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= PREFACE

This report is based on official documents of Operation Crossroads.
Most of them are those of the late Colonel Staffcrd L. Warren who was the
Chief of the Radiological Safety Section during Operation Crossroads.

He had donated the declassified (formerly secret and top secret) papers
to the lii:rary of the University of California, Los Angeles. Anthony |
and Mary Guarisco painstakingly went through them, sifted them and .

made copies available to us. Wii:.hout their initiative, insight and
work, this report would not have been possible. Walden Bello also pro-~
vided some useful materials.

Dr. Karl Z. Morgan reviewed it and, as a scientist who was present
at Operation Crosszroads, provided many useful comments, insights and
details. E. Cooper Brown, ‘Glenn Alcalay and XKathleen Tucker also gave
us useful comments and editorial help. Besides reviewing it, Beob Alvarez
also arranged for us to work on this as a joint project. Lewis Wood and

Diana Kohn typed it. We thank them all.



- Chapter I
Summarv and Conclusions

"Col. Fields said that Gen. Groves (the director
of the Manhattan Project which made the first
atomic bombs] is very much afraid of claims being
instituted by men who participated in the Bikini
tests.”

Decontamination Repert

The official documents of Operation Crossrocads, which consisted of
two atomic bomb tests, show that it was conducted in a manner which was
grossly negligent regarding radiclogical safety for the 42,000 people who
witnessed it. Conditions were particularly bad in regard to the second
atomic test, named ”ﬁakér," on July 25, 1946.7

‘Test Baker was to be the first ever underwater explosion. Conditionms
were therefore particularly uncertain. The.Radiological Safety Section
had predicted that if the radica_ctive "column” £rom the explosion did not
rise more than 10,000 feet -— as was in fact the case -- that radiolecgical
conditions would be "extremely serious."” It was further predicted that
the radicactive spray would utterly contaminate the target ships which
"may remain dangerous for an indeterminable t:i.mc. thereafter.” .

The camnanders responsible for the tests paid little heed. "Since
the nature and extent of the contamination was completely unexpected,”
states the Decontamination Report written afterwards, "no plans had been

prepared for organized demontamination measurss.” The documents confirm

*This report evaluatss conditions on and after July 2S, 1946, since
the documents we have relata to that period. Most of them came from the
papers of Col. Stafford L. Warren, a physician, who was the Chief of the
Radiological Safety Section at Operation Crossroads.
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that a cavalier attitude toward safety prevailed among many of the officers
who "insisted on the blind ‘hairy-chested' approach to the matter (of radio-
logical safety] with a disdain for the unseen hazard," according to Capt.
Lyon of the Radiclogical Safety Section.

Test Baker sent up a million-ton column of radicactive water, spray
and steam about 6,000 feet high which came raining down on Bikini lagoon
and the target ships, irrevocably contaminating almost all of them with
the products of atomic fission and with plutonium, considered then as "the
nost poisoncus chemical known."

On the very day of Test Baker, men were sent into the radicactive

lagoon and the beaches to measure radicactivity and retrieve instruments.

Within three days, they were alsc sent on highly radicactive ships to . —- -

measure radiation and to retrieve equipment, instruments and experimental

animals."All the no;-target ships on which the men lived and worked were
moved into the radiocactive lagoon (scme as early as the day of the test
itself), and subsecquently became contaminated. This action occurred in
spita of Col. Warren's warning of "the possibility of an indirect hazard
due to the concentration of radicactive products...”

Decontamination efforts we?a started on intensely radicactive ships
even though "no one as yet know how to decontaminate"” a ship. The
Department of Defense exposed about two hundred ships to contamination at
Bikini, thousands of miles away from substantial port facilities, without
ever attempting to experimentally'contaminate and then decontaminate a
single shipf In spite of this admitted ignorancs, men were exposed to
the extreme dangers of attempting to decontaminate the target ships -— a
futile effort which eventually had to be abandoned becausa of severe

radiation hazards, and many of the ships were eventually sunk.
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The operation subjected the personnel to large, and in some cases,
increasing radioclogical dangers. Col. Warren noted that “contaminaticon
of perscnnel clothing, hands and even fcod can be demonstrated readily in

every ship...in increasing amounts day by day.” (Emphasis added)

There was a "widespresad presence of an alpha emitter Eplutonium] in
the ta;ge: area.™ Yet, "no alpha detectors for general field use were
available."™ Little protection frem inhalation or ingestion of this most
deadly chemical was given to the men. Yet after shot Baker it was present
on the ships' surfaces, in the evapcrators, in the spray and mist which
resulted from cleaning the target ships. Similar dangers existed with
respact to the fission products.

Even in the case of gamma radiation (which is like X-rays), the rad-
iatj:;ﬁ-lévels on the ships varied considerably and were intense in many
piaée‘s.' Mérely "lingering"” in a place with high radiation for a fe;'_u;iﬁuies
could cause a dese ten timés the daily "tolerance"” limit.

As a result, it was common for men to be exposed over the daily
*+olerance” -limits. Men who slept aboard scme target ships like the New
York could have received 20 times the "tolerance” limit of 0.l roentgen
per day during a night. Lingering in a "hot-spot” whose locations ware
often unpradictable could cause the daily exposure limit to be reached in
45 seconds. Col. Warren found it "exceedingly conmon" that beta radiation
doses to hands were above standard and "not infrequent” that they bordered
on the cry'ch-na. dose of 300 rads. We must nots here that even the "tol-
erance" dose was very high by today's standards. According to Dr. Warren,.
the intermediate dose calculation on which it was based was "pure guess.”

As a result, these limits for industry were repeatedly lowered so that
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they a:g_:oday about one sixth of the value adopted then (on an annual
basis). The "tolerance”™ limits at Bikini were more than 5,000 times the
allowable limit of S millirems per year set by the Nuclear Regulatory
Commission for nuclear pocwer plant neighbors.

vA great many men did not wear £ilm baéges -- the minimal equipment
required to measure gamma radiation. The instruments available to the
radiation safety monitbrs were “experimental,” many of which "all too often
failed to work entirely,” and when they did were often "erratic" and
"misleading.” "I am not an alarmist, Dr. Warren," wrote Dr. Myers, one
of the safety monitors. "I do believe though that many of us probably
received much more penetrating ionizing radiation than the instruments -

of very low beta-sensitivity were able to record."”

The radiation dose standards set for the operation were those set

'-béathe Bureau of Standards for manufacturing plants. However, with atomic

explosions, the conditions obtaining in industrial plants do not apply.
The distribution of radiation was erratic and essentially unknowable. For
hazards such as plutonium, no field instruments were available at all.
Those available were erratic or failed to work entirely. Coupled with
the "hairy-chestaed™ "attitude of indifference" to radiation hazards on
the part of many officers, it is no wonder that Col. Warren, the Chief

of the Radiological Safety Section, exclaimed "I never want to go through
the experience of the last three weeks of August [1946) again."

In terms of the hazards to an estimated 250,000 militgry perscnnel
involved in atmospheric bomb testing, the Defense Nuclear Agency claims
that overall "Exposures generally were well within established radiation
exposure limits Cand] there was no reason to expect any increased health

risk.”
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T£e documents show that:

'y ;;lm badge records often exceeded daily "tolerance" limits.

e The "indifference"” of officers to radiological safety led them
to keep men for long periocds in high radiation areas, cften in
violation of radiclegical safety rules and guidelines.

e Radiation instruments often did not work.

e The beta radiation danger was great both from external and
internal socurces -- it was "exceedingly common” to find dose
iimits being exceseded.

e Alpha contamination [plutonium] was "extensive and unpredictable”
to the extent that "no one can say any place is safe for any
length of time."”

Thé Defense Nuclear Agencf‘cléims in ;érticul;é gsgg'tge "internal

doses have proven to be essentially insiénificant}" Yet the observations
above from the documents and Col. Warzen's note that "any surface of any

vessel may be in fact the residence of many lethal doses” shows that the

‘Agency has not taken the facts into aczount while making this sweeping

generalization. Indeed, it is more than likely that a great many of the
men who were made to do work such as sweeping, scrubbing, hosing down
decks, scTaping and repainting the sides of scme ships, inhaled and
ingested very dangercus quantities of fission products and plutonium.
Even changing clothes and eating was dangercus since fission products
were found on clothing, food and hands "in every ship...in increasing
amounts day by day."

The documents do not give us sufficient evidenca to reconstruct

doses. But they do definitaly tell us that the Defense Nuclear Agency's

claims of generally iow doses and “"insignificant" internal doses is



without regard to essential facts and hence without scientific merit.
This will continue as long as the Defense Nuclear Agency does not take
the testimony of the atomic veterans regarding their activities as

- fundamental data needed for any and all dose reconstruction exercises.

et



Chaptar II

Creration CROSSRCADS: Introduc=ion

"...I never want to go through the experience -
of t‘.‘fe last three weeks of August (1946] again.

Col. Stafford L. Warzen S
ChieZ, Radiological Safery Section
On July lst and July 25, 1946, the U.S. Military conducted two atomic
bomb tasts off Bikini Atcll in the Marshall Islands. The first, Test Able,
was exploded in the atmosphere above the lagoon. The second, Test Baker,
was explodad underwater, in the lagcen.
ForTy-two thousand pecople (mestly naval, but also Army and. Air Force
perscnnel, as well as civi..l:'.ans) witnessed these first atomic explosions
‘tar Hiroshima 'and Naqa.saki.z Their purpose, according to the Joint
Task Forca One that was established to conduct them, was "primarily to
detarmine the effects of atcmic explosions against naval' vessels” and
"secondarily, to cbtain as far as practicable the effacts of atomic
explosives against ground targets and airplanes and to acguire scientific
data of general valus."3
Theres ware 84 "target ships” positioned arocund "ground zero" with
instuments and animals and about 100 non-target ships. Test Baker was
a shallow underwatar detonation that seant a million-ton column of water
spary and stsam shooting six thousand feet up.” This very radicactive
watar came raining down on the lagoon, the beaches and the targat ships

and severely contaminated them. The blast precipitatsd immense waves

*This evaluation of Operation Crossroads is about the period aftar
this second test on July 25, 1946, because most of the documents on

which it is based relats to that period.
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which further contaminated all these places. Within a few days the non-

target ships were moved back into the lagoon. These ships also became
increasingly contaminated as radicactive materials were selectively
deposited on and in them.

The indications are that the overwhelming majority of pecple involved
received considerable doses of radiation frem a number of scurces:

e Living ana working abcard non-target ships:

® Retrieving experimental animals and equipment aboard the target

ships and from the lagoon .and hbeaches;

® Measuring the radicactivity in the area of the explosion and on

the target ships:

e Attempting to decontaminate the target ships; and

® P:eparinguéé;get‘ships for towing boﬁh within theviaéoéﬁ and‘m“

out of it. ~

Other pecple not present at the tests alsc no doubt received radiation
doses as a result of subsequent experimental and decontamination work at
Kwajalein Atoll, San Francisco and other ports. Almost all the target
ships were so contaminated that they could not be salvaged and were sunk
in deep water.

This evaluation of the radiological conditions at Bikini, their
effect on the pecple present, and the adequacy or lack thereof of the
radiation standards is based on the documents prepared by the participants
in the test -- principally those of the personnel in charge of the Radio-
logical Safety Section. The documents, which were cbtained from the papers
of the late Col. Stafford L. Warren, the Chief of that section, show that

the manner in which the operations were conducted makes it impossible to



precisely estimate how much radiation the various participants received.

p—

' However, the evidence, both in regard to the radiation measurements. and

the conditions of life and work, also shows that it is likely that
significant numbers of pecple probably received very high doses of

radiation in tissue destructive ranges.

References to Chapter II

1. Col. stafford L. Warren, letter to Dr. William G. Myers,
December 31, 1946.

2. Joint Task Force One, Report on Atomic Bomb Tests ABLE and
BAKER (Cperatiocn CROSSRQADS ) » Navy Department, Washington, D.C.,
1s Novubu: 1946.

3. Ibid., p. 1(A)(1).
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Chaptexr III

Radiocactive Contamination and Exposuras

“The initial contamination of surfaces was so
great that reduction on the deck and other sur-
faces of 90% or more still leaves large and
dangerous cuantities of fission [ products] and
alpha emitters scattered about...

"Contamination of personnel, clothing, hands,
and even food can be demonstrated readily in
every ship in the JTF-1 [Joint Task Force-One]
in increasing amounts day by day."l

Col. Stafford L. Warren
Chief, Radiological Safety Section

The decision to conduct the atcmic explosions Able and Baker was

made only about six months prior to the first test on July 1, 1946.

-within ﬁhat time more than forty thousand men had to be assigned to and

assembled at Bikihi and other preparations, including those for radio-
logical safety, had to be completed.

The condizions for radiolcgical safery were not promising. An atomic
explosion had never been set off underwatar. In spite of this, the Navy
did not attesmpt to experimentally contaminate and decontaminate a single
ship before taking the fleet to Bikini, thousands of miles from any port
with substantial relevant supporting facilities.

The radiological safaty seczion had clearly warned of an "extremely
serious” situation if the radicactive "column" from Test Baker did not

rise more than 10,000 feet -— as in fact did happen. The prediction

warned of "most significant contamination due to direct deposition of

‘fission products...in the water of lagoon, on surface ships and in the

fallout....0n scme target ships possibly within 1,000 yards of detonation,.
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boarding inspection may be dangerous for weeks..."?

.Tné;warning of the possibility of serious contamination was ignofed
by those in charge of the operation, since no preparations for the possibility
wvere made. The official Decontamination Report states:

"Since the nature and extent of the decontam-

ination was completely unexpected, no plans had

been prepared for organized decontamination."3

This lack of planning meant that a great many officers were unprepared

and did not take radiation safety seriously. They were given little
training in such matters. The overwhelming majority of the rest of the
42,000 pecple received even less. Without a systematic program of radio-
logical indoctrination for the personnel, a staff of less than 400 of the
Radioclogical Safety Section was confronted with an almost impossiblevtask.

'.Only a handful of these had any experiencs with radioclogical safety

“TTU T TTTTT as it concerned atomic explosions. Many had no prio? e#perience with

radiological matters at all, civilian or military. Only thirty three "were
given a fairly thorough two and a half month course."* The rest received

some training abocard the USS Haven during the four weeks prior to the test.
A. The Contamination of the Ships .

"...0c one yeat knew how to decon:amiﬁate..."s
Decontamination Report of
Operation Crossroads
Immediately after Test Baker, it became apparent that almost all
target ships not sunk by the explosions, as well as the watars of the
lagoon and substantial portions of Bikini Island itself, had become severely
contaminated. The result of the tast corresponded to the most dangerous

of the contingencies cqtlinnd in the prediction: "Extremely Serious.”



In acddition to contamination by the radicactive spray and rain, the
explosion scoured up coral sand from the hotzom of the lagoon which became
radicactive and scme of which was deposited on the target ships. A pile
of sand on one :a:éet ship gave a reading of 200 roentgens per day =- two
thousand times the "tolerance radiation limit per day set for personnel
exposure -- twenty days after the test.® sScme materials like wood decks
and manila line selectively absorbed radicactive matter. In all these
ways the ships became "danqe:ousiy hot,"7 with the radicactivity spread
out very unevenly and unpredictably.

On the very day of Test Baker, non-target boats and ships were sent

into the lagoon. And only one day afterwards, the Cammander of Joint Task

Force One "authorized vessels at anchor. in the lagoon to operatas evapo-

rators."® At that time, there was not only radiation from fission products

and plutonium, but also very intense radiation from sodium~24 and other
activation products.* This was again in contradiction to the warning in
the safety prediction that:

"there is the possibility of development of

an indirect hazard due to concentrating radio=-
active products particularly in the form of
salts in condensers, evaporators, and perhaps
other places on ships entering the lagoon prior
to the time that the contamination is greatly
reduced. It is very difficult to evaluate the
likelihood or the magnitude of this possibil-
ity -—— but it must be anticipated."9

Apparently without checking the non-carget vessels already sent into
the lagoon for contamination by these means, the rest of the non-target

ships were moved into Bikini lagoon to “"regularly assigned berths" within

"Some of the neutrons produced by the fission of plutonium were
absorbed by sodium rendering it radicactive, which was also true of scme
cther elements in the seawater. These "activation products,” particu-
larly sodium-24, were-a principal source of radicactivity in the lagoon
ard on the island for the first two days after Test Baker.



$ix days of the test.10 as a result, every non-target ship became contam-
inated i;_the manner predicted -- fission products ané plutonium were
selectively concentrated in salt water pipes, evaporators and condensers.
In addition, coral, algae and other organic materials which selectively
concentrated radicactive materials adhered to the body of the ship below
the water-line, creating a decontaminatioﬁ problem of immense difficulty ..
and danger. In fact, at the time "no satisfactory means of decontamination
of underwater bodies and salt watar systems in the Bikini area was appar-
ent."1l

It wvas only after the radicactive ships reached San Francisco and

other major ports, followed by extensive experimentation and work, that

the levels of radicactivity were substantially reduced. In the meantime,

the sailors received radiation doses as they lived and worked abocard. In -
fact, some radicactive ships were cleared for occupancy before decontam-
ination because Operation CROSSROADS had contaminated so many ships that
the Pacific Fleet was experiencing shortages. On September 9, 1946.'the
"Coammander Westerm Sea Frontier" stated:’

"Districts have insufficient personnel to

fect full clearance of vessals and, further-

more, no one yet knows how to decontaminata.

Consequently, several APA's, Destroyer Division

72 and scme auxiliaries have been cleared

practically to meet operational requirements

on the basis that they might as well continue

to operate until methods of making them safe

for overhaul are developed.”

In spite of the fact that no one knew for months after the tests how

to decontaminate the partially contaminated non-target ships, attempts
to decontaminate the much more severely and extensively contaminated target

ships began only a few days after Test Baker.
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B. The Irradiation of Perscnnel

"Every contaminated place as evidenced by the
gamma or beta radiation on any surface of any
vessel may be in fact the residence of many
lethal doses of this alpha emitter [ plutonium]."13

Col. S. L. Warzen
Chief, Radioclogical Safety Section

The lack of adequate preparation and training of the personnel and
the insufficient number of radiological monitors began to be apparent
within a few days. On non-target ships Dr. Karl Z. Morgan (Director of
Health Physics at Cak Ridge National Laboratory) found that "radiocactive
salt water was being used to wash meat racks on the USS Saidoer."4 on the
target ships, the radiation monitors noted the cavalier attitudes of many
cfficers:

"It appears that_there is an attitude of
indifferenca on the part of the ship's
officers of the Prinz Eugen to the safety
standard set by RadSafe. Thexres is reason
to believe that men are being kept abocard
for longer pericds than they should be and
alsc that the stapdard of 0.1R has such a
large safety factor that it can be ignored.

Scme of the men who were chserved to be
aboard the ship when we came aboard at 0800,

...were probably on the ship all that night
and...unctil 1200 of the same day."lS

Since scme of the radiation levels measured were as high as 5 roentgens
per day, which would have given the "toclerance" dose of 0.1 roentgen in
about half an hour, scme men aboard could have recaived 2 roentgens or
more of gamma radiacion during the night. In addition, a handwritten note
on tha memo says that there was "evidence of dry sweeping and sleeping
aboard” the target ships. Sweeping was a hazardous practice because of

the heightened danger of inhaling resuspended fission products and plutonium.
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Almost a year latexr, Captain Lyon, evaluating radiological safety in
response to a written complaint from Ensign Coffin, noted that there were
officers "like Captain Maxwell who insists on a 'hairy-chested' approach
to the matter with a disdain for the unseen hazard, an attitude which is
contagious to the younger officers and detrimental to the radioclogical
safety proqram."l6

With this "hairy-chested” approach on the part of many officers, it
is not surprising that enlisted men were violating basic :adiolcgical
safety rules, such as sleeping on bocard target ships.

All the personnel at Operation CROSSROADS were constantly expcsed to

alpha, beta, and gamma radiation from plutonium and the other radicactive

elements which were the result of the explosion. Alpha radiation consists

cf»two protons and two neutzons tightly Sound together (identical to the
nucleus of a helium atom) which only peneé:ate the outer layéis of skiﬁ:
However, alpha emitters like plutonium are extremely damaging, even in
microscopic amounts, when they are inhaled or ingested and become part of
the body. They can then severely damage the cells around the spot where
they beccme incorporated. Beta radiation consists of electrons, several
thousand times lighter than alpha p;:ticles, and mores penetrating. Extermal
beta radiation genefally damages cells on or near the surface of the skin.
However, beta radiation from some fission and activation products have

a range up to cne centimetar (0.4 inch) in soft tissue. There is thus the
risk of daéaqe to the lenses of the eyes, male gonads, thyroid and scme
lymph nodes. Beta emitters can be incorporated in:o'pa:ts of the body
whera they irradiate internally with the possibility of savere damage

(e.g., strontium=90 to the bone). External whole body radiation ccmas



" “aboard ships in the first few days after Test Baker. Every one of several
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primarily from gamma rays, which are high energy rays like X-rays, and
which can penetrate through to various parts of the body. These rays can
pass through the body without harming any cells, or kill cells, or

damage cells.

C. Gamma Radiation

"It is most likely that a number of persons
not carxying film badges were likewise over-
exposed.”l7

Medico~Legal Board

On the first days after Test Baker, scme of the target ships were
so radicactive that the "tolerance” dose of 0.1 roentgen per day* would

be exceeded in less than one minute. In spite of this, men were sent

hundred test animals had been retrieved by these men within the first

five days.18

Similarly men and boats were sent into the lagoon and onto
the beaches tc measure radicactivity and retrieve equipment on the very
day of the test. The lagoon ardd the beaches were extremely radicactive
not only £fram fission products and plutonium but also because of the
neutron-induced radiocactivity in sodium. The gamma and beta radiations
from sodium-24 are of very high energies and can cause (correspondingly)
greater damage. Organic matter such as ropes and canvas had extremely

high concentrations of radicactivity, in many cases "greater than 200

roentgen per 24 hours (the maximum which could be read with the instruments

*a roentgen is a unit which measures ionizing radiation by the amount
of air it ionizes. It is no longer in common use, but is approximately
equivalent to one rad which is a measure of the amount of radiation absorbed
per gram of matter (1 rad = 100 ergs per gram; l roentgen approximately

equals 93 ergs per gram of soft tissue). The "tolerance” dose on an annual
basis was 30 roentgen.
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availablf_."lg It is most likely that many people received extremely
high doses to all or part of their bodies near such things.

Similar dangers persisted after the first few days when the average
level of gamma radiation had subsided considerably. The deposition of
radicactive materials was extremely uneven so that a person lingering in
suchr a "hot spot” with a gamma reading of 200 roentgen would receive a
dose in excess of the daily "tolerance" limit in about 45 seconds.

It is, however, impossible to estimate the full extent of over-
exposure for individuals from the documents that we have. The "attitude
of indifference"” of many officers toc safety meant that it was common to
find men abcard a "ship in large quantities without £film badges or monitors.

These men were in superstructures where readings of five roentgen fpe:

day] , were common.” Such readings meant that a week of four-hour shifts

might produce a whole body‘ gamma dose in axcess of 5 roentgens. Where

£ilm badges weres worn, many casas of overexposure were recorded on specific

days, even with respect tC experienced radiation monitors.zo

D. Beta Radiation

"Contamination of hands and faces with

beta emittears of intensities greatar than
tolerancas (0.8R/day) is exceedingly common.
It is not infrequent to find persconnel with
bare hands bordering on erythema doge leavels
if not removed within 24 hours..."2l

Col. S. L. Warren
Chief, Radiclogical Safaty Section
The average value of beta radiation found was ten times greater than
gamna;: though in setting the standards, the Medico-lLegal Board had assumed

this ratioc would be only five-to-one. Consequently personnel receiving
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"tolerance” doses of gamma radiation were receiving, on the average, twice
the "tolerance"” dose of beta radiation. Moreover, much higher ratios of
beta to gamma radiation were alsc ccmmon. It is probably for this reason
that Col. Warren found overexposure to beta radiation "exceedingly common.”
It is to be cnphas:.zed that doses "bordering on eryt.hema"* are equivalent
to 300 rads or more to the skin. Yet, the conditions were such that,
according to Col. Warren, it was "almost impossible to enforce the wearing
of gloves continuocusly on badly contaminated ships....Nor is it feasible
£0 expect them to take care of their contaminated clothes."23

The inhalation hazard for fission products from "fine dry particles,
spray and fine water droplets” was so seriocus and insidious that even
ordinary masks did nothing but provide a "false sense. of secu.rity."z"'
Only a special U.S. Navy "Breathing Apparatus"_yog;§ be effective and it
appears that such was not in general use for several weeks aftar Test
Baker, if ever. We were not able to determine from the documents whether
or not such apparatus was available for the decontamination work and not
used.

Even changing contaminated work clothes was a hazard since it
loosened radicactive particles and created a greater inhalation danger ——

and possibly substantial intermal doses.

E. Alzha Radiation

"Every contaminated place as evidenced by
the gamma or beta radiation on any surface
of any vessel may he in fact the residencas
of many lethal doses of this alpha emitter
Eplumnim]. This alpha emitter is the
most pocisonocus chemical known. It can only

"Erythema is inflammation or reddening of the skin.



Eanten

-]9=

be measured with very precise equipment
S- which is not available and cannot be made

available."?

Col. S. L. Warren
Chief, Radiological Safety Section

Plutonium, an alpha emitter and the basic ingredient of the atom
bembs explcded at Operation Crosszroads, was mixed in with the fission
products and distributed throughout the test site in the same way as the
fission products. Col. Warren noted on August 7, 1946, that "scme of the
most important ships have many lethal doses deposited on them and retained
in crevices and other places.” A few days later he concluded that "no
one can say any place 'is safe for any given length of time"” because of
the unpredictable presence of alpha emitters and a lack of protective and
measuring equipment.”

Still for weeks after the ‘test. inen Aboarded the target ships, hosed,
sczubbed, swept and scraped them and prepared the ships for towing. The men
even slept aboard them. They were thus canstantly exposed to the danger
of inhaling fine spray or particles which contained plutonium and/or fissien
products and neutron induced radionuclides. It is of particular relevancas

to note that recsnt research has revealed that "plutonium is concentrated

on the sea surface and in sea spray."za The men were thus subject to a

"Rarl Morgan's report?’ shows no alpha emitters in the few air
samples tested for them with filtration equipment. This equipment
worked erratically under the conditions of high temperature and humidity
at Bikini. So its use was strictly limited. Morecver, the measurements
wers only made on a faw non-target ships (date of measurement is uncer-
tain} and did not apply to the conditions of resuspension of alpha emitters
lodged in rust, paint, wood, etc. as the men worked. Chemical analysis
showed extansive plutonium contamination of the ships. In one case, this
applied to a sample which had been declared free of alpha emittars by an
on-the-spot check.
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greater hazard from plutonium inhalation than previously believed. Just

by being there and breathing the spray from the waves it was possible to
inhale dangerous quantities of plutonium -- to say nothing of the activities
that further stirred it up and increased its presence in the air as the

men worked. In was, indeed, as Col. Warren came to conclude a few months

later, an "insidious hazard"” that pervaded the entire area.??
F. Scme Lecal Aspec=s

"Col. Fields said that Gen. Groves [the director
of the Manhattan Project which made the first
atomic bombs] is very much afraid of claims being
instituted by men who particpated in the Bikini
tests."”

= i i+ eieiwe-. .. Decontamination Report

There is some evidenca that many of the assurances regarding safeé&u
were made with an eye to answering future claims of radiation injury. The
Medico-legal Board declared that its initial purpose was to "reassure Col.
Warren that the safety measures adoptad by RadSafe were such as to attract
no justifiable criticism, and to give what assurance was possible that no
successful suits could be brought on acctount of the radiological hazards
of Operation Crossroads.”31

Given the extansive contamination, the lack of training of the per-
sonnel, the ignocrance about decontamination procedures, the lack of adequate
instruments, etc., the Radiological Safety Section clearly worked under
some apprehension and considerable strain. When their contracts were up
in mid-August, "attempts to delay these men were met with unanimous
refusal.”32 Col. Warren was Clearly seriocusly concerned about the

overexposures and the serious hazards in which the men weres working.
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"The target vessels are in the main extensively
contaminated with dangerous amounts of radiocactivity.
Quick decontamination without exposing personnel
seriously to radiation is not possible under the
present circumstances and with present knowledge.

w33

This and similar statements show a reluctance to acknowledge the
extent of the damage that haé already occurred. Col. Warren's own statements,
discussed above, document that the men were overexposed routinely and that
they worked on ships which were 20% decontaminted were still very
dangerously radiocactive. Certainly, the knowledge of ;se Safety Section
itself was much pocrer right after Test Baker on July 25, 1946, than it

was on August 7, 1946, when Col. Warren acknowledged the presence of wide-

spread alpha contamination which could not be dealt with at all under the

circumstancas. Col. Warren's concerns about safety are evidenced in.the - ——.

fact that he recommended that the decontamination operations be shut down in
a week. But extensive damage had likely already been done to large numbers
of men who had been exposed to high levels of radicactivity in the course

of their life and work in the weeks after Test Baker.

G. Instzuments

"The tast turned ocut to be literally a
hundred times larger than the orxriginal
conception....We had to make decisions

on instruments...at a time when the man-
ufacturing program was non-existent...
and we had to make essentially what could
be made."”34

Col. S. L. Warrsn
Chief, Radiclogical Safaty Section

“The °‘experimental nature' of the instru-
ments might be criticized as implying ‘'not
proven’' or known and henca pessibly unsafe."33

Capt. George M. Lyon
Safety Advisor, Radioclogical Safety
Section
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The :radiological danger to the personnel because of the nature of
the tests, the haste with which it was conducted, and "the attitude of
indifference” on the part of many officers was campounded by unsatisfactory
and untested instruments. For some crucial radicactivity meaéurements,
instruments were not available 'at all.

The X-263 was, for instance, one of the basic instruments at the
disposal of the monitors. Little more than a month prior to the first
test, Donald Collins discovered that only 1% of the crucial counﬁe: tubes
in the second shipment were acceptable, compared to 90% in the first.

The instrument had not been field tesﬁed and perfcrmed poorly. Dr.
William Myers who had been an enthusiastic participant in Qperation Cross-
roads noted that the X-263 "too often failed to function entirely." When

working, it "became very erratic and was often misleading on ;ne.zoxm§9§;e

when it was essential that it function well." Finally, it "did not

measure high enough radiation intensities."36 The documents repeatedly
record questions regarding the reliability of this inst—ument to accurately
locate contaminated areas.

Even when it did work, it csuld only measure gamma radiation
reliably. It did not measure alpha radiation at all. Its measurements
of beta radiation weres often unreliable.

The instrument thus provided scme sketchy data about gamma radiation
and much less about beta radiation. There were no field instruments at
all to measure alpha radiation from substancss such as plutonium. Karl
Morgan and his team from Oak Ridge measured scme air samples with filtration
equipment to check for alpha radiation. However, this equipment did not .
work properly under the high temperature and humidity conditions at Bikini.

It was therefore not used as a field instrument.37
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Finally, almost all radiation measurements in' the field related %o
external doses. There was no systematic measurement at B:.k:.m. for intermal
doses which ~pe:sonnel might get and continue getting for the rest of their
lives by the inhaiation. ingestion or absorption of fissiqn ‘proeducts or
alpha emitters like plutonium at Operation Crossroads.

Thus, every aspect of Operation Crossroads, especially after July 25,
1946, was fraught with danger for the 42,000 people present. The doccuments
show that because of the indifference to safety, the lack of caution in
spita of grave ignorance, and other factors, it is probable that large
numbers of gcrsonnel were exposed to very high levels of :.'adiétion, par-
ticularly internal doses f£ram fission products and plutonium, which continue

to irradiate long after the Operation was declared closed and the target
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Chapter IV

Radiation Standards

In view of the experience with this whole
subject [of radiation standards] in the
past, it is my recommendation that no attempt
be made to £ix a range of tolerances for
military ogeration....They would hardly be
worth the paper they are printed on..."
Col. S. L. Warzen
Chief, Radiological Safety Section
in January, 1947
An irradiation of the whole body at a rate of cne~tenth of a roentgen
per day (0.lR) was set as the "tolerance" dose above which a person would
be considered "cve:-expcsedﬂfor thatIAay.“' This limit was set in 19342
and was "the tolerance limit set up by the United Statess Bureau of Standards

...for manufacturing plants in the g.s.3

It was based on a study of
three technicians who were exposed to gamma radiation from radium at levels
of exposure that did not produce immediately observable damage, mainly
reddening of the skin. This "threshold" concept was similarly defined
as the dos; of radiation measured by the length of time it took for a
given radiation flux to produce reddening of the skin.

Later the first dose limit for internal exposurss w.as set in 1941
at 0.l microcurie "Maximum Body Bu:de;" of ra&ium9226.4 After the agonizing
deaths of several radium dial painters in the United States, it was assumed
that one ten-millionth of a curie of this internal alpha emitter was extremely

dangercus. In other werds, by 1946 and until 1949, the internal and

external dose limits were mainly designed to protect pecple from tissue

"The annual limit was 30 roentgen.



I

—

damage like erythema, anemia and acute forms of radiation damage
and did not protect against chronic forms of damage such as carcincgenesis.
At the outset, it might have seemed eminently reascnable to apply the ‘
"tolerance” limit for industries to atcmic explosions. But as the days
wore on, after the disastrous contamination which resulted from Test Baker,
it became more and more clear that a gross mistake had been made, even if - -
one granted the unwarranted presumption of adequacy to the industxial
"tolerance" limits which wers subsequently considerably reduced by the
National Commission on Radiation Protection to 0.3 rem per week in 1949
and to 5 rem per year in 1957.
In industries, the locations and intensities of the primary sources

of radiation are better known and fixed. Well-calibrated instxuments can
be used to better chart the radicactivity at various locations. } La.bora_?.':oz;::_e_s B
are available for é.nalyéis §n s—‘ite.i Thus the wearing of £ilm badges by
perscnnel can be expected to give a fair indication of external whole
body radiation once the film badges are developed and read. Even this ié
no assurance of adequate safety. For instance, the problem of internal
intake of radicactive materials must still be addressed.

Conditions aftsr an at:mié explosion, particularly one such as ‘re.';t
Baker which contaminated and set in motion a vast quantity of radicactive
water and spray, are entirely different. The location of the radiocactive
materials is unknown. There were no remote measuring instruments, so
that monitors had to go into highly radicactive areas in order to éot an
indication of how radicactive the general area was.

Even once an area had been declared approachabla for a certain time

interval, using measurements from experimental and often faulty instruments,
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there was an immense and unpredictable variability in the radiation. The
maximum radiation was, on scme target ships such as Salt Lake City, fifcy
times the average and radiation levels could vary by a factor of one |
hundred within a short distance.’

Besides these differences in conditions, there was the widespread

presence of beta and alpha radiation on the ships.

The Medico-iegal committee, recognizing this and the fact that beta
radiation levels were often several times the gamma, adopted the following

exposure standard cne week after Test Baker:

“The permissible dose of irradiation to the
entire body will not be exceeded if the gamma
irradiation is held below 0.l1R per 24 hours.

" (This is on the basis of limit of 0.5R of beta
per 24 hours).”

Thus the permissible dose for external beta irradiation, which can
seriously affect the skin, hands and all exposed parts of the bedy as
well as cartain scf: tissues near the surface like lenses of the eyes, was
set at five times the gamma level. Even this was on the presumption that
beta radiation on the average was only five times the gamma. (The routine
£ilm badges which were issued to personnel measured only gamma radiatiocn.)
In practice the ratio of beta to gamma radiation was extremely variable
and could reach one hundred or mors. Karl Morgan measured one beta
radiation level six hundred times the gamma.i Thus a standard for beta
radiation based on gamma readiation measurements was inherently defective.
It was in this regard that Col. Warren noted:

"Practices which can be applied with safety in
industrial plants through long time super-
vised training and guidance cannot be employed

with safety in the attack on the prasent pro-
bla--.'."
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If the situation regarding external radiation standards was highly
unsatisfactory, internal irradiation, including alpha emitters, was much
worse. In fact, the documents we have examined indicate there were no
formal standards fcr alpha emitters at all, and no cperable field instru-
ments to measurs alpha radiation. Tolerances, based on the Manhattan
Project, were discussed, and the doses implicit in these were very high
indeed.

In a memo to Col. Warren, R. R. Coveyqu (one of seven surveyors brought
in by Xarl Morgan from Oak Ridge National Lab), presented sample calculations
showing how much plutonium sailors would inhale if the surfaces being

worked on wera contaminated up to a suggested tolerance 1evel.9 Using

current metiicds of calculation, we estimate that one of the highest cases

cited would amount to a one to nine rem to the bone surface per four

hours working shift.*l0 Thus for a twenty-day working month, the dose
would be enormous: 20 to 180 rem. A few days prior to Test Baker, the
Medico-Legal Board had raised the "question as to the actual danger to
CROSSROADS personnel from plutonium dispersed by the Baker nuclear explo-
sion...."tl but thought the problem manageable and the plan of the
Radiological Safety Section tclbe "adequata” even in.tha worst situation.

In actual practics, the Raﬁioloqical Safety Section had no plan to
deal with plutonium or other alpha emitters as such. It had presumed
that gamma radiation measurements would be adequata to the job and paid
no spe&ific attention, as far as can be discerned from the documents,
to "the most poisonous chemical known.”

Two weeks after Test Baker, it had become evident that alpha rad-
iation was a sericus hazard which was "extensive and unpredictable,”

the mora so as no field instruments wers available to measurs it.

*This would be the total internal dose to the bone surface, cver a
lifetime, resulting from a four-hour shift.
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The_problem of measuring the extent of a ship's alpha contamination
turned out to be insurmocuntable even afte: samples of materials from
contaminated ships were sent to laboratories. Dr. Herbert Scoville ccmmentea
on the measurements obtained from samples from a non-target ship:

"The total [alpha] contamination on the ship
is estimated to be about 2000 micrograms, but
R this value may be in considerable error due to
different degrees of contaminarion in variocus
locations and the difficulty of averaging the
various readings in order to o&sain the total
contamination on the ship...."

Since there was no satisfactory way to address the problem of alpha
measurements and standards directly for unpredictably contaminated ships,

the problem of standards for exposure became a much more difficult one.

According to the Decontamination Report:

"....The revelation of the presencs of alpha
e e emitters with the fission products, the lack  ~
of instruments for detacting alpha emitters
and the absence of standards for safe expo-
sure to them, had intreduced an indeterminate
factor in all deliberations as to radiclegical
safety. Consequently.... 0.0lR/day... was
selected as the arbitrary external radiation
intensity below which all salt water systems
should be reduced for clearance of active
ships."a

Thus, the military decided on an "arbitrary external radiation
intensity” ten times lower than’the previous standard of 0.lR/day in
part to compensata for an inherently unprediczable distribution of plu-
tonium and in part to account for the much more rapid decay of gamma
radiation sources compared to alpha emitters.

Precisely because it was an arbitrary standard, the military found

’:ha:."nn radiologists of recognized authority were ready to declare the

figqurs safe until a study had been made of all the factors invelwnd-"l3
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The situation proved so intractable and dangercus that the standard

was once again lowered tenfold:

"...it was ruled that final clearance maximum
allowable readings for all ships would be
.00lR/day gamma for shielded readings and
.00SR/day combined gamma and beta for
surfaces pending further develogman:s.'l

sed

Even so, there was no assurance that somecne would not ingest a deadly

amount of plutonium.
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Chapter V

Operation CROSSROADS and the Defense Nuclear Agency

"The potential for such [ilpha] exposure at
CROSSROADS was very low."

Defense Nuclear Agency
"Campared to other tests, exposures for
CROSSROADS are relatively low."2

U.S. Navy

In numerous Veterans Administration cases brought by CROSSROADS
veterans, the Defense Nuclear Agency has maintained that radiation doses,
both internal and external, were low. In its dose assessments, the Agencyl
assumes that the radiological gquidelines were obeyed, that the standards
were adequate, and that the radiation monitoring equirment worked well.
Using these assumptions, the Defense Nuglear Agency arrives at its con-
clusion that the doses were low for specific veterans, without systematically
taking into account what that particular veteran did during and after
the test.

The official records of Operation CROSSROADS show that tﬁe Defense
Nuclear Agency's assumptions are without foundation in fact -- which
renders its conclusions about doses unscientific. The Joint Task Force
had not made any plans for decontamination. Nor did anyone know how to
decontaminate a ship. The radiation standards were several times today's
levels for external gamma and beta radiation. There were no official
standards for alpha radiation or internal doses, so far as can be deter-

mined. Many of the instruments did not work well -- and most of them were
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experimental ones made in great haste. There were no field instruments

at all for alpha radiation -- and eventually it turned ocut to be impossible -

to estimate the actual extent of the alpha contamination of the ships.

All that could be determined was that it was "extensive and unpredictable.”
The Defense Nuclear Agency has dismissed the internal dose as

"essentially insignificant."3 Yet Col. Warren, as noted akbove, the

Chief of the Radioclogical Safety Section of Qperation CROSSROADS, stated

that "no one can say any place is safe for any length of time" because "any

surface of any vessel may be in fact the residence of many lethal doses

of this alpha emitter." Since the men were sweeping, scrubbing, hosing

down and even sleeping on heavily contaminated ships, the Defense Nuclear

cumstancas make it likely that a great many men absorbed significadt B
amounts of alpha emitters which continue to irradiate the porticns of
their bodies where they are incorporated.

These comments about alpha emitters alsc apply to internal deoses
from fission products. In addition, the Radioclegical safety Section
found that extesrnal oversxposures to hands wera "excsedingly common”
and that very high doses bordering on erythema wers "not infrequent.”

In its calculations of beta radiation dose, the Defense Nuclear
Agency has further claimed that the beta and gamma radiation levels were
approximately equal.4 In contrast, the documents show that beta radiation
levels averaged tan times the gamma lavels and reached up to one hundred
times in cartain areas.’

The pr-sonéa of radioclegical "hot spots,” many of which were unknown,
make it likely that many men recsived high doses merely by lingering in

such areas. In general, the unprsdictable and ill-defined nature of the

.Agency's cutright. claim must be dismissed as baseless. Indeed, the cir— -
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contamination make it essential that a detailed knowledge of each specific
veteran's activities be used as basic data in estimating possible doses.
Even so, the lack of adequate and systematic knowledge of the radioclogical
conditions make it unlikely that any definitive statements ﬁan be made
about specific persons who were present at Operation CROSSRCADS for any
length of time.

The "hairy-chested” "attitude of indifference" to radiological mattars
contributed largely to the dangers to which the personnel were subjected.
Such attitudes contributad to extensive violations of radiological gquide-
lines (hot wearing protective clothing like gloves, for instance) -- in
direct contrast to the assumptions of the Defense Nuclear Agency.

‘The information in the documents does not allow us to make even
rough estimates of exposures. But it does allow us to dismiss as
unwarranted any sweeping claims that the doses wers "low” or "essentially
insignificant” -- particularly as the Defanse Nuclear Agency has made such
claims without systematic reference tg the veterans’ detailed accounts
of their own activities == data we consider essential to any serious

judgment on the matter.
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