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PREFACE

Betw~en 1948 and 1958 Enewetak Atoll in the Marshall Tslands
for U.S. nucleaar weapnns testing and 43 devices were exploded
In 1972 the federal government announced that it would rehabil
atoll and return it to the government of the Trust Territory o
Pacific Islands and, subsequently, to the Enewetak people, who
moved to Ujeling in 1947, 125 miles southwest of Enewetak.

The Enewetak rehabilitation effort involved many departmen
federal governmant with the Defense Nuclear Agency (DNA) being
with the major radiological cleanup responsibility. 1In the pr
this cleanup, radiologically contaminated soil and debris fr
the islands in the atoll were collected and transported to
on the eastern side of the atoll. The contaminated material
contained in a soil-cement matrix in Cactus Crater, which had
formed by one of the nuclear detonations. This material was
by a concrete key-wall and covered by a concrete cap.

In crder to provide the people of Enewetak and the Marsha
government with an objective assessment of the safety of this
ment structure, the DNA requested the National Academy of Sciehces,
through the Advisory Board on the Built Environment” (ABBE) o
National Research Council, to "assess the effectiveness of th
Crater structure in preventing harmful amounts of radiocactivi
becoming available for internal or extern-.i human exposure”;
added later that this assessment should be "set against an un
standing of the expected living patterns r £ the people of En
terms of their degree of contz«: with Rur.it Island and their
otherwige to residual radiocactivity c¢n the atrll.”

The committee appointed to conduct the study concentrated
on two issues: (1) the potentiszl hazard of trarsuranics bein

ported to the surrounding enviroi:zant from the structure in i present

configuration, and (2) possible sequences of events that could affect
the structure's physical integrity and an estimation of radiosctive
hazards that might result from the dome's breachment. Two sulsidiary

issues also concerned the committee and are commented on in t
namely, possible hazards associated with the gquarantined isla

report;
of

tFormetly the Building Research Advisory Board (BRAB).

viii




Rurit where the dome is located, and possible hazards from fissl
products that may arise if the northern island of Enjebi is re
Although this committee's charge was not expressly directed
hazards associated with the reset*lement of Enjebi, it must be
emphasized that the risks from the consumption of food grown ig the
northern islands are high compared with any conceivable risk ajising
from rupture of the dome.

The reader of this report will discover that the committee]depended
heavily on information furnished by governaent agencies and th¢ir con-
tractors. Insofar as possible it attempted to assess the qualjty of
these data and, in one important instance (the drilling prografg
described in the report), supervised the acquisition of new information
about the guality of the dome's construction and the concentrafions of
radioactivity contained within it. 1In its interpretation of pptential
hazards associated with the dome the committee depended heavilly on data
acquired by groups at the Lawrence Livermore Laboratories led by V. E.
Nostkin and W. L. Robison. Members of the committee reviewed fthe
sampling and analysis procedures used by these groups. 1In addition,
all the work on the Enewetak opuration done by these groups his been
subjected to critical review by a select panel of experts frog other
government laboratories and from universities; much of the wojk also
is published in scientific journals and, thus, nas been subjegted to
peer review there. The Committee therefore is satisfied that]the
information it has received concerning environmental sampling
analysis, and dose assessment is of high guality.

The Committee on Evaluation of Enewetak Radioactivity Con

vided extensive information and assistance. The committee ig particu-
larly grateful to Thomas Jeffers, Director for Logistics and
of Energy, Las Vegas; Bryon L. Rigtwve:. Tez® Directorate, Fiqdld

Command, DNA, Kirtland Air Porce Base, New #axico; William Rgbison,

Sciences Division, Lawrence Live:mox@‘Laboxatory, Livermore,
California; victor Noshkin, Marine Sciences, Bnvironmental S

David Stark, Concrete Materials Research Department, Portlan}
Association, Skokie, Illinois.

Robert W. Morse
Chairman
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Chapter 1
SUMMARY AND CONCLUSIONS

In conducting its assessment of the effectiveness of the Cactlus
Crater structure in preventing harmful amounts of radioactivity ffom
becoming available for internal or external human exposure, the

Committee on Evaluation of Enewetak Radiocactivity Containment or izea
a drilling program to obtain cores through the entire depth of
finished containment structure, visited Enewetak Atoll to cxamine] the
structure and observe tne drilling operation, reviewed all relevaht
data and reports connected with the cleanup progrsm, and interviejred
key individuals associated with the program, including those re=spgpn-
sible for radiation measurements and their interpretation. Duri its
deliberations, the committee focused on such issues as the nature] of
the radiocactive materials contained within the structure, the posfible
changes that might occur to the structure as time passes, the wa in
which radicactive material now contained in the structure concei 1y
might be transported elsewhere, and the radiocactive risks to whi the
people of Enewetak would be exposed in the most extreme of these
hypothetical cases. ’
1.1 The Containment Structure

The committee believes that the Cactus Crater containment strhicture

and its contents present no credible health hazard to the people
Enewetzk, either now or in the future.

The function of the containment structure, as the committee £
ceives it, is to prevent hazardous human exposure to the radicac
material buried within it, and the committee beiiaves it i= bigh
unlikely that any sequence of events would prevent the structure
performing this function. Any flushing or spilling of the conten
the structure into the lagoon or ocean that mlght occur as a res
cracking, settlement, or ~torm damage will not create an Lnaccep
radiocactive hazard. 1Indead, even if the entire radicactive contehts

containment structure were to fail in any way, it is prudent to
tain the physical integrity of the structure in order that it ma
continue to prevent direct human access to the radicactive materipl it
contains. Thus, inspection of the dome should take place periodifaily

RS
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and after severe storms. Cracking or settling of the panels shoulf not
be of concern, but breaches in the riprap should be repaired to pztv
protection against wave action during storms.
1.2 Reiated Is ves

The committee was asked that its assessment of the Cactus Crat
structure be "set against an understanding of the expected living
patterns of the people of Enewetak in terms of their degree of con
with Runit Island and their axposure otherwise to residual radicackiv-
ity on the atoll.” In this regard the committee makes two comranth.

1.2.1 Runit Island

There is a hazard of uncertain magritude on Runit Island becauge
of the possible presence of plutonium not located and removed durijhg
the cleanup (a situation unique to Runit), and, for this reasom,
has been made off-limits, a status the committee does not dispute.
is likely, however, that the people of Enewetak and others beli
Runit to be off-limits because of hazards associated with the
containment structure. The committee therefore emphasizes that 1

preted to mean that Runit is thought to be harmleas. It may well
that an important future function of the containment structure wi
to serve as a reminder to everyone that the island is to be avoid
view of the possible presence of plutonium there.

1.2.2 Enjebi Island

It is likely that the Dri-Enjebi sooner or later will resettl
their home iglands in the ncrthern part of tne atoll. Radiation
exposures associated with gsuch a move far exceed any exposures th
be associated with the dome or with the radiocactivity remaining i
lagoon. Indeed, for people who might live on Enjebi in the near
future, radiation exposures due to strontium-%9d or cesium-137 in
locally grown foods may become excessive in relation to current UJS.
standards for a general populaticn, especially if food is not ted
from other islands of the atoll or from ocutside.

can
the




Chapter 2
BACKGROUND

2.1 Nature of the Islands

The Marshall Islands, which comprise the eastern part of
Micronesia, are about halfway between Hawaii and the Philippi
Marshalls consist of 29 coral atolls and S coral islands havi
land area of only 70 square miles (Figure 1). Each atoll con
many separate islands connected by coral reefs that usually £
enclosure around a central lagoon.

‘Th~ temperature in the Marshalls averages about B80°F with

rain annually and the sou‘:hern islands, about three times tha
but moisture rapidly drains out of the soil and the islands a
tively arid. The amount of rainfall also varies considerably
to year in the northern islands and droughts are common. Food
consist of coconut, pandanus,; arrowroot, and bread fruit. P

seasonal variation. The northern islands receive about 60 in]:es of

conditions are not infrequent because of drought even thcughalh

and lagoons provide a stable source of marine food (Tobin 196

2.2 Normal Economy

. The
a total
of

TR an

little

mt'
rela—
from year

crops
ine

e reefs
)e

Prior to World War 1II, the economy of the Marshalls was b
subsistence crops and fishing, supplemented by the export of
dried meat of the coconut). This continues to be the case t

the missile range on Kwajalein ars now major sources of empl
hence, of income for the people in the Marshalls.

In 1977, the total population of the islands was estimat
25,000. Of these, 8,000 were at Majuro and 5,000 on Ebye Isl
Kwajalein. A portion of the money earned "y Marshallese empl
these two centers filters back to the subsistence-based islan
sumably, the economy at Enewetak after resettlement will be b
subsistence crops and fishing, incomes from relatives employe
Majuro and Kwajalein, export crops (initially nonexistent), a
support programs insofar as they continue to exist after inde

2. Enewetak Atoll

3 at
ed at
8. Pre—
sed on

at
d U.S.
ndence.

Enewvetak is a typical atoll (Figure 2); 40 islands surroupd an

elliptical lagoon 23 miles long and 17 miles wide. The total
area is only 2.26 square miles.

land
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Although the Marshall Islands were discovered by the Spanish in
1529, they remained in practical isolation for over two centurilps.
Germany claimed the islands in the latter part of the nineteen
century and developed copra trading activities. Enewetak, witH the
rest of German possessions in Micronesia, was seized in 1914 by] the

Japanese who continued the copra trade. Between 1939 and 1941
was developed as a military base by the Japanese, and the local] men
were pressed into service as laborers. In February 1944 U.S.
forces assaulted Enewetak. Possession was won only after the
3,200 Japanese, 350 Americans, and 17 of the local people (Kis
Morison 1961). Following the battle, the United States establ
large base on the atoll, and after the Pacific war the United
was granted a “rusteeship over tha islands by the United Nati
In 1947 Preside.t Truman notified the UN that Enewetak was to
as a nuclear wearons proving ground and the inhabitants were r
to Ujelang, 125 miles to the southwest.

2.4 The Enewetak People

There are two political-gsocial subdivisions within the Ene
people--the Dri-Enjebi, who occupied the northern islands, and
Enewetak, who lived on the southern islands. Although these t
had different chiefs and social organizations, they lived toge
peacefully and with extensive intermarriage for many generatio
groups also now include people descended from intermarriages w
people of Ujelang.

After the battle of Enewetak in February 1944 the people
housed on Aomon (Figure 2) where they were supported by the U.
until 1946 when they were moved temporurily to Kwajalein. The
were returned to Aomon for about a year and, in 1947, 142 of
moved to Ujelang, a much smaller atoll (only 0.6 square miles
area). In April 1980 approximately 500 of the people returned
Enewetak and now are living on the southern islands of Enewet
Medren, and Japtan where housing has beer: const:ucted for them
U.S. government (Figure 3).

The experience of the Enewetak people on [::lang has been
mented by Tobin (1967). The original Ujelang p«rple had migra
Jaluit in the 1880s and some later migrate.” to Enewetak. Alt
times often have been difficult on the smaller atoll, the tra
to Ujelang was aided by these historical ties and the fact th
uninhabited. The dual social structure of Dri-Enewetaks and
Enjebis was maintained throughout the entire 33-year period o
and exists today. At the present time, however, both groups
only on the southern islands, the lands of the Dri-Enewetaks. | Given
the very powerful cultural importance attached to land in the
Marshalls, as well as its economic value, the Dri-Enjebi,; not
surprisingly, wish to resettle their home islands.

2.5 Weapons Testing
Between 1948 and 1958, 43 nuclear weapons were exploded or] Enewetak
Atoll. Some were sufficiently powerful to obliterate whole idlands or
blow considerable portions of islands into the lagoon or the dcean.
Many craters can be seen from the air as deep blue patches in the
surrounding sea or as water-filled pools on the islands. The foral
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FIGURE 3 One of a variety of one- and two-story

resettlement house styles.
(Photo courtesy of B. L. Ristvet)




8

therefore, the craters are an effective connection with the lagoon and
the ocean even if they are located within an izland.
Most of the testing was done on the northern part of the ajoll.
(See Figure 2 for the number and location of the tests.) The jest
personnel were based in the southern area, and Enewetak Isiand} the
largest in the atoll, accommodated many buildings and an airstlip
capable of handling the largest aircraft.

of the reef and of the islands is freely permeable to ocsan waier;
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Chapter 3
THE CLBRANUP

3.1

Cleanup Proposals
In 1972 the U.S. government announced that it would ret

Enewetak Atoll to the government of the Trust Territory of
Islands and, subsequently, to the people of Enewetak, and an
clean up and rehabilitate the atoll was initiated. Planning
from 1972 to 1977, and the people of Enewetak were involved

major decisions. The cleanup operation itself extended from
to April 1980. A detailad on-site radiological investigati
Atomic Energy Commission (AEC), cleanup by the Department of
(DOD), and rehabilitation (homebuilding and crop planting) b
Depzrtment of the Interior (DOI) were carried ocut to some ex
concurrently. The planning and cleanup operations are descr
detail in a lengthy DNA report {(198l) and are summarized in

sheet (1980).

3.2 Cleanup Criteria

The environmental impact statement (EIS) for the cleanup,
ment, and rehabilitation of Enewetak Atoll (Defense Nuclear
1975) established a series of standards to he met. Radjati
the returning population were not to exceed 0.25 rem per year
whole body and marrow, 0.75 rem per year to the thyroid, 0.75
year to bone, and 4 rem over a period of 30 years to the gona
"guides for cleanup planning” were followed in the EIS s

statement:

the
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Cleanup of soil containing plutonium can be handled on a
by-case basis using the following:

(a) leas than 40 pCi/q of

soil--corrective act’on not required, (b 40 to 400 pCi/gfof

soil~~corrective action determined on a case-by-case basi
considering all radiological conditions, (c) more than 40
pCi/g of soll-—corrective action required.

Tc was recommended that only islands satisfying criterion
s8hv .1d be used for :residence and subsistence agriculture. Is]
sazcisfying criterion (b) could be used for agriculture (e.g.,
trees for copra production) and those satisfying criterion (c

(a)
ands
coconut
could

be visited for food gathering (e.g., fishing and gathering bijda'

eggs) .
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These standards subsequently were modified by the Departmsnt of
Energy (DOE) to include all the transuranics, not just plutonium. e
land-use cleanup standards also were revised to permit not more than
40 pCi/g for residential islands, 80 pCi/g for agricultural islands,
and 160 pCi/g for food-gathering islands.

3.3 Disposal Options

During the planning stages a major consideration was the method
dispozal for any plutonium—-contaminated material., Several options
initially considered ®including returning it to the United States,
casting it into concrete blocks, dumping it into a crater with a
crete cap, or dumping it in the ocean or lagoon" {Defense Nuclear
Agency 1981, p. 94). Although strong arguments were made for lagoo
or ocean dumping, the Environmental Protection Agency (EPA) beli
that national policy prohibited such disposal. This view prevailed
over that of the Energy Research and Development Administration (
and the final environmental impact statement (April 1975) identifi
crater entombment as the selected disposal method. Disposal criterja
were reviewed again in August 1977 by the so-called Bair Committee.
This group advocated ocean dumping as the preferred solution with
lagoon dumping as an acceptable alternative but recognized that an
change would require the EIS to be reopened and that EPA oppositi
those alternatives would still remain. The Bair Committee's final
was that “"terrestial disposal on Runit 1sland with a concrete cove
was the best practical alternative (letter from W. J. Bair, et al.
J. L. Liverman, Assistant Administrator for Environment and Safety
ERDA, August 17, 1977). Thus, the cleanup plan finally adopted ca
for radiologically contaminated soil and debris present on many is
in the atoll to be collected and transport»d to Runit and contain
2 soil-cement matrix in Cactus Crater, 2:.rounded by = concrete ke
wall, and covered by a concrete cap.

3.4 Radicactive Contaminants

The radionuclides of principal concern at Enewetak are the tr
uranics, mainly plutonium-239, and the fission products, stronti
and cesium~137. The transuranics are relatively insoluble and th
fore have remained very near the surface. The strontium and cesi
however, are more soluble and have leached to a considerable dept
Indeed, the DNA (1980) stated:

The AEC's radiological survey had disclosed that, except on tie
island of Runit, most high transuranic concentrations were in
the top few centimetres of soil. This was not the case with
suburanics which, because of their water solubility, were disp
tributed to considerable depth. . . . Excision of soil con-
taminated with suburanics [fisasion products], however, was
simply not practicable. To do so would require such extensi
80il removal as to render the island useless for habitation
subsistence agriculture.

Thus, the subsequent cleanup concentrated on the problem of
transuranics.
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The emphasis on transuranics in the cleanup operation also]was
influenced by the fact that Pu-239 has a half-life of 24,000 ypars
whereas Sr-90 and Ce-137 have half-lives of about 30 years. I} the
near future, however, the fission products sust be of great cern
because of their rapid rate of movement through the soil and tReir very
active iicorporation into the food chain.

Since there was virtually no contamination on the southern]islands,
it wvas planned that only these islands would be settled at the]begin-
ning. Occupation of the northern islands after cleanup was tojbe
postponed until radioactive decay brought the concentrations of Sr-90
and Ce~-137 to acceptable levels.

3.5 Location of the Contamination

Before work could begin it was recessary to £ind out which|islands
were significantly contaminated and to identify the specific pjlaces
where remedial work would be required. As has been explained, |the
cleanup was concerned with the transuranics, mainly plutonius, |but
plutonium emits only an alpha particle accompanied by a very 1
x-ray so it is not practicable to measure it in the field.
the plutonium is associated with americium, which has a suffic
penetrating gamma ray for detection through several inches of
Aerial surveys and in-situ monitoring detected the significantl]y con-
taminated islands and specially designed detection equipment
on a tracked vehicle then was used for a detailed survey. Rea
were taken at every intersection of a S50-meter grid. Soil samples at
varicus depths were taken at each j-tersection for laboratory
to determine the plutonium/americium ratio. 1In areas of high
ination, samples were taken at 25-, 12.5~, and 6.25-meter inte
This work provided the basis for radiation contour maps that
used by the cleanup crews.

3.6 Nature of the Problem

The cleanup problem was not confined to surface soil con
with transuranics. During the weapons testing program, debris
tests frequently was cleared from a site and dumped in an old
in preparation for reuse of the site for additional tests. Al
detectable dumps, crypts, and burial sites were excavated and
radicactive contents transferred to the Cactus Crater. 014 bl
houses, sunken barges, and landing craft in less than 15 feet
and other miscellaneocus debris were collected, monitored, and
of in the containment structure, if contaminated, or in deep p
the lagoon if not contaminated.

Retrieval from dumps often was difficult and a crypt on
Island was so extensive that a year was required to plan and
its excavation. About 16,000 items from World War II (unexpl
artillery and mortar shells, hand grenades, small arms, and
also were detected, dug up, and detonated or removed by Navy
Ordnance Disposal Teams. After the rubbish was removed, the t
inches of soil was scraped off, loaded into hbarges, and trans
Runit Island.







