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IN TtiE 
ENIWETOK ATOLL CLEANUP : 

The U, S: Devclog~+n'~ L of the Is_lands for Nuclear Testing -_-- 

The testing of nuclear detonation requires testing grounds that, 

other factors, are remote from populated areas. Previously, two 

had been conducted at Bikini Atoll in June and July 1946 

Operation Crossroads and, earlier, near Alamogordo, New Mexico 

July 7945 as Operation Trinity. However, for a continuing ! 

program of testing, Bikini suffered deficiencies in that the land 

.._..-- .,_.._ *** I. al.._ .‘ryl L IIL I LIICI ;ar-ye WJU~~I nor properly oriented to the prevailir,~ 

winds to permit construction of a major airstrip.' This led to the 

selection of Eniwetok Atoll for testing nuclear detonations, a --_ 

selection administratively approved by President Trumah on 2 December 

1947. BEST AVAILA@k. 
The selection of Eniwetok Atoll was based on a study of possible 

ocean sites made by Captain J. S.' Russell, USN, Deputy Director of the 

Division of Military Applications, and by Dr. Darol K. Froman of the I 

Los Alamos Scientific Latoratory. In regard to possible fallout, 

Eniwetok Atoll was well located by having hundreds of miles of bpen sea 

lying from the Atoll in the westwardly direction of the prevailing winds. 
, 

1, Proving Ground (U. of Washington Press, Seattle, 1962) . 
p 81. 
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The first of the $rc;cps assrztilbied to conduct nuclear weapons 

tests on Eni\::etok Atoll nrga!iizaticilsl!y came into being on 18 October 

1947. Called Joint Task Fore .SE!WI~, the group was coriposed of 

personnel frcm many U.S. governmental Agencies.2 Foot having significant . 

ground facilities on Eniwetoir Atoll, the Task Force Seven operated from 

their many surface ships. Three nuclear detonations were made in this 

Operation Sandstone, which occurred during April and May in 1948.3 

The detonations were on.200. ft. towers in the lagoon; the first off Engebi, 

the second off Aemon, and the third off Runit. The largest yield was 

the second with a yield of 49 kilotons.4y5 This kiloton teriinology 

means that the explosive energy of the nuclear detonation equals 49 t 

thousand tons of high explosive. (For these and following tests, table 

at the end of this section gives the test name, date, time, location, 

height of burst, position (airdrop, barge, ground surface, or underwater) 

of nuclear explosive and yield). 

- In preparation for the next series 

Energy Commission in mid-1949 decided to 

improving ground-based structures and by 
I- 

of nuclear tests, the Atomic 

facilitate further testing by 

croviding more adequate technical 

facilities at Eniwetok Atoll.3 This work was based on a survey submitted 

by Holmes and Narver, Inc., on 7 January 1949. The Commission approved 

the recommendation for construction in April 1949, and the contract was 

signed in June.6 

5: 
Reference 1, p 85. - 
Reference ls p 86. 

4. Samuel Glasstone, The Effects of rluclear WeacE, Department of the --_- 
w -Army Pamphlet No. ~~f%661~~~>%~, and Kary A. Edb!ards, "Tabulation 

of Data on Announced Nuclear Detonations by.All Nations through 1965," 
Report UCRL-14786, 17 Ikrch 1966 (Available from clearing house for 
Federal Scientific & Tech Info, Springfield, Va.) 

5. Reference 1, p 87. 

6. Reference 1, pp 113, 115 c 5 n 
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On 31 January 1950, President Truman made public the decision to 

develop a thermonuclear bomb, a decision which, of course, was to have 

great impact on Eniwetok Atoll. Tests of weapons with such large increases 

in yield and fallout radiation are not suitable for the'continental inited 

States, but are better suited for the remoteness of the Pacific 

Proving Ground. To facilitate tests of devices that dt first were 

limited to the ZO-kiloton nominal yield of the Hiroshima weapon, the 

Nevada Proving Ground, near 12s Vegas, Nevada, was additionally established 

in the autumn of 1950. The first tests there were in a 1951 series 

starting on 27 January. 

The Eniwetok Atoll test series also planned for 1951 was"designated + 

as Operation Greenhouse and included, among other tests, activities 

related to thermonuclear research, but not yet involving a full thermonuclear 

explosion. Between 7 April and 24 May 1951, four tests from towers were 

conducted at Eniwetok, with the second one called Easy announced as 47 

. kiloton yield.4 

A full thermonuclear explosion was achieved the following year in the . 

1952 test series Operation Ivy at Eniwetok Atoll,= This involved only 

two tests, but the first had considerabl'e significance and consequence. 

The first was Test Mike, the first thermonuclear detonation and a ground 

level explosion amounting td 10.4 megatons (equivalent of 10.4 million tons 

of high explosive) on 31 October 1952 on a small island, Elugelab (Eluklapin 

in Marshallese, and Flora by the U.S. code name), at the north end of the 

Atoll. Being a surface explosion and having this large yield, Test Mike 
. ” 

actually removed this small island from the Atoll chain. A large 

*- reinforced concrete building built on the nearby large island of 

to test effects of pressure was partly damaged. *The second test 

k 
Reference 1, p 125. ! 

Reference 1, p 135. 3 

Engebi 

of 



Gperatioij Ivy X;\S a "high yie'l(!" explos.iot~, Test King, from an air drop 

north of the north\<est ti? of Runit Island. 

Associated with the greater yield of MikC, which was dozens of times 

greater than previously experienced yields, was a corresponding increase in the 

fallout radiation. Contrary to the usual direction and contrary to expectations, 

the winds prevailing at the time were from the south or southeast,? and-so 

most of the radioactive debris fell on the open seas to the north and'northwest. 

Nevertheless, local fallout did occur on the northern islands of the Atoll. . 

Since these islands continued to be uninhabited, no harm resulted to humans 

from this local fallout, 

U.S. tests were conducted only at the Nevada Proving Grounds in 1953, 

thereupon starting the pattern of tests entirely at the Nevada Proving Grounds 

or the Pacific Proving Grounds, each on alternate years. The next series 

of tests in the Pacific was in 1954 under the name Operation Cd'stle.. It in:olved 

a task force, which retained the number Task Force Seven of the 1947 force. * 

Five out of the six tests in this series were at Bikini Atoll, which had not 

- 

been used for nuclear tests since 1946, and one of these had consequences 

affecting all testing in the Pacific. The 15-megaton thermonuclear tests 

Bravo in this series was conducted on the surface in Bikini Atoll on 28 

February 1954.G BEST AVALABLE COPY 
The radioactivity of this Bravo event was particularly troublesome by 

unexpectedly being carried to the east, rather than to the north as had been 

foreseen. 

Rongelap, 

Dragon). 

Harmful amounts of radioactivity fell out on the inhabited atolls of 

Ailinginae, and Rongerik and on the Japanese fishing ship (Lucky 
. 

These events resulted in sharply renewed interest in radiological 
. 

consequences, with principal focus on the Bikini series of tests. The 

Atomic Bomb Casualty Cornnission which had been established after the atomic 
M 

bombing of Japan, became involved. The Shunkotsu Maru of the Japanese 

W 9. Melvin P. Klein, "Fall-Out Gamma Ray Intensity" Lawrence Livermore . 
laboratory R?Xrt, UC?.-5125, (1958) 

10. r;.:!..;,.>nsF) j , :; izT;_ 4' _. .w-.. 



Fisheries Training 1ns.titut.e ciX!;iscd the t:arshall Island Grea for survey 

purposes; this 

Roger B. Taney 

Operation 

was followed by a I!.S. cruise cn the Coast 

11 

Guard Cutter 

under the name Cperation Troll .- 

Castle continued \rii:h other tests at eikin i Atol 1, but k/ith 

- 

an enlarged exclusion of the occGnic areas of possible fa lout. The ,cnly 

detonation of Operation Castle nlatic in Eni\,ietok Atoll was the Nectar shot, 

detonated cn 14 Kay 1954 on a barge in the lagoon over the Mike crater. 

By 1954 the large island of Engebi (Janet in the U.S. code name) had 

become a barren, sandy island from which the coconut palms and other trees had 

lonj since disappeared. This major island of 291 acres had been subjected 

to World War II bombardment and, by 1954, to four series of nuclear weapons 

tests. The nuclear explosions produced blast and irradiated the island by 

initial radiation from nuclear detonations and by resi 

Nevertheless, co1 onies of rats continued to thrive on 

'l'955~ even thnugh casua?'t'!'es resulted from the %ests 

dual radiation of fa'llout. 

this isolated island in 

The 1956 series of tests in the Pacific Proving Ground was called Operation 

Redwing. These took place at both Bikini and Eniwetok Atolls, with eleven at 

Eniwetok Atoll. Part of Bokou Island (Irene in the U.S. code name) was 

removed on 6 June 1956 by test Seminole, which was positioned on the land 

surface. This Seminole crater is on the east side of the remainder of Bokou 

Island. The other surface test in Operation Redwing was Test Lacrosse, which 

formed a crater at the Northern tip of Runit Island (Yvonne is the U.S. code 

name) in the tide lands on the ocean side of the island. 

11. John H. Harley, "Operation Troll," AEC report NYO-4656 (1956). 
12. Reference 1, p 207. 



---- 

Early in 1958 a twr-atorium agairist further testing ti nuclear eXp?OSiOns 

was under consideration, partly in response to international awareness about 

the world-wide fallout of radioactivity from nuclear tests by the several nuclear 
. 

nations. Before the morabri urn, lwcver, an intensive series of tests called 

Operation Hardtack MS conducted. Operation Hardtack took place in 1958 ’ 

both at Enivletok Atoll as Phase I and at the Nevada Proving Grounds as 

Phase II, thereby breaking the pattern of alternate testing years at the sites. 

Between 5 Nay and 26 July 1958, twenty-two tests were conducted at Eniwetok 

under Operation Hardtack, Phase I. This one intense period of testing 

thereby constituted over half of ihe 43 total tests conducted tt the Atoll 

over the entire ten years of testing. Following Operation Hardtack, the ’ 

U.S. moratorium on testing started on 31 October 1958 and was followed in a 

few days by a U.S.S.R. moratorium. i'nis mar&i iire enci oi ai; 

nuclear tests at Eniwetok. The intervening 15 years until the present time have 

allowed some natural restoration of vegetation on affected islands and have 

provided the time for a tremendous decrease in the residual radioactivity 

resulting from the tests. 

Two islands were altered in this Operation Hardtack, Phase I. The 

test Koa was a surface explosion on the small island Dridrilbwij (Gene by the 

U.S. code name). This test removed the island from the Atoll. The other 

was Test Cactus at the northwest tip of Runit Island (Yvonne by the U.S. code 

. . 

name). This produced a crater nearby and to the Southwest of'the La Crosse 

crater. I 

5a 
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Further tests did occur in the Pacific, 
, 

but they were in the vicinity I: 
!- 

4 
of Johnston Island and Christmas Island,- so far to the east that there 1 

- Is land Name 

&s no effect upon Eniwetolc Atoll. Thcsc tests followed the 1 September 1961 

accounccment by' the? USSR of 
, 

its intentj.on to resume nuclear testing. Th’& 

USSR tests occurred within days of this announcement. Many months later 

the United States started testing under a series called Operation Dominic, 

but, as just stated, not at EG.wetok Atoll. This test series was completed 

by the end of 19G2 and was followed by the Limted Test Ban Treaty, which 

yas signed in September 1963. This Treaty permitted only those tests that 

did not result in radiation going beyond the national boundaries, and so 

effectively limited tests to being underground. Al though underground 
3 

tests have been conducted in the continental United States and at Amchitka L 

in Alaska, none have been conducted at Eniwetok Atoll. 

In these test series, a total of 43 nuclear detonations or attempts 

at nuclear detonations have been made at .Eniwetok Atoll. The number of 

tests either on individual islands or closest to these islands is as follows 

for the total of 43 tests at Eniwetok Atoll: 

Number of Board of 
Tests Geo e Name Marshallese 

18 
10 
4 
3 
2 
li’:% 
1 
1 
1 
1 

Runit 
Enjebi 

Aomon 
Eber iru 
Boga 1 lua 

Bogeirik 
Ru j iyoru 
Buganegan 

Runit 
Enjebi 
El&lap 
Aomon 
Aleleron 
Bokol uo 
Dridrilbwiu 
Bokaidrik 
Lujor 
Mut 

Other 

Elugelab 
Aranit 

Miu 

US Code Name 

Yvonne 
Janet 
Flora* 
Sally 
Ruby 
Alice 
Ce nei’&* 
Helen 
Pearl 
Henry 

.- 

1 Bognn Bokon Pokon Irwin 

Whis island no longer exists. It was removed by test Mike on 1 Nov 52. 
~:‘:;~!ctually located on the coral reef to the southwest of this island. 
:‘:“Wlis island no longer csists. It was‘removcd by test Koa on 23 May 58. 
The underwater craters from Mike and Koa overlap each other. 

6 . 
A 

i 
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The positioning of 35 of these nuclear explosives before 

detonation follows: 

Positioning Number of Tests -- 

Barge 17 . 

Tower . 9 

Land Surf ace 5 
. 

Air Drop 2 

Underwater 2 

Of course, land surface tests were the most destructive to the physical condition 

of the islands by producing still-existing craters or by removing an island 
usually 

entirely, All barge tests were offshore on the lagoon side,/off the islands 
! 

of Runit (Yvonne) and Enjebi (Janet). Being generally west of these islands, 

the tests produced radioactivity that the prevailing winds from the northeast 

generally carried away from the island and over the lagoon. 

In either the case of a successful nuclear detonation or the case of an 

unsuccessful nuclear detonation, a spread of radioactivity results in addition 

to physical damage to t‘he land, vegetation, and animals. In the case 

of a successful detonation, the following principal radioactive results are: 

1, fission products resulting from the fission of the 

uranium or plutonium used for the nuclear explosive, with 

significant fission products being cesium-137 and strontiom-90. 

(Their 30- and 29-year half lives, respectively, roughly 

correspond to human lifetimes, sotkydo not decay appreciably 

in an acceptable waiting period, nor do they decay sufficiently 

slowly to result in a low amount of radioactivity. 

. 
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2. cobalt-GO, largely from activity induced in iron used for towers, 

etc., in the tests. (its S-year lifetime makes waiting times 

fOl_ dC?C2y T;OlYC ZICCt?pta.b!c). , 

various isotopes of pluronium produced Prom the capture of 

ncutro:is by uranium in the nuclear detonation. 

The unconsumed plutonirlm and/or uranium used for the nuclear 

explosive but not having undergone fission. (When nut lear 

explosives misfire (or undergo “one-point” safety tests), 

the chemica.l.-type high explosive used for assembling these 

nuclear components instead spreads them). 

5. Tri.tium induced in water by neutrons and from thermonuclear 
! 

react ions. (However , the mobi.lity of the water in the ocean 

quickly dissipates this hazard.) 

Misfires, near misfires (low yield), or “one-point” safety tests of 

nuclear explosives result in a spread of radioactivity, as mentioned 

in Item 4. In these misfire cases, the residual uranium or plutonium is 

deposited over a much smaller area than for the case of the spread from 

a nuclear explosive (perhaps square yards of spread in the former case, 

but worldwide or at least square miles in latter). A particular concern 

in these cases is the spread of plutonium-239; the lower radiological 

hazard of uranium-235 causes very much less of a radiological concern 

when used as the nuclear material. This plutonium concern is complicated 

c 

by its long 24-thousand year half life for decay, which is far too long 

to enable nuclear decay over time to eliminate the hazard. 

w 

8 
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Just such difficulties of plulonium contamination have occurred 

around Runi t Island. For example, the tCsi3 Scaevola in Operation 
,. 

Hardtack I was a one-point safety t-est. Therefore, it cjas planned 
I 

only to explode by high explosive but not by a nuclear explosion. 

Local spreads of plutoniL:m exist: near the middle of this long, nnrrow 

is land. 

. . 

t 

- 

’ Y 
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NUCLEAR DETONATIONS AT ENIWETOK ATOLL 

NAME 

HEIGHT OF 
BURST 
<FEET) 

TYPE OF 
BURST 

GEOGRAPHICAL COORDINATES 
NORTH LAT EAST LONG 

* DATE 
(GCT) 

SANDSTONE 
X-ray 
Yoke 
Zebra 

14/4/48 1817 200 Tower 11040' 162O.14' 37 kT 
30/4/48 1809 200 Tower 11037' 1620 19' 49 kT 
14/5/48 1804 200 'Cower 11033' 1620 21' 18 kT 

GREENHOUSE 

Dog 
Easy 
George 
Item 

7/4/51 1834 300 Tower 11'33'21" 
2014151 1827 300 Tower llo40'08" 
S/5/51 2130 200 Tower 11037'37" 
2415151 1817 200 Tower llo40'23" 

162o21'16" 
162014'25" 
162'18'53" 

47 kT 

162014'55" 

IVY 
Tke c 31110/52 1915 Surface llo40'14" 

King 15/11/52 2330 1,480 Air Drop 11033'44" 162o21'09" 

10.4 MT Experimental lbermo 
clear Device 
High Yield 

CASTLE 
Nectar 

.- 
13/5/54 1820 Barge ‘iio40'14" 162Ol1'47" 

REDWING 
Lacrosse 
Euni 
Erie 
Seminole 
Blackfoot 
Kickaooo 

415156 
2715156 

, 30/5/56 
6/6/56 

1825 
1756 

1815 
0055 
1826 
2326 
0114 

::;z 
1806 
1816 

40 kT 

300 

200 

680 

Land Surface 
Surface 
Tower 
Land Surface 
Tower 

12 kT 

Air Drop 

Mohawk 
Apache 
Huron 

S/7/56 
21/7/56 

Barge , 
Barge 

11°33'28" 
11'37'24" 
llo32'40" 
llo40'35" 
11033'04" 
11037'41" 
11'32'48 
11037'53" 
11037'39" 
llo40'17" 
llo40'19" 

162O21'18" 
162Ol9'13" 
162O21'52" 
162O13'02" 
162°21'31" 
162O19'32" 

;~$Q:&$: 

162O18'49" 
162°12'Ol" 
162°12'09" 

HARDTACK. PHASE I 
Cactus 
Butternut 

515158 
11/5/58 

1815 
1815 
1830 
0130 
1830 

Land Surface 11'33'23" 
Barge ll"32'28" 
Land Surface llo40'30" 
Underwater 11°20'41" 
Barge 11'32'38" 

162°21'15" 
162'21'02" 
162'12'20' 
162°10'44" 
162O21'22" 

18 kT 

. Koa 1215158 
Wahoo 1615158 
Holly 2015158 

-500 
1.37 MT 

10 



DATE 
NAME (GCT) 

HARDTACK, PHASE I CONTIkUED 
Yellowwood 26/S/58 
Magnolia 26;S;S8 
Tobacco 30/5/58 
Rose 216158 
Umbrella a/6/58 
Walnut 1416158 
Linden 18/6/58 
Elder 2716158 
Oak 2816158 

Sequoia l/J/58 
Dogwood 5/J/58 
Scaevola 1417158 

Pisonia 
01 iver 
Pine 
Quince 
Fig 

17/J/58 2300 
‘22/J/58 2030 
26/J/58 2030 
6/8/58 021s 
18/S/58 0400 

0200 
1800 
021s 
1845 
2315 
1830 
0300 
1830 
1930 

1830 
1830 
0400 

HEIGHT OF TYPE OF GEOGRAPHICAL COORDINATES 
BURST BURST NORTH LAT EAST LONG m REMRKS 
(FRET) 

. Parge 
Pnrge 
B.wzge 
Esrge 

-150 rndexwater 
Barge 
Earge 
Esrge 
Earge 

Fsrge 
Fsrge 

Earge 
Barge 

11°39’3J” 162'13'31" 
1 lo32 ’ 34” 162°21'14v1 

11039'48" 162'13'48" 
11°32'28" 162'21'06" 
llo22'51" 162'13'09" 
llO39’37” 162'13'31" 
11032'39" 162'21'23" 
llO39'48" 162'13'48" 
11'36'28" 162'06'28" 8.9bli 
llO32'39" 162'21'23" 
11'39'48" 162'13'48" 
11032'39" 162O21'23" 

11°32' 
11'39'48" 
llO39'22" 
11'32'59" 
llO32'59" 

162'21' 
162'13'48" 
162'13'?1" 
162O21'34" 
162'21'34" 

One-Point SsZ, 
Test 
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17 May 1973 

EWIRO?XENTAT, 
SUGGESTIONS FOR INCLUSION IN TliE 
INPACT STATEtENT FOR TllE ENIWETOK ATOLL CLEANUP 

& Present Condition of Islands - Results of Radiological Survey c 

R. B. Leachman . . . I.. 
Defense Nuclear Agency 

Introduction )i 

The radioactivity on Eniwetok Atoll results almost entirely from 

the nuclear explosions at the Atoll from 1948 until 1958. Some radio- 

activity results from fallout from nuclear explosion tests conducted else- 

where in the atmosphere, but this is probably insignificant compared to 

radioactivity produced by tests on Eniwetok Atoll, The minimum radio- 

activity observed on any island on Eniwetok Atoll in 1973 was more ’ 

than an order of magnitude greater than that of world-wide fallout 

and of local natural radioactivity tram cosmic rays aiid iz~ncrc:?e. 

(Beir, 1972) Although the southern islands were the scene of only 

two underwater tests off Henry, an island downwind from most other 

southern islands, this low residual activity on the southern islands 

of Eniwetok Atoll are thus seen to result almost entirely from local 

fallout from tests conducted at Eniwetok Atoll. 

Only after many decades, and in some places only after centuries, 

will the local radioactive debris from these tests undergo natural 

nuclear decay to the extent that the remaining radioactivity is as 

low as the radioactivity from natural causes, principally cosmic rays 

at this location. For the case of the plutonium-239 residual, actually 

” 
many, many millennia would correspondingly be required. ‘Of course, 





- 

. 

* Plutonium-239, a 24,000 year half-life isotope that is either 

unconsumed remains from. the plutonium-233 composition of the 

nuclear explosives or is formA by capture of a neutron into 
c 

uranium.+238 nuclei. (followed later by tt70 beta-particle decays 

completing the transmutation to plutonium-239) during the instant 

of the nuclear explosion. “Being principally an emitter of alpha 

particles, which are very lightly penetrating, plutonium-239 is 

of very reduced concern regarding external exposures. The concern 

is instead in regard to internal exposure, principally to the 

lung following retention upon breathing the/dust; the subsequent 

hazard is risk of cancer formation. (Retention of plutokm-239 

via the food chain’is of very reduced concern.) 

Other radioactive isotopes exist on the Atoll as a result of the 

various test series, but the health hazards they produce are insigni- 

ficant compared to cesium-137, strontium-90, and plutonium-239 and 

furthermore are insignificant on the bases of any of the several existing 

guidelines for safe radiological conditions for the general public. 

These less important isotopes resulted from the following processes 

during 

l 

a 

the tests: 

Other fission product isotopes resulting from nuclear explosions. 

Isotopes resulting from capture of neutrons by other ma’terials 

nearby the nuclear explosive during the instant of explosion, for 

example iron-55 from neutron capture iron in towers, barges, and 

containers pf the nuclkr explosive and carbon-14 from neutron 

capture in carbon found in the natural surroundings. 

1 
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l Other radioactive nuclear explosives tllat were unconsumed in lJILl 

nuclear cxJ)losion, for esamplc uranium-235. 

Fn 1 Ior! t C~~T::D~S i. t ion . --_-_a..._- 

The phJrsica1 dimensions 2nd tl~cl chemical composition 0i these radio- 

active particl.cs from the tests (Freiling, 1.965) depend upon lrhere the 

nuclear explosion occurred. In psrticular, the composition differs if 

the test was over land composed to tests either over water or under 

water (Glasstone, 1964, and Jleft, 1970). The fireballs from nuclear 

explosions over ground suck up vast quantities of soil and other materials. 

Due to the high temperature, these rise as a vapor in the fireball and 

cloud. The fission products are initially also vapors and these condense 

onto both solid and molten soil parti.cles resulting from cooling and 

condens inz. 
. 

1)~Jrlllg the cco!. ing , the more refractory (higher vaporiza- 

tion temperature) materials condense first. For example, fission products 

that are gaseous or have gaseous progcnitors,or precursors, (parent 

element before beta-particle decay transmutation into a daughter element) 

adhere or are incorporated lastto the fallout particles during these 

processes. 

In general, this selective attachment of radioactive atoms to 

fallout material is called “fractionation.” The occurrence of frac- 

tionation is shown, for example, by the fact that in a land surface 

burst the larger particles, which fall out of the cloud at early times 

and are found near ground zero, have radiological properties different 

from the smaller particles that leave the radioactive cloud at later 

w 

4 
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times ;rnd reach the ground some dist;lnce downwind. These more distant 

- 

p;irticl es tpnJ t-o have r:!ore cesium (daughter of gaseous xenon) and 

,. 

Strc)ilti,tln (dnugiltcr of gascorls krypton) relative to other fission product 
. 

act,i.vi t its than do the heavier, and tl111.s nearby, particles. Thus, 

the rather ier.:r surface expiosions at Eni.wctok Atoll tended through 

fractionation to result in the amounts of cesium-137 and strontium-90 

dcpositcd on the test island and nearby islands being less relative to 

other fission products than the amounts produced by fission in the 

An esample of this fractionation is provided by analyses of the 

particles in the cloud from the La Crosse test (Nathans, 1970): La 
? 

Crosse was a coral surface burst of about 40 kilotons on Runit Island. 

2.6 hours after the event. The specific activity (the radioactive 

disentcgrations per unit time and per unit weight of the particle) 

was found to increase with decreasing particle size by the following 

factors when the largest particle of 50-microns diameter is compared 

with a smaller g-micron diameter particle. (Little variation was 

found in specific activities between the smaller particle sizes ranging 

between 0.5 and 13 microns.) 

Radionuclide 
Specific Activity for 9 microns 
Specific Activity for 50 microns 

strontium-90 296 1 

f 
promethium-147 229 9 

;i 
.a 

uranium 



Eot’i~ promcthi.um (and j ts progenitors) and uranium have higher 

tcmpcrntures of condensation than the case for strontium and its 

progcnitoi:s . Thus, ~hc fractjonnt:i.cn observed for strontium and 
. 

c 

uranium 3re unde.rstandzble, while promethium might be an example _. 
. 

of one smp1.c~ not being reprcscntativc. 

The radioactivity of interest at Eniwctolc Atoll is, however, 

primarily local fallout rather than the cloud properties detailed 

ct 

above. The local fallout is largely from larger particles. A 
a 

k 
semiempirical model. (Freiling, 1970) for land-surface explosions takes 

this into account in predicting the local fallout compared to world- 

wide and intermediate-distance fallout. (‘The local fraction ,_i.s con- 

sidered to be from particles greater than 50-microns in diameter, the L 

intermediate fraction from 25- to 50-microns particles, and the world- 

wide LLCLIC_U.. from less than 2%micron particies. j Fr-*f-inn The percentage 

of the total radioactivity of a particular radionuclude that deposits 

in local fallout from these land surface bursts is estimated to be 

Percentage in 
Radionuclides Local Fallout 

ccsium-137 and strontium-89 10 

strontium-90 15 

barium- 140 and lanthanum- 140 25 

c 

tellerium-132 

zincronium-90, niobium-89, 

molybdium-99 and plutonium-239 

” 

6 

25 

65 
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On the other hand, fractionation is usually much less from large 

- 

explosions at or near the surface of the sea. In these cases, the 
r 

condensed particles are sen-water salts and eater. Condensation is 
. 

late because cooling to 100°C or less is required for condensation, 

and even then the small size of the droplets allows escape of the 

radioactive gases. Much less variation then occurs in the composition 

of the radioactive fallout as a function of distance from these 

explosions near water, Thus, the most frequent form of testing at 

Eniwetok Atoll by means of surface barges in the lagoon just off islands 

tended not to result in depletion of particular fission products in the . . 

fallout on the local Eniwetok Islands. In particular, cesium-137 and ’ 

strontium-90 are expected to be depleted much less in these local fall- 

An example of this reduction in fractionation for barge tests 

is provided by samples of the radioactive cloud from the Tewa test 

at Bikini Atoll.. Tewa was 5 megatons, and the sample analyzed was 

taken at 16,000 metersat 2.2 hours after the event (Nathans, 1970). 

Radionuclide 

strontium-90 

promethium- 147 

uranium 

Specific Activitv for 8.2 microns 
Specific Activity for 41 microns 

11 

13 

5 

Leaving aside the dependence of fractionation upon particle size, 

an analysis has been made of fractionation for all particle sizes. 

(Freiling, 1961). These res<lts also show relatively little strontium-30 

and ccsium-137 in the particles, consistent with the arguments above. 



In fact, t1li.s study shows a definite relation between a radionuclide 

retention that increases (a fractionation that. decreases) with increasing 

fraction of the time that the progenator, or precursor, elements are 
. 

reiractory, i.e., fra.ction of thc~ time they are not halogens, rare 

g3sC!s, alkali metals, or tellurium. l’hcsci results involving all particle * 

sizes are shown qualitatively to apply for several test conditions 

including coral surface bursts and shallow-water surface bursts. 

However, we emphasize that for Ilniwetok the local fallout is of 

interest rather than these overall conditions for both local and remote 

fallout. BEST AVAltABbE COPY % 
The percentage of the total radioactivity of the explosion 

residues from 

out is called 

radioactivity 

all radionuclides that is present in the early fall- 

on islands and lagoon of the Atoll. For water surface 

explosions, the value is in the neighborhood of 30 percent. However, 

for land surface explosions the “early fraction fallout” is higher, 

with estimates rangin’g from 50 to 70 percent. Variations in environ- 

mental and meteorological conditions would result in variations in 

these fractions of local fallout (Glasstone, 1964, p. 437). 

We now consider the composition of fallout particles from surface 

explosions on the coral of the Atoll. Fresh coral debris is,largely 

CaO and Ca(OH)z (Cracker, et al,, 1965) The calcium oside particles 

from the surface have different radiologi.cal and structural properties 

depending on whether or not they were melted in the fireball from the 

nuclear explosion (Lowman, 19C0, p. 107). 
.- 

8 . 
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Unmelted calcium oxide particles can logically be expected not 

- 

to have been i.n the hotter portions of the fireball. They then 
. 

retain both their irreguI.ar shape and their porous structure. Frac- 
\ 

tionation effects result in relatively more of the radionuclidcs 

that are volatile or rr!lose progcnators are volatile depositing on 

these cooler, and consequently umeited, particles than on the 

hotter melted particles. 

On the other hand the 
I 

formed from melted calcium 

ball. These then lose the 

spherical particles of calcium oxide are 

oxide in the hotter portions of the fire- 

porous structure of unmelted particles, 
. . 

with the result that hydration in the particles of melted origin ! 

proceeds at a much slower rate. These spherical particles can logi- 

m..ll.. I., 
-----, __ c...-.."Cr.d +-s f.n-.c-zr ...Ar:^ T-<t=~.Cc:"C _l,qL.e:.y (-2 >=t>_ _&_C_c..r_, '~LC.-__-__ _.._L_.___. _.C _ _&. ____^_ __.. -_--_- 

material and fission products since more of these vapors would have 

been in contact with the molten calcium oxide. 

Particle Sizes 

Fallout particles range in size from particles smaller than fine 

sand, i.e., approximately 100 microns in diameter, in the more distant 

portions of the fallout area to pieces about the size of marbles, i.e., 

roughly 1 cm in diameter, close to the point of the explosion, (Glasstone, 

1964, p. 41). For ground surface bursts, the distribution in the size 

of the fallout particles is lognormal (normal or Gaussian distribution 

law with the logarithm of the particle diameter as the variable) with 

mass medians in the order ‘01 100 microns and wi.th logarithmic standard 

9 



- 

deviations of 1.G8 to 1.98 (Nathzns, Thcws, ;-:nd Russell, 1.370). With 

the larger particles thus dcpositcd as local fallout, sm;~ll.er particles 
c 

remain in the cloud. @IX cloud 1 .fi hours after a megaton range of 
. 

esplosion ;!t the surface of a coral island W.PIS found to have a particle 

size dist.r-%bution made up of two lognormn I franc tions , the larger particle 

group beill?, dominant i.ii abundance. Kinty-one percent of the particles 

were in the larger group, which was centered around 37 microns in 

diameter , and nine percent were in the smaller group centered around 

2.9 microns in diameter (Jkft, 1370, p. 264). 

.The Bravo test at Eiltini Atoll in 1954 produced fallout whose 
. . 

. 

size and composition was studied (Suito, 1956). The test was a I 

15-megaton surface explosion. ‘Ike fallout on the Japanese fishing 

vessel Fukuru Maru cons.isted of calcite VTRTIII~P~ nf ~~nrnv;m~+~l; 

300-microns in diameter with sizes ranging mostly between 100 and 

400 microns. 

As is expected, for subsurface bursts the particle sizes of 

local fallout are agaiv found to be larger than the particle sizes of 

the cloud. This was true even for one particular measurement for which 

the cloud was sampled at the early time of only 15 minutes after the 

nuclear explosion. Again, lognormal distribtuions of sizes were 

observed, the dominant part of the distribution in the early cloud 

centered around 18-micron diameter. In contrast, the local fallout 

particles centered around 290-micron diameter (Heft, 1970, p. 271). 

For nuclear explosions in the air, the cloud does not contain 
” 

surface m:itcrials. Essentially all particles then consist of metal 

. . 
* 

10 
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oxide spheres produced from vapor condensation of structural material 

used to make the nuclear explosive (Croclcer, et al. , 1965. Radio- 

nuclides of refractory elements tend to be in the larger particles, ’ 

while radionuclides of volatile elements tend to be th’c smaller particles. 

The particles tend to be of suhnicron size, and so even local fallout 

is similar in composition to world\*?ide fallout from tiny tests (Heft, 

1970, p. 274). 

Weathering 

The radioactivity of the fallout remaining on the islands will 

decrease not only from the natural radioactive decay, but also from 

weathering effects. Wind can transfer surface deposits of fgllout 
! 

from one location to another. However, after 15 years of this action 

at Eniwetok Atoll, a significant decrease in radioactivity or reposi- 

tics+ of radioactivity seems uniikely henceforth to result from 

wind effects. 

Furthermore, rain can wash the water soluble or loosely adhering 

radionuclides to deeper depths in the soil, from which depths the soil 

above would provide some radiation shielding protection for persons 

being exposed, The amount of this raineform of weathering, called 

leaching, depends upon the chemical and structural properties of 

the fallout particles as well as on climate conditions (Cracker, 

et al., 1965). Typically, leaching alone would halve the radioactivity 

over a period of years (Glasstone, 1964, p. 458). For Eniwetok Atoll, 

the future decrease of radioactivity by leaching is difficult to estimate 

11 
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even rough1.y in view of tllc variations ni’ conditions under which nuclear 

explosion tests \G;ere conducted and in vi?;/ of the Long period of natural 

weathering since that time. Some laboratory mcasurcmcnts exist for 
,. 

leaching of cesium from wedron sand, r,.!hich of course is qot the same . . 

as coral. For thermal trentl::snt at 12OO”C, 1ri1ic.h is certainly encountered 

in fireballs and clouds from nucl.ear tests, the time for leaching to 

halve tllc cesium is initially about four years; for treatment at 20°C 

it is about two years (Lane, 1970). After the 15 years at weathering 

at Eniwetok Atoll, certainly the easily leached radionuclides have 

been removed, and so the time for halving by leaching is probably 

much higher than the few years observed in these laboratory exgeri- 
are 

ment s . Thus, leaching and weathering / not very likely to significantly ! 

hasten the decay of 

iiowever , .,,f,, wedtLe* J.&r5 

upon many variables 

radioactivi.ty beyond the nuclear decay times. 

prOCXSCCS x-c knorsn to he complex and to depend 

(Cracker, 1965). 

- Distri.bution of Fallout in Water 
i 

The distribution of radioactive contamination in the sea after 

having been deposited by fallout is largely determined in horizontal 

distances by oceanographic effects and in depth by gravity. Distri- 

t 

.- 
bution is altered to a much lower extent by the movement of organisms 7’ 

in and out of the contaminated area (Loknnan, 1960). 

The horizontal, or geographical, spreading is probably determined 

primarily by ocean currents, although other factors in the horizontal 

i 
dispersion are surface winds, currents, and horizontal density gradients. 

, f 



‘ihi: c!cj:th distribution of fallout dcp;nds greatly upon the 

thermoc 1 inc , whi.ch is the layer of i,jater between the oarmcr, surface 

c 
zone and the colder, deep-\:latcr zone in a thermally stratified body 

. 
of water. The $,{r;::ocline is co~lscquc~ntl; n l,?yer with a large tempera- 

- 7’. ,_I. .A’ 
ture gradient with depth. In 1.!lio .area ofr,l:ni.wetok Atoll, the surface 

. 

layer is less than 100 meters thick. Because the temperature is 

fairly uniform througllout this upper layer, m!‘.xing in this layer 

requires only small amoun.ts of energy and should occur easily. In 

contrast, transfer of materials across the thcrmocline layer by turbu- 

lent diffusion is much slower since the. thcrmocline is a layer of high 

stability. BEST AVAlLA uz ~~~~ ‘- 
In studies during the 1958 test series at Eniwetok Atoll,analyses 

colloidal-soluble matter. The particulate fraction was considered in 

these studies to be greater than 0.45 microns and the colloid-solubie 

fraction was considered to be smaller. At 48 hours after the nuclear 

explosion, the major part of the total radioactivity was concentrated 

at the loo-meter depth of the upper edge of the thermocline. Logically, 

the particulate matter would be expected to sink much more rapidly. 

This was confirmed by observations up to six-weeks later, all of which 

showed that the colloid-soluble fraction was always on order of 

magnitude greater in the surface zone than the particulate fraction. 

At the 400-meter greatest depth observed, the particulate fraction 

increased in time from being an order of magnitude less until it I 

approached the cdlloid-soluble fraction in magnitude at the end of 

. . 
this six-weeks period. 

e 
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These consi.(lcrnt ivns nboul; the thi;i*c~ticli.ne arc not expected to 

apply to the lag(.):>!1 at Eniwetolc Atol 1 s ilIce the GO- meter mriximum depth 

of the lagoon #is stlallorwr than the l(lO-meter cleptll of the tllcrmocline. 

The results cited above indicate that ~1 tl:ough tllc partkulatc matter’ 

13a 
c 



from the fallout probltbly settled to the bottom of the lagoon within 

weeks after the nuclear explosion, it certainly would have settled to the 

bottom by noTj. During the past 15 years, much of the colloid-soluab1.e 

fallout material could be expected to have passed out 13 the open 

ocean. 

Ear1.y Time Radioactivity Ncasurcments 

The early time radiations at Eniwetok Atoll during the tests are 

now only a matter of historical i.ntcrest because their effects have 

long since passed in importance; howver, a short review is included 

here for completeness, 

/ 
I 

I 
. . 

The prompt neutrons and gamma rays are emitted well within a I 

second following the explosion. This is sometimes called the initial 

radiation. As noted aoove, the induced aciiVi.t;ed I~X&LCZE: by thcstl 

prompt neutrons are now only a minor consideration in the radiological 

condition of the Atoll. 

Following the initial radiation is the fallout radiation. However, 

some time is involved before this local fallout reaches its maximum, 

a maximum resulting from radioactivity decreasing with time as seen 

in Figure 1 (labeled as Fig 9.16b) as a result of nuclear decay 

(Glasstone, 1964, p. 420) being offset initially by the delay until 

fallout reaches the ground (Glasstone, 1964, p. 454). The mean 

arrival time of early fallout at Eniwetok Atoll in the test ‘series 

has been observed to be roughly 30 minutes for explosions in the 

megaton range. This time.applies for upwind fallout and results from 

14 
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base 
the fact that the broad / of the radioactive cloud is generally 

stabilized at the altitude of the tropopausc, which is about 55,000 

feet in this area. 

For the kiloton range of explosions, the lower clo_ud heights 

result in fallout coning to earth sooner and at closer distances to 

the point of the explosion. Although the overall area recieving 

fallout containation is less than for megaton explosions, this local 

concentration results in downwind radioactivities that can be of the 

same order of magnitude as the explosions in the magnton range (Glasstone, 

1964, p. 457). 

The Test Mike had unusually large yield and produced significant 

! 
amounts of radioactivity, and so we review the early time radiation 

from this test (Klein, 1958). Figure 2 (labeled Fig 6 on the copy) 

shows the maximum activity was reached at about one iloltr after the 

explosion and that the peak activity recorded on Engebi was l()O@R/hr 

(Roentgens per hour). The quantity of fallout at crosswind and down- 

wind positions varied from over 20 g/ft2 at 4 miles to essentially 

zero at approximately 15 miles (Heidt et al., 1953, p. 41). 

Although measured at times past the peak of radioactivity, 
were 

measurements / recorded for the four-hour time after the nuclear 
, 

explosion for seventeen of the most recent nuclear explosions, namely 

those in the Hardtack I series (Jacks and Zimmerman, 1958). 
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Following are some of the rccordcd radioactivities (or lack 

of radioactivitics) wi.th the numbers indicating R/hr on that island: 

Te p t X?ix! rl-.--.-. 

Cactus 

Butternut 

Koa 

Holly 

Yello\nJood 

Magnolia 

Tobacco 

Rose 

.._,,_..& ,,llr..-- 

Linden 

Elder 

Oak 

Seguoia 

Dogwood 

Pisonia 

Olive 

Pine 

Test T,ocation . _,---_ 

Yv onne 

B:irge off Yvonne 

Gene 

Earge off Yvonne 

Barge off Janet 

Barge off Yvonne 

Barge off Jnnet 

Barge off Yvonne 

Bzrgc off ??%?t- 

Barge off Yvonne 

Barge off Janet 

Barge off NW reef 

Barge off Yvonne 

Barge off Janet 

Barge off Yvonne 

Barge off Janet 

Barge off Janet 

.- 

The decay histories on Figures 1 

Radjoa.ctivi.ties c 

Alice 0; Vcra.0; Central Yvonne 1.5; 
Sout.!l Yvonne 0 

Alice 0.3; Belle 0.01; Wilma 0; Leroy 0.04 a 

Alice 40; Janet 14; Mary 2.1; Leroy 0.04 

Alice 0.2; Helen 0.9; Janet 0.2; 
Yvonnc '4.4; Leroy 0.01 

Alice 100; Belle 120; Janet 0.1; Mary 0.02 

Wilma 0; Yvonnc 7; Leroy 25 

Alice 4; Belle 80; Helen 5> Janet 38; 
Mary 0.01 

I 

Wilma 0; Yvonne 0.2; Leroy 0.3 

A!& 4.2; Edna 17; .Tanet 0.8: Marv 0.04 

Alice 0.3; Belle 0.2; Janet 0.02 

Alice 1.4; Belle 0.6; Janet 0.4;.Leroy 0.04 

Reef at gnd,zero 900; Alice 0.3; Helen 0.05 

Wilma 0; Runit 0.4; Leroy 0.07 

Alice 2.9; Belle 5; Janet 0.4; Leroy 0.02 

Alice 0.2; Yvonne 0; Leroy 0.02 

Alice 0.2; Gene 6; Janet 0.9; Wilma 0 

Alice 0.1; Helen 2; Janet 0.3; Leroy 0.02 

and 2 indicate that the peak radioactivities 

might have been a factor of two higher than these radioactivities 

four hours after the explosion. 
BEST ~W~~~~~~~ 6QPY 
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Among the islands listed, Alice is the most westerly of the 

- 

northern islands and Leroy is the most westerly of the southern 

islands. Thus Alice, along with Cellc and Clara, are generally .’ 
. 

downwind from the northc:rly island Janet, the location of many tests, 

The early- time fallout on these westerly islands from tests at Janet 

can be seen in the table above. On the other hand, Yvonne is on the 

eastern side of the Atoll, about midi:ay in the north-south direction, 

The other side of the Atoll, in the prevailing downwind direction, is 

largely a reef, with Alice to the north and Leroy to the south. 

table shows that the early fallout of 

other of these islands. 

significance was on one,.or 

The 

the 

I 

Sea-Based Surveys 

Much of the information on rad io logical conditions in the oceanic 

areas around the Bikini and Eniwetok Atolls and in the lagoons has been 

obtained from repeated surveys by the Applied Fisheries Laboratory of the 

University of Washington (Hines, 1962). 

In June 1946 before the first tests at Bikini Atoll, almost two 

thousand fish were taken at Bikini as controls to ascertain the normal 

Bikini fish population. Between Able and Baker tests and after these 

tests similar numbers of fish in this vicinity were collected to study 

radioactivities (Hines, 1962, p, 44). In September 1946 ‘migra.tory fish 

caught at nearly atolls were found not to have detectable radioactivity 

(Hines, 1962, p. 49). 
I 

Resurveys were conducted in 1947 and 1948 with scientific representa- 

,,_ tion broadened to other military, governmental, and institutional 

t 

* 
t ’ 
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represeilt<*t.ives as R concluding phase of ‘Operations Crossroads tests at 

Bikini i\toll , In 1947 collections ~:erc mzde in Bikini Atoll and in the 

oceanic area in tllc direction of the Able test fallout.’ About six 

thousand szmplcs were collected (Hines, 1962, p, 65). A smaller survey 

by the Applied Fisheries Lnborriitory studied both Bikini and Eniweto!c 

Atolls in 1948 (Hines, 1962, p. 24)) with the July 1948 survey following 

the April and May test-s of Operation Sandstone, Samples of fish, algae, 

invertebrates, and plankton were taken. In general, the Eniwetok results 

of 1948 were that low-level aquatic radiation was present generally as 

expected across the Atoll. The Applied Fisheries Laboratory curveyC of 
! 

1949 included samplings at the uncontaminated “control” Atoll of Likiep. 

The Eniwetok survey in August also made observations of plants on shore. 

Prior to the thermonuclear test Mike on Eniwetok Atoll on 31 October 

1952, the Applied Fisheries Laboratory made preliminary collections at 

Eniwetok (Hines, 1962, p. 137), usually on the lagoon side. Between 

3 and 8 November after this large test, samples were taken from southern , 

islands progressively to the northern islands. Also, rat traps at Rojoa 

Island were collected. On Engebi on 8 November, the radiation was 2 to 

2.5 R/hr, no living 

remained. Plankton 

minute and per gram 

at that time. Fish 

animals were seen, and only stumps of vegetation 

had a radioactivity of 140,000 disintegrations per 

(d/min*g) and algae had as high as S’million d/min*g 

in the vicinity of Engebi had a factor of 400 increase 

in activity after the test with 340,000 d/min*g. 

e 

.’ 
18 



The fhc~n~onuclcar tests of hiike on Eniwetok Atoll in 1952 and 

----_ the activity at some locations was present down to several hundred meters 

particrllarly the LZravo test on Ilikini Atoll. on 25 February 1954 shnrp1.y 

incrcas?tl the radioactive fallout in the surrounding oceanic areas in * 

1954. To neasurc t?li.s, the Japanese survey ship Shunkotsu-Maru during 

I:sy and Ju!\i: 01 195.‘I made stvcral traverses of the Pacific currents to 

dctermi.I:c the amounts of radionctivity present in sea water and marine 

life (Fines, 1962, p. 18%; and $!iyakc et al, 1955). The technique of 

precipitation used by this Japanese expedition eliminated natural potassium-40 

and also eliminated some fission products such as 

ruthenium and niobium. Nevertheless, the maximum 

water was about 91,000 di.sintegrations per minute 

cesium and some of the 

activity found in sea 
. 

and per liter on r 
? 

21 June 1954 at 450 kilometers west of Bikini. Over 1,000 disintegrations 

Bikini. The Japanese found this activity largely to be in solution, since 

it passed through a fine filter paper. Samples taken with depth showed 

depth. BEST AVAILA 

Less than a year later, the United States sent a survey ship, the 

U.S. Coast Guard cutter Taney, also to collect radioactivity samples 

(Harley, 1956; and Hines, 1962, p. 201). The survey was from 7 March 1955 

until 3 May 1955. As with the Japanese survey, potassium and, cesium were 

not precipitated in the samples counted, and the ruthenium, .niobium, and 

promethium were only partly precipitated. Water activity at zero to 
I 

570 disintegrations per minute and per liter was far less than observed 

by the Japanese in the previous year. Plankton activity was 3 to 
\- 

140 d/min.g), while the highest activity for fish was 3.5 d/min*g for 
_ 

i 

I 
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ash of tuna. ‘f1li.s was less than one percent of the permissible level at 

that time. Although the act.ivitic s were too 1.0~ for accurate radio- ,. 

chemical analysts, the strontilml-90 I.evcls in the edible portions of’ 

fish were less than two percent of tilt permissible level at that time. 

For these open ocean surveys, the radioactivity in fish was less 

by factors of 10 or more than for fish at Eniwetok or Bikini Atolls, but 

was several to many times as much as for fish from Puget Sound, an area 

then considered to be free from fission product contamination. 

The next oceanic survey was conducted during June and September 1956 

during the Redwing series. The cruise zig-zagged west of Bikini Atoll and 

Eniwetok Atoll to collect plankton samples (Hines, 1962, p. 223; and ’ 

Lowman, 1958). The fallout was found not to have penetrated the surf ace 

layer. Since megaton explosions had occurred at Bikini Atoii, radioactivity 

was high. Although the greatest radioactivity found for plankton was 

1.2 million d/min*g north of Bikini, the minimum level of 1,300 d/min*g 
- 

was almost as high as the maximum level recorded in Operation Troll in 

1955. Another cruise on the ship Marsh acted as a sequel to the 

Shunkotsu-Maru by covering approximately the same sea area in attempting 

to follow the Redwing contamination in September 1956. At these later 

times after nuclear explosions and at these greater distances, the 

radioactivity in plankton was lower. The maximum was 21,000 d/min*g 

eighty miles north of Eniwetok. 

I For Operation Hardtack in 1958, the U.S.S. Rehoboth was used for 

radioactivity observations (Hines, 1962, p. 275). Plankton radioactivity 
! 

/ - 

was as high as 32 million d/min*g following the Wahoo underwater explosion 

i 

on the ocean side at the south of Eni\rciok Atoll. Fish, shrimp, and 

I 

I. 
20: 
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squid \qcre al.so rc+dioactivc the day after this underwater test. Data 

of radioactivity in planlcton and ~:i:ter VIC~C also takctn following the *. 

Unbrclla test underwater in the Eniwctok lagoon. At abput the end of the 

Uardtaclc test series, two otllcr ships, the Collctt and Silvcrstein started 

a local-area survey and a cruise to Guam, rcspecti.vely (Hines, 19G2, 

p. 285). Plankton ra.dioactivity was as high as 39,000 d/min*g as found 

110 miles northeast of Guam on 7 September. 

Land-Based Ear 1 ier Surveys 

As seen by tile above summary, expeditions were made to one or both 

of the Eniwetok and Bikini Atolls in 1947, 1948, 1949, 1951, i952, 1954, 

1955, 1956, and 1958 to study biological effects of the detonations. 

However, these were primarily to study marine effects. Thus relatively 

less was done in these sea-based studies in following the residual 

radioactivity on land and in plants and animals, although some of these 

expeditions did make land observations. Of course, during each test 

operation extensive measurements of fallout radioactivity and instantaneous 

radioactivity were made at the time of each test and generally for the 

months involved in the duration of the test series. 

Studies were made on Bell (Bogombogo) Island in 1954 following the 

13 March 1954 Nectar test during Operation Castle. This was a barge test 

located over the Nike crater 2.3 miles to the northeast of this island. 

The external radiation was found to decrease from 1000 mR/hr on 15 May 1954 

two days after the test to 1 mR/hr on 21 March 1955 almost one year after 
” 

the test. Essentially all the damage to land plants could be attributed 

+. to heat and blast, although possibly some could be attributed to radiation 
- 

effects (Palumbo, 1962). Observations were made of land hermit crabs, 
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Coenobita p^rlntus fro!!) this island. --- . ..-_- 9 Collections were made at approxi- 

mately daily intervals commencing with the third day fol.lo:\ring the kctar 

test until the ninth day and thercatter at lengthened intervals until 

nppro~imate ly month1 y intervals. Sampling continued until about two 

years after the test:. Strontium-89 and -90 were detected in the esoskcletons 

and other parts of the crab. The amount in the exoskeletons remained at 

a nearly constant level, escepting nuclear decay. Levels of activity, 

three days after the Nectar test were a high of 5 million d/min*g in the 

gut, but at the end of the two years were typically about 1.0 thousand 

d/min*g (Held, 1960). 
i 

. . 

The first large-s tale land-based study of residual radioactivity was 

in 1964 by the Laboratory of Radiation Biology of the University of 

This was eight years after the last test in this area of the world, and 

so allowed observation of long-term effects of nuclear detonations 

(Welander et al, 19G6). Hundreds of specimens of a broad range of 

organisms were collected for radioanalyses and later evaluation at the 

External radioactivity was measured by beta-gamma survey meters at 

three feet above ground level. Following are some of the observations: 

External Radiation in mR/hr 

Is land Average 

Runit (Yvonne) 0.13 
Rigili (Leroy) 0.04 
Eogonl~o.go (Belle) v 0.80 
Engcbi (Janet) 0.22 

Ilaximum 

1.0 (Near craters at north) 

? \ 0.23 
0.70 
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In the extensive results frcrn thcsc 13G4 sltrveys, the radioactivity was 

found grknerally to hc somewhat greater in the plants and marine li.fe 

on Biki.ni Atoll th?.n on Eniv:ctok Atoll. Furthcrmorc, radioactivity in 

the vicinity of previous nuclear tests :~iis greater than on islands remote 

from tests (Welander, 19G7), (Bcaslcy and Held, 1369), (Beasley and Held, 

1971). 

The next extensive land-based survey was conducted by the Air Force 

Weapons Laboratory in July 1971 (E. L. Kinsey, 1973). The following islands 

were surveyed : Bogariik, Bogon (Irene), Engebi (Janet), Eberira , 

Aomon (Sally), Bii jiri (Tilda), Rojoa (Ursula), and Runit (Yvonne). 
. . 

In general, the measured exposure rates were 0.002 mR/hr to 1.2 mR/hr, + 

the latter at the lip of Cactus crater on Runit. On Runit, readings of 

beta- and gamma-ray activity were taken everv 50 feet alon: fnar equal?_;- 

spaced traverses of the island, one 4,200 feet long. On Aomon the highest 

,reading was 0.035 nR/hr, with an average of 0.015 mR/hr. 

In early May 1972 a team composed of Atomic Energy Commission and 

Environmental Protection Agency specialists conducted a brief radiological 

survey of Runit Island (Kinsey, 1973). During the course of this survey, 

the AEC representative recommended to SANTEC, the custodian of the Atoll, 

that this island be quarantined until a more detailed radiological survey 

could be made of the plutonium contamination on the ground at about the 

‘tiaist” of this long island and more could be learned about the,disposition 

of radiological materials a.nd debris left from the previous nuclear test. 

Following a meeting at AEC in Gcrmzntown, Maryland, on 30 June 1972, 

about this precautionary quarantine situation, a survey team from the 

GC and the Department of Defense, along with the support from EPA, 
. 
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_/ _. 

. 

conducted a survey of Runit Island in Nay 1972. Both beta-gamma survey 

meters and Fiddler mztcrs (for plutonium detection, by means of 
I 

americ>m-2.‘+1 content) Txrc used, the former for bcta- and gamma-ray ‘. 

detection and the latter for plutonium detection. Ncasu~ements were made 

on lo-foot grids. Soil samples were taken for plutonium analysis in 

laboratories in the U.S. Air samplers were used to test for plutonium 

in the dust. Generally , these air samplers showed no detectable activity, ; 

but did record as high as 0.24 d/min*meter of alpha particle activity and i 
1 

28.4 d/mine meter of beta-gamma activity. Urine samples of full-time 1 

workers in the area never showed alpha-particle activities larger than 

1 

I . 

a very small fraction of tolerance (Kinsey, 1973). As a consequence of i L 

these findings, the precautionary quarantine on Runit was lifted on 

7 

_I___- 
+thaut PW rnrrectivc actions needed for the island. . 

- 
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