The bone-marrow planning dose has an

initial and maximum annual value of 0.188 rem, below the FRC 02 rem pro-

tective action guide. The whole-body maximum year's committed dose is

0.157 rem, and is below the NCRP average population radiation dose limit

of 17 rem/y (11). The 30-year dose commitments are clearly below the

federal guides.

In the case of Bikini Island, the maximum annual planning dose to

the marrow of 14 rem (30-year dose = 29 rem) obviously signals the need for

protective action. It is of interest, however, that the external dose com-

ponent is a permissible one, 014 rem/year (max.), so that under the

condition of "all food imported", residence on the island would be permissible.

In 1985 the ICRP recommended 0.1 rem in one year as the average

annual effective dose limit over a lifetime, with a subsidiary dose limit of

0.5 rem in a year for some years 12). The lifetime (70-year) planning doses

in Table 9 show that this most recent recommendation would be met on Eneu

(average lifetime dose 0078 rem/yr) but not on Bikini (average lifetime

dose 0611 rem/yr), unless all food is imported or action is taken to reduce

cesium-137 in local crops.
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TABLE 1. SOURCES OF RADIATION AT BIKINI ATOLL

Radionuclide Half-lifea/ Principal radiations (MeV)a/ Annual dose (rem) ICRP: Worker's
(years) alphad/ beta e/ gammae/ per pCi/g i tssueb/ Annual limit of

soft bone intake (pCi by
tissue marrow ingestionc/

Cesium-137' 30 0.187 .66 .010 .090 108
(muscle)

Strontium-90 29 - 1.13 - .005 27

Plutonium-239 24,065 5.23 - 1.93 0.63 5.4
(liver)

-240 6,537 5.24 1.93 0.63 5.4
(liver)

Americium-241 432 5.57 2.06 0.68 1.4
(liver)

a/ Annals of the ICRP- Vols 11-13, 1983.11ICRP Publication 38: Radionuclide Transformations"

b/ Dose in year for an activity of pCi/g maintained for that year in the tissues which receive the
highest dose when the radionuclide is ingested. (Reference: See Footnote c.)

c/ Annals of the ICRP. Vol 3 No. 14, 1979. 11ICRP Publication 30, Supplement to Part 1: Limits
for Intakes of Radionuclides by Workers". (Applicable to Radiation Workers)

d/ Quality factor, 20

e/ Quality factor, 



TABLE 2 PLANNING DIET-DAILY 1987 RADIONUCLIDE INTAKE (pCi/d)a/

Item Cesium Strontiu;n Plutonium Americium
-137 -90 -239,-240 -241

Eneu intake 8,030 120 .22 .13

Bikini intake 62,300 Soo .27 .17

ICRP-derived b/ 9,870 2460 123 490
intake limit

a/ The planning diet is an average for adult males and females. It is
assumed that imported foods are available for the equivalent of months
of the year, and that native food is always available. See Section 41

b/ Based on 1CRP Publication 30 1979) "Limits for Intakes of Radionuclide
for Workers." For the general population, the Committee has used /30th
of the ICRP value (bringing the committed equivalent dose to 017 rem).
The EPA has not given specific limits on intake, although such limits can
be calculated from the protective action guide (rem). Operationally,
the limits are more useful than doses.
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TABLE 3 FACTORS TO CONVERT "INITIAL DAILY INTAKE (pCi/d)"

TO COMMITTED DOSE EQUIVALENT (rem)a/

Dose Cesium Strontium Plutonium Americium
-137 -90 -239,-240 -241

Bone marrow

Initial year 1.8 x 10-5 2.6 x 10-4 2.2 x 10-4 1.1 x 10-3

0-30 year 3.8 x 10-4 5.4 10-3 6.5 x 10-3 3.3 x 1-2

30 to 70th year 2.4 x 10-4 3.2 x 10-3 8.6 x 10-3 4.2 x 1-2

Whole-body b/

Initial year 1.7 x 10-5 6.8 x 1-5 1.6 x 1-4 8.0 x 10-4

0-30 year 3.7 x 10-4 1.4 10-3 4.7 x 10-3 2.3 x 1-2

30 to 70th year 2.2 10-4 8.5 10-4 6.2 x 10-3 3.0 x 1-2

al For the specified period, it is assumed that diet is constant, but that
radionuclide activity changes with spontaneous decay. The dose is the
committed dose (i.e., the total of that which will accrue in the subse-
quent 50-year period following each year of intake).

b/ This is the effective-committed-dose-equivalent factor and is
the sum of the dose equivalents to 11 tissues of the body, each
weighted by the risk resulting from a unit of ose to that
tissue as compared to the risk from a unit of dose to the
whole body.
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TABLE 4 PHYSIOLOGICAL FACTORS IN DOSIMETRY

FACTOR

Radionuclide Fraction Number of nuclear transformations over
absorbed 50 years per unit of activity (pCi)
from gut ingesteda/

whole-bod cortical liver
y bone

Cesium-137 I 4.4 x 105

Strontium-90 0.3 4.1 x 105

Plutonium-239,-240 .0001 I., x 103 1.8 x 13

Americium-241 .0005 5.2 x 103 8.5 x 103

a/ Annals of ICRP, Vol 3 No. 14 1979). The factors are for men, and
take into account distribution within the body and rates of excretion.
For cesium-137, the physiological half-life is 105 days in men, 84 days
in women, 49 days in pregnant women, 59 days in juveniles and 19 days
in infants (NCRP Report No. 52, 1977).
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TABLE S. ENEU: INTERNAL DOSE COMMITMENT (rem) FOR THE PLANNING

DIET, RESETTLEMENT IN 1987a/

Cesium Strontium Plutonium Americium
Dose (rem) TOTAL

-137 -90 -239,-240 -241

Bone marrow

Initial year 0.145 0.031 0.00005 1 0.00014 0.176

0-30th year 3.05 0.643 0.00144 0.0043 3.70

30-70th year 1.93 0.381 0.00191 0.0055 2.32

Whole-body b/

Initial year 0.137 0.008 0.00004 0.00010 0.145

0-30th year 2.97 0.167 0.00104 0.0030 3.14

30-70th year 1.77 0.101 0.00138 0.0039 1.88

a/ For the specified period, it is assumed that diet is constant, but that
radionuclide activity changes with spontaneous decay. The dose is the
committed dose (i.e., the total of that which will accrue in the subse-
quent 50-year period following each year of intake).

b/ This is the effective-committed-doseo equivalent and is
the sum of the dose equivalents to 11 tissues of the body, each
weighted by the risk resulting from a unit of dose to that
tissue as compared to the risk from a unit of dose to the
whole body.
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TABLE 6 BIKINI: INTERNAL DOSE COMMITMENT (rem) FOR THE

PLANNING DIET, RESETTLEMENT IN 1987 a/

Dose (rem) Cesium Strontium Plutonium Americium TOTAL
-137 -90 -239,-240 -241

Bone marrow

Initial year 1.12 0.131 0.00006 0.00019 1.2S

0-30th year 23.67 2.72 0.00174 0.0057 26.40

30-70th year 14.95 1.61 0.00230 0.0072 16.6

Whole-body b/

Initial year 1.059 0.034 0.00004 0.00014 1.09

0-30th year 23.05 0.706 0.00126 0.0040 23.8

30-70th year 13.71 0.428 0.00166 0.0052 14.1

a/ For the specified period, it is assumed that diet is constant, but that
radionuclide activity changes with spontaneous decay. The dose is the
committed dose (i.e., the total of that which will accrue in the subse-
quent 50-year period following each year of intake).

b/ This is the effective-committed-dose-equivalent and.is
the sum of the dose equivalents to 11 tissues of the body, each
weighted by the risk resulting from a unit of dose to that
tissue as compared to the risk from a unit of dose to the
whole body.
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TABLE 7. 30-YEAR CUMULATIVE PLANNING DOSE COMMITMENTS (rem)

FOR RESETTLEMENT 1987-2016)

Island Internal External TOTAL

Eneu

Bone marrow 3.70 (.176) a/ 0.268 (.012) 3.97 (.188)

Whole-body b/ 3.14 (.145) 0.268 (.012) 3.41 (.157)

Bikini

Bone marrow 26.40 125) 3.05 (.14) 29.5 (1.39)

Whole-body b/ 23.76 109) 3.05 (.14) 26.8 (1.23)

a/Annual committed dose for 1987 in parentheses.

b/ Effective committed dose equivalent.
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TABLE 8. 70-YEAR CUMULATIVE DOSE COMMITMENTS (rem)

FOR RESETTLEMENT 1987-2057)

Island Internal External TOTAL

Eneu

Whole-body 5.02 (.145) a/ 0.416 (.012) 5.42 (.157)

Bikini

Whole-body 37.90 109) 4.892 (.14) 42.80 123

a/ Maximum annual dose in parentheses.
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TABLES 9 - 16

Tables 9 - 16 were supplied to BARC by Dr. William Robison of

Lawrence Livermore National Laboratory and are an expanded, current version

of those which appeared in LLNL Publication UCRL-53225: An Updated Radio-

logical Dose Assessment of Bikini and Eneu Islands at Bikini Atoll (January

1982). The coconut assays for Eneu differ from the 1982 publication owing

to the large amount of new data that has become available.

The statistics in the tables are "lumped means", i.e., the data

for an entire island were averaged. Since the samples had not been uni-

formly drawn to cover the entire islandclustered sampling at particular

locations may have biased the lumped means.

In dealing with soil-sample data in Report No. 1, BARC had each

island divided into six approximately equal areas. For each of these,

the median specific activity was determined, and from the six medians the

"distributed mean" was calculated (BARC Report No. 1, Table 2 page 50).

On Eneu, the distributed mean for cesium-137 in soil 040 cm depth) was

19% lower than the lumped mean, and on Bikini it was 32% lower.

In the present tables, the cesium-137 level in Eneu coconut

products is 20% lower than in the 1982 LLNL report. (Both use the

lumped mean throughout.) The change is based on a large amount of new

data for the specific activity in the meat of the drinking coconut. It

is assumed that a parallel change has also occurred in all other coconut

products. If the change had been estimated on the basis of the distributed

mean, the decrease would amount to 40%.

It should also be noted that the data for coconut are much more ex-

tensive and therefore secure than for most other land-produced foods. Coco-

nut is responsible for 65% of the cesium intake on Eneu and 84% on Bikini.

In the case of the lagoon, the levels of specific activity in the

marine animals is such that their contribution to the planning dose is not

significant. An up-to-date summary 1977-84) for fish will be published in

1986 by Dr. V. Noshkin and colleagues from the Lawrence Livermore Laboratory.
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FOOTNOTES FOR TABLES 9 - 16

a. Specific activity is decay corrected to 1987, it is based on
determiniations from 1977-85 by Dr. William Robison et al., Lawrence
Livermore National Laboratory, Livermore, Ca. Number oTindependent
samples is in parenthesis.

b. Specific activity used is that of copra meat.

c. Specific activity used is that of chicken muscle.

d. Specific activity based on crabs caught on Oroken and Bokdrolul
Islands. There are few if any on Bikini and Eneu.

e. Specific activity for marine and water samples 1981) was upplied by
Dr. Victor Noshkin et al'., Lawrence Livermore National Laboratory,
Livermore, Ca. A current summary for lagoon fish will appear in 1986.

f. Reference for locally produced foods: 'Some Tropical South Pacific
Island Food: description, history, use, composition, and nutritive
value" Mary Mervia, Florence Pen and Carey Miller, University of
Hawaii Press, 1958.

g. Reference for imported food: (1) Agriculture Handbook No. 
"Composition of Foods-raw, processed, prepared" Bernice K. Watt and
Annabel L. Merrill, revised December 1963. 2 "The Heinz Handbook of
Nutrition" 2nd Ed. Benjamin T. Burton, 1965. 3 "Dietary Nutrient
Guide" Jean A.T. Pennington, 1976.
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Lawrence Livermore Nat'l

Table . MLSC Diet: Bikini Island, Adult Male, Local and Imported Foods Available. Laboratory, March 1986

Specif ic Activity, (pCi/g wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+24OPU 24lAm 137CS 9OSr 239+240pu 24lAm

Reef Fishe 20.80 1.40 28.84 0.16 0.002 n-00038 0.00019 3.3 0.041 0.0078 0.0039
Tunae 15.76 1.40 22.06 0.14 0.002 0.00038 0.00019 2.2 0.032 0.0060 0.003
Mahi Mahie 5.13 1.10 5.64 0.14 0.002 0.00038 0.00019 0.72 0.010 0.0019 0.001
marine Crabse 1.01 0.90 0.91 0.005 0.005 0.0017 0.00085 0.0051 0.0051 0.0017 0.00086
Lobstere 4.85 0.90 4.36 0.054 0.005 0.0017 0.00085 0.26 0.024 0.0082 0.0041
Clamse 4.66 0.80 3.73 0.011 0.006 0.0014 0.0007 0.051 0.028 0.0065 0.0033
Trochuse 0.48 0.80 0.38 0.011 0.006 0.0014 0.0007 0.0053 0.0029 0.00067 0.0003
Tridacna

Musclee 1.76 1.28 2.25 0.011 0.006 0.0014 0.0007 0.019 0.011 0.0025 0.0012
Jedrule 1.68 0.80 1.33 0.011 0.006 0.0014 0.0007 0.018 0.010 0.0024 0.0012
coconut Crabsd 3.10 0.70 2.17 48 8.8 0.0068 0.0034 149 27 0.021 0.011
Land Crabs 0.25 0.70 0.18 48 8.8 0.0068 0.0034 12 2.20 0.0017 0.0009
Octopuse 2.56 1.00 2.58 0.088 0.005 0.0004 0.0002 0.23 0.013 0.0010 O.O(O5
Turtlee 3.67 0.89 3.27 0.026 0.076 0.00013 0.00065 0.095 0.28 0.00047 0.0024
Chicken Muscle 5.03 1.70 8.55 6.9 (1) 0.057 (1) ND NO 35 0.29 ND ND
Chicken Liver 1.77 1.64 2.90 6.9c 0.057c NO NO 12 0.10 ND ND
Chicken

Gizzard No Response 1.48 0.00 6.9c 0.057c ND ND NO NO ND ND
Pork Muscle 7.76 4.50 34.92 235 (5) 0.068 4 0.00021 4 0.00016 3 1824 0.53 0.0016 0.0012
Pork Kidney No Response 1.40 0.00 216 4 0.28 3 0.00094 3 0.00032 3 ND ND ND ND
Pork Liver 4.14 2.41 9.98 94 (5) 0.13 3 0.0032 3 0.0014 3 389 0.54 0.013 0.0058
Pork Heart No Response 1.95 0.00 123 4 0.067 3 0.00016 3 ND NO ND ND NO
Bird Muscle 6.07 1.70 10.32 0.05 3 0.040 3 0.00013 3 0.000065 3 0.33 0.24 0.00079 0.0004
Bird Viscera 2.71 2.00 5.42 0.40 3 0.040 (3) ND ND 1.1 0.11 ND ND
Bird Eggs 3.74 1.50 5.61 0.033 3 0.018 (3) ND ND 0.12 0.067 ND ND
Chicken Egs 3.17 1.63 5.17 6.9c 0.057c ND ND 22 0.18 NO ND
Turtle Eggse 2.15 1.50 3.22 0.033 0.018 0.00013 0.000065 0.071 0.039 0.00028 0.00014
Pandanus Fruit 2.53 0.60 1.52 138 16) 7.8 2 0.00012 4 0.00014 3 349 20 0.00030 0.00035
Pandanus Nuts 0.16 2.66 0.43 138 16) 7.8 2 0.00012 4 0.00014 3 22 1.2 0.000019 0.000022
Breadfruit 12.80 1.30 16.64 16 21) 2.4 ) 0.000048 (11) 0.000037 (5) 206 31 0.0061 0.00047
Coconut Juice 63.65 0.11 7.00 54 130) 0.021 (1) 0.000034 2 0.00023 (1) 3406 1.3 0.0022 0.015
Coconut Milk 35.22 3.46 121.86 2226 0.17b 0.000016b 0.0000136 7819 6.0 0.00056 0.00046ITu
ba/Jekero 0.71 0.50 0.36 169 (11) 0.17b 0.000016b 0.000013b 120 0.12 0.000011 0.00001
Drinking Coco

Meat 9.98 1.02 10.18 136 127) 0.17 17) 0.00004 17) 0.00001 2 1357 1.2 0.00040 0.00018
Copra Meat 6.31 4.14 26 12 222 42) 0.17 4 0.000016 14) 0.000013 6 1401 1.1 0.00010 0.00008
Sprout. Coco 2.99 0.80 2.i9 222b 0 l7b 0 000016b 0.000013b 777 0.51 0.000048 0.000039b b bMarsh. Cake 13.22 3.36 44 .42 222 0:17 0:000016b 0.000013 2935 2.2 0.00021 0.00017
Papaya 1.63 0.39 0.64 85 (55) 1.7 (5) 0.000073 3 0.0000098 2 139 2.8 0.00011 0.000016
Squash No Response 0.47 0.00 30 3) NO NO NO NO NO NO NO
Pumpkin 0.17 0.30 0.05 30 3) ND NO ND 5.1 ND ND ND
Banana 0.00 0.88 0.00 10 3) ND ND ND ND ND ND NO
Rainwatere 358.90 0.00 0.00 0.0019 0.00061 0.0000063 0.0000032 0.68 0.22 0.0023 0.0011
Wellwatere 213.20 0.00 0.00 0.43 0.12 0.000045 0.000022 92 26 0.0096 0.0047
Maloloe 132.20 0.00 0.00 0.019 0.00061 0.0000063 0.0000032 2.5 0.081 0.00083 0.00042
Coffee/Teae 275.40 0.00 0.00 0.019 0.00061 0.0000063 0.0000032 5.2 0.17 0.0017 0.00088

Total Local 1234.26 395 21,088 126 0.103 0.065
Fluids 1043 7 3,506 98 .017 .022
Solids 191 319 8 17,W 108 .086 .043



Table 9 (Continued) MLSC Diet: Bikini Island, Adult Male, Local and
Imported Food Available 

Imported Food Grams/d Kcal/qg Kcal/d

Baked Bread 31.85 2.75 87.59
Fried Bread 62.79 4.25 266.86
Pancakes 47.97 2.18 104.57
Cake 2.44 3.27 7.98
Rice 240.60 1.10 264.66
Instant Mashed
Potatoes 67.68 0.90 60.91

Sugar 73.07 3.85 281.32
Canned Chicken 5.03 1.98 9.96
Corned Beef 61.48 2.16 132.80
Spam 35-99 2.28 82.06
Canned Mackeral 26.69 1.83 48.84
Canned Sardines 24.72 2.14 52.90
Canned Tuna 45.67 1.98 90.43
Canned Salmon No Response 2.03 0.00
Other Canned

Fish No Response 2.00 0.00
Other Meat
Fish or Poultry No Response 2.00 0.00
Carbonated

Drinks 360.70 0.40 144.28
Orange Juice 105.00 0.44 46.20
Tomato Juice 64.85 0.19 12.32
Pineapple Juice 72.42 0.55 39.83
Other Canned

Juice 355.00 0.50 177.55
Evaporated Milk 158.10 1.37 216.60
Powdered Milk 52.03 1.37 71.28
Whole Milk 0.00 0.68 0.00
Canned Butter No Response 7.16 0.00
Onion 0.00 0.45 0.00
Canned Veg. 0.00 0.80 0.00
Baby Food No Response 1.00 0.00
Ramen Noodles No Response 1.25 0.00
Candy No Response 4.00 0.00

Total Imported 1894 2199
Fluids 1168 708
Solids 726 1491

Total Local and Imported 3128 2594
Fluids 2211 715
Solids 917 1879



Lawrence Livermore Nat'l
Table 1. MLSC Diet: Bikini Island, Adult Female, Local and Imported Food Available. Laboratory, March 1986

Specific Activitya (pCi/q wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+240PU 24lAm 137CS 9OSr 239+240pu 24lAm

Reef Fishe 24.17 1.40 33.84 0.16 0.002 0.00038 0.00019 3.9 0.048 0.0092 0.0046
Tunae 13.85 1.40 15.24 0.14 0.002 0.00038 (.00019 1.9 0.028 0.0053 0.0026
Mahi Mahie 3.56 1.10 3.92 0.14 0.002 0.00038 0.00019 0.50 0.071 0.0013 0.00068
Marine Crabse 1.68 0.90 1.51 0.005 0.005 0.0017 0.00085 0.0084 0.0084 0.0029 0.0014
Lobstere 3.88 0.90 3.49 0.054 0.005 0.0017 0.00085 0.21 0.019 0.0066 0.0033
Clamse 4.56 0.80 3.65 0.011 0.006 0.0014 0.0007 0.05 0.027 0.0064 0.0032
Trochuse 0.10 0.80 0.08 0.011 0.006 0.0014 0.0007 .0011 0.0006 0.00014 0.00007
Tridacna

Musclee 1.67 1.28 2.14 0.011 0.006 0.0014 0.0007 0.018 0.010 0.0023 0.0012
ledrule 3.08 0.80 2.46 0.011 0.006 0.0014 0.0007 0.0034 0.018 0.0043 0.0022d 0.0068 0.0034 150 28 0.021Coconut Crsbs 3.13 0.70 2.19 48 8.8 0.011
Land Crabs 0.00 0.70 0.00 48 8.8 0.0068 0.0034 0.0 0.0 0.0 0.0
Octopuse 4.51 1.00 4.51 0.088 0.005 0.0004 0.0002 0.40 0.023 0.0018 0.0009
Turtlee 4.34 0.89 3.96 0.026 0.076 0.00013 0.00065 0.11 0.33 0.00056 0.0028
Chicken Muscle 8.36 1.70 14.21 6-9 (1) 0.057 (1) ND ND 58 0.48 ND ND
Chicken Liver 4.50 1.64 7.38 6.9c 0.057c ND ND 31 0.26 NO NO
Chicken

Gizzard 1.66 1.48 2.49 6.9c 0.057c ND ND 11 0.09 NO NO
Pork Muscle 5.67 4.50 2.84 235 (5 0.068 4 0.00021 4 0.00016 3 1332 0.39 0.0019 0.0009
Pork Kidney No Responsel.40 0.00 216 (4i 0.28 3) 0.00094 3 0.00032 3 ND NO NO NO
Pork Liver 2.60 2.41 6.27 94 (5) 0.13 3 0.0032 3 0.0014 3 244 0.34 0.01 0.0036
Pork Heart 10.58 1.95 20.63 123 4 0.067 3 0.00016 3) ND 1301 0.71 0.0017 NO
Bird Muscle 2.71 1.70 4.61 0.05 3 0.040 3 0.00013 3 0.000065 3 .15 0.11 0.00035 0.00018
Bird Viscera 1.56 2.00 3.16 0.40 3 0.040 (3) NO NO 0.62 0.06 ND ND
Bird Eggs 1.54 1.50 2.31 0.033 3 0.018 (3) ND ND 0.05 0.03 ND ND
Chicken Eggs 7.25 1.63 11.82 6.9c 0.057c ND ND 50 0.41 ND ND
Turtle Eggse 9.36 1.50 14.04 0.033 0.018 0.00013 0.000065 0.31 0.17 0.0012 0.0006
Pandanus Fruit 8.66 0.60 5.20 138 16) 7.8 2 0.00012 4 0.00014 3 1195 68 0.001 0.0012
Pandanus Nuts 0.50 2.66 1.33 138 16) 7.8 2 0.00012 4 0.00014 3 69 3.9 0.00006 0.00007
Breadfruit 27.16 1.30 35.31 16 21) 2.4 ) 0.000048 (11) 0.000037 (5) 437 66 0.0013 0.0010
Coconut Juice 99.05 0.11 10.90 54 130) 0.021 (1) 0 000034 2 0.00023 (1) 5301 2.1 0.0034 0.023
Coconut Milk 51.86 3.46 179.44 222b 0.17b 0:000016b 0 000013b 11513 8.8 0.00083 0.00067
Tuba/Jekero 0.00 0.50 0.00 169 (11) 0.17b 0.000016b 0:000013b 0.0 0.0 0.0 0.0
Drinking Coco

Meat 31.70 1.02 32.33 136 127) 0.17 17) 0.00004 17) 0.000018 2 4295 3.8 0.0013 0.00057
Copra Meat 12.15 4.14 32.33 222 42) 0.17 4 0.000016 14) 0.000013 6 2697 2.1 0.00019 0.00016
Sprout. Coco 7.79 0.80 6.23 222b 0 l7b 0.000016 0 000013b 2025 1.3 0.00012 0.00010
Marsh. Cake 11.66 3.36 39.18 222b 0:17b 0.000016 0:000013b 2588 2.0 0.00019 0.00015
Papaya 6.59 0.39 2.57 85 (55) 1.7 (5) 0.000073 (3) 0.0000098(2) 560 11 0.00048 0.000064
Squash No ResponseO.47 0.00 30 3) ND ND ND ND ND ND ND
Pumpkin 1.24 0.30 0.37 30 3) ND NO NO 37 NO ND ND
Banana 0.02 0.88 0.02 1 3 ND ND NO 0.21 ND ND ND
Rainwatere 313.20 0.00 0.00 0.0019 0.00061 0.0000063 0.0000032 0.60 0.19 0.0019 0.0010
Wellwatere 206.70 0.00 0.00 0.43 0.12 0.000045 0.000022 89 25 0.0093 0.0045
Maloloe 199.30 0.00 0.00 0.019 0.00061 0.0000063 0.0000032 0.38 0.12 0.0013 0.00064
Coffee/Teae 227.90 0.00 0.00 0.019 0.00061 0.0000063 0.0000032 0.43 0.14 0.0014 0.00073

Total Local 1334 530 33,997 226 0.10 0.07
Fluids 1046 11 5,391 28 .02 .03
Solids 288 519 28,606 196 .08 .04



Table 10-(Continued) MLSC Diet: Bikini Island, Adult Female, Local and
Imported Food Available.

Imported Food Grams/d Kcal/gg Kcal/d

Baked Bread 30.28 2.75 83.27
Fried Bread 71.99 4.25 305.96
Pancakes 59.52 2.18 129.75
Cake 2.64 3.27 8.6
Rice 233.50 1.10 257
Instant Mashed
Potatoes 126.80 0.90 114

Sugar 65.17 3.85 251
Canned Chicken 12.97 1.98 26
Corned Beef 78.67 2.16 170
Spam 54.99 2.28 125
Canned Mackeral 43.99 1.83 91
Canned Sardines 42.53 2.14 91
Canned Tuna 58.99 1.98 117
Canned Salmon No Response 2.03 0.00
Other Canned

Fish No Response 2.00 0.00
Other Meat
Fish or Poultry No Response 2.00 0.00
Carbonated

Drinks 337.90 0.40 135
Orange Juice 187.80 0.44 83
Tomato Juice 99.54 0.19 19
Pineapple Juice 177.50 0.55 98
Other Canned

Juice 25.44 0.50 13
Evaporated Milk 201.10 1.37 276
Powdered Milk 72.91 1.37 100
Whole Milk 0.00 0.68 0.00
Canned Butter 0.00 7.16 0.00
Onion 0.00 0.45 0.00
Canned Veg. No Response 0.80 0.00
Baby Food No Response 1.00 ND
Ramen Noodles 6.07 1.25 7.6
Candy No Response 4.00 0.00

Total Imported 1990 2491
Fluids 1102 724
Solids 888 1767

Total Local and Imported 3324 3021
Fluids 2148 735
Solids 1176 2286



Lawrence Livermore Nat'l
Table 11. MLSC Diet: Bikini Island, Adult Male, Imported Food Unavailable. Laboratory, March 1986

-Specific Activity, (pCi/g wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+24(pu 24lAm 137CS 9OSr 239+240pu 24IAm

Reef Fishe 40.95 1.40 57.33 0.16 0.002 0.00038 0.00019 6.6 0.082 0.016 0.0078
Tunae 34.73 1.40 48.62 0.14 0.002 0.00038 0.00019 4.9 0.069 0.013 0.0066
Mahi Mahie 13.62 1.10 14.98 0.14 0.002 0.00038 0.00019 1.9 0.027 0.0052 0.0026
Marine Crabse 2.59 0.90 2.33 0.005 0.005 0.0017 0.00085 0.013 0.013 0.0044 0.0022
Lobstere 25.08 0.90 22.57 0.054 0.005 0.0017 0.00085 1.4 0.13 0.043 0.021
Clamse 32.94 0.80 26.35 0.011 0.006 0.0014 0.0007 0.36 0.20 0.046 0.023
Trochuse 1.00 0.80 0.80 0.011 0.006 0.0014 0.0007 0.011 0.006 0.0014 0.0007
Tridacna

Musclee 8.59 1.28 10.10 0.011 0.006 0.0014 0.0007 0.094 0.051 0.012 0.006
Jedrule 8.53 0.80 6.82 0.011 0.006 0.0014 0.0007 0.094 0.051 0.012 0.006
coconut Crsbsd 8.42 0.70 5.89 48 8.8 0.0068 0.0034 404 74 0.057 0.029
Land Crabs 5.64 0.70 3.95 48 8.8 0.0068 0.0034 271 50 0.038 0.019
Octopuse 12.10 1.00 12.10 0.088 0.005 0.0004 0.0002 1.1 0.060 0.0048 0.0024
Turtlee 7.58 0.89 6.75 0.026 0.076 0.00013 0.00065 0.20 0.58 0.00098 0.0049
Chicken Muscle 9.94 1.70 16.90 6.9 (1) 0.057 (1) ND ND 69 0.57 ND ND
Chicken Liver 3.90 1.64 6.40 6.9c 0.057c ND ND 27 0.22 ND ND
Chicken

Gizzard 10.58 1.48 15.66 6.9c 0.057c NO No 73 0.60 NO NO
Pork Muscle 12.37 4.50 55.66 235 (5 0.068 4 0.00021 4 0.00016 3 2907 0.84 0.0026 0.0020

tv Pork Kidney No Response 1.40 0.00 216 (4� 0.28 3 0.00094 3 0.00032 (3� NO ND ND ND
Pork Liver 5.63 2.41 13.57 94 (5) 0.13 3 0.0032 3 0.0014 3 529 0.73 0.018 0.0079
Pork Heart No Response 1.95 0.00 123 4 0.067 3 0.00016 3 NO ND ND NO ND
Bird Muscle 17.18 1.70 29.21 0.05 3 0.040 3 0.00013 3 0.000065 3 0.94 0.69 0.0022 0.0011
Bird Viscera 8.25 2.00 16.50 0.40 3 0.040 (3) ND NO 3.3 0.33 ND ND
Bird Eggs 8.26 1.50 12.39 0.033 3 0.018 (3) ND ND 0.27 0.15 ND ND
Chicken Eggs 6.06 1.63 9.88 6.9c 0.057c ND ND 42 0.35 NO ND
Turtle Eggse 2.24 1.50 3.36 0.033 0.018 0.00013 0.000065 0.074 0.040 0.00029 0.00015
Pandanus Fruit 27.21 0.60 16.33 138 16) 7.8 2 0.00012 4 0.00014 3 3755 212 0.0033 0.0038
Pandanus Nuts 0.64 2.66 1.70 138 16) 7.8 2 0.00012 4 0.00014 3 88 5.0 0.000077 0.000090
Breadfruit 57.57 1.30 74.84 16 21) 2.4 9 0.000048 (11) 0.000037 (5) 927 141 0.0028 0.0021
Coconut Juice 130.80 0.11 14.39 54 130) 0.021 (1) 0.000034 2 0.00023 (1) 7000 2.8 0.0044 0.030
Coconut Milk 37.18 3.46 128.64 222b 0.17b 0.000016b 0.0000136 8254 6.3 0.00059 0.00048
Tuba/Jekero 0.71 0.50 0.36 169 (11) 0.17b 0.000016b 0.000013b 120 0.12 0.000011 0.0000092
Drinking Coco

Meat 59.31 1.02 60.50 136 127) 0.17 17) 0.00004 17) 0.00001 2 8036 7.1 0.0024 0.0011 
Copra Meat 33.35 4.14 138.07 222 42) 0 17 4 0.000016 14) 0 000013 6 7404 5.7 0.00053 0.00043
Sprout. Coco 32.44 0.80 25.95 222b 0:17b 0.000016b 0:000013b 8434 5.5 0.00052 0.00042
Marsh. Cake 0.00 3.36 0.00 222b 0.l7b 0.000016b 0 .000013b 0.0 0.0 0.0 0.0
Papaya 6.78 0.39 2.64 85 (55) 1.7 (5) 0.000073 3 0.0000098 (2) 576 12 0.00049 0.000066
Squash No Response 0.47 0.00 30 3) ND ND NO ND NO ND ND
Pumpkin 0.70 0.30 0.21 30 3) ND ND ND 21 ND ND ND
Banana 0.00 0.88 0.00 10 3) NO NO ND 0.0 0.0 0.0 0.0
Rainwatere 347.90 0.00 0.00 0.0019 0.00061 0.0000063 0.0000032 0.66 0.21 0.0022 0.0011
Wellwatere 217.50 0.00 0.00 0.43 0.12 0.000045 0.000022 94 26 0.0098 0.0048
Maloloe 0.00 0.00 0.00 0.019 0.00061 0.0000063 0.0000032 0.0 0.0 0.0 0.0
coffee/Teae 5.07 0.00 0.00 0.019 0.00061 0.0000063 0.0000032 0.0096 0.0031 0.000032 0.000016

Total Local 1310 862 49,053 553 0.31 0.19
Fluids 702 14 7,095 29 .02 .04
Solids 608 848 41,958 524 .29 .15
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Table 12. MLSC Diet: Bikini Island, Adult Female, Imported Food Unavailable. Laboratory, March 1986

Specific Activitya (pCi/g wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+240pu 24lAm 137CS 9OSr 239+240pu 24lAm

Reef Fishe 43.39 1.40 60.75 0.16 0.002 0.00038 0.00019 6.9 0.087 0.016 0.0082
Tunae 36.02 1.40 50.43 0.14 0.002 0.00038 0.00019 5.0 0.072 0.014 0.0068
Mahi Mahie 10.70 1.10 11.77 0.14 0.002 0.00038 0.00019 1.5 0.021 0.0041 0.0020
Marine Crabse 9.75 0.90 8.78 0.005 0.005 0.0017 0.00085 0.049 0.049 0.017 0.0083
Lobstere 17.61 0.90 15.85 0.054 0.005 0.0017 0.00085 0.95 0.088 0.030 0.015
Clamse 29.05 0.80 23.24 0.011 0.006 0.0014 0.0007 0.32 0.17 0.041 0.020
Trochuse 0.12 0.08 0.10 0.011 0.006 0.0014 0.0007 0.001 0.0007 0.0002 0.0001
Tridacna

Musclee 5.72 1.28 7.32 0.011 0.006 0.0014 0.0007 0.063 0.034 0.008 0.0040
Jedrule 9.69 0.80 7.75 0.011 0.006 0.0014 0.0007 0.11 0.058 0.014 0.0068
Coconut Cribsd 12.47 0.70 8.73 48 8.8 0.0068 0.0034 599 110 0.085 0.042
Land Crabs 0.00 0.70 0.00 48 8.8 0.0068 0.0034 0.0 0.0 0.0 0.0
Octopuse 24.51 1.00 24.51 0.088 0.005 0.0004 0.0002 2.2 0.12 0.0098 0.0049
Turtlee 5.88 0.89 7.90 0.026 0.076 0.00013 0.00065 0.23 0.68 0.0012 0.0058
Chicken Muscle 15.59 1.70 26.50 6.9 (1) 0.057 (1) NO ND 108 0.89 ND ND
Chicken Liver B.84 1.64 14.50 6.9c 0.057c ND ND 61 0.50 ND ND
Chicken

Gizzard 1.66 1.48 2.46 6.9c 0.057c NO ND 11 0.095 ND ND
tz) Pork Muscle 6.96 4.50 31.32 235 (5) 0.068 4 0.00021 4 0.00016 3 1636 0.47 0.0015 0.0011

Pork Kidney No Response 1.40 0.00. 216 4 0.28 3 0.00094 3 0.00032 3 NO ND ND ND
Pork Liver 3.35 2.41 8.07 94 (5) 0.13 3 0.0032 3 0.0014 3 315 0.44 0.011 0.0047
Pork Heart 10.58 1.95 20.63 123 4 0.067 3 0.00016 3 ND 1301 0.71 0.0017 NO
Bird Muscle 13.19 1.70 22.42 0.05 3 0.040 3 0.00013 3 0.000065 3 0.73 0.53 0.0017 0.0009
Bird Viscera 4.65 2.00 9.30 0.40 3 0.040 3 ND ND 1.9 0.19 ND No
Bird Eggs 11.38 1.50 17.07 0.033 3 0.01 3 ND ND 3.8 0.20 ND ND
Chicken Eggs 20.60 1.63 33.58 6.9c 0.057c ND ND 142 1.2 ND ND
Turtle Eggse 117.40 1.50 176.10 0.033 0.018 0.00013 0.000065 3.9 2.1 0.015 0.0076
Pandanus Fruit 31.48 0.60 18.89 138 16) 7.8 2 0.00012 4 0.00014 3 4344 246 0.0038 0.0044
Pandanus Nuts 1.00 2.66 2.66 138 16) 7.8 2 0.00012 4 0.00014 3 138 7.8 0.0001 0.0001
Breadfruit 93.06 1.30 120.98 16 21) 2.4 ) 0.000048 (11) 0.000037 (5) 1498 228 0.0045 0.0034
Coconut Juice 166.50 0.11 18.32 54 130) 0.021 (1) 0 000034 2 0.00023 (1) 8911 3.5 0.0057 0.038
Coconut Milk 60.91 3.46 210.75 2226 0.17b 0:000016b 0.0000136 13522 10 0.0010 0.0008
Tuba/Jekero 0.00 0.50 0.00 169 (11) 0.17b 0.000016b 0.000013b 0.0 0.0 0.0 0.0
Drinking Coco

Meat 90.36 1.02 92.17 136 127) 0.17 17) 0.00004 17) 0.00001 2 12244 11 0.0036 0.0016
Copra Meat 35.65 4.14 147.59 222 42) 0.17 4 0.000016 14) 0.000013 6 7914 6.1 0.0006 0.0005
Sprout. Coco 61.15 0.80 48.92 222b 0.17b 0.000016b 0 000013b 15899 in 0.00098 0.0008
Marsh. Cake 0.00 0.76 0.00 222b 0.17b 0.000016b 0:000013b 0.0 0.0 0.0 0.0
Papaya 13.48 0.39 5.26 85 (55) 1.7 (5) 0.000073 3 0.0000098 (2) 1146 23 0.001 0.0001
Squash No Response 0.47 0.00 30 3 ND ND ND ND NO NO NO
Pumpkin 2.72 0.30 0.82 30 3 ND NO ND 81 ND ND ND
Banana 0.29 0.88 0.26 1 3 ND ND NO 3.0 ND NO ND
Rainwatere 314.70 0.00 0.00 0.0019 0.00061 0.0000063 0.0000032 0.60 0.19 0.0020 0.0010
Wellwatere 215.20 0.00 0.00 0.43 0.12 0.000045 0.000022 92 26 0.0097 0.0047
Maloloe 0.00 0.00 0.00 0.019 0.00061 0.0000063 0.0000032 ND ND ND ND
Coffee/Teae 0.00 0.00 0.00 O.'019 0.00061 0.0000063 0.0000032 ND ND ND ND

Total Local 1558 1256 69,994 690 0.303 0.195
Fluids 696 18 9,004 30 .017 .044
Solids 962 1238 60,990 660 .286 .151
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Table 13. MLSC Diet: Eneu Island, Adult Male. Local and Imported Foods Available. Laboratory, March 1986

Specific Activity, (pCi/g wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+240pu 24lAm 137CS 9OSr 239+240PU 24lAm

Reef Fishe 20.80 1.40 28.84 0.16 0.002 0.00038 0.00019 3.3 0 041. 0.0078 0.0039
Tunae 15.76 1.40 22.06 0.14 0.002 0.00038 0.00019 2.2 0:032 0.0060 0.003
Mahi Mahie 5.13 1.10 5.64 0.14 0.002 0.00038 0.00019 0.72 0.010 0.0019 0.001
Marine Crabse 1.01 0.90 0.91 0.005 0.005 0.0017 0.00085 0.0051 0.0051 0.0017 0.00086
Lobstere 4.85 0.90 4.36 0.054 0.005 0.0017 0.00085 0.26 0.024 0.0082 0.0041
Clamse 4.66 0.80 3.73 0.011 0.006 0.0014 0.0007 0.051 0.028 0.0065 0.0033
Trochuse 0.48 0.80 0.38 0.011 0.006 0.0014 0.0007 0.0053 0.0029 0.00067 0.0003
Tridacna

Musclee 1.76 1.28 2.25 0.011 0.006 0.0014 0.0007 0.019 0.011 0.0025 0.0012
Jedrule 1.68 0.80 1.33 0.011 0.006 0.0014 0.0007 0.018 0.010 0.0024 0.0012
Coconut Crabsd 3.10 0.70 2.17 48 8.8 0.0068 0.0034 149 27 0.021 0.011
Land Crabs 0.25 0.70 0.18 48 8.8 0.0068 0.0034 12 2.20 0.0017 0.0009
Octopuse 2.56 1.00 2.58 0.088 0.005 0.0004 0.0002 0.23 0.013 0.0010 0.0005
Turtlee 3.67 0.89 3.27 0.026 0.076 0.00013 0.00065 0.095 0.28 0.00047 0.0024
Chicken Muscle 5.03 1.70 8.55 1.7 0.014 ND ND 8.6 0.070 ND NO
Chicken Liver 1.77 1.64 2.90 1.7c 0.014c ND NO 3.0 0.025 ND ND
Chicken

Gizzard No Response 1.48 0.00 1.7c 0.014c ND NO ND ND ND ND
Pork Muscle 7.76 4.50 34.92 78 2 0.0047 (1) 0.00020 (4) 0.000099 (1) 605 0.036 0.0016 0.00077
Pork Kidney No Response 1.40 0.00 54 2 0.0048 (2 0.00017 (2) ND ND ND ND ND

t=1 Pork Liver 4.14 2.41 9.98 38 2 0.0025 (fl 0.00046 (2) 0.00014 2 157 0.010 0.0019 0.00058
" Pork Heart No Response 1.95 0.00 46 2 0.0035(2) 0.000063 (1) 0.000072 2 ND ND ND NO
OD Bird Muscle 6.07 1.70 10.32 0.055 (3) 0.040 3 0.00013 3 0.000065 3 0.33 0.24 0.00079 0.0004

Bird Viscera 2.71 2.00 5.42 0.40 3) 0.040 3 ND ND 1.1 0.11 ND ND
Bird Eggs 3.74 1.50 5.61 0.033 3 0.018 3) ND ND 0.12 0.067 ND ND
Chicken Eggs 3.17 1.63 5.17 1.7c 0.014c ND ND 5.4 0.044 ND NO
Turtle Eggse 2.15 1.50 3.22 0.033 0.018 0.00013 0.000065 0.071 0.039 0.00028 0.00014
Pandanus Fruit 2.53 0.60 1.52 8.4 3 ND ND ND 21x ND ND ND
Pandanus Nuts 0.16 2.66 0.43 8.4 3 ND ND ND 1.3 ND ND ND
Breadfruit 12.80 1.30 16.64 4.2 (11) 0.082(2) 0.000011 (1) 0.000013 2 54 1.05 0.00014 0.00017
Coconut Juice 63.65 0.11 7.00 S.g .(256) 0.0075(9) 0.00001 6 0.000042(4) 366 0.477 0.00064 0.0027
Coconut Milk 35.22 3.46 121.86 24 0.053b 0 000058b 0.000062b 84S 1.9 0.0020 0.0022
Tuba/Jekero 0.71 0.50 0.36 24b 0.053b 0:000058b 0.000062b 17 0.038 0.000041 0.000044
Drinking Coco

Meat 9.98 1.02 10.18 12 259+) 0.015 (15) 0.000011 29) 0.000016 7) 120 0.15 0.00011 0.00016
Copra Meat 6.31 4.14 26.12 24 (100) 0.053 32) 0.000058 32) 0.000062 20) isi 0.33 0.00037 0.00039
Sprout. Coco 2.99 0.80 2.39 20 9) 0.024 ) 0.000053 6) 0.000099 (8) 60 0.072 0.00016 0.00030
Marsh. Cake 13.22 3.36 44.42 24b 0.053b 0.0(0058b 0.000062b 318 0.70 0.00077 0.00082
Papaya 1.63 0.39 0.64 13 38) 0.13 7) O.OOOOOq4 (4) 0.000053 7) 21 0.22 0.000015 0.000086
Squash No Response 0.47 0.00 6.9(12) 0.052 6) 0.0000088 (5) ND ND ND ND ND
Pumpkin 0.17 0.30 0.05 6.9 12) 0.052 6) 0.0000088 (5) NO 1.2 0.0088 0.0000015 ND
Banana 0.00 0.88 0.00 0.72 4 ND ND ND 0.0 0.0 0.0 0.0
Rainwatere 358.90 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.11 0.086 0.0016 0.00083
Wellwatere 213.20 0.00 0.00 0.031 0.031 0.0000092 0.0000046 6.6 6.6 0.0020 0.00098
Maloloe 132.20 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.041 0.032 0.00059 0.00030
Coffee/Teae 275.40 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.085 0.066 0.0012 0.00063

Total Local 1234.26 395 2931 47 0.076 O.U45
Fluids 1043 7 373 7 0.006 0.005
Solids 191 388 2558 35 0.070 0.040



t

Table 13. (Continued) MLSC Diet: Eneu Island, Adult Male, Local and Imported
Food Available

Imported Food Grams/d Kcal/gg Kcal/d

Baked Bread 31.85 2.75 87.59
Fried Bread 62.79 4.25 266.86
Pancakes 47.97 2.18 104.57
Cake 2.44 3.27 7.98
Rice 240.60 1.10 264.66
Instant Mashed
Potatoes 67.68 0.90 60.91

Sugar 73.07 3.85 281.32
Canned Chicken 5.03 1.98 9.96
Corned Beef 61.48 2.16 132.80
Spam 35.99 2.28 82.06
Canned Mackeral 26.69 1.83 48.84
Canned Sardines 24.72 2.14 52.90
Canned Tuna 45.67 1.98 90.43
Canned Salmon No Response 2.03 0.00
Other Canned

Fish No Response 2.00 0.00
Other Meat
Fish or Poultry No Response 2.00 O.OL'
Carbonated

Drinks 360.70 0.40 144.28
Orange Juice 105.00 0.44 46.20
Tomato Juice 64.85 0.19 12.32
Pineapple Juice 72.42 0.55 39.83
Other Canned

Juice 355.00 0.50 177.55
Evaporated Milk 158.10 1.37 216.60
Powdered Milk 52.03 1.37 71.28
Whole Milk 0.00 0.68 0.00
Canned Butter No Response 7.16 0.00
Onion 0.00 0.45 0.00
Canned Veg. 0.00 0.80 0.00
Baby Food No Response 1.00 0.00
Ramen Noodles No Response 1.25 0.00
Candy No Response 4.00 0.00

Total Imported 1894 2199
Fluids 1168 708
Solids 726 1491

Total Local and Imported 3128 2594
Fluids 2211 715
Solids 917 1879
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Table 14. MLSC Diet: Eneu Island, Adult Female, Local and Imported Food Available.

yLt aSpecific Acti , (pCi/g wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+240pu 24lAm 137CS 9OSr 239+240pu 24lAm

Reef Fishe 24.17 1.40 33.84 0.16 0.002 0.00038 0.00019 3.9 0.048 0.0092 0.0046
Tunae 13.85 1.40 15.24 0.14 0.002 0.00038 0.00019 1.9 0.028 0.0053 0.0026
Mahi Mahie 3.56 1.10 3.92 0.14 0.002 0.00038 0.00019 0.50 0.071 0.0013 0.00068
Marine Crabse 1.68 0.90 1.51 0.005 0.005 0.0017 0.00085 0.0084 0.0084 0.0029 0.0014
Lobstere 3.88 0.90 3.49 0.054 0.005 0.0017 0.00085 0.21 0.019 0.0066 0.0033
Clamse 4.56 0.80 3.65 0.011 0.006 0.0014 0.0007 0.05 0.027 0.0064 0.0032
Trochuse 0.10 0.80 0.08 0.011 0.006 0.0014 0.0007 .0011 0.0006 0.00014 0.00007
Tridacna

Musclee 1.67 1.28 2.14 0.011 0.006 0.0014 0.0007 0.018 0.010 0.0023 0.0012
Jedrule 3.08 0.80 2.46 0.011 0.006 0.0014 0.0007 0.0034 0.018 0.0043 0.0022
Coconut Crabsd 3.13 0.70 2.19 48 8.8 0.0068 0.0034 150 28 0.021 0.011
Land Crabsd 0.00 0.70 0.00 48 8.8 0.0068 0.0034 0.0 0.0 0.0 0.0
Octopuse 4.51 1.00 4.51 0.088 0.005 0.0004 0.0002 0.40 0.023 0.0018 0.0009
Turtlee 4.34 0.89 3.86 0.026 0.076 0.00013 0.00065 0.11 0.33 0.00056 0.0028
Chicken Muscle 8.36 1.70 14.21 1.7 0.014 ND NO 14 0.12 NO ND
Chicken Liver 4.50 1.64 7.38 1.7c 0.014c ND ND 7.6 0.063 ND NO
Chicken

Gizzard 1.66 1.48 2.49 1.7c 0.014c ND NO 2.8 .023 NO NO
O Pork Muscle 5.67 4.50 2.84 78 2 0.0047 (1) 0.00020 (1) 0.000099 (1) 442 0.027 0.0011 0.00056

Pork Kidney No Responsel.40 0.00 54 2 0.0048 (2) 0.00017 (2) ND NO ND ND ND
Pork Liver 2.60 2.41 6.27 38 2 0.0025 (2) 0.00046 (2) 0.00014 2 99 0.0065 0.0012 0.00036
Pork Heart 10.58 1.95 20.63 46 2 0.0035 (2) 0.000063 (1) 0.000072 2 487 0.037 0.00067 0.00076
Bird Muscle 2.71 1.70 4.61 0.055 3 0.040 3) 0.00013 3) 0.000065 3 0.15 0.11 0.00035 0.00018
Bird Viscera 1.56 2.00 3.16 0.40 3) 0.040 3) ND ND 0.62 0.06 NO ND
Bird Eggs 1.54 1.50 2.31 0.033 3 .01 3 ND ND 0.05 0.03 ND NO
Chicken Eggs 7.25 1.63 11.82 1.7c 0.014c ND ND 12 0.10 ND ND
Turtle Eggse 9.36 1.50 14.04 0.033 0.018 0.00013 0.000065 0.31 0.17 0.0012 0.00061
Pandanus Fruit 8.66 0.60 5.20 B. 4 (3 ND ND NO 73 ND ND ND
Pandanus Nuts 0.50 2.66 1.33 8.4 (3� ND ND NO 4.2 ND ND NO
Breadfruit 27.16 1.30 35.31 4.2 (11) 0.082 2 0.000011 (1) 0.000013 2) 114 2.2 0.00030 0.00035
Coconut Juice 99.05 0.11 10.90 5.8 (258) 0.0075 9) 0.000010 6) 0 000042 4) 570 0.74 0.00099 0.0042
Coconut Milk 51.86 3.46 179.44 24b 0.053b 0.000058b 0:000062b 1245 2.8 0.0030 0.0032
Tuba/Jekero 0.00 0.50 0.00 24b 0.053b 0.000058b 0.000062b 0-0 0.00 0.00 0.00
Drinking Coco

Meat 31.70 1.02 32.33 12 259+) 0.015 (15) 0.000011 29) 0.000016 7) 381 0.48 0.00035 0.00051
Copra Meat 12.15 4.14 32.33 24 (100) 0.053 32) 0.000058 32) 0.000062(20) 292 0.64 0.00070 0.00075
Sprout. Coco 7.79 0.80 6.23- 29 9 0.024 ) 0 000053 6) 0.000099 ) 156 0.19 0.00041 0.00077
Marsh. Cake 11.66 '3. 36 39-18 24b 0.053b 0:000058b 0.000062b 280 0.62 0.00068 0.00072
Papaya 6.59 0.39 2.57 13 (38) 0.13 7) 0.0000094 (4) 0.000053 7) 86 0.86 0.000062 0.00035
Squash No ResponseO.47 0.00 6.9 12) 0.052 6 0.0000088 (5) ND ND ND ND NO
Pumpkin 1.24 0.30 0.37 6.9 12) 0.052 6 0.0000088 (5) NO 8.6 0.065 0.000011 ND
Banana 0.02 0.88 0.02 0.72 4) ND ND NO 0.014 ND ND ND
Rainwatere 313.20 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.097 0.075 0.0014 0.00072
Wellwatere 206.70 0.00 0.00 0.031 0.031 0.0000092 0.0000046 6.4 6.4 0.0019 0.00095
Maloloe 199.30 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.062 0.048 0.00090 0.00046
Coffee/Teae 227.90 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.071 0.055 0.0010 0.00052

Total Local 1334 530 4439 44 0.078 0.050
Fluids 1046 11 577 7 0.006 0.007
Solids 288 519 3862 37 0.072 0.043



Table 14.(Continued) MLSC Diet: Eneu Island, Adult Female, Local and
Imported Food Available.

Imported Food Grams/d Kcal/qg Kcal/d

Baked Bread 30.28 2.75 83.27
Fried Bread 71.99 4.25 305.96
Pancakes 59-52 2.18 129.75
Cake 2.64 3.27 8.6
Rice 233.50 1.10 257
Instant Mashed
Potatoes 126.80 0.90 114

Sugar 65-17 3.85 251
Canned Chicken 12.97 1.98 26
Corned Beef 78.67 2.16 170
Spam 54.99 2.28 125
Canned Mackeral 43.99 1.83 81
Canned Sardines 42.53 2.14 91
Canned Tuna 58.99 1.98 117
Canned Salmon No Response 2.03 0.00
Other Canned

Fish No Response 2.00 0.00
Other Meat
Fish or Poultry No Response 2.00 0.00

tzi Carbonated
W Drinks 337.90 0.40 135

Orange Juice 187.80 0.44 83
Tomato Juice 99.54 0.19 19
Pineapple Juice 177.50 0.55 98
Other Canned

Juice 25.44 0.50 13
Evaporated Milk 201.10 1.37 276
Powdered Milk 72.91 1.37 100
Whole Milk 0.00 0.68 0.00
Canned Butter 0.00 7.16 0.00
Onion 0.00 0.45 0.00
Canned Veg. No Response 0.80 0.00
Baby Food No Response 1.00 ND
Ramen Noodles 6.07 1.25 7.6
Candy No Response 4.00 0.00

Total Imported 1990 2491
Fluids 1102 724
Solids 888 1767

Total Local and Imported 3324 3021
Fluids 2148 735
Solids 1176 2286
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TWA is. MLSC Diet: Eneu Island, Adult Male, Imported Food Unavailable. Laboratory, March 1986

Specif ic Activity, (pCi/g wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+240pu 24lAm 137CS 9OSr 239+240pu 241Am

Reef Fishe 40.95 1.40 57.33 0.16 0.002 0.00038 0.00019 6.6 0.082 0.016 0.0078
Tunae 34.73 1.40 48.62 0.14 0.002 0.00038 0.00019 4.9 0.069 0.013 0.0066
Mahi Mahie 13.62 1.10 14.98 0.14 0.002 0.00038 0.00019 1.9 0.027 0.0052 0.0026
marine Crabse 2.59 0.90 2.33 0.005 0.005 0.0017 0.00085 0.013 0.013 0.0044 0.0022
Lobstere 25.08 0.90 22.57 0.054 0.005 0.0017 0.00085 1.4 0.13 0.043 0.021
Clamse 32.94 0.80 26.35 0.011 0.006 0.0014 0.0007 0.36 0.20 0.046 0.023
Trochuse 1.00 0.80 0.80 0.011 0.006 0.0014 0.0007 0.011 0.006 0.0014 0.0007
Tridacna

Musclee 8.59 1.28 10.10 0.011 0.006 0.0014 0.0007 0.094 0.051 0.012 0.006
Jedrule 8.53 0.80 6.82 0.011 0.006 0.0014 0.0007 0.094 0.051 0.012 0.006
coconut Crabsd 8.42 0.70 5.89 48 8.8 0.0068 0.0034 404 74 0.057 0.029
Land Crabs 5.64 0.70 3.95 48 8.8 0.0068 0.0034 271 50 0.038 0.019
Octopuse 12.10 1.00 12.10 0.088 0.005 0.0004 0.0002 1.1 0.060 0.0048 0.0024
Turtlee 7.58 0.89 6.75 0.026 0.076 0.00013 0.00065 0.20 0.58 0.00098 0.0049
Chicken Muscle 9.94 1.70 16.90 1.7 0.014 NO NO 17 0.14 ND ND
Chicken Liver 3.90 1.64 6.40 1.7c 0.014c ND NO 6.6 0.055 ND ND
Chicken

Gizzard 10.58 1.48 15.66 1.7c 0.014c ND NO 18 0.15 NO NO
Pork Muscle 12.37 4.50 55.66 78 2 0.0047 (1) 0.00020 (1) 0.000099 (1) 965 0.058 0.0025 0.0012

t:1 Pork Kidney No Response 1.40 0.00 54 2 0.0048 (2) 0.00017 (2) ND ND ND ND ND
Pork Liver 5.63 2.41 13.57 38 2 0.0025 (2) 0.00046 (2) 0.00014 2 214 0.014 0.0026 0.00079
Pork Heart No Response 1.95 0.00 46 2 0.0035 (2) 0.000063 (1) 0.000072 2 ND ND ND ND
Bird Muscle 17.18 1.70 29.21 0.055 (3) 0.040 3 0.00013 3 0.000065 3 0.94 0.69 0.0022 0.0011
Bird Viscera 8.25 2.00 16.50 0.40 3 0.040 3 ND NO 3.3 0.33 NO ND
Bird Eggs 8.26 1.50 12.39 0.033 3 0.01 3 ND ND 0.27 0.15 NO ND
Chicken Eggs 6.06 1.63 9.88 1.7c 0.014c ND ND 10 0.085 ND NO
Turtle Eggse 2.24 1.50 3.36 0.033 0.018 0.00013 0.000065 0.074 0.040 0.00029 0.00015
Pandanus Fruit 27.21 0.60 16.33 8.4 (3) NO NO NO 229 ND ND ND
Pandanus Nuts 0.64 2.66 1.70 8.4 (3) ND ND ND 5.4 ND NO ND
Breadfruit 57.57 1.30 74.84 4.2 (11) 0.082 (2) 0.000011 (1) 0.000013 2 242 4.7 0.00063 0.00075
Coconut Juice 130.80 0.11 14.39 5.8 (258j 0.0075 9 0.00001 6 0.000042 4 754 0.98 0.0013 0.0055
Coconut Milk 37.18 3.46 1211.64 24b 0.053b 0.000058b 0.000062b 892 2.0 0.0022 0.0023
Tuba/Jekero 0.71 0.50 0.36 24b 0.053b (.00(058b 0.000062b 21 0.038 0.000041 0.000044
Drinking Coco

Meat 59.31 1.02 60.50 12 29+) 0.015 (15) 0.000011 29) 0.000016 7 712 0.89 0.00065 0.00095
Copra Meat 33.35 4.14 138.07 24 (100) 0.053 (32) 0.000058 32) 0.000062 20) goo 1.8 0.0019 0.0021
Sprout. Coco 32.44 0.80 25.95 20 9 0.024 (8) 0 000053 6) 0 000099 (8) 649 0.78 0.0017 0.0032
Marsh. Cake 0.00 3.36 0.00 24b 0.053b 0:000058b 0:000062b 0.0 0.0 0.0 0.0
Papaya 6.78 0.39 2.64 13 38) 0.13 7) 0.0000094 (4) 0.000053 7) 88 0.88 0.000064 0.00036
Squash No Response 0.47 0.00 6.9 12) 0.052 6) 0.0000088 (5) ND ND ND ND ND
Pumpkin 0.70 0.30 0.21 6.9 12) 0.052 6) 0.0000088 (5) NO 4.8 0.036 0.0000062 NO
Banana 0.00 0.88 0.00 0.72 4) ND ND NO 0.0 0.0 0.0 0.0
Rainwatere 347.90 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.11 0.083 0.0016 0.00080
Wellwatere 217.50 0.00 0.00 0.031 0.031 0.0000092 0.0000046 6.7 6.7 0.0020 0.0010
Maloloe 0.00 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.0 0.0 0.0 0.0
coffee/Teae 5.07 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.0016 0.0012 0.000023 0.000012

Total Local 1310 862 632S 146 0.273 0.151
Fluids 702 14 761 8 0.005 0.007
Solids 608 848 5564 138 0.268 0.144
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Table 16. MLSC Diet: Eneu Island, Adult Female, Imported Food Unavailable. Laboratory, March 1986

Specific Activitya (pCi/g wet wt.) pCi/d

Local Food Grams/d Kcal/gf Kcal/d 137CS 9OSr 239+240pu 24lAm 137CS 9OSr 239+240pu 24IAm

Reef Fishe 43.39 1.40 60.75 0.16 0.002 0.00038 0.00019 6.9 0.087 0.016 0.0082
Tunae 36.02 1.40 50.43 0.14 0.002 0.00038 0.00019 5.0 0.072 0.014 0.0068
Mahi Mahie 10.70 1.10 11.77 0.14 0.002 0.00038 0.00019 1.5 0.021 0.0041 0.0020
Marine Crabse 9.75 0.90 8.78 0.005 0.005 0.0017 0.00085 0.049 0.049 0.017 0.0083
Lobstere 17.61 0.90 15.85 0.054 0.005 0.0017 0.00085 0.95 0.088 0.030 0.015
Clamse 29.05 0.80 23.24 0.011 0.006 0.0014 0.0007 0.32 0.17 0.041 0.020
Trochuse 0.12 0.08 0.10 0.011 0.006 0.0014 0.0007 0.001 0.0007 0.0002 0.0001
Tridacna

Musclee 5.72 1.28 7.32 0.011 0.006 0.0014 0.0007 0.063 0.034 0.008 0.0040
Jedrule 9.69 0.80 7.75 0.011 0.006 0.0014 0.0007 0.11 0.058 0.014 0.0068
Coconut Cr3bsd 12.47 0.70 8.73 48 8.8 0.0068 0.0034 599 110 0.085 0.042
Land Crabs 0.00 0.70 0.00 48 8.8 0.0068 0.0034 0.0 0.0 0.0 0.0
Octopuse 24.51 1.00 24.51 0.088 0.005 0.0004 0.0002 2.2 0.12 0.0098 0.0049
Turtlee 5.88 0.89 7.90 0.026 0.076 0.00013 0.00065 0.23 0.68 0.0012 0.0058
Chicken Muscle 15.59 1.70 26.50 1.7 0.014 ND ND 26 0.22 ND ND
Chicken Liver 8.84 1.64 14.50 1.7c 0.014c No No 15 0.12 ND ND
Chicken

Gizzard 1.66 1.48 2.46 1.7c 0.014c ND NO 2.8 0.023 ND ND
Pork Muscle 6.96 4.50 31.32 78 2 0.0047 (1) 0.00020 (1) 0.000099 (1) 543 0.033 0.0014 0.00069
Pork Kidney No Response 1.40 0.00 54 2 0.0048 (2) 0.00017 (2) NO ND ND ND ND
Pork Liver 3.35 2.41 8.07 38 2 0.0025 (2) 0.00046 (2) 0.00014 2 127 0.0084 0.0015 0.00047
Pork Heart 10.58 1.95 20.63 46 2 0.0035 (2) 0.000063 (1) 0.000072 2 487 0.037 0.00067 0.00076
Bird Muscle 13.19 1.70 22.42 -0.05 3 0.040 3 0.00013 3 0.000065 3 0.73 0.53 0.0017 0.0009
Bird Viscera 4.65 2.00 9.30 0.40 3) 0.040 3 NO ND 1.9 0.19 ND ND
Bird Eggs 11.38 1.50 17.07 0.033 3 0.01 3 ND ND 3.8 0.20 ND ND
Chicken Eggs 20.60 1.63 33.58 1.7c 0.014c ND ND 35 0.29 ND ND
Turtle Eggse 117.40 1.50 176.10 0.033 0.018 0.00013 0.000065 3.9 2.1 0.015 0.0076
Pandanus Fruit 31.48 0.60 18.89 8.4 (3) ND ND ND 264 ND ND ND
Pandanus Nuts 1.00 2.66 2.66 8.4 (3) ND ND ND 8.4 ND ND ND
Breadfruit 93.06 1.30 120.98 4.2 (11) 0.082 2 0.000011 (1) 0.000013 2 391 7.6 0.0010 0.0012
Coconut Juice 166.50 0.11 18.32 5.8 (258) 0.0075 9 00001 6 0 000042 4 959 1.2 0.0017 0.0070
Coconut Milk 60.91 3.46 211). 75 24b 0.053b 0:00(058b 0:000062b 1462 3.2 0.0035 0.0038
Tuba/Jekero 0.00 0.50 0.00 24b 0.053b 0.000058b 0.000062b 0.0 0.0 0.0 0.0
Drinking Coco

Meat 90.36 1.02 92.17 12 259+) 0.015 (15) 0.000011 29) 0.000016 7 1084 1.4 0.00099 0.0014
Copra Meat 35.65 4.14 147.59 24 (100) 0.053 3 0.000058 (32) 0.000062 20) 855 1.9 0.0021 0.0022
Sprout. Coco 61.15 0.80 48.92 20 b(9) 0 024 b (8) 0.000053 b(6) 0 000099 b(8) 1223 1.5 0.0032 0.0061
Marsh. Cake 0.00 0.76 0.00 24 0:053 0.000058 0:000062 0.0 0.0 0.0 0.0
Papaya 13.48 0.39 5.26 13 38) 0.13 7 0.0000094 (4) 0.000053 7 175 1.8 0.00013 0.00071
Squash No Response 0.47 0.00 6.9 12) 0.052 6 0.0000088 (5) ND ND ND ND NO
Pumpkin 2.72 0.30 0.82 6.9 12) 0.052 6 0.0000088 (5) ND 19 0.14 0.000024 ND
Banana 0.29 0.88 0.26 0. 72 4) ND NO ND 0.21 NO ND ND
Rainwatere 314.70 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.098 0.076 0.0014 0.00072
Wellwatere 215.20 0.00 0.00 0.031 0.031 0.0000092 0.0000046 6.7 6.7 0.0020 0.00099
maloloe 0.00 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.00 0.00 0.00 0.00
Coffee/Teae 0.00 0.00 0.00 0.00031 0.00024 0.0000045 0.0000023 0.00 0.00 0.00 0.00

Total Local 1558 1256 8310 141 0.277 0.158
Fluids 696 18 966 A 0.005 0.009
Solids 862 1238 7344 133 0.272 0.149



TABLE 17. TOTAL FOOD CONSUMPTION: PRITCHARD (MLSC) DIET

Conditions Food consumed per day -- Pritchard estimates

grams kilo calories

Imports available

Men 3128 2594

Women 3324 3021

No imports

Men 1310 862

Women 1558 1238

D 34
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PREFACE

Since the U. S. Congress is expected to appropriate money

for the rehabilitation of Bikini Atoll, the lead agency that will act

for the Government will need to prepare and co-ordinate an environ-

mental impact statement. To accelerate the process of producing such

a document, BARC has entered into an agreement with the Corps of

Engineers for a "Proposed Draft Environmental Impact Statement", by

December 1986. Meanwhile, it is desirable to produce an Environmental

Assessment for Eneu a much simpler task. Appendix E is a summary

of the E.A., which will be ready by August 1986. These documents are

written according to the official regulations, and must center on an

evaluation of alternatives, including their economic, environmental

and social benefits and costs.
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ENVIRONMENTAL ASSESSMENT FOR THE RESETTLEMENT

OF ENEU ISLAND ON BIKINI ATOLL

REPUBLIC OF THE MARSHALL ISLANDS

SUMMAR

MAJOR CONCLUSIONS

This environmental assessment evaluates various alternatives to

return the Bikini people to their homeland on Bikini Atoll. Eneu

Island was spared the heavy nuclear contamination that rendered

Bikini Island, the largest and main inhabitable island on the atoll,

presently unsuitable for resettlement. The economic, social,

technical and environmental consequences of all alternatives were

compared, and alternative sites, purposes and scales for

resettlement were included in the analysis. This environmental

assessment explores these alternatives in detail and concludes that

the resettlement of Eneu Island by some of the Bikini people at this

time will not result in significant adverse effects to the

environment nor will it foreclose any other full scale resettlement

option involving the cleanup of Bikini Atoll. In addition, it

concludes that the resettlement of Eneu can be accomplished

independently from the planned cleanup and resettlement of Bikini

Island. Plans and combination of plans involving the early

resettlement of Eneu are fully feasible and implementable at this

time.

PURPOSE AND NEED FOR THE PROPOSED ACTION

The 167 inhabitants of Bikini Atoll were removed from the atoll

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

That program ended in 1958 after 23 tests which rendered the atoll

unsafe for human habitation. The Bikini people were settled first
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on Rongerik Atoll, then briefly on Kwajalein Atoll, and eventually

on Kili Island. In 1968 the US. Atomic Energy Commission (AEC)

advised President Johnson that the main islands of Bikini Atoll were

safe, and permission for resettlement was given.

In 1969 the AEC and Department of Defense began to clear the

atoll of waste, plant coconut trees, and build housing and other

facilities, and many Bikinians were resettled on Bikini Island.

However, in 1978, an examination of the settlers by Brookhaven

National Laboratory revealed significant body burdens of the

radionuclide cesium-137. As a result of these and other Dept. of

Energy findings, the 139 settlers were evacuated from Bikini in 1978

and have not returned since. Presently te population of the Bikini

people numbers approximately 1270 scattered in several locations:

500 living on Kili Island, 200 on Ejit Island (on Majuro Atoll), 400

elsewhere on Majuro Atoll, 100 on Ebeye Island (Kwajalein Atoll),

and 20 overseas as students.

The scarcity of land in te Marshall Islands, the cultural

significance of land ownership, and the importance of community

cohesion in maintaining the identity of the Bikini culture have made

resettlement of Bikini Atoll a matter of overriding importance to

the Bikini people ver the years. Recently the Bikinians requested

the help of the U.S. Government in this matter, and in 1982 the

Bikini Atoll Rehabilitation Committee was set up by Act of Congress

(P.L. 97-257) to determine the feasibility and estimated cost of a

cleanup of Bikini Atoll. Since that time the Committee and its

consultants, who operate independently of the Government and report

their findings directly to Congress, have conducted a number of

major studies and have published several progress reports on the

existing condition of the atoll, and on the economic, technical, and

environmental feasibility of various alternatives to clean up and

resettle the atoll. However the suitability of several cleanup

alternatives will not be fully evaluated for at least two more

years. Since the economic, environmental, and social costs of most
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of these alternatives would be much less than that of the most

drastic and expensive alternative (removal of contaminated soil on

Bikini and possibly other islands), the Committee has determined it

is crucial to complete these evaluations.

Nevertheless the Committee has determined (see Main Report)

that Eneu Island, thesecond largest island of the Atoll, is

inhabitable and safe for resettlement (on the basis of the expected

diet). Furthermore, Eneu has a relatively large potable water

supply. Resettlement of Eneu before selecting the cleanup operation

for Bikini Atoll would have the advantages of accelerating the

resettlement of the atoll; allowing some of the Bikini elders to

live out their remaining years in their homeland; and facilitating

the construction of an Eneu base camp and staging area for the

cleanup of nearby Bikini Island, if and when the decision and

details are finalized. The experience gained during the

resettlement of Eneu would be valuable for planning future Bikini

resettlement.

AREAS OF CONTROVERSY

A major area of controversy has involved the lengthy and

complex history of delays associated with the return of the Bikini

people to their homeland since their removal from the atoll in 1946.

Other potential concerns include whether any resettlement of te

atoll, including Eneu Island, should occur prior to the cleanup of

the atoll; and whether sites for resettlement outside the atoll

should be pursued concurrently.

ISSUES TO BE RESOLVED

Questions to be answered prior to any early resettlement of

Eneu include: 1) whether resettlement of Eneu should be planned as

a permanent settlement for some Bikinians a future base camp for

the cleanup of the atoll, or a combination of both; 2 determining
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the size and makeup of the future resettlement population; 3)

whether parallel resettlement projects (temporary) should be

implemented concurrently outside te Marshalls; and 4 resolving

potential conflicts on the allocation of private landholdings on

Eneu for non traditional use and tenure, including community,

commercial, and residential use by both landowners and non-

landowners. In addition the Bikini people will need to incorporate

their full requirements and express their full official preferences

and support for the final selected resettlement plan.

ALTERNATIVES

This assessment considers te following alternatives including

the proposed action:

1. resettlement of Eneu as a partial permanent settlement

2. resettlement of Eneu only as a base camp for future full

scale cleanup and resettlement of te atoll

3. resettlement of Eneu both as a partial permanent

resettlement and as a base camp

4. resettlement of both Eneu and Bikini Islands or only Bikini

Island

5. resettlement of other islands at Bikini Atoll

6. settlement on Maui or other Hawaiian locations

7. settlement on other sites outside Hawaii and the Marshall

Islands

8. improved living conditions at existing settlement sites in

the Marshall Islands

9. delayed resettlement of Eneu until completion of the

cleanup of the atoll

10. no Action
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Each of these alternatives is summarized below.

1. Eneu as a permanent settlement for some of the Bikinian

This alternative, in effect, constitutes a first phase

resettlement. It would accommodate Bikinians whose family lands are

on Eneu; some elderly folks who want to live their remaining years

on Bikini Atoll; workers (some with families) who might be involved

in construction, cleanup or revegetation projects; and other

Bikinians assigned to coconut grove rehabilitation, mariculture,

silvaculture, other economic activity, and scientific research.

Proposed island development would be scoped for a beginning

population of 200, a turn-of-the-century population of 250, and

continued crowth of the resident population beyond the year 2000.

Infrastructure for the permanent partial settlement might include:

a) restoring the medium draft dock for large boats and ships

that would call at the atoll,

b) adding a protected shallow draft harbor basin and launch

area for small boats,

c) grading and stabilizing paving the airstrip and apron and

adding a support building and rainwater catchment,

d) building centralized community cisterns and pumps for

storage of rainwater,

e) a maintenance shed for aircraft and vehicles,

f) a power plant and associated fuel storage tanks,

g) a desalination plant, if necessary,

h) a salt water sewerage system for domestic waste including

an ocean outfall and treatment plant,

i) a perimeter road with interior extensions or laterals,

j) a solid waste disposal and recycling yard,

k) a plantation area for coconuts, timber, etc.,

1) garden plots for fruits and vegetables,

m) ball fields and other recreational facilities, if

necessary,,
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n) a builders storage and supply yard for residents,

o) housing for about 30 households,

p) a ten-bed hostel for visitors,

q) a barracks for construction workers,

r) a community center, if necessary,

s) a school for resident children, and

t) a church and other community facilities.

If the residents decide to pursue aquaculture or commercial fishing

then additional facilities would be needed: e.g. holding ponds,

hatcheries, ice plants and/or a walk-in freezer. The cost of

development might run as much as 30 million.

2. Eneu only as a base camp

For this option, the initial emphasis would be placed on

establishing a minimal base camp to support many of the actions for

the future full scale cleanup of the atoll. A base camp on Eneu

would be needed for te most drastic cleanup alternative involving

the removal of soil and vegetation from Bikini Island. However,

less drastic cleanup alternatives (saltwater irrigation, application

of potassium fertilizers) may be implementable with a base camp

required only on Bikini Island. Nevertheless some infrastructure

facilities located on Eneu would still be required regardless of the

location of the base camp: the improved medium-draft dock,

continued maintenance and perhaps improvement to the airstrip and

airport building, a temporary landfill or waste disposal yard, and a

storage yard for shipped cargo and construction materials. A base

camp located on Eneu would require the following additional

infrastructure: maintenance shop, construction office, warehouse,

central retail store for workers, testing laboratory, concrete block

plant, a building yard, and a barracks for construction workers.

Electric power, water collection and storage, and sewage disposal

facilities would also be needed. The cost of this alternative might

run as much as $10 million. After cleanup
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actions are completed, then base camp facilities at Eneu would be

converted for use in the permanent settlement complex.

3. Eneu as a permanent spfflement and a future base cam

The assumption here is that a permanent settlement would be

first established on Eneu but with facilities and lands also planned

to accommodate a future base camp for the atoll cleanup. Some

details on the size and scope of te camp would be based upon the

actual cleanup alternative eventually selected, but most

requirements could be anticipated in advance. Sufficient

strategicaly located lands would be set aside for the future camp,

while jointly used facilities would be designed and built in a

manner to avoid costs attributed to extra mobilization,

demobilization, modification, demolition and other construction

activity. Essentially all the items listed above in alternatives 

and 2 would be built, but as a part of a single construction

project. Total cost of this alternative would be less than the sum

of the cost of the above two alternatives ($40 million) because of

expected cost savings from a single development and construction

project.

4. Resettlement of both Eneu and Bikini Islands: or prinr

resettlement of Bikini Island

This alternative assumes that a permanent settlement is

constructed on Bikini Island simultaneously or before construction

of a permanent settlement on Eneu Island. Resettlement would occur

prior to any future cleanup operations slated for Bikini and other

contaminated islands; Eneu Island would not need to be cleaned up.

The scope and cost of establishing a settlement community on Bikini

Island would be larger to that of Eneu. The Bikinians have

expressly requested that the main settlement of the permanent

community be on Bikini Island and that a smaller settlement be on

Eneu Island. Hence, the overall cost of resettlement of both Bikini
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and Eneu Islands would be more tan double the cost of an initial

settlement only on Eneu Island eg. over 60 million). Early

settlement of Bikini Island would require temporary dietary

restrictions by residents on the consumption of locally grown crops

(including coconuts) until the cleanup is completed. A related

scenario is tat the dietary restrictions would be permanent if no

further cleanup actions are taken at Bikini Island. However, the

Bikinians have publicly stated that they would not want to settle on

Bikini Island until after the cleanup.

Although full scale permanent resettlement would be expedited

under this alternative, there are several other major drawbacks:

1) future cleanup actions, if any, on Bikini Island might require

the temporary removal of its community and planned or inadvertent

damage to crops and settlement facilities; 2 the cost of

resettlement followed by cleanup and additional resettlement

adjustments would be much higher than for alternatives involving

first te cleanup of Bikini Island followed by its resettlement; 3)

the possibility exists of unsuccessful enforcement of dietary

restrictions, leading to the need for another evacuation; and 4 the

groundwater supply under Bikini Island is neither potable or safe

for consumption due to excessive salinity and contamination from

nuclear testing. In fact there appears to be no compelling reason

to support development of a settlement on Bikini Island before te

island is cleaned up or before a settlement on uncontaminated Eneu

Island is developed. As a consequence this alternative does not

appear to be feasible.

5. Resettlement of islands at Bikini Atoll other than Bikini

and/or Eneu IslanLz

Under this option, islands other than Bikini or Eneu would be

initially settled. All of these outer islands are much saller,

lower in elevation, more prone to natural disturbance from wave

action, and lack potable roundwater resources. The islands of
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Nam, Enidrik, and perhaps Aerokojlol and Aomen were traditionally

occupied by either very small communities or only for temporary

periods of times by the Bikinians to facilitate seasonal or

opportunistic fishing, harvesting and gathering of food. None of

these islands would be suitable for long term habitation due to

potential hazards from waves and storms, lack of sufficient water

and lack of sufficient staples (such as breadfruit, coconuts, etc.).

Only Nam constitutes a remote possibility for settlement but not

before it is cleaned up of radiological hazards. Besides Nam,

possibly other islands were heavily contaminated by earlier nuclear

testing and may require additional cleanup actions. None of the

outer islands have logistical facilities or assets that have

survived to this time. There is no logical reason why any of these

islands would serve as a permanent settlement site prior to

resettlement of Eneu. As a consequence this alternative does not

appear to be feasible.

6. Hawaiian locations (including Maui) as a site for temporal

settlement of some ikinians

Settlement in Hawaii is being viewed by the Bikinians as

an opportunity for educational and socioeconomic development.

The residents of a settlement would be selected on the basis of

English language ability, desire to learn about American culture,

willingness to hold jobs and work for pay, and educational

aspirations. This alternative would also accommodate a possible

need for some of the Bikinians now temporarily settled in the

Marshall Islands who may need to be moved or evacuated on short

notice. In either case a Bikinian settlement in Hawaii would be

very limited in scale. Sites evaluated on Maui to date have

included rural grazing lands along the north coast and a condominium

building in the urbanized and resort area of the central isthmus of

the island. The plan would be to purchase the property and make the

necessary modifications to facilitate "temporary settlement."

Although the plan involves eventual repatriation of the temporary

settlers to Bikini Atoll once the atoll is cleaned up (and possible
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sale or rental of the vacated Maui property), it is likely that a

least some of these temporary settlers may cose to stay on Maui.

Other sites in Hawaii are also being evaluated. There would,

however, be both socioeconomic advantages and disadvantages to a

large scale move of Bikinians to Maui (or elsewhere in Hawaii).

Suc a settlement would require considerable orientation and

preparation of te families beforehand and adjustment into te

community after arrival. Specific costs on a move ave not been

identified at this time. Congressional approval would be required

to use funds for resettlement of Bikinians outside of te Marshall

Islands. Any permanent resettlement outside Bikini that involves

only a part of the Bikini population would not eliminate continued

erosion of te Bikinian cultural identitu nor contribute to their

untimate goal for community cohesion at a single large settlement

site.

Other sites in the Marshall Islands are not available to the

Bikinians for settlement. Thus, if resettlement of Eneu involving

at least 100 to 200 settlers is not realized in the near term, the

Bikinians may be forced to turn to Hawaii or elsewhere to find a

suitable relocation site for Bikinians that may be displaced from

their existing settlements in the Marshall Islands.

7. Temr)orary or Yermanent settlement at sites outside Hawaii

and the Marshall Islands

Over the years sparsely inhabited or uninhabited atolls and

islands in the tropical Pacific have been briefly considered as

sites for small to large scale resettlement of the Bikinians. These

included Ant Atoll a few miles offshore from Pohnpei Island in the

eastern Caroline Islands, Palmyra Atoll in the northern Line

Islands, and most recently te Mariana Islands (Saipan, Tinian,

Rota, and Guam). Most of these sites do not appear to be available

to the Bikinians at the present time. Unlike a Hawaii settlement
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alternative, a settlement on a large available atoll or island might

be suitable for the entire Bikini community rather than a carefully

selected segment of te population. Such a settlement would

contribute to the Bikinian goals of retaining cultural identity and

community cohesion, but not to their desire to return to their

homeland.

Even if a suitable island or atoll would be available,

considerable time and money for the lease or purchase of lands and

development of settlement communities would be required. The

Bikinians would be less familiar with any settlement site outside

the Marshall Islands. At best, this alternative represents a

possible long range plan should options in Hawaii, Bikini or

elsewhere in the Marshall Islands not be realized. Congressional

approval would be required to utilize funds for resettlement outside

the Marshall Islands.

8. Improved living conditions at existing settlements fnr

Bikinians in the Marshall Islands

This alternative assumes that permanent or temporary

resettlement at Bikini or elsewhere is not possible in the near

term, wich would require renovations, repairs, and improvements to

be made at existing settlements in the Marshall islands. In fact

this alternative is presently being planned or implemented for the

community facilities on Kili, Ejit and for households elsewhere on

Majuro Atoll. In addition tere are major plans by te Kwajalein

Development Authority for residential development on islands at

Kwajalein Atoll to facilitate the dispersion of the crowded

population on Ebeye Island where some Bikinians now live.

These actions collectively would tend to improve living

conditions at the various settlement sites and accommodate to some

extent the rapid natural population growth presently being

experienced by the Bikinians (nearly 5% per year). However, these
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plans would not contribute to a major reunion of the various Bikini

settlement communities and would not alleviate the concerns over

erosion of the Bikinian culture, identity, and cohesion. These

actions would neither accommodate a possible emergency evacuation of

residents from Ejit due to land ownership disputes nor possible

emergency evacuation from any site due to natural catastrophe

(typhoons, etc.). This alternative essentially represents a last

resort to prevent the present poor standards of living experienced

by the Bikinians from deteriorating further. Present and future

plans to improve living conditions at existing settlements would be

influenced by the scale and location of future settlements at Bikini

Atoll and outside the Marshall Islands.

9. Delay resettlement of Eneu until after the cleanu o

Bikini Atoll is complete

Although this alternative is feasible, there are no compelling

technical reasons why resettlement of Eneu Island should be delayed

any further. Delay would not benefit the Bikinians economically or

socially; the longer the delay, the more likely and extensive will

be the need for the contingency settlement actions. The Bikini

Atoll Rehabilitation Committee and other knowledgeable scientists

have reached a consensus that Eneu is safe for reoccupation at this

time. Thus, the concerns over the safety of the settlers due to

previous cleanup and resettlement failures should no longer be

valid.

10. No Action

This alternative assumes that the status quo will remain

unchanged. The Bikini people would continue to live under present

conditions on Kili, Ebeye, Majuro, and a few scattered elsewhere.

This alternative is unrealistic since the United States Government

and the Bikinians have an agreement to rehabilitate Bikini Atoll.

E-14



Furthermore the Bikinians are already making plans to improve

conditions at existing settlements, and the recently ratified

Compact of Free Association will provide Trust Funds for the Bikini

people that could be used to sponsor resettlement programs -- if not

at Bikini Atoll -- then elsewhere at less desirable sites.

AFFECTED ENVIRONMENT

Eneu Island is the second largest island of Bikini Atoll. The

island is about 4 miles in circumference, approximately one mile

wide, and 304 acres in area. Eneu Island is located at the

southeast corner of the atoll. Its principal geographic features

are the 4500 foot long airstrip, and the coconut plantation which

covers most of the land surface exclusive of the airstrip, and its

paved parking area. The southern-most corner of the island (the

narrow pointed end) borders the largest and shallowest pass, Eneu

Channel. The northern-most end of the island (the larger rounded

end) borders a shallow reef flat.

Gross features of the water circulation patterns at Bikini

Atoll influence the exchange of lagoonal and open ocean waters

around Eneu Island. The northeast trade winds are a dominant

feature throughout most of the year driving wave action and oceanic

waters over the windward reef flats and into the lagoon. The net

flow of water out of te lagoon under tese conditions is

facilitated by the numerous narrow, deep passes on the southwestern

side of the atoll and by the large, shallow channel adjacent to Eneu

Island. During periods of variable light winds, the flow of water

in and out of Eneu channel is influenced by the rise and fall of the

tides. The geomorphology of the island and nearsbore marine

environment is largely influenced by large open ocean swells from

northern and particularly southern Hemispheric storms.
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Geomorphology and ecology:

The affected marine and terrestrial environment of Eneu Island

can be categorized as (1) ocean reef slope, 2 windward reef flat,

(3) pass, 4 lagoon slopes, and (5) terrestrial plant habitat.

1) The ocean reef slope along the eastern margin of te atoll

extends from te algal ridge (a semi-emergent physical structure

built by calcareous algae in te wave break zone) seaward to depths

of about 60 m. Corals and calcareous algae living on the ocean reef

slope produce calcium carbonate sediments wich contribute to the

formation of sandy beaches and the island of Eneu itself. Dense

populations of frondose red algae, (in particular Asparagopsis a

commercially important species in Hawaii) are characteristic of this

area. Fish populations are high on the ocean reef slope but are

less accessible to fishermen due to the wave action.

2) The windward reef flat begins at the algal ridge and

extends to te ocean side of Eneu Island. The algal ridge is a wave

resistant structure formed by calcareous red algae. This structure

is not well developed at Eneu Island. Highly productive microscopic

algal communities (turf algae), and microatolls (formed by corals

living at extremely shallow water depths, their shape molded by the

depth of the water at high tide), are the dominant organisms on the

reef flat. This reef flat zone is narrow compared to a similar

environment off Bikini Island. It is, however, the most

metabolically active region of the nearshore marine environment of

Eneu Island. Edible fish and lobster populations are abundant in

this habitat. Natural groins of coral rubble flats have formed at

irregular intervals along the length to the reef flat. Each groin

extends from a hard beach rock basement on the ceanside of the

island, seaward across the width of the reef flat. Erosional

features characteristic of the ocean side beach include, pitted
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beach rock, erosional berms at the seaward extent of the terrestrial

vegetation zone, and narrow, coarse grained sediment beaches.

Overall, te windward reef flat environment at Eneu Island is poorly

developed in comparison to a similar environment off Bikini Island.

3) Te sallow water reefs around Eneu Island located in the

pass are exposed to both open ocean and lagoonal waters and wave

action. The reefs and associated fisheries on these reefs are

extensive. The nearsbore reefs of the southern most tip of te

island harbor the highest densities of reef fishes and most healthy

coral growth of any of the other nearshore reef environments.

Dolphins and large sharks are common inhabitants of tis area.

4) The nearshore lagoonal environment generally consists of

poorly developed reefs and low densities of reef fishes. A dock was

built in the middle of the lagoonal shoreline and is currently being

repaired by a marine construction company. The lagoon shoreline is

primarily influenced by periodic physical disturbances in the form

of large oceanic swells that enter the lagoon from the sallow pass

during southern Hemispheric storms. Consequently, the beach on the

lagoon side of the island is poorly developed and dominated by a

limestone rampart consisting of large, boulder-sized rubble.

5) The terrestrial vegetation is dominated by coconut trees

planted on a precisely laid-out 30-foot square grid system. Tere

has been no maintenance of this plantation since the Bikini people

were removed in 1978. The physiognomy of the plantation varies from

luxuriant, with dense tall undergrowth and tall coconut palms (to 0

m.), to sparse, almost lacking undergrowth, and variously stunted

palms. In more open or sparse areas of coconut palms, the ground is

covered by tall grass. No terrestrial plant species on Eneu are

listed or candidate endangered or threatened species and most are

widespread, strand plants or exotics typical of low coral island

floras and of all te islands of Bikini Atoll.
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No significant historical or cultural resources have definitely

been found on the island. A few possible prehistoric cultural

deposits, firepit features and some artifacts related to traditional

fishing technology, have been identified and are presently being

examined by an archaeologist to determine age, function, and

significance. Seabird and terrestrial bird populations on Eneu

appear not to be significant.

ENVIRONMENTAL CONSEOUENCES:

The nearshore marine and terrestrial environment may be

affected by the establishment of a base camp or permanent settlement

on Eneu Island. However, with proper design and location,

significant adverse effects can be avoided. Short term impact may

result from construction activities, i.e. dock restoration and

construction of temporary and permanent structures on the island.

Long term impact potentially may result from the resettlement of the

base camp, i.e. pollution from domestic wastes, construction of an

all weather harbor, mining of armor rock for revetments, and

depletion of nearshore fisheries.

Restoration of the medium-draft dock at Eneu Island was begun

in November 1985. No adverse impact is expected from this activity

as the pre-existing dock is positioned in a suitable location along

the lagoon shoreline away from valuable fisheries and reefs.

Short term impact owing to construction activities on Eneu

Island will affect the terrestrial and nearshore marine environment

depending on the level of construction and manner in which it is

conducted. Bulldozing and construction activities to build houses

and storage structures may destroy portions of the plantation and

other vegetation; however, removal of some of the vegetation may

increase the available drinking water stored in the water table.

The coconut plantation, if maintained properly, may serve as an

important source of food for the base camp. Removal of tall
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vegetation on the windward side (eastern side) of te island will

alter air circulation patterns possibly resulting in decreased

protection from strong trade winds for the island residents.

Exposure of surface soil at close proximity to any shoreline may

result in an increase of sedimentation rate into the nearshore

environment. This could result in adverse impact to benthic marine

communities directly by smothering corals with sediment or

indirectly, by reducing dissolved oxygen concentrations in seawater

by increased microbial activity from dissolved and particulate

terrestrial organic matter input. These impacts can be prevented by

minimizing ground disturbance and ground clearing activities within

the immediate shoreline zone.

Long term impact from the establishment of a base camp on Eneu

Island will vary with the size of the resident population. Domestic

waste disposal will affect the nearshore marine community, if

disposed in the lagoon. In the absence of trade wind conditions

(predominantly the summer months) water circulation patterns on the

lagoon side of Eneu Island are variable. The use of septic tanks

may result in the eventual leakage of sewage to the water table and

eventually to the nearshore marine environment. Nutrient

enhancement of the nearshore marine community from this leakage

could result in localized increase in phytoplankton growth and hence

turbid water conditions. Increased phytoplankton populations in the

nearshore waters will not necessarily lead to the increased

production of edible fish stocks. An ocean outfall located outside

the lagoon on the south end of Eneu Island where flushing and

dilution conditions are optimal will probably result in the least

amount of impact of sewage disposal on the marine environment.

The construction of an all weather harbor inside the lagoon at

Eneu Island will be needed to store boats for inter-island

transportation during the clean-up activities and for eventual

resettlement of the Bikini people. Construction of a harbor on the

southern end of Eneu Island will affect the most productive reef
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found on the lagoon side of this island and should be avoided.

construction of a harbor in the middle or northern end of the island

will probably result in the least amount of impact to the nearshore

marine environment. Harbor placement and design should be designed

to withstand wave damage from infrequent but substantial southern

storms that hit the atoll during the summer months.

The construction of docks, harbors, or revetments will require

armor rock. The impact of mining armor rock from the windward reef

flat of Eneu Island will depend on the amount and location of

material removed. The windward reef flat of Eneu Island will be the

most important nearshore fisheries site for the resident population.

Removal of significant amounts of armor rock may destroy fisheries

habitat and increase the potential for ciguatera poisoning by the

disturbances of the substratum. Small quarries properly designed,

i.e. to maximize seawater flow and minimize turbidity, may enhance

fish stocks by providing protective habitats from predators.

Long term impact of resettlement on nearshore fisheries will

depend on population size, diet, and fishing techniques employed by

the resident population. In the absence of controls, fish, lobster

and giant clam stocks near Eneu will be quickly depleted by

overfishing the reef flat habitat. Early initiation of an

aquaculture program, such as to enhance giant clam stocks by

reseeding the reef flat, may alleviate an inevitable overfishing

problem. Protected harbor facilities will also enable greater boat

access to fishing sites further away from Eneu. This in turn would

reduce fishing pressures on stocks closer to the island. Seasonal,

size limits, bag limits and traditional forms of control could also

reduce the likelihood of overfishing.

Judicious development plans should minimize any impact to

cultural, historical and archaeological resources. Completion of

archaeological studies and a survey of birds at Eneu island are
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presently planned Mitigation to reduce potential impacts to

birds, if any, will be considered.

In summary, the impacts resulting from the construction of

resettlement facilities and the return of 200 to 250 Bikinians to

Eneu island can be reduced or avoided by proper design and location

of facilities and activities. The environmental assessment lists

and describes these and other mitigative measures to avoid

significant adverse impacts. As a consequence, the resettlement of

Eneu will not constitute a major federal action significantly

affecting the quality of the human environment. An environmental

impact statement will not be prepared. At the appropriate time and

on the basis of this report a lead agency for the Federal Government

could prepare and coordinate a Finding of No Significant Impact for

this project.
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PREFACE

BARC Report No. 4 (Status, March 31, 1986) has six appendices that deal in detail
with the major areas covered by the Report. Appendices A-E cover the topics of
contamination control, water supply, costs of rehabilitation, dcsimetry and envir-
onmental assessment.

Appendix F by Rivkin Associates surveys the socioeconomic facts and factors that
affect planning for the resettlement of Bikini Atoll prior to, during and after
control of contamination.

Its preparation has involved extensive discussion with representatives of the Bikini
people, and this has helped them to focus on a variety of specific questions which
face them now or will do so in the future.

The Bikini Atoll Rehabilitation Committee, as a matter of policy, has not passed
judgement on the specific proposals made in this Appendix, and in particular, the
detailed community planning for Bikini and Eneu Islands. It hopes, however, that
such model proposals can facilitate realistic discussion by all interested parties
and thus expedite delineation of the official resettlement program.

BIKINI ATOLL REHABILITATION COMMITTEE

1203 Shattuck Avenue
Berkeley, CA 94707
Henry 1. Kohn, Chairman
March 31, 1986
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SUMMARY

Findings and Conclusions

1. Bikinians numbered about 1280 in mid-1985, six times the population
evacuated from the atoll in 1946. They are dispersed among several locations
in the Marshall Islands: Kili (550), Majuro 400), Eit 200), Ebeye (80) and the
remainder on outer islands or at school in the United States.

2. Despite the dispersion, the Bikinians remain a cohesive people. Religion is
one factor in maintaining cohesion and community leadership, another. An
elected Mayor and Council and an elected representative in the Marshall
Islands' legislature manage community affairs and represent the Bikini people
to the outside world.

3. This governmental structure has been superimposed on a traditional system
which relates family and individual status to clan rights in land on Bikini
Atoll. Historically -- and characteristically for islands in the Marshalls atolls
-- Bikini and Eneu were subdivided into watos a series of parallel plots
stretching from lagoon to ocean, where extended families within a lineage
group had rights to settle their cluster of houses, plant and derive benefit
from the harvest. The distribution of rights and status has been adjusted once
since 1946, with difficulty, in order to allocate land in the Kili settlement.
The Bikini Council wants to revert to the earlier pattern, basing the Bikini
Atoll resettlement master plan on pre-1946 ownership and corresponding
household settlement rights.

4. Bikini population is young (almost 50 per cent below the age of 15) and
growing faster than the Marshalls' as a whole. It will likely double (to 2,500-
2,800) by the turn of the century. About one-third of the households have
more than ID family members.

5. The Bikini economy is welfare-based. It is supported by trust fund grants and
imported U.S. surplus food. Bikinians are employed in a lower proportion than
the Marshallese in general. Most of their jobs are in the public sector and
temporary. Several Bikinians have, however, established service enterprises
on Majuro and Kili and several have job skills.

6. Trust funds under the Compact of Free Association, combined with earlier
trust funds from the U.S. provide the Bikinlans' monetary resources. Total
grants will amount to over $100 million by the end of the 15-year Compact
period. Although the bulk of these funds must be invested for the benefit of
the people as a whole, and must be relied upon for community maintenance
both now and after resettlement on Bikini, substantial amounts will be
disbursed to households on a per capita basis. If the Compact goes into effect
this year, total 1986 disbursements will amount to about 2,300 per capita.
The average household will receive about 16,000 for the year.

7. Recent capital improvements notwithstanding, living conditions at both the
Kili and Ejit settlements are poor. The settlements are severely
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overcrowded, as are many individual houses which sleep 20 or more people.
Housing is deteriorated, poorly ventilated and devoid of amenities.
Community facilities are similarly deficient. Wooded areas on these islands
do, however, provide some privacy and relief from the oppressive atmosphere
of the man-made environment. Housing on Majuro may be crowded but it is
accessible to utilities and services. Some high quality Bikinian residences
have een built on leased land.

S. The timing of resettlement on Bikini Atoll and the nature of a master plan to
guide construction of a new community depend on four critical determinants
which are not yet definitively known. The Bikini Atoll Rehabilitation
Committee (BARC) and its consultants have been addressing three of these:

a. How long it will take to restore Bikini Island, which will be the main
settlement area, to a habitable state.

The methods under investigation by BARC for decontaminating the
island might be considered as alternatives or, possibly in combination. They
vary considerably, not only with respect to cost, but also with respect to
important factors such as:

- how long it will take to decontaminate the island (i.e. to reduce radiation
to levels acceptable within Federal standards),

- the necessity of removing existing vegetation and the time and effort
needed to restore environment and vegetation to a state sufficient to support
a new community at a reasonable standard of amenity,

- requirements for repeated or continual application of decontamination pro-
cedures (and associated risks), and

- implications for potential constraints on the lifestyle of the people who
resettle on Bikini Island.

b. Adequacy of water resources (groundwater and rainwater catchment
potential) on Bikini and Eneu Islands to support both revegetation as
necessary, and a new community.

c. The likely state of the Bikini people (size of the population, lo-
cation(s), living conditions, financial commitments, etc.) at the time their
atoll is ready for resettlement.

d. The judgment and wishes of the Bikini people regarding a community
plan in light of all the foregoing factors, once they become known.

9. Given the indefinite prospects for resettlement, the Bikini Council faces
increasing pressure for interim measures to improve living conditions in
existing settlements and to support further emigration from Kili and Ejit.
These measures may include redevelopment of Kili and a selective migration
to Maui (or elsewhere in Hawaii or the U.S. mainland if approved by Con-
gress). The Bikinians would draw on trust funds to finance these activities.
The current drift of Bikinians to Majuro will probably intensify in the process
and more people will establish permanent residence there.
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10. Once the Bikinians do return to their atoll, it is unlikely they will revert
entirely to the traditional subsistence economy or that reliance on trust fund
disbursements will, alone, provide an adequate livelihood or meaningful way
of life. Employment will be desirable, as well as necessary to generate addi-
tional income. Hence, early attention to an economic development program
is warranted. Promising areas to explore are:

- commercial development of marine resources, e.g. fish, turtle, lobster and
giant clam cultivation which might even be feasible as part of the atoll
rehabilitation program itself;

- training of Bikini adults to take part, as paid employees, in the clean-up
and reconstruction program and maintenance of the new community;

- boat-building and repair;

- commercial production and marketing of handicrafts, especially those
which might take advantage of the high quality and relatively rare kono
wood resource that can be cultivated on Bikini;

- establishment of a small commercial resort on Bikini Island;

- creation of an economic development fund from Trust Fund resources to
finance technical assistance and capital investment for Bikinian enterprises
and/or joint ventures with outside entrepreneurs.

Assumptions

Congress has requested that BARC prepare preliminary development plans for
Bikini and Eneu Islands so that resettlement can be properly considered in planning
the decontamination program and the costs of resettling these islands can be
factored into estimates for the cleanup program.

In lieu of definitive information about circumstances surrounding resettlement of
Bikini Atoll, a number of assumptions form the framework for physical develop-
ment presented in this report. They will be subject to analysis and revision by
both BARC and the Bikinians as planning studies progress.

1. Beginning within the decade of the 1980s or as soon as funds become avail-
able, a base camp or preliminary installation on Eneu could be the initial
phase of a staged return to Bikini Atoll. Major community settlement can
occur on Bikini and Eneu during the 1990s. By the year 2000, approximately
1,000-1,250 Bikinians will be resettled on the atoll.

2. The United States will fund the atoll rehabilitation and settlement construc-
tion, but the Bikinians will accept responsibility for operating and main-
taining all facilities, making the necessary budget commitments from their
own resources.

3. Bikinians will be able to adapt their traditional land pattern so that housing
in the new community can be sited on watos in a way that economizes on
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infrastructure costs, and land allocated for community facilities and
economic enterprises can be selected on the basis of efficiency and other
suitability criteria.

4. The Bikini people will demonstrate the motivation, capacity and fiscal
responsibility to manage their communities (Bikini, Kili, etc.) and to engage
in new economic enterprises and other productive activities, including self-
help housing construction.

The Sketch Plans

Sketch land use plans for Bikini and Eneu Islands are based on a program to
accommodate a residential community of 100-135 dwellings by the year 2000. The
program also calls for community and economic facilities as well as roads, docks
and other infrastructure. Rainwater catchments on all buildings and/or properly
prepared open land, including the apron at the Eneu airstrip will be the principal
water sources. A waterborne sanitation system utilizing saltwater for flushing is
envisioned. Illustrative design suggestions and guidelines are presented to achieve
housing units more livable than those on Kili and Ejit.

Housing, infrastructure and community facilities will require about 100 acres on
Bikini Island and 80 acres on Eneu leaving about 400 and 215 acres for cultivation,
open space and community expansion on the two islands, respectively.

Preliminary cost estimates for infrastructure, community facilities and housing
are on the order of 58-$61 million (in 1986 dollars). As much as 40-45 per cent of
this sum represents infrastructure that could be installed at the time of the clean-
up operation (particularly if the excavation method, which appears to require a
substantial amount of support infrastructure, is selected) and left for the perman-
ent use of the Bikinian settlement.

Capital investment requirements could be reduced by modifying development
assumptions or altering standards. For example, infrastructure costs may be
lowered by changing the circulation pattern to make roadways both shorter and
narrower. A more compact, clustered pattern of settlement could result in cost
savings for power and water distribution and wastewater collection. If the clean-
up progr-m leaves existing concrete buildings on the two islands and the existing
scientific base camp on Bikini, studies of appropriate re-uses such as community
facilities, workshops or storage might reveal the feasibility of retrofitting them at
costs lower than new construction.

Housing cost estimates have been based on the assumption that Bikini families will
build their own houses after the contractor has erected a basic "wet" core (cis-
tern, kitchen, washing facility and toilet). Engaging the people in self-help
housing construction will save money and yield the additional benefits of enhan-
cing their skills and giving them a personal stake in maintaining the new
community.

These sketch plans, together with their economic, fiscal and administrative
implications require testing by BARC and the Bikini people before a master plan
for resettlement is established.
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INTRODUCTION

1. Background and Scope

In June 1985, after consultation with the Bikini people, the Bikini Atoll Reha-
bilitation Committee retained Rivkin Associates to make an exploratory study of
the social, economic and physical factors bearing on resettlement of Bikini Atoll.
This initial resettlement planning was to provide a bridge between BARC's well-
advanced scientific/engineering research and factors affecting the ultimate
application of such research, i.e. restoring human habitation to the atoll.

During the seven months June-December 1985, Rivkin Associates initiated inquir-
ies into key subjects related to community master planning. Findings from these
exploratory studies are presented in this report.

Chapters One through Three deal with the Bikini people today: community struc-
ture and traditional land rights; population growth and composition; economic
activity and resources; and settlement conditions.

Chapters Four through Six cover factors that bear on economic and physical
planning for the future of Bikini Atoll: anticipated population growth and settle-
ment patterns; economic development prospects and issues; a preliminary program
and land use plan with capital cost estimates for Bikini and Eneu Islands; and
housing construction guidelines.

The data and analyses are derived from: an extensive review of secondary sources;
three field visits to the Pacific for observation of conditions on Kili, Ejit, Majuro
and Bikini, household interviews on Kili and Ejit and a visit to potential relocation
sites on Maui. In addition, staff have met with the Bikini Council, their liaison
officer, attorney and the trustee of their Resettlement Trust Fund, and have con-
ferred with BARC members and consultants, officials of the Republic of the
Marshall Islands and United Nations advisers, as well as U.S. specialists in mari-
culture, horticulture, boat building and handicrafts.

An explanation of the planning studies was translated into Marshallese for dis-
tribution to the Bikini people on Kili, Ejit and Majuro prior to the planners' field
visit of July 1985. Members of the Bikini community were thus prepared to dis-
cuss these issues when the study team arrived. Interim discussion papers on
findings and conclusions were presented to BARC and the Bikini Council for re-
view and comment. A draft of this report was reviewed at BARCIs meetings in
January 1986.

These efforts notwithstanding, important questions remain to be answered by
BARC as well as the Bikinians themselves before an implementable economic and
physical plan for atoll resettlement can be establishe-J.-These are summarized in
the final chapter of this report, along with recommendations on next steps in the
planning process.
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11. The Context for Resettlement Planning

The principal options for decontaminating the ground -- scraping vegetation and
topsoil, heavy application of potassium fertilizer to the soil, and sluicing the
island with sea water -- have considerably different implications for altering
existing vegetation, soils and topography and, consequently, for settlement
planning and scheduling as well. The cleanup program to be implemented ulti-
mately, whether a single method be employed or a combination, will need to be
followed by some program for reestablishing or restoring the island's vegetation to
a state of amenity hospitable to human habitation. That, too, will take time,
depending on the condition in which the cleanup process leaves the land.

BARCIs definitive findings on the various cleanup options, on methods of revege-
tation, and the requisite time and costs will be presented to Congress in a year.
Then, when Congress decides how to proceed and appropriates funds, the Bikini
people will have a clearer idea when resettlement can occur.

Despite the present uncertainty, there are several reasons to introduce resettle-
ment planning at this stage of BARC's work.

1. To identify aspects of resettlement that may have bearing on BARC's
continuing scientific investigations and Congress' choice of cleanup
techniques.

2. To identify resources of Bikini Atoll with potential economic significance to
the Bikini people, that might be mobilized during the cleanup period.

3. To estimate, albeit roughly, the capital requirements for resettlement so that
these may be factored into BARC's over all estimates of rehabilitation costs
for congressional review.

4. To initiate a dialogue with the Bikini people which will help them think
through their desires for the resettlement community as well as the impli-
cations of such a community for their institutions, financial resources, rights
in land, and the education and community attitudes that will be needed to
manage affairs on the atoll.

Planning at this stage must be a "what if" exercise to focus the issues and elicit
discussion. In this report we have assumed an advance party of Bikinians could
return to Eneu within the next four years. This assumption is based on BAP'C's
assurance that it is safe to live there, that adequate potable water supply is avail-
able in Eneuls groundwater lens, that the cleanup of Bikini could begin during this
period and that Bikinians can be employed in the cleanup and revegetation work.
We have also assumed the full resettlement on both islands would be achieved in
the 1990s. That seems to be the earliest that the new community could be built
and occupied. Moreover, it is very difficult to project any farther into the future
with confidence. The size of the community (which would accommodate only half
the Bikinian population estimated for the mid- to late- 1990s) is based on the
expectation that people from Ejit, Kili and Majuro would be included. By the
1990s, however, many Bikinians living elsewhere will not wish to leave established
jobs and homes.
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in some cases, planning parameters such as the nature of infrastructure and
community facilities, standards of service and tentative locations represent expli-
cit requests by the Bikinians. In others, they derive from the consultants' efforts
to posit what seemed "reasonable" in the context. Bikini leaders have reviewed
the entire development program, however, and approved it for the purpose of this
preliminary study.

Bikini leaders have not easily engaged in formulating groundrules for long-range
planning. The prospects are not yet imminent enough. BARC's research is still in
process. "What if" planning is somewhat frustrating for the Bikini leaders and
there is still a degree of skepticism borne of unhappy resettlement experiences
since 1946. The history of the Bikinians' successive displacements has been well
chronicled by Dr. Robert C. Kiste 1974 and 18-5)

The scenario presented in this report can be revised and refined as more informa-
tion becomes available and the components are studied during the coming year.

Professional staff for this study have been Malcolm D. Rivkin, Goldie W. Rivkin,
L. Alan Feinberg and Sandra L. Brecher.
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CHAPTER ONE

The Bikinians Today: Community Structure, Population and Economy

In July 1985, the official Bikinian population was 1277, more than six times that
of 1946. Most Bikinians still live in the Marshall Islands, dispersed among several
locations, primarily Kill Island, Majuro Atoll (Majuro town and Ejit Island) and
Kwajalein Atoll (on Ebeye Island).

Figure FI shows the Marshalls' geographical position among the island nations of
the Pacific. The Marshalls are 2400 miles southwest of Hawaii and a comparable
distance northeast of Australia. The atolls and islands comprising the Republic of
the Marshall Islands (REPMAR) are shown on Figure F2. Bikini Atoll is more than
500 miles to the northwest of Majuro Atoll, the capital.

The town of Majuro is on the primary land mass of Majuro Atoll, and Ejit is a
separate island about 12 mile to the west. These locations are shown on
Figure F3. Kill Island is approximately 160 miles southwest of Majuro.

Five hundred miles separate Bikini and Kill, with Kwajalein lying somewhat north
of the midpoint between them. These are great distances in an ocean environment
where inter-island transport has been sporadic and telecommunications unreliable
through most of the Bikinians' exile.

The estimated numbers of Bikinians currently living in each of the principal
settlements are shown in Table F1 below.

Table F1

Estimated Bikinian Population by Location, 1985 (rounded)2

Kill 550
Majuro 400
Ejit 200
Ebeye 80
Marshalls Outer Islands 30
Students Abroad 20

1,280

Kill is considered the primary seat of the Bikini community. It is where the
majority of Bikinians were settled in 1948. The Bikinian community on Kill 35
households comprised of 208 individuals) was established following the initial
short-lived resettlement on Rongerik and the subsequent relocation to the Amer-
ican base on Kwajalein.
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Bikinian residence on Ejit dates from the late 1970s. Earlier in that decade, after
the U.S. Government declared Bikini Island safe for habitation, about 40 families
returned to Bikini. They went over the objections of the Bikini Council, who were
not convinced at the time that the island was safe. On evidence that radiation
continued to pose a health hazard, Bikini had to be vacated once again and these
families were reluctant to return to Kili. Ejit a former agricultural station in the
public domain, was selected as a temporary site for them.

Majuro (population, 13,000) is the principal city and seat of government of the
Marshall Islands. The main commercial operations and service enterprises of the
Marshalls, the one major industry (Tobolar copra plant), the principal hospital and
schools are all in Majuro. Bikinians from Kili have come to Majuro in recent years
like many other outer islanders, not through any formal settlement program, but
individually seeking jobs, medical attention or other services.

Like other outer islanders, many Bikinians move back and forth between their
home islands and Majuro. Several Bikini leaders have established homes and
business enterprises on both Kili and Majuro. This movement is facilitated by
weekly air service linking the two communities.

Ebeye is the second largest urban area in the Marshalls, with a population of 8,000
crammed onto 78 acres. Its economic base is the Kwajalein Missile Range, and its
working population the service personnel for the U.S. installation. We presume
the 80 or so Bikinians living on Ebeye are among the KMR work force or members
of their families. Some may have stayed behind in 1948 when the majority of
Bikinians were moved to Kili. Others may have immigrated to Ebeye later. There
are several scheduled airline flights a week between Kwajalein and Majuro.

An estimated 30 Bikinians live on islands elsewhere in the Marshalls. Some have
intermarried with members of other population groups. According to Kiste 1974,
45) about 35 "ethnic" Bikinians were on other atolls in 1946 when the evacuation
occurred.

Over the years, Bikinian students have left their families to attend mission or
public schools on Majuro and other islands in the region, but the enrollment of
students in the U.S. is a relatively new phenomenon dating back to Congress'
allocation of trust funds in the late 1970s. Two-thirds of the 20 students currently
in the U.S. are in Hawaii or mainland high schools. About a half-dozen are in
college, mainly in the Midwest.

1. Cohesiveness of the Bikini People: Religion and Leadership Structure

Despite scatteration, the Bikinians have remained a relatively homogeneous,
cohesive group within Marshallese society. This stems partly from the shared
experience of exile.

The Bikinjans are a deeply religious people, adhering to a Protestant fundamental-
ism that originated with Missionary conversion in the last century. Religion has
been another factor in keeping the people together. It has provided hope in times
of adversity and helped them avoid the excesses of drink and the high suicide rates
that have plagued other Pacific peoples. Prayer meetings are frequent and
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lengthy. Singing of hymns and songs that commemorate attachment to their
homeland is a distinctive aspect of the Bikini culture. The church and minister's
house occupy specially allocated land on Kili as they did on Bikini.

To a large degree, however, Bikinian solidarity is the result of the community's
official leadership by a mayor and (since Bikini Atoll is uninhabited) a Kili-Ejit
Council. Fourteen of the 15 current Bikinian councillors are elected from these
two islands. One is a permanent resident of Majuro. The Council is directed by a
four-member executive committee and chaired by a mayor who is elected directly
by the entire Bikinian constituency.

Under the Marshallese system of local government, local (atoll) councils are
important governing bodies. These councils have broad authority and responsibil-
ity for public welfare, police and public safety and local capital improvement
programs. The Kill-Ejit Council, in addition, controls the Bikinians' trust funds
and disburses the household allotments.

Tomaki Juda is the current mayor and the Bikinians' principal spokesman. Though
he is the son of "King" Juda, who led the people from Bikini ultimately to Kili he
gained his position of mayor through popularity rather than heredity. Between the
two Judas another person was elected to serve as mayor.

The Bikinians are represented in the principal national legislative body, the
Nitijela, by their elected Senator Henchi Balos of Ejit.

The mayor, council and the senator have, for all intents and purposes except
landholding, supplanted the more traditional bod� of clan spokesmen as the
principal decision-makers for the Bikini community.

11. Traditional Structure: The Importance of Land

The Bikinians' modern democratic governmental structure has been grafted onto a
traditional institutional framework in which economic and social status are bound
up with the system of clan lands and land rights.

Each Bikinian born had land rights at Bikini Atoll, the location and nature of which
corresponded to his clan affiliation and social status and determined his identity.

Without land the Bikinian had no reason for being, he believed. In this he
shared an attitude that is held by other Marshallese. On the land he built his
dwelling, from the land he got a living, and by his inherited rights in a parcel
(or parcels) of land he possessed both an ascribed status in the socio-political
structure of his community and a secure position within his own kin group.
Furthermore, land as limited, and as a scarce resource, it was valued all the
more. (Mason 1954)

The social structure in which the Bikinian found his place is the traditional
Marshallese four-tiered hierarchy. At the top, a paramount chief, or Iroij Laplap,
functions as a feudal lord.
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The size of the domain of an individual Iroij Laplap varies according to an
inheritance pattern established through a matrilineal system. Historically, all
land within a particular domain 'belonged, to the Iroij Laplap who was
empowered to make allocations and subdivisions of land and rights to its use.
(DOD 19805

There are twelve Iroij Laplaps in the Marshall Islands, some of whom have several
atolls under their domain and sometimes overlapping jurisdiction. The next level
consists of chiefs or iroijs for the individual atolls, each with some authority over
land distribution.

On the third level of the hierarchy are alabs, the oldest male representatives of
lineage groups within a clan or bwij. Below them are the commoners, or dri
jerbals, who constitute the membership of the clan. The dri jerbals enjoy rights to
occupy and use land, but are subject to concomitant obligations to perform
services and render economic tribute to those higher in the social structure.

The Marshallese clan, or bwij, centers on a matrilineal system of hereditary
property rights. Both men and women who are members of the bwij trace
their lineage to a common female ancestor, one who has usually lived within
the memory of the oldest generation. The bwij is the basic land holding unit
and therefore the most important social unit in the Marshallese society.

Within each bwij, the alab is the representative in community matters, in
dealings with an iroij, and in discussions with the central government. He is
responsible for food distribution, work assignments and general land manage-
ment . . . the Alab directs the economic use of the land by all persons living on
land parcels belonging to the bwij. This is true even though some of the
spouses and children of males of the bwij may not be members of the bwij in
question, but will have been accorded rights to use the land (as opposed to
ownership rights) while in residence and at the pleasure of actual bwij
members. A newly married couple may reside on family lands of either of the
families of the bride and the groom. The Alab receives a share of the land's
production as well as a share of any cash derived from the sale of crops
(DOD 1984)6

Historically, the Bikinians have not recognized the authority of any iroij laplap
outside their own atoll. Likening themselves to -the Marshallese people of Enewe-
tok, Arno, Maloelep, Mili and Mejit, the Bikinians accord allegiance to their own
paramount chief alone.

They trace their ancestry to a man named Larkelon who, with a group of follow-
ers, fled Wotje atoll and established a colony on Bikini. He became Iroij of Bikini
and was succeeded (through matrilineal descent) by a series of Iroijs through Juda
who headed the Bikinians at the time of the evacuation from the atoll and settle-
ment at Kili. The present-day Iroij, Kilon, is from the same lineage. Unlike some
other atolls, Bikini never had a sacred place or mo set aside for use by a non-
resident iroij laplap.

Under the traditional structure each clan, lineage group within a clan and
individual had certain rights in land. The actual pattern of land divisions or watos
on a large island such as Bikini or Eneu was a series of contiguous, transverse plots
extending from the lagoon side of the island to the ocean.
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Each wato tended to vary in dimensions and area according to its relative
location on an island. Watos in the center of an island tended to be narrow
and long, whereas those near the ends increased in width as they decreased in
their shore-to-shore dimensions. The productive central sections of islands
were known as eonene (meaning good or important) and these areas frequently
supported several dwellings, each of which was called la. Poorer sections of
an island were designated as rarok. Although land was sometimes acquired by
gift, inheritance was the primary way a Bikinian would receive rights and res-
ponsibilities with respect to landholdings, and prior to the 1946 removal of
the Bikinlans, there were no known procedures for the sale or purchase of
land. (Weisgall 1985)7

Bikini had 40 watos and Eneu 28, each representing land allocated to a particular
household or group of related households within one of three clans. Sizes of watos
on Bikini Island ranged from two and a half or three acres to a high of 22 acres,
with most about 10-20 acres. Eleven alabs, or elders, administered these lands
and represented their respective household groups in the council of the commun-
ity. Figures F4 and F5 illustrate the pattern of watos; on which a total Bikinian
population of 167 lived in 1946.

According to Kiste 1974) this particular wato pattern came into being as the
result of fierce power struggles among the three clans who comprised the Bikini
people. It represented adjustments, and sometimes compromises among claims.
Had the population remained on Bikini and Eneu and grown at rates witnessed over
the past 40 years, all Bikinians would still have land rights, but the actual pattern
of wato holdings (due to subdivision or consolidation) might be different today. In
the Bikinians' institutional memory, however, the pattern is frozen and remains
the basis for resettlement planning on the atoll.

On Kili, however, a new pattern had to be devised in the absence of a traditional
parcellization of land. There, patrilineal relationships apparently prevailed, with
a household unit, or bamli as the basis for plot allocation. On Kili, moreover,
eight new alabs were designated, bringing the total number of headmen to 19.
This structure has prevailed for over 30 years.

While the II Bikini alabs remain the titular stewards of lands on Bikini, all of the
present Council members are not alabs. Several lack such high status under the
traditional system, but are important decision-makers nonetheless. With the
ascendancy of the Council and the elected representative to the Nitijela, the posi-
tion of Bikinian Iroij seems now largely ceremonial, rather than authoritative.

Land claims will clearly influence the development pattern of a new community
on Bikini atoll and the implemented development plan for that community. At the
present time, we can not know what kinds of conflicts, if any, might arise between
the traditional and the contemporary leadership structure or how actual land
distributions on the atoll will be made.

No anthropologist who has both the confidence of the Bikini people and the grasp
of Marshallese culture and language has analyzed kinship/ community relationships
and their impact on land distribution since Kiste's studies of the Kili decisions
during the 1960s. As these relationships will definitely affect the plan for
resettlement, it might be highly beneficial for BARC or its successor to com-
mission such a study.

F-18



Pam, 'JoO

14-11,

TOO.

1,3t bundcIr-j'es

Figure F 4

WATO DIVISIONIS

bikini island
400' 40W SV �2cc"

Rivkin Associates Inc.
OKOLL"V.01" 1014

-�Awft.-r

F 19



wato bouindaries

YA EIL A,

krroKEm

.1"RE

Figure F 5

WATO DIVISIONS EM

M04KIP

Eneu Island
400, 0 40d god Moo, tIEFLAJ

W!n
Rivkin Associates Inc.

CMA

LE

elLAI-Ap,

ErAtfL.

Itf

R

F-20



Ill. Population

Bikinian population is growing at a faster rate than that of the Marshall Islands as
a whole and, indeed, faster than most other population groups in the world.

Table F2 below displays figures on Bikinian population from 1930 to 1985.

Table 2

Bikinian Population, 1930-1985 8

1930 127

1946 21 8*

1964 459

1969 540

1974 784

1980 900

1985 ( Jan 1) 1,247
Ouly 1) 1,277

167 resident on Bikini Atoll

Total population has grown about six times since 1946. The most rapid growth has
occurred recently, however, and shows no sign of abating. Between 1974 and
1980, the rate of increase was about 15 per cent; in the five years, 1980-85,
almost 40 per cent. Recent growth is due primarily to births, but also to the
addition of spouses from outside the Bikini community.

The most reliable records in both cases are those of the Bikini Council for the
period November 1982 through June 1985. Over this period there were 164 births
and only 15 deaths, for a net increase of 149 people. In the same period, 24
formal marriages added outsiders to the Bikini population roles. The balance of
births over deaths represents an annual growth rate of 47 per cent over this
period. When intermarriage is added, the rate climbs to 56 per cent. Meanwhile,
the growth rate of the Marshallese people as a whole has been about 39 per cent
annually since 1980.

While there is relatively little intermarriage between Marshallese and people of
other nationalities, the U.S. trust fund grants begun in the mid-1970s, made Bikin-
ians especially attractive as mates, primarily to other Marshallese. (Kiste 1985)

The allocation and disbursement of the proceeds of these funds to Bikini house-
holds on a per capita basis has further fueled population growth. Some Linians
have believed that having more children would increase their household's disburse-
ment from the trust fund.

The extent of Bikini intermarriage and the high birth rates bear on two important
economic matters:
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1. the ultimate relocation burden (i.e. the U.S. commitment to resettle those
who are identified as Bikini people), and

2. the extent to which trust funds earmarked and invested for support of the
Bikini people will be adequate to meet the needs of the numbers involved.

Expressing concern about runaway population growth, however, the Bikini Council
recently passed a law freezing household shares of the trust fund disbursements at
1985 levels. They state that they will no longer permit additional children to be
registered on the disbursement rolls, and that they have begun to encourage
family planning.9

Although population counts have been made recently for trust fund rolls and
health insurance identification, a comprehensive and consistent picture of
demographic characteristics is not yet available.

Several cultural factors make it difficult to interpret existing survey data proper-
ly for detailed household analyses and population projections. Until recently, for
example, first or given names have been sufficient identification within the small
community of Bikinians. Thus, population tallies are inconsistent with respect to
use of family names. Another complicating factor is the common practice of
adoption within the Bikinian community. This generally means the adoptee's
family circle is expanded. Because natural parents are not abandoned and
individuals readily shift resi 18 nce among households, a child may be named on
more than one household list.

A. Age and Sex

These complications notwithstanding, the Council's 1983 household survey on Kili
and EjIt, provides a fairly good picture of age and sex distribution as well as
household composition. The data are shown in Tables F3 and F4. A total of 579
people were counted, roughly 50 per cent of the Bikinian population at that time.
As the survey did not include those living on Majuro and Ebeye, this information
can be considered only indicative of the Bikini population as a whole.

Table 3

Age and Sex Distribution in 1983, Bikinians on Kili and Ejit I

Age No. Males % No. Females % Total No. %

- 4 65 23.5 68 22.5 133 23.0
- 9 40 14.4 44 14.6 84 14.5

10 - 14 36 13.0 25 8.3 61 10.5
15 - 19 20 7.2 34 11.3 54 9.3
20 - 24 19 6.9 29 9.6 48 8.3
25 - 29 28 10.1 22 7.3 50 8.6
30 - 34 13 4.7 15 5.0 28 4.8
35 - 44 17 6.1 19 6.3 36 6.2
45 - 54 17 6.1 20 6.6 37 6.4
5 - 59 8 2.9 8 2.6 16 2.8
60 - 64 4 1.4 7 2.3 11 1.9
65 over 10 -3.6 11 3.6 21 3.6

TOTAL 277 99.9 302 100.0 579 99.9
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B. Household Sizes

Table F4 shows the number of related people living together in a single dwelling
unit as counted in the 1983 house-to-house survey on Kiii and Ejit.

Table F4

Household Sizes, 198312

People in Household Number of Households Per Cent

1-4 12 17

5-9 37 51

10 and over 23 32

72 100

Almost a third of the households had 10 or more people living under one roof. The
standard Kili-Ejit house is small, ill-adapted for expansion and devoid of amen-
ities. Field interviews on Ejit and Kili in the summer of 1985 indicated that many
household units have 15-20 people crowded into a single dwelling. As population
grows, the already serious overcrowding problem will be exacerbated.

IV. The Bikinian Economy

Before 1946, the Bikinians met their needs through subsistence activity,
sometimes supplemented by the sale of copra and handicrafts to passing vessels.

They were a self-s--ffic-ent p- ple who depended on the outside world for
only a few of their wants. Their economy relied heavily upon fishing and the
capture of other marine fauna, supplemented by agricultural acWties that
required a minimal expenditure of time and energy. (Kiste 1974)

The Bikinians neither were, nor are, an agricultural people. They supplemented
their marine diet with coconuts, pandanas, and arrowroot which required relative-
ly little cultivation. While they lived mainly on Bikini and Eneu Islands, with a
handful of people on Nam, they gathered coconuts and pandanas from many of the
atoll's islands. The entire 50-mile lagoon was their private fishing preserve.

The Bikinians' skills as boat builders and navigators enabled them to move easily
from island to island.

Outrigger canoes played an important part in Bikini life and allowed the
people to be very mobile within the atoll . . . men devoted a considerable
amount of t' e and energy to constructing and maintaining their canoes.
(Kiste 1974P,

Displacement to Rongerik, Kwajalein and, ultimately, Kili was economically and
psychologically debilitating. Kili Island has neither lagoon nor natural harbor. Its
reef is narrow. There is no protected harbor, and currents in the open sea beyond
are extremely dangerous for several months of the year. In the early years of
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settlement, boats foundered and people drowned. There are more recent reports
of deaths due to sharks when members of a fishing party whose outboard motor
failed just beyond the reef, tried to swim to shore for help. Thus, fishing has not
been feasible as a primary activity and fish have not been a major part of the diet.

Kili, with more than three times the annual rainfall of Bikini, is a lush island and
potentially productive. The soils and rainfall favor agricultural activity, but the
Bikinians settled there were not cultivators. U.S. efforts to promote agricultural
development were somewhat successful during the 1950s, but flooding by storm-
driven tides was taken as a sign of an ill-fated effort and the community agricul-
tural project was abandoned.

Even with a guaranteed market for copra at the Tobalar plant on Majuro and a
setting conducive to coconut production, Kili Island evidenced in 1982 the lowest
per capita income from copra of any jurisdiction in the fl�arshalls except for
Kwajalein -- 1.90 compared to a national average of 47.10.

The nutrition problem was ameliorated by the U.S. agreement to provide the
peoplf of Kili and Ejit with a steady supply of canned and packaged USDA surplus
f ood 6 These shipments currently amount to an estimated annual value of
$500,000, and are considered an income substitute by U.S. authorities. The future
of these shipments under the Compact of Free Association is in question. They
will continue for five years, but after that, food imports may have to be paid for
by the Bikinians' trust funds.

Sporadic fishing on both islands supplements USDA foods to some degree. So does
gathering of coconuts, which are abundant on Kili, as well as pandanus and
breadfruit. A few pigs and chickens are raised for slaughter by individual
households. Despite an effort in 1985 to expand chicken-raising on Kili, there is
little individual or collective raising of crops or livestock on either that island or
Ejit.

A. The Trust Funds

Prior to the mid 1970s the Bikinians received nominal payments from the United
States. Monetary settlements from the United States have become significant
only after these people obtained effective representation by legal counsel.

1. Existing Funds

A total of 26.6 million in trust funds were granted by Congress to the Bikinians
between 1975 and 1982.

A 6 million trust fund was created through two ex gratia awards of 3 million
each, one in 1975 and the second in 1978. Managed by Hawaiian Trust, this fund
currently generates income at the rate of 10 per cent. The 600,000 annual reve-
nue is distributed to households on a per capita basis. Per capita shares were 468
in 1985.

In 1982, Congress funded a 20.6 million Resettlement Trust. Of this sum, 3
million was earmarked for "ex gratiall distribution to the Bikini people at the rate
of $1 million annually over the three-year period, 1982-84. This was allocated on
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a per capita basis and distributed by the Council through heads of household. In
1984, the final year of ex gratia distribution, the payments were about 770 per
capita. Thus, from 1982 through 1984, per capita distributions from the two trusts
combined amounted to 1,000-$1,200 annually. Households of 10 members or lar-
ger (one-third of the total) received direct cash payments of 12,000 or more each
year during this period. For Bikinian families, this was the first experience with
substantial amounts of disposable income.

Part of this money was spent on imported goods such as washing machines, motor
vehicles, stereo tape decks et al, for use on Kili, Majuro and Ejit. Many Bikinians
have financed their purchases with loans from the Bank of Guam in Majuro,
amortized by deductions from family accounts where trust fund disbursements are
deposited. Some Bikinians have saved their money or invested it in inventory for
retail enterprises on Kili or Majuro.

The corpus of the Resettlement Trust ($17.6 million) has been invested under Alex
Brown Sons, management, and has already grown to more than 20 million. By
1985, capital resources in the two trust funds amounted to some 26 million.

Except for the ex gratia distributions of 1982-84, Congress has stipulated that the
corpus and its income can e used only for the benefit of the Bikini people as a
whole, in resettlement-related activity within the Marshall Islands.

In 1985, Resettlement Trust Fund income of approximately 1.25 million became
available to the Council. This enabled the Council to finance capital improve-
ments now under construction on Kili and Ejit, community benefits such as medi-
cal insurance, care and supplies, salaries for teachers supplementing those
allocated by REPMAR, scholarships for students abroad and various ocial
programs, as well as the administrative costs of the Council's own operations.

The Council has borrowed 3 million from the Trust, to be repaid from funds
expected when the Compact goes into effect. Part of the money went for a 1985
per capita disbursement comparable with the annual ex gratia payments between
1982 and 1984. Another portion has been earmarked for capital facilities.

Any Council expenditure of Resettlement Trust earnings that exceeds $50,000
must be approved by the Secretary of the Interior. The Bikini Council can commit
smaller sums without such review and approval.

B. Resources Anticipated Under the Compact

Sec. 177 of the Compact provides the Bikinians with an additional 75 million
trust fund, built up thr h quarterly installments over a period of 15 years. Of
each year's $ mlionoug2. 4 million will be distributed on a per capita basis
through heads of households. The remaining 26 million must, along with
proceeds of the earlier Resettlement Trust, be invested for the benefit of the
Bikini people.

At the present rate of population growth, there will be about 1300 Bikinians in
mid-1986. If funding under the Compact begins in 1986, direct per capita distribu-
tion (combining both the new trust and the Compensa bon Trust) will amount to
approximately 2,300 per capita, a significant increase.
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Assuming an average household size of 72, this would mean an average household
income of 16,100. One-third of the households (with 10 members or more) would
be receiving cash payments of 23,000, at least. Such sums represent significant
levels of discretionary income that could improve the circumstances of the Bikini
people in the short run, depending on how it is spent or invested.

Once the Compact oes into effect, the Bikini people will need to draw on Trust
Fund resources to levelop, improve and operate their communities on Kill and
Ejit, as well as, ultimately, on Bikini itself. These resources may also be needed
to replace the grant of USDA food, currently amounting to a value of $500,000
annually. Whether future investment yields will be sufficient to meet these
requirements, especially in view of population growth, is a most critical economic
question facing the Bkinlans.

C. Other Resources, Other Services: Health, Education

For at least three-years, the Bikinians will have free medical services under a
special program instituted by Congress. The Four-Atoll health program is target-
ed for Bikinians and residents of Rongelap, Uiterik and Enewetok, all of whom
were affected by the bomb tests and all of whom have trust funds under the
Compact. The program will provide doctors' visits, hospitalization and instruction
in preventive care. The Bikinians established their own health insurance plan
before this program was instituted and hired their own doctor, a Canadian. He
will now head the Four-Atoll program. These services have been supplemented by
resident paramedic health aides (Bikinians paid by REPMAR) on Kill and Ejit.

Both Kill and Ejit have elementary schools. Although teacher salaries are funded
by the Marshallese government, the Bikinians have taken the initiative to
Supplement the resources available. They are paying, from the trust funds, for
two U.S. ex-Peace Corps teachers on Kll. These teachers give instruction in
English as well as other subjects, and have apparently had some success as role
models. Students who continue their education beyond the elementary grades go
to Majuro or the U.S., supported by trust fund scholarships.

D. Jobs

Once the Bikinians were deprived of their self-sufficient, subsistence economy,
U.S. government welfare and, more recently, direct transfer payments have
become their primary source of support.

Some Bikinians do hold paying jobs, however, on a full or part-time basis, and
several have aquired administrative and technical skills. Bikinians have busi-
nesses also, such as retail stores on Kill and Majuro, taxis and a car rental service
in Majuro. Income generated through these activities supplements the trust fund
payments for at least some families.

1. Formal Sector

A tally of jobs held by Bikinians on Kill, Ejit and Majuro is shown in Table F5.
This employment profile does not include people working on Ebeye or the outer is-
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lands. Nor does it include Bikini women who derive occasional income from
handicrafts, the minister or others who receive stipends from the church.

Most of these are government jobs. Of 114 positions, 78 or two-thirds are with
either local government (including the Bikini Council) or REPMAR. The private
sector jobs are in retail and services or construction.

Many of the jobs are temporary. The 44 in construction and land clearance on
Kili, about one- third of the total, are supported by the current capital improve-
ments program. The financing includes some "one time only" funding from the
Trust Territory and will terminate by the end of the fiscal year unless this
program is continued or expanded.

Table 5

Full or Part Time Employment Majuro/Kili/EjitI8

.Type of Job Location Number

Marshalls Government Officialsa Majuro 4

Local Government (Bikini Council Staff) Kili 19

Teachers Kili/Ejit 8-10

Health Aides Kili/Ejit 5

Policemen Kili/Ejit/Majuro I I

Taxi Drivers Maj uro 2-4

Ship Captain (REPMAR, Micro Chief) Majuro 1

Post Office Employee Maj uro I

Judge Kili I

Airline Agent Kili I

Retail Store Proprietors Majuro/Kili 4-5

Retail Store Employees Maj uro 9

Agricultural Assistants Bikini 4

Construction Workers OBC) b Kili 21

Land Clearance Workers c Kili 23

TOTAL 114-119

a. These include, in addition to the Senator, the Minister of Research and
Development, the Assistant Chief Secretary and an immigration officer.

b. IBC (International Bridge Corporation) is the works contractor on Kili.
c. The Bikini Council itself, is running the program to clear underbrush from the

coconut groves on Kili. They are paying labor 2 per hour.
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Although only temporarily employed, the construction workers on Kili and the
agricultural workers with Lawrence Livermore Laboratories on Bikini are receiv-
ing excellent training and experience in fields applicable to resettlement on the
atoll. Supervisors have praised the Bkinians' job performance and capacity to
learn.

In context of the Marshallese employment situation as a whole, the Bikinians are
not so well off. Although unemployment is serious in the Marshalls, the proportion
of Marshallese holding jobs in 1980 was larger than the proportion of Bikinians
employed today.

In 1980, there were 4108 jobs in the "money" economy for a population of 30,873,
of whom 14,654 were 15 years of age or over. This meant one job per 75 people,
or one for every 35 adults. Approximately half of the jobs were in the public
sector. The Bikinian employment of about 120 today Wili, Ejit and Majuro) repre-
sents one job for every 10 persons or one job for every five adults. Thus the Bikin-
lans, most of whose salaries and wages come from the public sector, experience
higher unemployment and underemployment than the larger Marshallese society.

Bikinians, unlike many outer island Marshallese, are no longer a subsistence people
able to garner a living from fishing and gathering. They rely, disproportionately,
upon welfare and transfer payments. This, too, is a serious issue. For if they are
to move toward self sufficiency on a resettled atoll, some concerted efforts at
economic development and job generation will be needed.

2. Handicrafts

For many Bikini women with fine weaving skills, production of the attractive Kili
bags is a source of supplementary income. This is the only handicraft in which the
people are proficient, but it is unique and outstanding.

Before 1946, Bikinians were known throughout the Marshalls for the superior
quality of their weaving (from coconut leaf fiber) as well as their boat-building.
Through one fairly successful economic development project on Kili in the early
1950s a handicraft adviser helped the women to adapt their weaving to produce a
woman's handbag in a style then fashionable. Interest in the purses continued and
sales in Hawaii and the Marshalls are reported to bring as much as $100 per bag,
but production is limited. The design has not been modified and no new products
have been introduced in 30 years. Nor has a concerted marketing effort been
made. The distinctive Kili bag does, however, represent a promising component
for any prospective economic development program.
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CHAPTER TWO

The Bikinians Today: Current Settlement Conditions

1. Kili

Kili has been the main seat of the Bikini people since 1948. Bikinians refer to it
as their "prison" island and continue -- after almost 40 years -- t regard it as a
temporary homestead.

Kili Island is about 1.1 miles long and averages about one-quarter mile in width. it
comprises 230 acres, about one-third of a square mile. It has no lagoon. This
compares with 26 islands at Bikini Atoll, a total land area of 232 square miles,
and a lagoon of over 240 square miles. Bikini Island4s 560 acres, almost twice the
size of Kili, and Eneu Island is about 304 acres.1 Thus the Bikinians' "living
space" on Kili is but a fraction of that on the atoll.

While the rainfall on Kili is three or more times that of Bikini (about 150-170
inches annually) and the soils quite good, the island has been inhospitable to the
traditional lifestyle of the Bikini people. Kiste 1974) depicted the situation as
follows.

Kili has great disadvantages. It has neither lagoon nor sheltered fishing
area, and the reef shelf offers poor feeding grounds for marine life. The
most abundant marine fauna are such deep water fish as tuna and bonito
which are found in the open ocean around the island. Kili's long axis tends
in an east-northeast to west-southwest direction, which in the absence of
d lagoon, is quite unfavorable because it runs almost parallel to the north-
east trades. No side of the island can be described as leeward, and there
is no protected anchorage for vessels which might otherwise be used for
trolling the ocean waters. The worst conditions occur from November to
late spring when the tradewinds create heavy surf which isolates Kili and
except for infrequent calm spells curtails fishing. In Japanese times,
vessels based at Jaluit Atoll thirty miles away took advantage of such
calms to make the short run to Kili to load copra and unload supplies.
Carving out an existence on Kili is made even more difficult during the
winter months en the season of minimal breadfruit yield coincides with
the rough seas."'u

In 1948, 35 houses and a church were built for the Bikini population. By the
summer of 1985 there were 85 dwelling units in the main village, some half-dozen
in a satellite settlement called Chinatown, a variety of public and community
facilities, and a runway able to accommodate the 48-passenger turbo-prop of the
Marshall Island Air Service.

The most striking aspect of the Kili settlement is its concentrated village
character, greatly contrasting with the low density, spread-out pattern on Bikini
before displacement. The village is tightly crammed (figures and photos) on about
10 acres of the northern shore. Dwelling unit densities within the village range
from a low of 44.5 units/acre at the west to a high of 13/acre in the center.
Since many households have 10 or more members, the latter is comparable with
population densities on Ebeye.
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Cummings PUblishing Co., 1974), 93.

F-30



Several historical factors help explain this uncomfortable situation.

Americans designed the original settlement.

The Kili village layout was apparently designed by U.S. officials responsible for
resettlement and imposed on the Bikinians.

A redistribution of power, influence, and privilege that was to occur in the
community was foreshadowed as the islanders settled into their new homes.
The Americans provided the settlement plan, as they had at Rongerik. (Kiste
1974)21

The Bikinians accepted the plan because they feared the unknown.

Kill was strange and inhospitable territory from the outset. The Bikinians had
neither traditional land rights there, nor protection of the good demon who had
looked after them on the atoll. (Despite the Bikinians' Christianity, their cultural
tradition still recognizes spirits who may be good or bad.) The people clustered
together for mutual security.

The land allocation established for Kili reinforced concentration in the village
even while population grew.

According to Kiste 1974), the village was declared communal land by the Council,
while the 19 households or "barnfill d the church were allocated land rights to
watos on the remainder of the island.5�

The settlement was ternpoL�rL.

Since 1948, Bikinians have considered Kili only a temporary haven until their
return. They were prepared to accept the village settlement as a way station.
Thirty years later they were prepared to a55ept minimal replacement dwellings
because these also were not intended to last.

The Bikini Council has not wanted to improve conditions lest the U.S. regard such
improvements as an acceptance of permanence. (The present CIP has been
launched because conditions grew so bad that relief was imperative once resources
became available. The Council is still reluctant, however, to redevelop the
houses.)

Both the Bikinians and the U.S. have considered Kili residence so transitory that
no map exists to give accurate topography of the island or locations of buildings.
Figure is a sketch, based on the Rivkin team field notes during its July visit. It
has been reviewed with the Council and is the only map of the settlement.
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A. Characteristics of the Kili Settlement

1. Facilities

In addition to the 90-odd dwelling units Kili has the following facilities.

The church, minister's house and lands
Council headquarters,
school,
dispensary,
guest house for visitors,
warehouses and storage sheds,
cemetery,
airstrip,
playing field,
boat sheds,
oil and gas storage facilities

The main street of the villa e is a crowded, bustling place. Several of the houses
fronting the street include �Or have been converted to) retail shops, a restaurant
and pool halls. In the evening videos are set up at one or two of these where
people gather to watch taped movies. Harsh though conditions are, there is a
genuine feeling of "community" about the village center.

In Chinatown, about one-quarter mile north of the settlement, there are a half-
dozen dwellings. A chicken house and a house for an agricultural adviser were
added in 1985 by Holmes Narver as its base camp. Chinatown also has the base
camp for IBC, the contractor working on the capital improvement program.

Despite Kili's small size it has several cars and pick-up trucks owned by indiv-
iduals or the Council. Driving around the island and the air strip is a form of
recreation.

2. Housing

The houses on Kili and Ejit are of the same basic type and age. The houses on Ejit
were put up approximately eight years ago for families who returned from the
aborted resettlement attempt on Bikini Atoll. Those on Kili were built to replace
the dwellings built when the Bikinians first settled there.

It was very easy to conclude that these units should not be a model for resettle-
ment planning on the atoll. Indeed, if Bikinians are to remain for any length of
time on either Kili or Ejit, the existing dwellings need modification and repair or
replacement. The houses function poorly and many are deteriorated.

The houses are all built on the same rectangular plan of roughly 700 square feet
divided into three enclosed rooms and a porch. (See Figure F8 and photographs.)
All are built of plywood. Most evidence rot. Wooden floors are raised about a
foot off the ground on masonry blocks to deter insects. Roofs are corrugated
metal. Hinged plywood flaps near the bottom of exterior walls are raised and
propped open with sticks to expose screened openings which ventilate the room
inside. These "windows" are so placed that occupants must choose between fresh
air and privacy. There are no hot air exhaust vents near the roof and no cross
ventilation.
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Some families have closed in one or both ends of the porch with plywood to create
storage space or additional sleeping rooms. This has been done at the price of
blocking the breezes that would otherwise make the porch more comfortable. The
dwellings are further individualized by surface painting - often two or three
different, bright hues on a single unit.

Interiors are virtually devoid of furniture. Sleeping mats that cover most of the
floor area at night are folded away to permit other family uses of the space during
the day. Occupancy in most units is at least 10, and sometimes as many as 20
people. Questioned about their preferences for accommodating the members of
their current households, most people interviewed favored a larger number of
units with 6 to occupants each over bigger units - i.e. with more rooms.

Cooking is done outdoors on small kerosene-fueled camp stoves, either entirely in
the open or in a sort of open-sided cookshed that may be shared by related house-
holds. Large, extended family groups may eat together outdoors, seated in some
cases on benches built around the perimeter of an outdoor adjoining the house.

Laundry is done outdoors also, either in a basin on the ground or in the occasional
washing machine that can be seen standing on a porch. Weaving, children's play,
family visiting and games such as bingo also occur in these yards, which are
generally spread with stones and coral shards. Some households have extended
roofing material over the yard area, creating a stronger connection with the house
and sheltering the various outdoor family activities as well as a pick-up truck
f rom sun and rain.

Small structures for the recently-installed generators stand in many of the side or
rear yards, one for about each three dwellings. They are very close to the houses
-- in some cases directly outside the window flaps. At times the high-pitched
drone and vibrations of the generators feel like a tangible presence within the
house itself.

Until recently, there have been no sanitation facilities save a few scattered
"benjos". (The Bikinians withdraw to the reef to relieve themselves.) Now the
Council's CIP is in process of building next to each Kili house -- though none on
EjIt -- an outside shower/latrine.

These facilities will be drained by septic tanks, approximately one tank (81811 x 5811
x 53") for each group of three. Some of the shower/latrine structures are, like
the generators, located just outside ventilation openings of an adjacent house and,
in at least one case, fewer than five feet away.

In general, the yards and paths are tidy and free of trash. Oil drums for the
deposit of domestic solid waste are distributed through the community near the
roadway. The Bikini Council pays the CIP contractor to collect the garbage and
truck it to a dump near the reef on the opposite side of the island from the
settlement.

Rainwater runoff from the corrugated aluminum roofs is caught in cisterns. Most
units have a cylindrical storage tank reported to hold a week's supply in the dry
season when the reservoir is not replenished. There are, however, some larger,
concrete block cisterns said to supply the occupants of a group of three to five
houses sufficient water for a month.
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The over all effect of this collection of structures is relieved in only a few places
by ornamental planting Some households have a pig pen or chicken enclosure in
an adjacent yard. In few cases common garden plots planted with bananas,
breadfruit, potatoes and pandanas are shared by the residents of a group of five to
six houses. Owners complained, however, about low productivity, storm and
flooding damage to their gardens, insect blight in the pandanas and diseases
afflicting the chickens.

in interviews during the July field trip to Kili and Ejit, numerous residents said
they were highly dissatisfied with their living quarters. Overcrowding, oppressive
heat, insubstantial and easily damaged thin-gauge roofing material, insufficient
storage capacity for household water supply during dry season, lack of furniture,
inadequate facilities for storage of possessions and foodstuffs, mildew, rot and
prevalence of rats were virtually universal complaints.

At least a half dozen Kili houses are vacant and boarded up, even while others are
so crowded that people must sleep like sardines in a tin. The vacant units belong
to people who have moved, permanently or temporarily, to Majuro. Unless close
relatives want to occupy them, the dwellings are kept empty rather than be made
available to ease Overcrowding.

3. Outside the Settlement

Unpleasant though life inside the dwellings may be, the remainder of Kili Island is
accessible to people and provides some variety in their environment. The lush
landscape serves important psychological and social functions. It provides private
space where individuals can wander, to escape the close confinement of their
housing and constant surveillance of families and others. Coconuts can be
gathered, along with pandanas and breadfruit to supplement the USDA food.
Woods and reef afford privacy for personal functions and some relief from the
pressure and tension of dense living. Though tiny, Kili has a ring road around
which people ride, piled in the back of pick-up trucks, for diversion. The old taro
patch, frustrating to the Bikinians in its demand for constant cultivation, has been
filled in and transformed into a playing field. The American teachers have organ-
ized sports and regular exercise classes there (separately for men and women) that
are apparently well-attended.

B. Issues with the CIP

The Council's ongoing capital program has brought some improvement to condi-
tions on Kili (power, street lighting, sanitation, renovation of the church, a new
Council building, etc.) and has provided opportunity for jobs training and skill
development. At the same time, however, flaws in the CIP design and execution
have brought new problems to the people. We cite these problems, not to criti-
cize, but to underscore the necessity of careful, advance planning of details and
working with the Bikinians to monitor execution once a resettlement program
begins.

The serious noise pollution of the unmuffled power houses that pervades the
village is one problem. Siting of the latrines is another, with the probability that
odors will be carried directly into the dwellings.
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In the church renovation there was insufficient attention to ventilation and to
minimizing effect of the sun on the large roof area. The roofing material is dark
and heat-absorbing, rather than a light and reflective surface. The sole ven-
tilation for the church consists of windows placed at eye height. There are no
openings to exhaust the heat that rises. Ceiling fans merely circulate hot air that
collects under the roof. As a result, conditions inside the newly refurbished
facility are stifling -- especially given the frequency of its use and capacity
attendance. Many congregants resort to makeshift fans.

During this past summer 200,000 of Trust Territory funds were spent to build and
equip a chicken house and quarters in Chinatown for a resident agricultural
adviser, to start a test planting area and to import chickens as the basis for
improved poultry raising. Almost all the chickens brought in were baby broilers
(not layers) who could not (or were not permitted to) reproduce. These have, at
this writing, now matured and almost all have been eaten. There are no funds for
a resident agriculturalist to work with the people, and the house is empty. The
remaining 64,000 from the TT appropriation is being used by the Council to hire
23 men to clear underbrush from the coconut groves. These funds will provide
some 35 weeks of compensated work for the crew. What will happen when the
funds are exhausted, and how the coconut groves and other agricultural areas will
be restored, have not been determined.

II. L!!

Ejit is a tiny island of I .1 acres in Majuro Atoll, about one-quarter mile from the
north end of the urbanized area of Majuro Town. At low tide it is possible to walk
to Ejit, but small aluminum boats are the main means of transport.

There are no official maps for Ejit either. Our sketch map for the settlement has,
however, been checked with Bikinian representatives.

Approximately 200 people live on Ejit, mostly 1978 evacuees from Bikini and their
relatives. Ejit Island has 19 dwelling units (including the only two-story Bikinian
house), a combination church/school and dispensary and a volleyball court. (See
photographs.) Ejit is strictly a residential area with some garden plots There are
no stores or other economic activities on the island, and no roads or vehicles.

The houses are identical to those on Kili and overcrowded also. A saving feature
of the Ejit settlement is that the houses are spaced more widely than on Kili.
Indeed, given the substantial green area planted in coconuts, and the immediate
accessibility of the Majuro lagoon for fishing, Ejit may be more livable.

The Council has planned a capital improvement program for Ejit which includes
extension of the Majuro power line to the island, construction of latrine/shower
houses for the dwellings as on Kili, and renovation of the church/school. The
latter was completed during this past summer, but a freeze has been put on every-
thing else. For the Bikini people's tenure on Ejit is in jeopardy, and Ejit residents
are deeply concerned about security of their tenure.

When the evacuees from Bikini were resettled in 1978, unoccupied Ejit was avail-
able as a temporary expedient. The island had been an agricultural station of the
Trust Territory government. The Bikinians were apparently led to believe they
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could live there as long as they needed-- and that ultimately Ejit, as well as Kili,
would become Bikinian property even after resettlement on the atoll. We learned
of no individual household land allocations or wato divisions on Ejit. The island is
regarded as "communal" Bikinian property.

Within the last year, however, the Nitejela passed legislation requesting the
cabinet to return Ejit to its lawful owners. No claimants have yet come forward,
and no eviction notices have been served. While the Bikinian officials are trying
to have the legislation changed, the residents of Ejit are extremely fearful of
displacement. These fears have been a principal cause of the Council's strong
interest in obtaining property on Maui and resettling some people there until the
atoll becomes safe again. (See Chapter Four.)

During interviews on Ejit, where the same dissatisfactions with housing were
expressed as on Kili, people repeatedly raised questions about where they could
go. Sanitation and power supply remain unimproved, awaiting resolution of the
matter. Under provisions of the Compact, the U.S. will negotiate with REPMAR
to maintain the Kili settlement until Bikini Atoll is made habitable.

111. Majuro

We have no clear information about settlement conditions on Majuro, where the
Bikini people appear to be integrated within the urban community.

Some observations can be made, however. Many of the 400 Bikinians have come
to Majuro for schooling, for hospitalization and health care. Somehow, they have
found accommodations, through rental or living with relatives, in Majuro neighbor-
hoods. The Bikinians have no traditional land rights on the island. We may assume
housing is crowded, but Majuro does have sustained electric power, sewage dis-
posal, paved roads, supermarkets, telephones, etc. In these respects, living
conditions are better there than on Kili or Ejit.

Many of the Bikinians employed in government jobs and retail operations live in
Majuro. It is Majuro where the largest concentration of Bikini capital may e
found and - for some Bikinians -- comparatively good housing. Bikinians have
invested in vehicles and businesses in Majuro a retail store, a car-rental enter-
prise and taxicabs.

There is at least one concentration of Bikini households on the island, a cluster of
about a half-dozen well-built masonry structures at the North end of t7wn.
Apparently an informal lease arrangement has been made with a Marshallese Alab
to permit use of the land for $100 per month. Tenure is sufficiently secure that
the Bikinians have invested substantially in the dwellings. These houses are
modern and have more substantial amenities, such as kitchens with modern
appliances, than any on Kili or Ejit.

Bikinians have also amassed sufficient capital to commission construction of a
four-unit apartment house adjoining the IBC camp near the airport. Bikinians
assert that there is no Bikinian "elite", yet evidence of some economic differen-
tiation or stratification has begun to appear. There are signs of economic success
among at least a few members of the community. Some Bikini leaders have homes
on both Majuro and Kili or Ejit. Majuro, as the seat of Marshallese government,
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will become increasingly important to the Bikinians when the Compact is imple-
mented. Intergovernmental relations with REPMAR can be expected to increase
as direct contacts with the U.S. diminish. Majuro also is, and will be, the location
of principal services and the chief retail center of the Republic.

For all these reasons the conclusion is clear that - "temporary" though settlement
on Kili and Ejit may be -- a Bikinian community on Majuro is permanent. How
large that community may become and how assimilated within the capital city,
will to a great extent depend on when resettlement on Bikini Atoll can occur.
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CHAPTER THREE

The Future: Population and Location

1. Population Growth

The Bikini people will probably double by the end of this century. Even if the rate
slows to that of the Marshallese as a whole, total Bikinian population will be
almost twice the number in the year 2000 as today. If the current rate of
intermarriage continues, moreover, the total may be higher still.

Table F6 below displays population estimates by five year periods using three
dif f erent assumptions.

Table 6

Estimated Bikinlan Population Growth 1985-2000
(rounded7-

Low Middle hi&h

1985 1,247 1,247 1,247

1990 1,510 1,570 1,640

1995 1,830 11970 2�150

2000 2,210 2,500 2,800

Low: At average annual current growth rate of the Marshallese population,
3.9%.

Middle: At average annual rate of natural increase of the Bikinian population
1982 85 47%.

High: At average annual rate of natural increase plus intermarriage of the
Bikinian population 1982-85 56%.

For present planning purposes, the medium level figures are used, implying the
assumptions that the recent rate of intermarriage will continue and that family
planning efforts will succeed in modulating birth rates.

II. Implications for Relocation

This level of population growth has profound implications for resettlement under
the different cleanup methods BARC is studying. Various scenarios can be
considered.

If resettlement at Bikini Atoll can safely take place within the next five years,
one might assume the majority of Bikinians will return to Bikini. A small
settlement would remain on Kili -- smaller perhaps than the current 550. The
Majuro in-migration would continue at a modest level and Ejit would no longer be
a Bikini settlement. A scattering of Bikinians would remain on Ebeye and
elsewhere in the Marshalls. The number of students in the U.S. might increase
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with growth in that age group and trust fund support. An indeterminate number of
adults might -- under the Compact's immigration provisions -- try living in Hawaii
or the mainland.

Even under the least drastic of BARCIs decontamination alternatives and
expeditious Congressional appropriations, the lead time necessary for planning,
designing and mobilizing construction would probably mean it would be at least
five years before a major relocation to Bikini could occur.

The most optimistic prospect is for an advance party, comprised mainly of
physical cleanup workers, to establish a preliminary settlement on Eneu during
this period. If the most drastic of BARCIs alternatives -- removal of all
vegetation and scraping of 30 cm or more of Bikini Island's topsoil - is selected by
Congress and funded, it is unlikely that more could be accomplished than the
cleanup project alone by 1990.

To resettle a sizable number of people on a scraped island before it is revegetated
would do them no service. In rain-poor Bikini the land would be like a desert, in
no way resembling the verdant image most Bikinians have of their homeland, or
even the dense scrub growth conditions that Council members who visit the atoll
see today. Wooded Kili would still be a more conducive setting for a community
despite that island's privations.

FkARC1s research on Bikini Island involves experiments with a wide variety of land
treatment and cultivation methods on several test plots. Where the land has been
scraped, the most successful revegetation trials (coconuts, pandanus, ornamentals,
etc.) result from both fertilization and irrigation with desalinized water. Ground
cover also has been planted. After nine months, growth on these carefully
attended, irrigated and fertilized test plots is striking. There are trees six to ten
feet high. But the total area so treated is less than a hectare, the ground cover is
minimal and there is no natural shade. It remains to be envisioned how an entire
island of over 500 acres might look if treated in this manner and the costs are yet
to be estimated for such sustained irrigation and fertilization as might be
necessary and for how long following the land scraping process. BARC will
ultimately make these analyses.

Critical questions the investigation have not yet been posed by BARC to the
Bikinians, however. "What type of vegetation and how much vegetation would the
Bikinians require before they re-establish a settlement on the island after-.the
scraping"? The answers may determine the level of effort and funding needed for
revegetation under the scraping alternative and an idea of the time needed to
restore the island to a habitable condition. Occupancy of a new community, it
might be assumed, would be timed to coincide with the achievement of such a
level of habitability as is deemed acceptable to the Bikinlans.

Based on evidence to date, it does not appear to us that an acceptable or tolerable
level of revegetation is likely to occur within a year of a scraping operation, and
certainly not by 1990.

While BARCIs analysis of scraping and its impacts is quite advanced, less is yet
known about either the length of time required to achieve a safe, habitable
environment on Bikini or potential living conditions on the island if restored under
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other cleanup alternatives less drastic than complete scraping. Even with these
other options, a 1990 resettlement date seems overly optimistic.

What, then, would be the relocation implications of a scenario based on more
conservative assumptions about restoration of the physical character of the
island? The assumptions in this case, are that Congress chooses some combination
of chemical and mechanical measures as the result of BARCIs investigations, but
that the cleanup and a vegetative restoration program would take until the end of
the century. In this scenario, other than an advance party on Eneu, substantial
numbers of Bikinians will not resettle at Bikini Atoll before year 2000. By then
the Bkinian population will have doubled.

Under the worst-case we must also assume that the geographical distribution of
Bikini population will undergo major changes before resettlement at the atoll can
occur. These changes will necessitate significant action if cohesiveness among
the Bikini people is to be maintained and if the quality of their living environment
is not to deteriorate further. Such changes and their implications could include
the following.

1. The Kili population will increase to as much as double its present size.
Residential conditions for people on Kill are even now becoming intolerable.
Absorption of additional population would necessitate redevelopment of the
Kili community, replacement of all or most of the existing dwellings, changes
in the land allocation pattern to accommodate new households and expansion
to other sections of the island -- i.e. significant capital project expenditures
to make this "temporary" community habitable. More extensive and
successful agricultural development efforts than any the U.S. has yet
sponsored would also be needed to supplement imported food.

2. An inevitable clash will occur between the Bikini people and REPMAR over
tenure in Ejit once independence is attained under the Compact. Hostility to
continued use of Ejit will lead to strengthened efforts to force the Bikinians'
evacuation. In the unlikely event that Bikinians stay on Ejit and the
population grows, significant capital improvements to make that island ha-
bitable -- including replacement of housing -- will also be in order.

3. Drift to Majuro will continue and possibly increase. Should the Bikini
population on Majuro double (which is quite likely given the desire among
young people to seek a better life) housing accommodation and jobs will
become issues if the Bikinians must compete with other Marshallese. On the
other hand, some Bikinians would continue to enjoy economic success on Ma-
juro, especially as new levels of trust fund disbursements become available
for capital investments. It is doubtful that Bikinian population on Ebeye
(where the U.S. is attempting to cut off further immigration by other
islanders) or on the outer islands will increase significantly.

4. Bikinians who go to the U.S. for schooling will, if they do acquire skills, be
increasingly unlikely to return to the Marshalls.

5. A new phenomenon of drift to Hawaii and the U.S. mainland will appear.
Under the Compact of Free Association, current restrictions on Micronesian
residence will be removed. Lacking a "homeland" and provided with trust
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fund payments as a hedge against welfare status, some Bikinians -- perhaps
many - will look to the U.S. for migration opportunities and may not return.

Given these prospects, it is extremely difficult to estimate how many Bikinians
would settle on the atoll beginning in the year 2000 and which communities they
would leave. Half the year 2000 Bikinian population are yet to be born. The
younger people will have far more tenuous ties with the homeland than the
Bikinian community today. To the Bikinians, envisioning a Bikini Community on
their own atoll in the year 2000 seems about as far away in the indeterminate
future as the 80 years of half-life remaining before the radiation on Bikini Island
diminishes to safe levels naturally.

Therefore, for planning purposes, we propose a scenario in which substantial
community development on the atoll is realistic and possible some time in the
period between and 15 years from now. It assumes that some preferred method
of physical restoration evolving from the BARC studies and accepted by Congress,
will permit both restoration and revegetation of Bikini Island as the community
center well before the turn of the century, though not within the short-term
future.

To postulate medium-term relocation as the most reasonable target is not,
however, to obviate the need to relieve the increasingly intolerable living
conditions the Bikinians face in the short-term.

Ill. Seeking Other Sites

The Bikini Council and its advisers have been astute enough to recognize that
restoration of the atoll is not imminent, and to seek other ways of relieving
population pressure on present community sites. For this reason, they have
conducted their own investigation of other locations where some Bikinians could
go, temporarily or even permanently, until the atoll is ready. The United States
has sanctioned these investigations of sites in the Marshalls and the FSM
(Federated States of Micronesia), of Palmyra Atoll and the State of Hawaii. The
concept is to find a suitable location, whose mobilization can be financed by the
Resettlement Trust Fund rather than any new specially-earmarked Congressional
appropriations.

Hawaii appeared to be the most promising location, specifically the Island of
Maui. When the Bikini people presented a aui proposal to the U.S. in 1984,
Congressman Yates' Committee requested that the Department of the Interior,
which has oversight of trust fund expenditures over $50,000, review the
situation. This review was completed in April 1985 and a report written by Larry
Morgan of the Department of Interior (DOI) was presented to Congressman Yates'
Committee.24 Although that Maui proposal proved infeasible, Morgan's report
concluded that DOI would not object, in principle, to the use of trust funds for
relocation outside the Marshalls. A feasible proposal would be required, however,
and Congress would have to change existing legislation to permit such expendi-
tures outside the Marshalls.

The Maui proposal involved purchase by the trust fund of a 280-acre farm. How
many people would be settled on that farm, and what they would do with the
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property, was never clearly spelled out. Residents of the small Waiheve com-
munity nearby vigorously objected to the idea. Although the Governor and other
State officials indicated that Bikinians would be welcome if they abided by local
laws and avoided becoming a welfare burden (Morgan 1985), the idea was dropped.

A second Maui prospect has emerged, however, for a limited group of 10-20
households -- perhaps as many as 100 people. This involves purchase of some
existing moderate price apartments (about 30,000 in the Harbor Lights complex
adjoining Maui Community College and the central business area of Kahului. The
garden complex has about 400 units occupied by moderate income families of
many races. Jobs are apparently available for cleaning and maintenance workers
in the island's resort industry and, unlike Waihele, Kahului has excess school
capacity available.

A selective migration of Bikinians committed to learning English and bettering
their economic circumstances through employment might be made to succeed.
The trust fund disbursements would provide the Bikinians enough financial support
to keep them above a welfare level even if their employment is intermittent at
first and at minimum wages. The vocational college might be enlisted to provide
job training. Area social service agencies have expressed willingness to assist
integration of the Bikinians within the community. The entire process would,
however, need to be carefully planned and monitored. A selective migration to
Maui could provide a purposeful life for several families, a good education for
their children and opportunity to produce a cadre of skilled people, some of whom
might return to Bikini when full scale resettlement occurs.

There are numerous precedents -- the overseas Chinese who came to work on the
railroads in the western U.S. at the end of the 19th century, the first wave of
Turkish guest-workers in Germany during the 1960s, the Pakistani laborers in
Saudi Arabia today. These examples have meant some relief from population
pressure at home, financial support from abroad for relatives who stay behind and
establishment in the host country of a community support structure that can
receive and integrate migrants or guest workers who follow. Distinct from these
other examples, the Bikinians have the advantage of trust fund resources which
can facilitate their migration and ease their adjustment somewhat.

The Kahului, Maui, prospect or one like it is preferable to the aimless drift to the
U.S. that might well occur with a long delay before resettlement of the atoll.

IV. A Population/Location Scenario for Planning

Table F7 below shows estimates, for preliminary planning purposes, of the number
of Bikinians likely to be living in various locations between 1985 and the year
2000. The figures are based on the assumptions that funding for restoration of the
atoll will be approved by Congress within the next five years, that an advance
party of workers (some with families) is established on the atoll by 990 and that
complete restoration of a Bikini community can occur by the year 2000. There is
an additional assumption that some contingent of the Bikinian people will mobilize
a migration to Maui or some alternative U.S. location between now and 1990.
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Table 7

Locations for the Bikini PoRulation, 1985-2000
(rounded)
1985* 1990 1995 2000

Kili 550 TO _0 _�_0_0 400
Ejit 200 70 - -
Maj uro 400 550 600 600
Bikini/Eneu - 150 650 1,100
Maui - 100 150 200
Ebeye/Other 100 150 100 100
Students Overseas 20 50 70 100

1,270 1,570 1,970 2,500

mid year

Although BARC has no formal responsibility for any locations other than Bikini
Atoll, conditions affecting other locations must be of concern to the United States
as the protector of the ikini people. The population distribution scenario
suggested above is, therefore, predicated on the following conditions and actions.

1. Kili

Kili will remain a home for some Bkinians who have established roots there. By
thinning out the Kili population, a better balance may be achieved between
resources and people on that island. The assumptions are that population will fall
to about 500 by 1990, and will stabilize around 400 during the decade of the
1990s. With a reduced population, many existing houses can be razed and replaced
by more suitable, permanent dwelling units. Community sanitation and facilities
would be even further improved through an expanded infrastructure program.
Revived agricultural development efforts would be directed toward improving
coconut yields, domestic crops and livestock-raising as supplements for imported
foods. Bikini Council members have indicated that improvement of Kili should be
financed through trust funds rather than new Congressional appropriations. Cal-
culations of the costs of such improvements and the requirements for continuing
community maintenance should be calculated in subsequent stages of planning.

2. Lii

Ejit will cease to be a Bikini residence. A first wave of emigration might occur
soon if Maui is mobilized, but Ejit would be vacated entirely after 1990.

3. Majuro

Majuro will also be a permanent location for some Bikini people. In-migration
from Kili and Ejit will continue; but with reasonable prospects for resettlement at
Bikini Atoll, the settlement at Majuro will stabilize at about 600 people. While
integration into the larger Marshallese society may be relatively simple, the
Council will need to monitor, and perhaps assist, acquisition of jobs and housing.

F-49



4. Bikini/Eneu

Resettlement will begin with an advance party of workers and dependents by
1990. By the end of the decade a population of about 1000-1,250 would constitute
a permanent settlement on the two islands.

5. Maui or Some Alternative Location

After a detailed feasibility study and careful planning for education, jobs and
integration, 10-20 households (up to 100 people) would be settled on Maui or some
alternative location between 1986 and 1990. Trust funds would finance the migra-
tion. This community would grow modestly, to about 200 by the beginning of the
century. Some members might return with skills to Bikini.

6. Ebeye and Other

The number of Bikinians elsewhere in the Marshalls might increase before
resettlement begins, but this group would ultimately stabilize at about 100 people.

7. Students

As the student population grows, many more will choose for a U.S. education,
particularly at the college level. Trust funds will pay for their support. These
young people could represent a pool of skills to be tapped when settlement
ultimately occurs on Bikini, depending on the opportunities open to them.

Bikini Council members have indicated some concern over the effects this
population dispersion scenario might have on community cohesion. To acknow-
ledge the geographical dispersion of their people that has already occurred, and
officially to support the settlement of Bikinians in multiple locations would
represent a departure from the Council's position on holding the community
together. They agreed to accept the scenario for planning purposes, but to
deliberate further on its implications.
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CHAPTER FOUR

Prospects for the Bikini Economy

The 167 Bikinians evacuated in 1946 had supported themselves through subsistence
activities, supplemented by occasional cash sales of copra and handicrafts. If the
United States resettles 1,000 or more people on the same atoll by the year 2000 it
is inconceivable to expect that they will return to a subsistence economy or that
trust fund disbursements alone will provide them with adequate -- or meaningful
-- livelihood.

Economic development presents formidable problems. The Bikini people have
little training or experience in a monetary economy, and questions can be raised
about their motivation to participate as producers within a monetary system.
Nonetheless, four important factors offer some basis for creating economic
opportunities for the Bikini people. These are:

1. natural resources of the atoll which may be exploitable,

2. cleanup of the atoll which will likely be funded by the United States,

3. availability of trust funds, a portion of which could be directly invested in

activities that generate jobs for the Bikini people, and

4. evidence that some Bi�inians now engage in business and provide services,
exemplifying commitment to work which can be built upon in the future.

I. Water and Land Resources of the Atoll

Bikini Atoll's water and land resources offer possibilities for economic
exploitation.

A. Water

Traditionally Bikini's lagoon and reef were excellent fishing grounds (Weisgall
1985)25. BARC's scientists are making an inventory of the current fish population
and may e expected to evaluate the food supply prospects. One of these sci-
entists observed that fish stocks are particularly abundant because the atoll has
been uninhabited for so long. During recent visits to Bikini atoll, Bikinian
Councillors have caught large numbers of both fish and lobster. As one puf it,
"Fish is money. For every fish we catch, there is that much less money we have
to spend for food." Fishing is certainly one important subsistence activity that
can be revived, assuming that a large resident population will not reduce the
stocks unduly.

Whether native fish and other seafood could form the basis of a commercial ven-
ture is another question, however. Bikinians, among other Marshallese, do not
have a tradition of commercial fishing. Fishing rights outside lagoons and reefs
are commonly sold by REPMAR to other nations. The demand for reef-caught
lobster appears to be strong, however, in both Majuro and Hawaii. If resources are
sufficient, some commercial lobstering and air shipment from Eneu can be
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investigated. Again, we look to BARC's studies for information on whether the
stocks themselves are adequate for more than subsistence exploitation. A current
REPMAR effort to develop commercial fishing on the outer islands might provide
capital facilities to support a fishing enterprise on Bikini.

Some economic potential may lie in raising the giant clam or tridacna, for which
there appears to be a strong market throughout the Far East.

The biological characteristics of giant clams make them extremely
attractive candidates for commercial mariculture. Tridacnids grow faster
and reach larger sizes than any other bivalve mollusc. Their nutrition is
derived almost entirely from microscopic, living plant cells which take up
residence in the young clams and remain there for life. The clams are
literally "solar powered," and unlike any other farm animal, require no
supplemental feeding 26

According to Heslinga and Perron, the principal researchers in the field, the
adductor muscle of the giant clam is highly prized in Hong Kong, Tokyo, Singapore
and Taiwan., where it retails at 40-$65 per pound. Current imports are well
below demand because stocks throughout the Pacific have been depleted. The
meat of giant clams can be eaten by humans or processed into fish food, and the
shells are much in demand as decorative items. This past Christmas season, for
example, one half of a tridacna shell was priced at 74 in a Bethesda, Maryland
gift shop.

During the past several years, successful experiments at raising ridacna from
seed have been conducted in Palau, which now exports juveniles to farmers in
several Pacific island nations (including one in Majuro) and Hawaii.

Certain aspects of tridacna mariculture are particularly relevant to a commercial
venture on Bikini: It takes five years for the animal to mature to commercial size
(+ 250 mm), but the species continues to grow and can be harvested profitably
beyond that time. If seed is started in trays or in ponds when the animals are two
years old they can withstand almost all predators. If transplanted at that time to
an underwater "farm" the survival rate to maturity is 90 per cent. The animals
require no feeding and practically no interim care.

BARC scientists have mapped locations where giant clams grow naturally and,
indeed, some stocks have recently been taken illegally by foreign fishermen.
REPMAR's fisheries advisor, Robert Carpenter, has agreed to examine the atoll
for potential giant clam sites as part of his ongoing fisheries development work in
the Marshalls.

If tridacna-growing is economically feasible, the lead time from seeding to har-
vest may be particularly advantageous for Bikini. A two year old tridacna crop
could be set out early in the process of atoll cleanup, and subsequent annual
planting scheduled to permit rotation. Whatever maintenance is needed could be
provided by workers attached to the cleanup operations. An initial harvest could
take place quite shortly after the Bikini people arrive.

In his feasibility investigations, Mr. Carpenter will also examine the prospects for
seeding the Bikini Atoll's waters with trochus, another valuable crustacean whose
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shell is widely used in button-making. Japan is a large market, and a trochus
processing plant is proposed for button-making in Majuro under the REPMAR
Development Plan.

B. The Land

Bikini's variable and generally low annual rainfall 36 to 72 inches)27 and poor
groundwater resource make cultivation difficult, even if the Bikinians were a
cultivator people. BARC is, however, investigating techniques to make the island
safe for both coconut production and food crops.

Coconuts are a staple of the Bikini diet, and a critical supplement for imported
food and drinking water as well. The fronds provide material for handicrafts.
Planting or replanting in coconuts will permit the Bikinians, if th�j wish, to
engage in copra production. The shells can be processed into charcoal.

We assume, also, that efforts will be made to establish vegetable gardens and the
raising of pigs and chickens to substitute as much local production as possible for
imported foods. These are largely subsistence activities however.

One plant that may lend itself to commercial production on Bikini Island, Eneu and
others in the atoll is the kono tree, Cordia Subcordata.

Kono: This beautiful and valuable red wood, which is being planted today in
experimental plots at Bikini, was a fine hardwood, which served as excellent
building material for canoe hulls, braces, bow and stern pieces and paddles.
Kono is the finest wood grown in the Marshall Islands, and Bikin�Pd more
abundant stands than any other Marshallese Atoll. (Weisgall 1985)

According to Dr. Raymond Fosberg, botanical consultant to BARC, Bikini Island
has specimens of kono today. To Dr. Fosberg's knowledge, the tree has never been
formally cultivated anywhere in its Pacific habitat, but could conceivably be
planted and raised as part of a program to revegetate the atoll.30 With increasing
popularity of both wood handcrafts and wood furniture throughout the developed
world, kono might become a "unique" resource for Bikini Atoll to offer. It is also
conceivable that kono, which requires little care beyond routine pruning, might
represent a higher value end product than copra or other coconut plantation by-
products.

At this writing, little is known about potential markets for kono wood or the time
required for these trees to reach the maturity necessary for prime commercial
value. In nine months, however, saplings grown on Bikini test plots by
already to 10 feet high. In our opinion, the prospect is sufficient'
merit a feasibility analysis in subsequent stages of the planning process.

C. A Resource Development Plan - BARC's Role

The prospects for natural resources development merit early feasibility analysis
(including examination of technical aspects, potential markets and cost-revenue
relationships) so that any positive conclusions can be reflected in the cleanup
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program. We believe that sponsorship of such analyses is appropriately within
BARC's mandate. These studies should, moreover, be undertaken in context of
broader resource development planning for the atoll rather than as isolated
investigations.

The reason for such a broader planning activity is quite straightforward. Restor-
ation of productive vegetation on Bikini Island will be necessary - to a greater or
lesser extent - whichever combination of cleanup measures currently under inves-
tigation is applied. BARCIs current test plot agricultural experiments are
directed toward determining what planting pattern should be recommended. The
preferred alternatives will need to be "scaled up" for a planting plan so that costs
can be evaluated, factored into a budget report to Congress, and restoration work
programmed to take place in conjunction with the cleanup. Such planning is
essential to determine water needs during the cleanup period and afterward. It is
also necessary to determine any requirements for grading that should be done
before earth-moving equipment brought in for the cleanup effort is removed from
the atoll.

Little additional effort would be needed to assess other natural materials which
might be added to or substituted for more conventional plantings such as coconuts,
vegetables, etc. While giant clams are water-based, their cultivation could have
as much significance to the future of the Bikini people as coconuts, kono wood and
other land-based products, and thus they merit analysis as well.

A resource development plan is a desirable complement to the physical plan for
the settlement community. While the sketch plan for physical development
(Chapter Five) indicates sites for housing, roads and other infrastructure, the re-
source plan would prescribe treatment for the land outside the settlement itself,
and the surrounding sea-bed where relevant.

11. The Cleanup

BARC will present Congress with options for restoration of Bikini Atoll as a safe
habitat. Regardless of the option chosen, the cleanup will clearly include major
physical reconstruction work (land-moving, application of fertilizer, preparation
of areas for cultivation and community development, planting, road building, dock
building, airstrip and auxiliary facilities improvements, utilities installation, house
building, etc.). This work could cost between $80 and $150 million3l, to be funded
by the U.S. Government.

The capital inflow represented by this works program is likely to be spread over a
number of years. It will generate much employment, including job opportunities
suitable for the Bikini people. The project manager, supervisors and key techni-
cians may come from abroad, but manual labor will also be required as well as
some technical and organizational skills in which Bikinians can be trained.
Contractors for the Capital Improvement Program (CIP) on Kili who have hired
Bikinians as construction workers, find the people are able to learn technical
skills. Lawrence Livermore Laboratory has begun to employ Bikinians (four thus
far) for the agricultural test plots on Bikini. As this arrangement has worked well,
more Bikinians will be hired in the future.
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-he cleanup/revegetation/resettlement program could employ Bikinians in the
following capacities:

1. Construction -- laborers, drivers, light equipment operators, carpenters,
repair and maintenance. Those Bikinians who are literate in English, more-
over, may qualify for administrative support jobs with the contractors.

2. Revegetation -- practical horticulturists, e.g. cultivators with some
experience, who are able to sustain the plant maintenance required to
revegetate the atoll.

3. Radiation Monitoring assistants both during and after the cleanup to
ensure that dosage levels are not being exceeded.

What happens to these people after the island is rehabilitated and the construction
effort ceases? Long-term speculation is probably inappropriate. -ut many will
have training and skills that can be applied both in expansion of the Bikini com-
munity over time and in construction work elsewhere in Micronesia. Furthermore,
if Bikini can be replanted in marketable kono wood and mariculture crops, the
cleanup itself will provide the basis for economic enterprises to absorb a per-
manent work force.

One BARC member has suggested that skilled Bikinians could be organized into a
Bikini Construction Company following the cleanup. Such a company, conceivably
capitalized initially by the trust funds, could bid competitively and operate
throughout Micronesia.

BARC's cost-estimating exercises have provided the basis on which forthcoming
reports could identify which types of jobs generated under the alternative cleanup
procedures, and approximately how many, could be held by Bikinians. As the
various methods have different labor requirements, the employment-generating
implications should be spelled out to assist Congress in making its ultimate choice
of method and timing. The engineering estimates could also include costs for
Bikini worker training both in advance of resettlement (e.g. on Kili) and during the
reconstruction period.

By emphasizing Bikinian employment in the reconstruction process it is possible
that some tradeoffs may be required in efficiency, and/or in the length of time to
complete the job, versus a totally contractor-staffed enterprise. These tradeoffs
would need to be factored into the time/cost/and personnel estimates for the
work.

III. Trust Funds

The bulk of Bikinians' $100+ million in trust funds will be invested in interest-
bearing accounts as a long term source of support for the people and their
community. Prudent financial management would dictate that secure, high yield
investments be selected.

Some portion of the funds, however could be designated for investment in enter-
prises which directly create employment for the Bikini people. An economic
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development fund can be created to seed enterprises on Bikini, Kili or elsewhere,
for which Bikinians can be trained, and in fields where they might have some
comparative advantage. Although other government-financed economic develop-
ment funds in Micronesia have been only marginally successful, proper manage-
ment following upon solid feasibility analysis, might guide a Bikini fund to more
salutary results. A mariculture operation and a Bikini Construction Company are
two examples of enterprises that might be seeded by such a development entity.
Others might include:

A. Boat Building

Various feasibility studies and economic development reviews have cited
Micronesia's fisheries potential and need for more efficient inter-island transport
than exists today. If a demand can be mobilized for boats designed to suit Mar-
shallese conditions, boats could be built locally, using light-weight, inexpensive
materials such as molded plywood and fiberglass fabricated in simple shops by
initially-unskilled workers. In the past several years, a number of international
agency-supported technical assistance projects have proven that third-world
countries (e.g. Tuvalu and Burundi) can produce such useful craft. At one time,
the Bikinians were boat builders. The tradition could be revived.

The Bikini people recently witnessed demonstration of a 56-foot trimaran built
with these new processes, at Kili, where ocean conditions preclude use of more
conventional vessels for fishing and transport. The Council has ordered a smaller
version, now being f abricated on Majuro f or use of f Kili. If this trial is successf ul,
we believe the Bikinians could be in a position to market and build similar craft
for use elsewhere in Micronesia. A new boat building tradition can become estab-
lished. An enterprise begun on Majuro or Kili could be transferred to Bikini Atoll
following resettlement. (See photographs). The builder of the Bikini Council boat
and colleagues who have been responsible for the Tuvalu and Burundi projects
want to provide technical assistance to train Bikinians in such an enterprise.

B. Handicrafts

Bikinian women make the Kili bags, known as a fine handicraft item throughout
the Pacific. The bags are more attractive and more finely woven than many other
Micronesian items. The work is hard and production limited. Working at her
leisure, a woman can make a bag in about a week, but production could be intensi-
fied. There has been no sustained marketing of the bags and very little variation
on the original deisgn. In limited probings over the past six months, we have
discovered considerable interest in Kili weaving for sale within the United
States. For example, Pier One, a mass merchandiser of imports, is interested in
adapting the weave to different designs and in purchasing very large quantities.
Representatives of an organization that works with third-world artisans to market
and design specialty items, believe a modified Kili bag can be sold for consider-
ably higher prices than the Bikinians have, thus far, received.

The Kili bag could be the first of a broader line if the Bikinians are responsive to
making adaptations. Thus handicraft could become a long-term source of employ-
ment and revenue. Mobilizing this opportunity will, like boat building, require
more careful feasibility analyses, technical assistance in design, marketing and
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production, and capital investment. Financing this sort of activity might be a a
good investment opportunity for an enterprise development fund created with
trust fund resources.

C. Tourism

More than any other place in Micronesia, "Bikini" has name recognition in the
affluent western world. It was the bomb test site, but it also inspired the naming
of a bathing costume. Tour operators and resort owners are seeking more exotic
locations and more specialized tourism destination areas (cf. the popularity of
Palau and Truk as places for scuba diving, the Galapagos Islands for wildlife
observation, the moors of Ireland for hiking, skiiing in Alaska). Remote islands in
the Pacific have become stopping points for yachtsmen. If the ships sunk in the
Bikini lagoon are declared safe for exploration, diving would be an added feature
to attract specialized tourist interest in the atoll.

Whether Bikini can physically become an attractive place for tourism will depend
on the physical reconstruction and revegetation actually carried out over time.
We assume, however, that a small (10-50 bed) resort facility, accessible by air and
boat, can e located on the main island. Field investigation on Bikini has
identified a site with excellent potential. (Chapter Five).

Construction and maintenance of a small resort can be a source of jobs and re-
venue. A joint venture in which the Bikinians would provide both the site and
some trust fund capital could be studied for feasibility.

IV. Other Jobs, Other Sources

As Chapter One indicates, some Bikinians hold jobs or are engaged in other econ-
omic activity now. They are employed primarily in retail and services, and their
jobs are mainly in the public sector.

Bikinian entrepreneurs have apparently used their household disbursements to save
and invest in enterprise. This pattern should be encouraged. We do not recom-
mend using money from the trust fund corpus to finance retail and service bus-
inesses.

As any community, the Bikinians have people who manage community affairs;pro-
vide essential services and are compensated for their efforts. These individuals
include the Council members themselves, policemen on Kili and Ejit, health aides,
school superintendent and teachers, airline representatives, etc. Their salaries
come from the Resettlement Trust fund, from the REPMAR Government and vari-,
ous "public" resources such as the Four Atoll Health Program and U.S. educational
support that may continue. These personnel represent an administrative cadre
that will probably grow with the population and new settlement on the atoll. It
can be expanded with maintenance personnel, both skilled and unskilled, who will
be needed to operate and repair facilities in the new community.
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V. The Motivation Issue

Inevitably, in a discussion of economic development options, the question of the
Bikini people's motivation to become producers in a monetary economy must be
raised. Will they be prepared to engage in productive labor, to learn and apply
basic skills of management needed to make enterprise work? Will they emerge
from their current dependency on outside providers, to take more responsibility
for their own economic welfare?

Even with wise investment management of the trust funds, the revenues derived
may not be sufficient to support an increasingly consumption-driven economy, at
least not for very long. Thus, incomes generated by Bikinian enterprise will be a
critically needed supplement. Perhaps even more important, will be the psycho-
logical significance of engaging in work which is meaningful and provides self-
respect, as the Bikinians ultimately take charge of their own collective and
individual destinies.

It is essential to initiate a dialogue between the Bikini Council and their advisers
on the motivation issue. The Council will have to be the "role model" for the
people if any breakthrough on this matter is to occur. As one small step, we
suggest that study trips be arranged for Council members and their advisers to
meet with the leaders of two other "minority" groups in the U.S. cultural frame-
work who have dealt effectively with similar issues:

1. Alaskan natives who have created successful enterprises for their people
with the support fund payments received through the claims settlement,
and

2. leaders of selected American Indian reservations, such as the Navajos and
the Cherokees, who have invested compensation funds in revenue-
generating projects on their reservations.

Perhaps in such a dialogue, some clues to achieving the necessary motivation can
emerge.
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CHAPTER FIVE

Towards An Atoll Physical Plan

The Bikini Council has requested that BARC recommend a program to rehabilitate
the entire atoll, permitting full use of the lagoon for fishing and the outer islands
for gathering edible materials. BARC is addressing this question. A master plan
for community development relates primarily to the two largest islands, Bikini and
Eneu, however.

This chapter outlines a basis for physical planning on Bikini and Eneu. It presents
a schematic development program and preliminary recommendations on land use
patterns and criteria for the design and placement of housing. While the principal
recommendations have been conveyed to the Bikini Council, the Council has not
yet evaluated these ideas in relation to one another, nor has a broader sample of
the Bikini people had an opportunity to review them and respond. The plan pro-
posals are followed by an equally preliminary estimate of capital costs.

I. Physical Characteristics Bearing on a Master Plan

A. The Atoll

Figure F10 shows the islands and lagoon of Bikini Atoll. A concise description of
the atoll appears in Weisgall 1985).

Bikini is the northernmost atoll in the Ralik chain, located at 65 degrees
east longitude and 11 degrees north latitude. It is fairly typical in shape and
size to the other atolls in the Marshalls. The oval-shaped lagoon is about 26
miles long (east-west) and 15 miles wide (north-south) and a large pass in the
southeastern part of the lagoon, 10 miles wide, provides a channel that easily
accommodates ocean-going vessels. There are seven other passes in the reef,
all on the southern part of the atoll, that average 400 yards width.

These seven passes are all less than 114 feet deep and all but one are less
than one-half mile wide. The exception, Lokwoj Pass, is two miles wide and
can accommodate large vessels.

Bikini lagoon has an area of 243 square miles or 155,520 acres, making it
ninth in size among the 29 atolls in the archipelago. The lagoon's foor
averages 180 feet in depth, but it rises in several coral heads to within a few
feet of the surface. The maximum recorded depth is 192 feet.

Bikini Atoll consists of 26 islands, seven on the north rim of the atoll, seven
on the east and 12 strung along the south rim. Most of the islands are only
eight to 12 feet above the low tide level, but points on Bikini Island are as
high as 20 feet above low tide level and one dune on an island on the atoll's
northern rim is 23 feet high. The reef, which is relatively flat, varies in
width from one mile (at points along the northern rim) to less than 4 mile
along the southern rim. The lagoon side of the reef (leeward) is narrrow on
the northern and eastern sides of the atolls, and the beaches there offer a
relatively easy approach to landing craft. On the seaward side (windward) of
these islands, however, the reef extends some distance out to sea and is
frequently as wide as the island itself (as at Bikini Island).
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The total dry land area of the atoll's islands is 232 square miles or 1485
acres. The reef area is about 100 times greater than the land area. The
largest island, Bikini Island, is about 21/2 miles long by 12 mile wide,
containing an area of about 560 acres. The second largest island, Eneu, has
an are 52of 304 acres. Next in size are Enedrik 240 acres) and Nam (115
acres).

B. Temperature and Wind

Temperatures on the atoll are fairly constant and range from a mean minimum of
79 degrees to a mean maximum around 86 degrees. Humidity is lower than in the
southern Marshalls.

Prevailing winds are the northeast trades which blow most steadily between
December and March with a velocity of 'about 20 knots. Hurricanes occur during
summer and fall, but are infrequent.

C. Rainfall and Water

Water is the single most significant issue affecting resettlement on the atoll.
Bikini and Eneu Islands have long dry periods and highly variable rainy seasons
(mainly between August and November). According to BARCIs records, rainfall
has averaged 53 inches annually in recent years, ranging from a low of 36 inches
to a high of 72.33 BARC Report No. I indicates that Bikini Island has effectively
no potable ground water resources Fut that Eneu Island has a good supply of
ground water. A sizable catchment basin to collect rainwater from the existing
runway and apron appears feasible.

Since anticipated population will be many times that of 1946, rain water cisterns
attached to all buildings will be mandatory. Yet even cisterns may be inadequate
to support both human life and revegetation on Bikini and Eneu Islands, not to
mention possible food crops. Current test plots on Bikini are being irrigated with
desalinated water from portable plants that produce 1200 gpd (gallons per day),
and on Eneu, with well and rain water. The water requirement of the area cur-
rently under irrigation is miniscule compared with the volume that will likely be
necessary to support full scale revegetation of Bikini and Eneu with edible crops.

During the BARC meetings in January 1986, the water resource issue was-dis-
cussed in some detail, as well as the relative feasibility of desalination vs.
construction of a catchment system on each islands to be settled. In addition to
roof catchment and cisterns for all buildings, the apron at the Eneu airstrip would
be utilized as well as appropriately-treated open areas on both Eneu and Bikini.
The Committee concluded that such a catchment system with associated water
storage facilities would have ample capacity for both irrigation and community
needs (excluding sanitation) even under the most drastic scraping alternative for
rehabilitating Bikini Island.

Because the islands' soils are highly permeability and lack much depth, septic
tanks would not be feasible for human waste disposal. Water resources, moreover,
would be insufficient to permit conventional waterborne sewage disposal. A piped
seawater system is preferable.
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D. Natural Features

According to BARCIs survey of the topography of Bikini, Eneu and some of the
smaller islands in 1985, Bikini is a relatively high island. Portions are feet or
more above sea level. (BARC Report No. 334 For planning purposes, we assume
that approximately the same altitude is maintained or restored for resettlement.
(The height of the island will affect such design matters as gravity flow for sewers
and the desirability of a resort location.) Eneu is a lower island, with a maximum
altitude about 10 feet above sea level.

Both islands are heavily vegetated now, with coconuts planted during the resettle-
ment of the 1970st kono wood trees and scrub growth of various types.

Clean, white sand beaches are a striking natural feature of Bikini Island. In places
they are as deep as 50 yards or more. Wind and wave action have created a par-
ticularly good beach on the northwest tip of the island, extending 200-300 yards,
and exposed to both ocean and lagoon. Eneuls beaches are narrower.

A second major asset is Bikini's reef. Unlike many other islands in the Pacific,
this reef is, in some places, as wide as the island itself. This reef protects the
island from heavy waves and also provides access to extensive areas for fishing
and oystering.

E. Man-made Features

About 40 concrete, metal roofed houses built during the 1970s resettlement are
strung along Bikini Island's lagoon road. Almost all are in bad repair. Several
have been patched up by the BARC crews to serve as storage areas and equipment
workshops. They can be maintained as such during further field testing and the
cleanup should the method selected not entail scraping and disposal of the radio-
active spoil. Some capital cost of support facilities could thereby be saved. If
Bikini Island is to be scraped, however, all buildings now on the island as well as
all existing vegetation will be removed. In any event, these houses should be
razed prior to resettlement, as their original design and construction are
unsatisfactory to the Bikinians.

Lawrence Livermore Laboratory has renovated the old school house on Bikini
which could serve as a base camp nucleus during cleanup, again provided that the
island is not scraped. This facility has bunks for about 30 people, a fully equipped
kitchen, showers and toilets. It is outfitted with the desalination equipment for
potable water, a saltwater sanitation system and solar water heating.

A large concrete building remains mid-island on Bikini, due east of the scientific
camp. Possible conversion of this building as a warehouse or storage facility
should be evaluated if the structure can remain.

On Eneu, also, there are existing buildings, one of which is now used for storing
construction materials. This structure near the dock might be feasible to retrofit
as a power plant to serve both Bikini and Eneu, with some resultant construction
cost savings. If Bikini is to be excavated in the cleanup, the massive construction
operation, based on Eneu, will have substantial power requirements. Generators
installed for the base camp could be scaled to serve the residents of Bikini and
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Eneu afterward. If Bikini is rehabilitated by methods requiring less elaborate
mobilization of equipment and personnel, the power-generating installation on
Eneu might be smaller initially, but designed so tcapacity can be expanded to
accommodate eventual resettlement community needs. The second concrete
building on Eneu might serve for storerooms and workshops.

Materials and goods bound for Bikini now must be transferred to small boats or
barged onto the beach, since that island has no dock. A new pier will be needed
there, in any event. The facility may have to be built both earlier and larger to
accommodate the heavy construction equipment for island scraping and spoils
disposition, if that is the method chosen.

Eneuls dock is severely deteriorated, but still serviceable for small ships. The
scientific support vessel Liktanur can tie up directly and off-load. Mobilization of
support facilities for a scraping operation on Bikini Island will require rebuilding
of Eneuls dock to more generous standards. Reconstruction of Eneuls pier might
be more modest if different options for cleanup are selected.

Eneuls principal man-made feature is the 4,200-foot airstrip with an asphaltic
concrete apron, which appears to be in fair condition. Resurfaced, and connected
with a water supply reservoir, the apron will be a major element of the Bikinian
water catchment system.

F. Historic and Sacred Areas

Through field investigation and identification by the Bikinians' Liaison Officer and
BARC's archeologist, Charles Streck, 11 areas of ceremonial, historic or general
archeological interest on Bikini were noted. The following numbered list is keyed
to locations indicated on the Figure F12.

Historic Sites

I 2 Cooking pits. Streck's main finds were cooking pits (including two near
the center of the island). As all relevant information has been extracted,
the pits can be back-filled. (The archeologist states that some fire pits
exist on Eneu and Nam as well.)

3 4 Tools. Streck found remains of tools and shards between the lagoon road
and shore at the northwest of the island. In his judgment, the sites do not
require protection.

5 Japanese Memorial. About 100 yards north of the bunkhouse and west of
the road is a small concrete block with an obelisk. This is a memorial to
the Japanese garrison who committed suicide at the end of World War 11.

6 Main Cemetery The main cemetery is an area of about 100, by 1001 just
south of the bunkhouse and east of the road. Many of the gravestones
have been bulldozed. The cemetary is completely overgrown with brush
and should be restored.

7 Small Cemetery In much better shape are four gravestones just east of
the existing houses on the Janai wato at the south of the island.
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Sacred/Taboo Areas

8 Sacred Coral. "The coral of not long ago" is about 100 yards into the
lagoon north and east of the bunkhouse. It was a place for exorcising
demons. Bikinians dived there to fill bottles with healing sea water.

9 Second sacred water area.. This is also in the lagoon, about 100 yards
north of the sacred coral.

10 Old slippery bark trees. The trees, long gone, apparently had medicinal
significance. The area is south and east of the bunkhouse on Malajica
wato.

1 1 Sacred well. This is the site of an old deep well at the northwest of the
island on Leen Rear wato near the lagoon road. It has long since been
bulldozed.

The two cemeteries and the Japanese Memorial should be preserved in a develop-
ment plan.

11. The Development Program

The development program presented below is for a community of 1000-1,250
people by the turn of the century. About 800-1,000 will be on Bikini and 200-250
on Eneu. Major facilities should be planned for expansion to accommodate
anticipated growth of the resident population beyond the year 2000, however.

This program is predicated on the assumption that resettlement will be staged,
beginning with construction of a base camp on Eneu Island that can ultimately
become the nucleus of the permanent Eneu community. A major Eneu base camp
would be necessary if a scraping alternative is selected for Bikini Island, since
habitation on Bikini itself during the scraping operation would be inadvisable. If,
however, one of the less drastic cleanup alternatives is selected, the principal
base camp might be on Bikini. In that case, early construction of a deep-water
dock at Bikini would be desirable to permit direct loading/unloading by support
ships. Eneu, then, would need facilities mainly to support its resident population
and airstrip operation. First phase development there might be somewhat more
modest, but would still be planned and designed as the nucleus of the ultimate
community.

The base camp, whether on Bikini or Eneu, could serve as a venue for training
Bikini workers and demonstrating some of the house-construction techniques dis-
cussed in Chapter Six. Bikinians suggest it might further afford a valuable oppor-
tunity for nutritional research bearing on resettlement conditions.

The components of the development program have been approved for preliminary
study purposes by members of the Bikini Council. As with all other aspects of the
planning work, however, they have not been thoroughly discussed or formally
approved.
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The following program and sketch plan do not present precise scale, dimensions or
locations. Nor are building materials and technologies specified at this pre-
liminary point in the planning process. The range of alternative possibilities is
still too wide, pending definitive guidance from BARCIs investigations and choices
yet to be considered by the Bikini people. Some very rough assumptions have been
made about various construction parameters, however, in order to estimate gen-
eral costs of the cleanup, revegetation and rqpettlement components of the Bikini
Rehabilitation effort. (BARC, Report No. 4Y-'

Bikini

Facilities

100-125 dwellings* dispersed among existing watos

church, minister's house and garden (church animal pens)

school and office

central warehouse and storage (including freezer space for imported foods
and marine products for export)

recreation building with adjoining volleyball basketball and playing field
areas, tot lot

dispensary

communications building and post office

council offices and meeting room

boat building and other workshops

public works depot and yards (for trucks, earth treatment equipment and
materials, fire fighting equipment etc., parking, fueling, maintenance)

building materials yard and block plant (see Eneu)

Infrastructure

deep water dock plus small boat marina

circumferential island road suitable for bicycles and vehicles plus 12
transverse island roads

water catchment/helicopter landing pad (additional water catchments as
necessary),

salt water sewerage system with pumps, treatment facility and ocean outf all

central water storage and distribution system (as supplement to individual
roof /cistern catchments,

solid waste disposal facility (incinerator/landf ill)

Dwelling units may consist of one or more structures containing living/
sleeping unit, an open air kitchen or cook house, sanitary core, bath house,
store etc.) arranged in clusters of varying size, depending on the size of the
family grouping settled on a given wato. Some units may contain retail stores
as well.
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Other Land Uses

hotel (10-50 room resort) beach area

cemetery

plantation areas for coconuts/timber, etc. (group of adjacent watos)

garden plots associated with wato dwelling clusters

chicken house

Eneu

Facilities

Base camp or first phase to include the following (as called for by the scale of
cleanup operations):

maintenance shop

construction office

warehouse

20 housing units (10 for construction staff, 10 for Bikinians with
families, at least the latter dispersed on watos)

barracks for 50 workers

hostel (10 beds) for visitors

recreation building and playing area

central retail store

laboratory

concrete block plant and building yard Bikini)

Infrastructure

permanent pier and small boat landing/launch area

airstrip with reception/support building and rainwater catchment,
maintenance shed for aircraft and vehicles

power plant, associated fuel storage

electrical transmission line, Eneu-Bikini and local distribution lines for both
islands

salt-water sewage system with outfall

lagoon road with interior extensions

solid waste disposal facility (incinerator/landfill)

Other Land Uses

plantation area for coconuts/timber, etc.

garden plots

ball fields
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111. Preliminary Land Use Plan

A. Bikini

Figure F13 depicts a sketch plan for land uses on Bikini that would accommodate
the development program. It assumes a distribution of housing according to
existing wato boundaries. As requested by the Bikini Council, the plan arrays land
uses along a circumferential two-lane road, stabilized to reduce dust and designed
for bicycles and vehicles. Three transverse island roads are shown, aligned on
wato boundaries. In addition, graded but unpaved pathways connect sections of
the settlement.

Housing is located on each wato. Housing development would start adjacent to
the road on the lagoon side, with expansion room for additional units extending
eastward within each wato. Garden plots are associated with each household unit.

The town center would occupy land within the Monkono and Elak watos, adjoining
the deepwater dock and small boat marina on the lagoon. Major community and
service facilities are clustered in this central area near the old school/scientific
camp, which could be incorporated into the complex if it does not have to be
razed for the cleanup. The functional core of the settlement would include the
church and minister's house, council offices and meeting room, communications
building and post office, warehouse/storage/freezer and any retail stores not
attached to individual dwelling units. The school would be sited at the inland
fringe of the cluster, appropriately buffered from the business and public
buildings.
In this scheme, the existing concrete bunker in mid-island (if it can remain
standing) might be utilized in conjunction with the public works depot and builders
yard.

A boatyard and other workshops are located on the lagoon at the southern end of
the island, as are playing fields and a recreation building. A central storage tank
is proposed in this same vicinity for the water that could be carried by pipeline
from the catchment on Eneu.

The sewage treatment facility is located at the southern tip of the island, the
outfall extending sufficiently far into the lagoon so that the current would carry
the residue away from Bikini. A solid waste disposal facility to the east would
have an incinerator for combustible materials and a landfill for the remainder.

A small resort is proposed for the northwest end of the island, with an entrance
from the ring road. This would occupy the entire Kanelen Relik and Kanalen Rear
watos.

A cleared and surfaced area at the northeast of the island could serve as a water
catchment and helipad. This facility may not be needed, however. If the land
rehabilitation option selected is that which involves removing Bikini Island's top 30
cm of soil and disposing of it in a berm, the berm will, in effect, create a seaward
extension of the island, 2400 meters long and 75-80 meters wide. The design and
surface treatment of this broad berm might be such that it could serve for water
catchment and helicopter landing.
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1. Density

Housing will be the predominant land use on both Bikini and Eneu Islands. Bikini
families prefer to cluster their dwellings so that close relatives may live in
proximity to one another. Members of the households within these clusters share
responsibilities such as cooking and supervision of children. Also, the extended
family eats together, visits and enjoys leisure activities in the outdoor spaces
formed by their groups of houses.

Lacking definitive information about which households will return and which watos
they will occupy, we assume for planning purposes that each wato will have
between three and seven dwellings. Maximum occupancy will be eight people per
dwelling unit.

The settlement area on Kili averages 5-5 12 dwellings per acre, but some parts
are more congested than others. In analyzing of the Kili layout, the areas all
agree are overcrowded have about 13 houses per acre. The least dense part of Kili
has 44 12 houses per acre. Where the houses are spaced about 56 per acre, and
arranged so as to enclose courtyards, they seem to accommodate the families'
outdoor activities comfortably.

If a planning standard of houses/acre maximum is adopted, 100-125 dwellings
would require 20-25 acres. If the number of houses doubles over time while main-
taining this density, a total of 40-50 acres (about 10 per cent of the island's land
area) would be needed for residential use.

2. Land absorption requirements

A tabulation of the roughly estimated land area requirements for housing and
facilities on Bikini is shown below.

Table 8

Land Requirements for Bikini

Use Acreage

housing 20-40

town center 10

builders yard 2

public works depot 2

boatyard and workshops 2

recreation building and fields 4

water storage tanks I

resort 10

landfill 3

helipad/water catchment I

roads 18

TOTAL 73-93

F-72



These land use requirements would leave more than 400 acres, or about 80 per
cent of the island for crops, forest or other open space uses.

Up to this point the preliminary settlement planning studies have been conducted
without benefit of a planning effort directed toward natural resources develop-
ment. Among the virtues of such a parallel exercise, would be its great value in
identifying sites of prime economic potential and the nature of environmental
protection each requires. Indeed, eventual refinement of the general "what if"
scheme sketched here, into a master plan should incorporate guidance on where
not to build as well as recommendations on where and how to build.

B. Eneu

The preliminary sketch plan on the next page shows existing features of Eneu as
its principal nonresidential land uses. The airstrip surface would be improved and
its apron paved with asphaltic concrete to serve as the major water catchment for
the resettlement community. The dock would be reconstructed and the nearby
concrete building, rehabilitated and fitted up with generators and ancillary fuel
storage facility as the power plant for Eneu and Bikini.

As in Bikini a circumferential road providing access to both reef and lagoon has
been specifically requested by the Bikinian Councillors. Two transverse roads
follow wato boundary alignments. Existing tracks are maintained for supplemen-
tary access.

If a major base camp is to be built on Eneu, it would be located mid-island, on the
lagoon side north of the dock, runway apron and existing well. The large concrete
bunker north of the runway, would be used as a warehouse, possibly in connection
with an adjacent builders yard. A workers' barracks and visitors' hostel are
proposed facing the lagoon between the water and the base camp.

Housing for 20-25 Bikini households would be constructed on the lagoon side within
wato boundaries, at a density similar to that of Bikini (5 to the acre, maximum).
This would represent a land demand of about acres. A doubling of households
over time would increase residential use to a total of 10-15 acres, less than per
cent of Eneuls land area.

A sewer outfall, serving the base camp complex, visitors' facilities and the wato
residences would be at the southeast of the island. Provision for solid waste
disposal is in the same general area, somewhat to the east.

Approximately 220 acres on Eneu could be used for agriculture or other open
space uses, depending on soil suitability and the prospect for improving areas
where productivity is poor.
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Table 9

Land Area Requirements for Eneu

Use Acreage

housing 5-10

base camp 10

power plant, fuel storage 2

barracks/hostel 2

airstrip and apron 50

builders yard I

landfill 2

roads 6

TOTAL 78-83

IV. The Land Allocation Issue

The sketch plans respect the Bikini Council's directive to utilize the wato patterns
and make some portion of almost every wato on the two islands available for
residential use by their owners.

Because of the effort to site non-residential uses in the most efficient or
otherwise appropriate locations, the plan could present some conflicts or problems
with the traditional land allocation system.

For example, we believe it is practical to cluster community support uses on
Bikini Island in the central area near to the dock. This would mean that the
majority of town center uses would be located on two watos. Private residences
on these watos (other than the minister's house, perhaps) could conflict with the
town center functions. Conversely, public activities could interfere with the
privacy of people living amidst them. What happens to the households who hold
rights to those watos? How are they compensated? Does the traditional owher-
ship preclude concentrating the community center functions here, or require the
facilities be located elsewhere? Will competition among families to derive
income from their land in the form of cash compensation or "rental fees" lead to
dispersion of facilities without respect to their otherwise-logical siting criteria?

What, moreover, is the situation regarding the proposed resort, located in a
secluded section of the island adjoining the best beaches? Is it possible to exclude
private housing from these watos? Since the resort would be a potential revenue-
generator for the community, should these wato owners receive compensation and
live elsewhere?

Similar issues pertain to the siting of the landfills, power plants, recreation areas
and other support facilities.
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Assuming that the basic pattern is acceptable to the Bikinians, can such a pattern
reasonably be achieved on the two islands in light of the ownership question? If
so, what kinds of agreements, monetary or otherwise, will be needed between res-
ponsible Alabs and the Bikini Council? These matters require thorough investi-
gation and discussion as the planning proceeds.

V. Capital Costs

If the scrape and fill disposal method is chosen for decontaminating Bikini Island,
a substantial investment in infrastructure and facilities will be required to support
that operation and its personnel for the two years or more of cleanup work. Cost
estimates for this alternative (BARC Report No. 4 Appendix C) take into account
the expectation that a number of these facilities would be left behind to serve the
permanent Bikinian resettlement community.

Specifically, these would be the construction base camp on Eneu (including its
sanitation installation) that would become the island's community nucleus, docks
at both Eneu and Bikini, power plant, concrete plant and the water catchment at
Eneuls resurfaced airstrip apron. In addition, some of the mobilization costs
calculated in the cleanup estimate cover equipment that could be held over when
the rehabilitation job is finished and used in the settlement construction project.
Altogether, these components of the rehabilitation project represent almost 25.5
million of the total costs estimated for the excavation alternative. (This figure
includes, in addition to the direct costs attributed to construction of the compon-
ents enumerated above, a proportionate share of share of the total estimated in-
direct costs, overhead burden, contingency, contractor's fees, owners' expense,
engineering, etc.)

Preliminary cost calculations for the additional infrastructure, community facil-
ities and housing components of the development program outlined above would
amount to 35.8 million (exclusive of master planning and design).

Estimates are based on first quarter 1986 dollars. No factor is taken into account
for inflation.

These figures do not cover the costs of land or any investment to establish econ-
omic enterprises such as tourist accommodations, stores and workshops or boat-
yard. Prospective investment that might be envisioned in agriculture, mariculture
or other natural resources-based development is not taken into account either.
Nor are the costs that would be incurred in relocating the Bikinian families to the
new settlement.

If the Bikini Island cleanup program involves less elaborate alternatives than the
excavation (scraping) procedure, the full complement of supporting infrastructure
cited above would probably not be needed for rehabilitation and revegetation
phases of the work. In that case, the costs of any deferred elements would have
to be included as part of the resettlement phase estimates.

The breakdown of capital costs is as follows.
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Table F10

Breakdown of Estimated Capital Costs, Bikini Atoll Resettlement Community

$ 1000's

"Credits" for infrastructure and
facilities left on Bikini and Eneu from
rehabilitation and revegetation phases*

22,790 - 25,460

Bikini construction 23,610

Eneu construction 92710

Eneu-Bikini electrical and water
distribution lines 2,470

TOTAL $ 58,58 - 61,250

If the cleanup base camp is on Bikini Island, and buildings are designed for per-
manent use in the resettlement town center, between 2 and 3 million of the
cleanup operation costs (i.e. the costs of 25,200 square feet of base camp
buildings included in the estimate) can be considered as an additional "credit"
toward reducing the community facilities investment on Bikini. A base camp
on Eneu would not, however, obviate the need for building a town center on
Bikini Island, where the main settlement will be located.

Permanent infrastructure represents almost two-thirds of the estimated capital
costs, 35 million. Of this, 9.6 million would be for transportation facilities,
including airstrip improvement, roads (the circumferentials and transverse links on
Bikini and Eneu and some secondary ways for bicycles and pedestrians), a dock on
each of the two islands and small boat marinas at Bikini and Eneu. Electricity
would be another 13.6 million, including diesel-fueled power plant on Eneu (with
capacity to produce for the needs of both islands), a transmission line linking
Bikini with Eneu, local distribution lines on the two islands, a fuel storage facility
and emergency backup generator for Bikini. Water and sanitation systems to
serve residential and community buildings would account for about $11.1 million
more. A communications system (external and internal) and a solid waste disposal
facility (incinerator/landfill) make up the remainder of the estimated infra-
structure costs.

Community facilities would run 4-6 million in this gross, first-cut cost estimate,
depending on the cleanup program as noted above. These would include the school
with 11 classrooms, administrative office and playground, a church and parson's
residence, four-bed dispensary with treatment room, office and health aide's quar-
ters, administrative headquarters to house Council offices and meeting hall, com-
bination radio-telecommunications and post office building, a public works depot-
maintenance facility, a builders' yard with materials and equipment shed, dockside
warehouse-freezer facility, recreation building and playground and a village park.

Equipment and furnishings such as forklifts, taxi or school-boat, fire truck, school
desks and books, and medical instruments for the dispensary would require addi-
tional investment not included in BARC's tabulations.
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Housing construction for of Eneu and Bikini would cost 14.5 million, assuming
Bikinians play a major role in building their own dwellings. This figure includes
water and sewer connections, kitchen equipment, cistern and flush-toilet for every
house, plus building materials and tools for completing the additional rooms. Ideas
for self help are elaborated in Chapter Six. If conventional, fully contractor-built
dwelling units are provided, the costs would be as much as 50 per cent higher.

Every possible effort should be made to recycle, redevelop or otherwise improve
the buildings already standing, in the interest of reducing new construction costs.
It is worth exploring whether household plumbing can be designed to collect "used"
water (from laundry, cooking, bathing etc.) for toilet-flushing in the event that
the piped seawater distribution system is not operative. Such a solution might
even serve to obviate altogether the need for piping seawater to all households or
even each wato. We would, nonetheless, continue to project the need for some
sort of seawater well and storage arrangement that can make water available in
suf f icient volume and at suf f icient pressure f or f ire-f ighting.

Standards of service are another assumption subject to adjustment. If. instead of
connecting salt and drinking water systems and sewer to every house, there were
water standpipes at each wato (serving 37 houses) or even on wato boundaries (to
serve the households living on two adjacent watos) there could be additional cost
savings.

All these possibilities -- and perhaps others -- will need to be studied and
considered by the Bikinians as the planning for cleanup, revegetation and reset-
tlement proceeds. As subsequent study produces more definitive bases for plan-
ning, corresponding refinements and revisions in the cost estimates can be
expected.

VI. Notes on Maintenance and Other Recurrent Costs

The figures presented above are for capital construction only which, it is assumed,
would be financed by the United States under an appropriation for cleanup and
resettlement.

A new community of this kind must be maintained and operated at an acceptable
sta ndard if it is not to fall into disrepair and deteriorate like many others in the
Pacific. We assume that the Bikini people will undertake the responsibility to
provide the skilled personnel necessary for such continuing support and, further,
will be prepared to commit their own resources to cover the costs of maintenance
and operations.

Estimating conservatively, annual maintenance amounting to one per cent of
capital costs would require 400,000-$500,000. Personnel salaries, supplies, and
other operating expenses would add considerably more. Based on the estimates
for operating the power plant during the cleanup operation (one 800-kw generator
running and a second on standby), the fuel, parts, repairs and labor costs for this
utility alone will be on the order of 846,000 a year. (This figure represents 1986
dollars and does not include any long-range factor such as a reserve fund for
replacement of equipment.) Other public services such as education, health, mail
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and telecommunications, police and fire protection and the Council itself will
have to be supported as well.

How will all these ongoing costs be financed -- from the trust funds, through user
charges (for water and power, for example), some form of tax levy or household
assessment, or a combination of several means?

What services can a settlement comprised of 135 families, with an annual house-
hold income limited to future trt4st fund disbursements afford? To what extent
can this income be augmented by economic development prospects?

What resources can a Bikini nation afford to allocate to the support of its
homeland if it is committed also to support additional Bikinian communities in
other locations? Can the Bikinian population, wherever they are living, be tithed
for support of their homeland?

What effect will reductions in the corpus of the Bikinian trust fund have on any
and all of these prospects?

These economic and fiscal questions have important bearing on decisions concern-
ing the programs for cleanup and resettlement of Bikini Atoll. Equally important
are questions about the preparation of the Bikinians and the adaptation of their
institutions to meet the many new demands the answers are likely to imply. It is
critical that the Bikinian community understand the implications of the choices
before them and that all these issues to be addressed as resettlement planning
progresses.
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CHAPTER SIX

Housing Guidelines

The household dwelling unit will be particularly important in the resettlement
community. This chapter suggests guidelines for siting, design and construction to
result in more satisfactory living conditions than those on Kili and Ejit.

1. Orientation

The new houses on Bikini and Eneu can be much more comfortable than those on
Kilif if they are better oriented to take advantage of prevailing breezes for
ventilation and to offer maximum protection from the sun's heat. Houses should
be sited so that none is blocked from receiving the breeze by any other. More-
over, no room should block off breezes from other rooms within the house. To
gain the greatest cooling effect, each room should have openings both in the wall
facing the direction from which the wind comes and the wall directly opposite.

Since the prevailing wind direction is from the northeast, more interior area can
be exposed directly to breeze if the long dimension of the house lies northwest-
southeast, or west-east. This also reduces the area of the house directly exposed
to the west and the heat of the afternoon sun. Trees should be planted to cast
shade on the western part of the house.

The cooking area and cistern should, preferably, be located on the eastern side, in
the shade of the house itself. They should be placed to permit maximum exposure
to breezes that will carry heat, smoke and odors away from other parts of the
living area. Placement of other functional spaces or other houses downwind (south
or southwest) of these facilities should be avoided.

11. functional Spaces

Certain features of the Bikini houses are dictated by the functions they must
perform; others, by family preferences. Bikini families want two to four bed-
rooms, a sufficient number to sleep 6 or people comfortably, and sufficient in
size to accommodate furniture (at least beds and shelves/cabinets for storing
folded clothing and other household items).

They want three types of living space to accommodate daytime activities: inside
the house, outdoors but sheltered from the sun overhead and outdoors in a court-
yard formed by the cluster of relatives' houses. Additional spaces are needed for
food preparation and cooking, including provision for food storage secure from
insects and rodents.

On Kili, some families operate stores, selling provisions from their houses. Those
that continue this practice on Bikini or Eneu will need an appropriate window or
selling counter, additional space for storing merchandise and possibly refrigeration
facilities as well.
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III. Sanitation

Bikinians interviewed all wanted toilet and shower facilities as part of their
dwellings. Issues of privacy, ventilation, and water consumption affect location of
these facilities with respect to other living areas of the house.

With proper ventilation, odor and insects can be controlled in a toilet that
receives wastes into a water-filled reservoir and permits flushing. For planning
purposes, we are assuming that a salt-water system can be installed, with one
toilet per household, directly connected to a ollector-sewer. Understanding the
system and attention to maintenance by household users will be essential to
sustained trouble-f ree operation. The extent of sewage treatment necessary for a
community of the size anticipated on Bikini and Eneu is yet to be determined, but
the residual wastes would ultimately flow to an ocean outfall.

Although odor control makes it possible to locate the toilet facility near or
attached to the house, a free-standing facility presents certain potential prob-
lems. Among other drawbacks of the old-style "benjdl, the visibility of a person
entering it offends the Bikinians' sense of modesty and propriety. Withdrawal
from the company of others in the general direction of the reef, where any num-
ber of purposes might be served, has been culturally acceptable. Withdrawal in
the specific direction of a benjoll where all might infer the purpose, has not. This
problem can be avoided if the sanitary facility is within a structure housing an
additional function, or if access to the toilet is through a door and off a hallway or
space with multiple purposes. The latter arrangement, incorporating the facility
within one end of the house may even be preferable to a free-standing toilet
structure from a privacy standpoint.

Bikinian households desire shower facilities in or outside their dwellings and a sink
in the kitchen area, where washing or food preparation chores can be done at a
convenient height. These facilities point to a level of domestic water consump-
tion on Bikini considerably higher than the 10 gallons per day (gpd) per person we
estimate have been used on Kili (prior to the installation of the shower/toilet
houses there). Even on Kili, we expect water usage will rise at least to the 13-15
gpd per person figure typical for developing countries. (When a factor for waste is
considered plus water consumption by visitors, contractors and others who are not
permanent resident Bikinians, water consumption on Bikini Atoll after resettle-
ment may approach more closely the 25 gpd parameter used in planning settle-
ments on undeveloped islands at Kwajalein Atoll.)

IV. Water Supply, Roofs, and Cisterns

The prospect of increased water consumption has important implications for the
sizes of residential cisterns and roofs, so long as Bikinians rely on rooftop catch-
ment and cistern storage for a substantial portion of their household supply. Com-
munity catchments will still be essential to supplement this water for the dry
months.

We estimate that a 6,000-gallon cistern will hold enough water to supply a family
of eight. If it must be relied on through the dry season, the family would have to
institute conservation measures from November through April to reduce household
water consumption by about 15 per cent.
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A minimum roof surface of 1400 sq. ft. would be needed, assuming maximum effi-
ciency and first-rate maintenance of rooftop, conduits to the cistern and the cis-
tern itself. These are but rough estimates, based on BARC's rainfall measurement
of 53 inches annually, and a monthly distribution following the pattern charted in
Holmes Narver's 1975 master plan for Bikini. These estimates are useful in
helping to establish a scale for preliminary planning of the houses, but they must
be refined on the basis of authoritative information on the water resources.

V. urability

Bikinians say they want houses able to withstand the elements of nature -- the
occasional hurricane or typhoon, insect damage and continued exposure to salt air
and sun. This requirement holds implications for materials and also for certain
construction details.

Our studies so far, as well as preferences expressed by people living on Kili, point
to the desirability of using concrete foundation pads and concrete block for con-
struction of the Bikini houses. In addition to qualities of weather resistance,
concrete construction is very flexible. It does not limit the builder to spaces or
modules of specific dimensions. If changes to a house are necessary to allow
for expansion by adding new rooms or a second story, for example concrete
block walls can be dismantled fairly easily. The blocks lend themselves to a
variety of surface treatments and can be easily painted. Moreover, satisfactory
blocklaying does not require highly experienced professionals, particularly if the
blocks are interlocking.

Blocks might be fabricated on Bikini or Eneu partially of locally available material
such as sand. This would save transportation costs and help generate a local
enterprise.

Roofs could be heavy-gauge corrugated metal, well-anchored to trusses designed
and built for sufficient strength and security of connection with the house walls to
withstand hurricane wind force. Roofs of lanais or other structures associated
with the house should not be attached to the main roof, but anchored separately to
the walls. For wind resistance, optimal roof pitch is in the range of 300-450.
Roofing material should be a light in color to deflect radiant heat from the sun,
and roofs should be fitted with necessary devices for collecting rainwater, as
discussed above.

With respect to windows, the potential for breakage and salt-spray corrosion
probably render glass jalousies with metal moving parts an undesirable choice for
Bikini houses. Simpler wooden jalousies with easily replaceable components,
capable of adjustment to varying angles of slant might be, in the long run, more
satisf actory.

Window openings should, however, be provided with shutters that can be closed
against oncoming storm-force winds; for winds that can enter through window
openings (or openings beneath the eaves and even spaces below the house) are
probably the single most serious threat to the structure in a hurricane or ty-
phoon. If Bikini houses are built with openings under the eaves for ventilation
(which may be very desirable under generally prevailing conditions) or if the
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houses are raised off the ground to deter insects, occupants should have on hand
plywood or some other material fitted to these spaces which can be used to board
them closed against the wind when heavy weather is expected.

Although our studies thus far suggest concrete block as the most desirable struc-
tural material, it is too early to preclude other possibilities. The U. S. plywood
industry, for example, has a major effort under way to produce durable structural
materials and systems suitable for developing country conditions. Representatives
of that industry have met with the Bikini Council to review some of their experi-
ments. Structural systems using plastics and other materials might be invest-
igated as well, although at this point concrete block seems to be the most suitable
and flexible approach.

VI. Uniformity vs. Equivalence

In an effort to be fair and, perhaps, to realize cost savings through standard-
ization, the U.S. provided the identical house for every family on Kili and Ejit.

Among the problems with these houses today, is their poor adaptability to individ-
ual families' needs. Bikini families are of different sizes. The number of house-
hold members tends to change from time to time. Preferences vary not only be-
tween households but even within a single household over time. By its very
nature, the uniform standard model house cannot be expected to serve all families
equally well, and indeed, it may not truly satisfy any individual family. Although
certain components of a house may lend themselves to standardization, the house
as a whole does not.

The Bikini Council can consider an alternative to building standard model houses
for everyone. This is to provide a uniform, standard core containing those func-
tional parts of the house for which significant cost efficiency can be realized best;
and for the remainder of the house, to provide each family an allowance for
building materials.

The core might include a cistern which every family will need, perhaps a toilet,
shower facility and a kitchen with a sink drainboard arrangement and tap for
water from the cistern. The remainder of the house would include the bedrooms
and living areas, both indoors and outdoors. Although the sleeping/living areas
might all be built with the same construction materials, they could vary in form
and arrangement as well as size, according to the occupants' desires. (Illustrations
show how the living/sleeping area could be placed in relation to the core and con-
figured in a variety of ways that meet the siting principles outlined above. Other
drawings indicate how the installation of the core units might be a first stage of
wato development, followed by construction of the living/sleeping areas which,
themselves, could be expanded or remodeled.)

Building materials that cannot be manufactured on Bikini might be bought in quan-
tity to save money and stored in a community materials warehouse. Families
could be given vouchers entitling them to equivalent amounts or values of mater-
ials. Those who wish to have something different, or in addition, could then pay
for it independently. They would not be limited by some inflexible, fixed house
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plan constructed for them once-and-for-all, but rather by their personal consider-
ations of taste and affordability.

This approach seems to meet the Bikini Council's criterion of equity while ensur-
ing greater flexibility to satisfy the families who live in the dwelling units.

VII. Contractor-Built vs. Family-Built or Something In Between

Since the Bikini people have been in exile, cultural and economic circumstances
have made it logical to consider buying the goods and services they need, as
opposed to producing for themselves. This includes having outside contractors
undertake their construction projects. But when the Bikinians return to their own
atoll, we can foresee a new spirit of self-sufficiency emerging and a return to the
traditional modes of collaboration and mutual self-help.

Restoration of Bikini will require heavy engineering and equipment brought in and
managed by outside contractors. Homebuilding, too, could be turned over entirely
to contractors who might hire some Bikinians as construction labor. But housing is
one element of the resettlement work that offers the Bikinians an opportunity to
pick up a thread of their former culture. Even if new techniques must be learned
and new materials used, families can produce their own dwelling units with the
help of relatives and friends.

We can envision a cadre of young Bikinians acquiring skills in the building trades
and gaining mastery of the appropriate technologies, to return to positions of
importance and honor in their own land, much like the master boatbuilders and
navigators of old. Such skills would be highly valued on into the future as the
community re-establishes itself and emerges from a state of dependence. The
vision is not wholly romantic. It has a very practical side which may amount to
substantial cost savings and more satisfactory end-products, both.

Fulfilling the vision is not likely to come about automatically, however. It will
take planning and advance preparation. Further, it is more likely to be fostered
by providing families with contractor-built starter cores for their houses, then
construction materials and tools to complete the living and sleeping portions. A
complete contractor-built model house, even if Bikinian crews help build it, is not
likely to accomplish the same results.

It is certainly not too early to start thinking of these issues and to lay the
groundwork for future economic as well as residential development of the Bikini
community. Pilot construction methods, materials and designs could be tested on
Kili in the short term. They could serve to train future builders and to familiarize
people with their use, maintenance requirements and repair techniques as well any
special hygiene measures required.
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CHAPTERSEVEN

Next Steps in the Planning Process

I. ClosingthelnformationGap

Congress has requested that BARC undertake resettlement planning for Bikini and
Eneu and include resettlement impact analysis in the Draft Environmental State-
ment. This report represents a first step in addressing these tasks. The tasks can
not be completed, however, until information becomes available to fill important
gaps. This material is critical, both to resettlement planning and to BARCIs
ability to present Congress with viable clean-up options and their projected costs.

The critical subjects to address are:

1. For each of the alternative clean-up methods under consideration for Bikini
Isl an d:

a . How long will decontamination take?
b. What must be done to restore the environment and vegetation of Bikini

Island to a habitable state, e.g. sufficient to support a new community
at a reasonable standard of amenity?

C. How long will the revegetation activity require before the island is
ready to receive the new community?

2. Adequacy of water resources (groundwater, rainwater catchment potential)
on Bikini and Eneu Islands to support both revegetation and a new community.

3. The likely state of the Bikini people (numbers, location, living conditions,
financial commitments, etc.) at the time their atoll is ready for resettlement.

4. The judgment and wishes of the Bikini people regarding a community plan in
light of all the foregoing factors, once known.

11. The BARC Studies

BARC is working on the first two of these critical subjects and will have more
definitive information during 1986. Once this information becomes available, the
draft planning analyses, which address the third point above, should be re-
examined and revised to reflect the new material. More definitive planning and
cost estimating for Eneu and Bikini Islands can then be undertaken and submitted
with BARC's final report to Congress.

Unless a first stage resettlement on Eneu is imminent, the plans will likely still be
"drafts" when BARC's work concludes. Final elaboration into an Atoll Master Plan
would occur during a subsequent stage of resettlement programming, supervised
by whatever implementing agency Congress creates.
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111. Refining the Resettlement Program

it is important for the planners to receive feedback from both BARC and the
Bikinians on the major assumptions which form the basis of the planning studies to
date. These assumptions are:

1. Return to Bikini Atoll can begin within the decade of the 1980s with a base
camp on Eneu. Major community settlement can occur on Bikini and Eneu
during the 1990s. By the year 2000, approximately 1000-1,250 people will be
resettled on the atoll.

2. The United States will fund the atoll rehabilitation and settlement construc-
tion, but the Bikinians will accept responsibility for operating and maintaining
all facilities, budgeting the necessary funds from their own resources.

3. Bikinians will be able to adapt their institutional framework so that housing in
the new community can be sited on the watos so as to economize on infra-
structure and suitable land can be allocated for community facilities and
economic enterprises.

4. The Bikini people will demonstrate the motivation, capacity and fiscal res-
ponsibility to manage their communities and to engage in new economic
enterprises and other productive activities including self-help housing
construction.

This preliminary phase of resettlement planning has produced a more or less integ-
rated package of ideas about the physical composition of a future community on
Bikini Atoll and the general order of magnitude of implementation costs. BARC
should assist the Bikinians in reviewing the development program and revising it in
light of their respective concerns. The cost estimates should then be adjusted to
reflect a mutually acceptable development program for the new community, and
made more precise for presentation to Congress.

A. Dialogue with the Bikinians

To aid the Bikinians in their review, material on the program and costs should be
presented in language and images they can understand. Technical advice should be
available as they deliberate and prepare their response. We recommend the
following:

1. A translated summary of the resettlement program with appropriate illustra-
tions should be distributed among all the Bikini people.

2. Three-dimensional models should be built for use in presentations and refining

the settlement plan. The models will help both the Bikinians and the planners
envision the new community and to make informed choices. Models would

represent the topography of Bikini and Eneu Islands, and blocks would be used
to represent location and scale of buildings to demonstrate alternative con-
figurations of lots and dwelling units.

3. A methodology and schedule should be developed to disseminate information

on planning alternatives to the Bikinians and receive their responses. In
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consultation with the Council and its advisers, decisions should be made on
how the material will be presented, e.g. in discussion meetings with the
Council, the whole community on the various islands, lineage groups, house-
hold groups, women only etc.?

4. In the course of this dialogue, the assumptions made about adaptation of
Bikini institutions to deal with land allocation, community maintenance and
finance, and economic development should also be reviewed with the Bikini
Council.

The Bikinians' responses, together with new information from the BARC studies,
should be reflected as necessary in revisions to the outline of the cleanup,
revegetation and resettlement construction programs and cost estimates that will
be submitted with BARC's final, definitive report to Congress.

It is hoped that Council visits to Alaska native organizations and economically
successful American Indian reservations can also be scheduled during 1986.

B. Other Early Actions

Two additional tasks are proposed for 1986.

1. Financial Analysis

This study raises questions about the the Bikinians' financial resources. Once the
Compact goes into effect, there will be numerous claims on the trust funds, i.e.
for household disbursements, investments for long-term future security, economic
development, redevelopment of Kili, potential resettlement in Maui or elsewhere,
maintenance of the Kili and Ejit settlements and the maintenance and operations
of a new community on Bikini Atoll. We assume that the trust funds will not be
expanded beyond the level and time stipulated in the Compact, and that these will
be the Bikinians' patrimony.

Bikinians are not accustomed to paying for services. Some form of tithing, user
charges or taxation may, however, be essential to supplement the trust fund
income devoted to general community benefit if the Bikini Council is to operate
and adequately maintain the facilities and services in a new community. Yet
another financial issue may be that of compensation to wato owners on Bikini and
Eneu whose land is needed for public or commercial facilities.

It is not too early, therefore, to consider financial planning with the Bikini
people. Work proposed for the coming year would include evaluation of the ade-
quacy of resources in respect to resettlement, and formulation with the Council,
its trustee and legal adviser, of a financial and budget strategy.

2. Socio-Economic Impact Analysis

At an appropriate point, prior to submission of BARC's final report, any necessary
socioeconomic impact analysis for an environmental statement can be prepared
on the basis of the planning studies' findings and conclusions.
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Bikini Liaison Officer, Ralph Waltz.
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represent Bikini interests to the outside world. One is Liaison Officer, Ralph
Waltz, a former Peace Corps volunteer on Kili, who is married to a Bikinian and
lives on Majuro. Bilingual, he serves as the principal interpreter between the
Bikini officials and the U.S., and helps manage Council affairs.

The second is a Washington attorney, Jonathan Weisgall, legal counsel, who
has helped obtain financial settlements (trust funds) and the clean-up commitment
from the U.S. The third, Charles Brodhead of Alex Brown Sons, manages trust
fund investments from Washington. He disburses proceeds to the Bikini Council
which, in turn, invests in capital improvements and pays for operating expenses as
well as distributing the allocations to individual Bikinian households.
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9. Bikini Council members present at a meeting with the consultants in
Washington, D.C., September 1985, described their action to close the family
disbursement rolls, fixing household shares of the trust fund proceeds "pie" at
their 1985 levels. They also reported increasing practice of vasectomy as a means
of birth control.

10. There is also the "informal" marriage custom of kobod, which involves
child-bearing without a formalized marriage. Under kobod a man and woman may
live together in parents' or a relative's household for a number of years, and have
children before they gain parental consent to marry formally. Additional useful
information could be assembled in context of the new four-atoll health program.
If so, a cohort-survival population projection might be desirable for subsequent
stages of planning.
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(Presumed by Rivkin Associates to represent monthly measurements made on
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ous planning studies recommend expansion of copra and coconut by-product pro-
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