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ABSTIMCT

Data on the concentrations and distributions of transuranium

radio nuclides in the marine environmcnr of Encwetak AtGll are reviewed.

l%e distributions of the transuranics in tl,elagoon are very

heterogeneous. The quantities of transuranics generated during the

nuclear teat years at the Aco1l and now associated with various sediment

components are discussed. Whenever possible, concentrations of
241ti

~“d 239+240p” are ~ompared The lagoon is the largest reservoir of

cransuranics at the Atoll and radio nuclides are remobilized continuously

to the hydrosphere from the solid source terms and are cycled with

components of the biosphere. Al though
239+240

P“ is associated with

filterable material in the water column, the amount chat is relocated

and redeposited to different are.]s in the lagoon is small . Barrins

cata8L1-ophlc events, little alteration in the present distribution of
.. ..-

transuranics in tt,e sediment is anticipated during the next few decades.

The Atoll eecms to have reached a chemical steady state in the

239+240partitioning of Pu between soluble and insoluble phases of the

environment. Using an experimentally determined Kd for 235+240
S’u,che

amount of dissolved radionuclides predicted to be in equilibrium with

concentrations in the sediment agrees well with recently measured

average conccntrdtions in the water at both Encvettik and IiihiniAtolls.

The rmnobilized 239+2’01’uIMS solute-like char’ictcristics. It passes

readily and rapidly throuzh dialysis membranes and can be traced as a

solute for considerable distances in the water. We estimate chat 50%

tt,cpresent ifiv,ntoryof
23(}t24(l

ku in sediment will be remohi]ized i“

6olutlon and discharged to the North Equatorial l’.lcificriver the next

250 yr.

of

DQE ARCHIVM.

INTRODUCTION

Large inventories of several transuranium radio nuclidcs (Ne73)

persist in the marine environment of Enewetak Atoll. Forty-three

nuclear weapons tests were con dctcd by the United SLateb at ~~)cwetak

between 1948 ~nd 1958. 11,.,testing product-d close-in fallout debris

that was cent.]minarvdwitl, tr~n:,uranic:; and th.ltenter..d r))..aquatic

environment of the Atoll. ?fore tran!.uranics w.re transpurtcd westward

to Enewetak in airborne debris and water contaminated from IIUClear

tt!bting at Bikini Atoll. Glubd] fallout dcpL)siLud a small ~dditional

amou!,t of Lr.,nsu~-anics to Ll,c Atoll. Presently the l.irgcst inventory of
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tran8uranica introduced from these source terms 18 associated with

components of the benthic environment.

Because of the high level of deposition the Atoll is now its own

tranauranic source term. Plutonium, for example, is not permanently

fixed with the carbonates and other material with which it was

‘ originally deposited in the lagoon and reef during nuclear testing.

BmAll ammunts of plutonium are now remobilized, resuspended,

●ssimilated, ●nd transferred continuously within Lhe Atoll environment

by physical, chemical, and biological processes.

tire than half of the United States nuclear tests in the Pacific

were conducted at Enewetak Atoll. Surface and tower shots left craters

and contaminated scrap on land and generated radioactive debris that was

redistributed to the adjacent reef and lagoon. Megaton teata that left

underwater craters and barge shots in the lagoon contributed

significantly to the present tranauranic inventory.

The impact of nuclear testing and the fate of t}w residual

radioactive materials introduced to the aquatic environment at both

Enevetak and Bikini Atolls are the subjects of reports coo numerous to

list herein. However, not until late 1972 when a radiological resurvey

of Enevetak Atoll was conducted to gather data for the development of

cleanup and rehabilitation procedures for the resettlement of the

Sneweuk people to their homeland did extensive measurement of

transuranics in the Atoll environment begin.

published in the survey report (Ne73), which

long-lived residual radionuclides, including

The information was

contains data on most

plutonium and americium, in

compc,,,cnt.sof the marine environment. The survey was followed by other

more extensive investigations, concentrating 0“ measurement of

trenSUraniCs to better asaess the impact of these radion”clide~ on the

environment and inhabitants of the Atoll and to increase our

under htand~ng of the mobilization, rec~n~entration, and rcdia~ribution

. processes from sources within the environment.

This paper contains a summary of data related to the concentration

of the transuranium elements in components of the benthic and pelagic

environment of the Atoll lagoon. Data from the survey report (Ne73),

more recent publications, and unpublished results from this laboratory

will be discussed. Some published and unpublished data from our studies

at Bikini Atoll will be presented when []eceasary for compari~o” with

Enewe Lak data and in the dbsence of Enewetak data, for tileclarification

of characteristics of transuranic radionuclide concentrations at the

Atolls. Whenever possible, the Atoll data will be compared with that

from other marine ecosystems .

DOE ARCHIV~
CEOCRAPIIY AND ATOLL TEST NISTCRY

Enewetak Atoll, with U.S.-assigned and native nametiand several

landnurks including the locations of craters formed by nuclear tests, ia

showr,in Fig. 1. U.S.-a6slgned island names will be used throughout

this report.

The Atoll consisted of a ring of 42 low islands arranged on a

roughly elliptical reef, 40.2 x 32.2 km [Em54), with the elongated axis

in the northwesterly direction, Nuclear testing completely destroyed
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the islands of Gene and Flora, and only a sand bar now remains to

distinguish the islamd of Helen. Only 39 of the original 42 islands of

the Atoll remein and meke UP a total land area of approximately 6.9 km2

thmt is cicuatsd on the reef whose area iS 84 h2. The average depth of

thelagoon is 4?.4 m; che Mximum depth is 6fJm. The lagoon area ia 933

, kmz. The ●edbtlntery C0Mp0Mflt6 in Enewetak L.agoo”Were ~tudie,j

●xtensively during the late 1940s (h54) . The main compone”t~ in the

lagom sediments included foraminif era, coral , Halimeda remains, shells

of mollusks, and fine material. Material finer than 0.5 mm in diameter

wan toofine to identify and was classified as fine debris.

Diatributfone ●nd average abundance of che sedimentary components were

described (h 54). Fine debris made up 57% of the lagoon sediments and

was ●bundant throughout the lagoon to within a few }I”ndred feet from the

shore.

A de~iled description of the forms, living habits, popula Lions,

and specific relationships of the aquatic biological components at the

Atoll is beyond the scope of this report. A significant number of

articlea that were published betveen 1955 and 1974 and resulted from

research conducted at the Enewetak Marine Biological Laboratory were

compiled recently in a three-volume report (En76) . The individual

reports dealing with specific ecological studies at che Atoll, are too

num=rOus to list. The reader IS referred co the compilation (En76) for

descriptions of the biology and ecology of the Atoll.

The moat severe radiological impact on the aquatic environment of

Snewetak occurred during the nuclear test years between 1948 and 19S8.

The types of nuclear events, shot frequencies, geographical locationa,

yields, generated particles, conditions after the tests, and other

far Lors determined the resulting distributions of transuranics and

influenced the physical and chemical forms of the elements deposited in

the benthlc environment. A brief historical review of testing at

, EneweMk, ubs.tractcd from several unclae.sifled documentLi (Ne73, ci64,

Hi62) , exl,lainsa few conditions

distributions and inventories at

The test series at !ktewetah

when 37-, 49-, and 18-kt devices

the islands of Janet, Sally, and

responsible for the tranauranic

the Atoll.

began .in 1948 (Operation Sandstone)

were detonated from 200-ft towers on

Yvonne between 14 April and 14 May. In

1951, testing was resumed (Operation Greenhouse) and four tower shots

were conducted during a 47-da interval. The island of Janet was again

the location of two ground zeros. In 1952, the first thermonuclear

device (Mike) destroyed the island of Flora on the northwest reef. The

Mike event was a 10,4-Mt surface detonation occurring on 31 October,

Water surging from the point of the explosion sent a wave over adjacent

islande including Janet, the site of three previous ground zeros. The

original crater where Flora had once been had an irregular outline and

was more than 1 ml in diameter, which, before it was partially refilled

by the returning rush of coral sediment, was almost 200 ft deep. The

crater is presently 90 ft deep. The 1952 series of tesLs concluded with

the King event, a high-yield air drop over Yvonne Island. In 195b a

single device, Nccr~r, was dctonu Lcd on a 1,.lrgelocated over Mike

Crater. Not only did this test greatly disturb the radionuclides
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already deposited In the crater sediment~, but it also again ~ent ~

●urge of contaminated water over adjacent islands including Janet. In

1956, the Redwing series began with a cower detonation on Yvonne and

included two additio~l craterlng events, LaCross and Seminole. LaCross

was a 39.5-kt device detonated on an earth-filled causeway built on the

reef off the north end of Yvonne. Seminolem detonated on the island of

Irene, waa first placed in a 15-ft diameter tank that was itself then

placed in J 50-ft-diameter tank filled with water before it was fIred .

During 1958, the finel year of testing at Enewetfik, 22 tests of various

types were held at different Atoll locations during an 82-da period.

The series opened with a 86000-ft ballon shot over the Atoll on 28

April. Cm 5 Hay, a 18-kt device produced Cactus Crater on the northwest

●nd of Yvonne and west of LaCrosa Crater. Curing May 11 to 12, one of

the three teetn was the Koa event, a 1.37-Mt nuclear device housed in a

tank of water and detonated on the east end of the Cene-Helen island

complex. A sizable crater was produced, connected with Mike Crater. On

June 8, the Umbrella device was detonated on the floor of the lagoon.

lWenty days later, the 8.9-titOak device was fired on a barge 4 ml

southwest of Alice off the edge of the reef . The test left a crater

that breached to the lagoon. The Quince event on Yvonne Island failed

to produce s fission yield so that the plutonjum within the device was

dispersed by high explosive. Subsequently another nuclear device was

successfully detonated over the same area that undoubtedly further

dispersed the nonnuclear-generated plutonium. In addittun co the

nuclear tests, radionuclides were dispersed by plowing on many of the

islands during the test years. Unfortunately, none of the radiological

aaf(.Iy reports during these operations provided details to determine the

evCutual fate of the radioactive debris, e .g., location and ~“antity of

the disposal (Ne73).

From this brief summary, we can assume safely that the transuranic

elwuvnts were introduced to the aquatic environment nor only as

compl icated carbonate part iclea fused or condensed with other material

from the environment or with devices and associated structures, but also

ae soluble and particulate species of tranauranium oxide.

fm~pite the complexities in the formation processes, much of the

behavior of the transuranics is similar to those determined from

investigations of fallout and other aquatic pathways. The results from

the Atoll studies therefore have great value in predicting traneuranic

behavior and fate on a global aquatic scale.

TRANSURANICS IDENTIFIED AT THE PACIFIC TEST SITE ATOLLS SINCE 1972

Neptunium DOE ARCHIVU
Concentrations of 237Np in several 1972 samples of unfiltered

lagoon and crater water from Enewetak were determined by mass

spc.ctrometry (S074), The average conccntr~ltion in six samples from the

laguon was 0.058 ~ 0.013 fCi/1. Water samples from Mike and Koa cratera

averaged 0.45 + 0.22 fCi/1. Outside of the lagoon and to the east of the

Atoll, concentrations in water samples from the open ocean surface

averaged 13.013~ 0.003 fCi/1. l’hiscomp~rlsnn SI1OWS,as do results for

all other transuranics, that Atoll sources contribute the major fraction
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Table 1. Estimated transuranic
and Bikini Atolls,

sediment inventory: Enewetak
1 January 1973.

Enewetak Atoll (area, 933 lan2)

239+240pu 230p” 239p” 2kopu

Areal activity to 2.5-cm depth (mCi/km2) 267 38 145 122
Total radioactivity to 2.5-cm depth (Ci) 249 35 135 114
Total radioa. ,k,,~ly 10 16-cm depth (Ci) 1185 167 642 543

Bikini Atoll (area, 629 km2)

Areal activity to 2.5-cm depth (mCi/km2) 492 16 229 263
Total radioactivity to 2.5-cm depth (Ci) 309 10 144 165
Total radioactivity to 16-cm depth (Ci) 1470 76 6B6 786

Global fallout from weapons testing,
Jan. 1971

Total radioactivity (kCi) 319 22* 192 127

241pu 2Ql~

493 81
460 76
2190 475

4809 289
3025 182

14605 1140

3010 72

●

Weapons, 6.6 ,.[!i;fallout debris from SNAP 9A, 13.4 kCi

.


