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FACT SHEET

. Operation CROSSROADS was an atmospheric nuclear weapon test series con- )
ducted in the summer of 1946. The series consisted of two detonations. each
with a yleld of 23 KT:

@ ABLE -- detonated at an altitude of 520 feet (158 meters)
on 1 July

{‘ ® BAKER -- detonated 90 feet (27 meters) underwater on 25 ‘@ |
July.

It was the first nuclear test held in the Marshall Islands.

The series was to stut the effects of nuclear weapons on ships, equipment,
and material. A fleet of more than 90 ‘'ressels was assembled in Bikini Lagoon -
as a target. This target fleet consisted of older U.S. capital ships, three . ® 4
captured German and Japanese ships, surplus U.S. cruisers, destroyers and :
submarines, and a large number of auxlliary and amphiblous vessels. Military
equipment was arrayed on some of the ships as well as amphibious craft that SR
were beached on Bikinl Island. Technical experiments were also conducted to o
h study nuclear weapon explosion phenomena. Some experiments included the use of . d

live animals, AL

e s
o

The support fleet of more than 150 ships provided quarters, experimental . !
stations., and workshops for most of the 42,000 men (more than 37,000 of whom S
were Navy personnel) of Joint Task Force 1 (JTF 1), the organization that con- ' o
ducted the tests. Additional personnel were located on nearby atolls such as -y
Enewetak and Kwajalein. The islands of the Bikini Atoll were used primarily as .o
recreation and instrumentation sites. :

-,-r—.ﬁr -
. .

Before the first test, all personnel were evacuated from the target fleet
and Bikini Atoll. These men were placed on units of the support fleet. which
sortied from Bikinil lLagoon and took safe positions at least 10 nmi (18.5 km)
east of the atoll. .

In the RBLE test, the weapon was dropped from a B-29 and burst over the
target fleet. In BAKER, the weapon was suspended beneath an auxiliary craft
anchored in the midst of the target fleet.

ABLE operations went smoothly except that the test weapon was dropped be- -®
tween 1.500 and 2,000 feet (457 and 610 meters) off target. The radioactivity
created by the burst had only a transient effect, and within a day nearly all
the surviviuag target ships had been safely reboarded. The ship inspections,
Instrument recoveries. and remooring necessary for the BAKER test proceeded on
schedule. Five ships were sunk as a result ot the test,

The crews of the target ships that had been remanned following ABLE were
evacuated before BRKER to the support fleet east of the atoll. BAKER sank
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eight ships and damaged more ships than ABLE. The detonation caused most of
the target fleet to be bathed in radioactive water spray and radioactive debris
from the lagoon bottom. With the exception of 12 target vessels anchored in
the array and the landing craft beached on Bikini Island, the target fleet

remained too radiologically contaminated for several weeks for more than brief
on-board activities.

The irability to complete inspections on much of the target fleet threat-
ened the success of the operation after BAKER. A program of target vessel
decontamination was begun In earnest about 1 August. This involved washing the
ships' exteriors using work crews drawn from the target ships' companies under
radiological supervision of mcnitors equipped with radiation detection and
measurement devices., Initlally, decontamination wac slow as the safe time
aboard some of the target ships was measured only in minutes. As time pro-
gressed, the support fleet itself had become contaminated by low-level radio-
activity in marine growth on the ships' hulls and seawater plping systems.

By 10 August, a decision was made to stop work in Bikini and tow the sur-
viving target fleet to Kwajalein Atoll where the work could be done in uncon-
taminated water. The move was accomplished during the remainder of Augqust and
September., A major task at Kwajalein was to offload ammunition stored aboard
the target ships. This work continued into the fall of 1946. Personnel con-
tinued to work on target ships at Kwajalein into 1947.

Eight of the major ships and two submarines were towed back to the United
States and Hawall for radiological inspection. Twelve target ships were so
lightly contaminated that they were remanned and salled back to the United
States by their crews. The remaining target ships were destroyed by sinking

off Bikini Atoll, off Kwajalein Atoll., or near the Hawaiian Islands during
1946-1948.

The support ships were decontaminated as necessary and received a radio-
logical clearance before they could return to the fleet. This decontamination
and clearance process required a great deal of experimentation and learning at
Navy shipyards in the United States, primarily at San Francisco.

Finaily, a formal resurvey of Bikini Atoll was conducted in the summer of
1947 to study long-term effects of the CROSSROADS tests.

All CROSSROADS operations were undertaken under radiological supervision
intended to keep personnel from being exposed to more than 0.1 roentgen (R)
per day. At the time. this was consldered to be an amount of radiation that
could be tolerated for long periods without any harmful effects on health.

Radiclogical supervision included predicting areas of possible danger,
providing trained personnel equipped with radiation survey instruments to act
as guides during operations involving potential exposure, and elaboration of
rules and regulations governing conduct in these operations. Personnel were

removed ior one or more days from areas and activities of possible exposure if
their badges showed more thzn 0.] R‘day exposure.
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About 15 percent of the JTF 1 personnel was issued at least one of the
18,875 film-badge dosimeters during CROSSROADS. Approximately 6,596 person-
nel were on islands or ships that had no potential for radliation exposure.
Personnel anticipated to be at greatest radiological risk were badged, and a
percentage of each group working in less contaminated areas was badged. The
maximum accumulated exposure recorded was 3.72 R, recelved by a radiation
safety monitor.,

Lacking complete radlation exposure data, reconstructlons have been made
of personnel exposures for unbadged crewmembers of the ships involved. These
calculations have considered the several sources of radlation at work 1in
Bikini, such as the low-level contamination in the lagoon water. living aboard
support ships, and boarding the contaminated target ships. The calculations
relied upon radiation measurements recorded by radiation safety personnel in
1946. This data was used in a computer model that includes such factors as the
radiation-shielding propertles of ships' hulls and realistic patterns of dailly
personnel activity on weather decks and below. The actual movements of each
ship were then used to reconstruct a dose for the crew. Calculated exposures
range from 0 to 2.5 rem (gamma) for support ships. Exposures for target ship
crews that reboarded their ships after BAKER were higher than those for sup-
port ship crews. A summary of film badge readings (in roentgens) for July and
August, when the largest number of personnel was involved, is listed below:

Actual Film Badge Readings:
(R gamma)

Total 0 0.001-0.1 0.i01-1.0 1l.cO0l-1C.0

July 3,767 2,843 689 232 3
% 100 75 18 6 <0.1
August 6,664 3,947 2,139 570 8
% 100 59 32 9 0.1
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PREFACE

Between 1645 and 1962, the U.S. Atomic Energy Commission (REC) conducted
235 atmospheric nuclear weapon tests at sites in tiie United States and in the
Pacific and Atlantic oceans. In all. about 205,000 Department of Defense (DOD)
participants, both military and civilian, were present at the tests. Of these,
approximately 142,000 participated in the Pacific test series and approximately
another 4,000 in the single Atlantic test series.

In 1977, 1% years after the last aboveground nuclear weapon test, the Cen-
ters for Disease Control (CDC) of the U.S. Department of Health and Human Ser-
vices noted more leukemia cases than would normally be expected among about
3,200 soldiers who had been present at shot SMOKY, a test of the 1957 PLUMBBOB
series. Since that initial report by the CDC. the Veterans Administration (VA)
has received a number of claims for medical benefits from former military per-
sonnel who believe their health may have been affected by their participation
in the weapon testing progran.

In late 1977, the DOD began a study that provided data to both the CDC and
the VA on potential exposures to Jlonizing radiation among the military and
civilian personnel who participated in the atmospheric testing 15 to 32 years
earlier. In early 1978, the DOD also oiganized a Nuclear Test Persconnel Review
(NTPR) to:

e Identify DOD personnel who had taken part in the atmo-
spheric nuclear weapon tests

e Determine the extent of the participants' exposure to ion-
izing radiation

® Provide public disclosure of information concerning par-
ticipation by DOD personnel in the atmospheric nuclear
weapon tests.

This report on Operation CROSSROADS is one of a series of volumes that are
the product of the NTPR. The DOD Defense Nuclear Agency (DNA), whose Director
is the executlive agent of the NTPR program, prepared the reports, which are
based on military and technical documents reporting various aspects of each of
the tests. Reports of the NTPR provide a public record of the activities and
associated radiation exposures of DOD personnel for interested former partici-
pants and for use in public health research and Federel policy studies.

Information from which thic report was compiled was primarily extracted
from planning and 4fter-action reports of Joint Task Force 1 (JTF 1) and 1ts
subordinate crganizations. Documents that accurately placed personnel a+ the
test sites were desired so that their degree of exposure to the ionizing radi-
ation resulting from the tests could be assessed. The search for this inferma-
tion was undertaken 1in archives and libraries of the Federal Government, in
special collections supported by the Federal Government, and., where reason-
able, by discussion or review with participants.

5
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For CROSSROADS, the most important archival source 1is the National Archive
and Record Center, Modern Military Branch, Washington, D.C. The Naval Acchives
at the washington Navy Yard also were helpful, as was the collection of docu-
ments in the AFWL Technical Library at Kirtland Air Force Base, Albuquetrque,
New Mexico, and the Stafford L. Warren Papers at the University of California,
Los Angeles. Other archives searched were the Department of Energy (DOE) ar-
chives at Germantown, Maryland., its Nevada Operations Office (DOE/NV) archives
at Las Vegas, and archives of the Test Division of the Los Alamos National
Laboratory.

JTF 1 exposure records and an additional file of exposure-related documents
that had been microfilmed by the Reynolds Electrical and Engineering Company.
Inc.., support contractor for DOE/NV, were also useful.

Primary documentation of personnel movement in areas of potential radia-
tion exposure is limited. This has been compensated for, where possible, with
inferences drawn from secondary sources and the exposure recocrds themselves.

The work was performed under RDT&E RMSS B350079464 U99 QMXMK 506-09 H2590D
for the Defense Nuclear Rgency by personnel from Kaman Tempo. Guldance was
provided by Mr. Paul W. Boren of the Tefense Nuclear Agency Biomedical Effects
Directorate.
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CHAPTER 1
OVERVIEW

INTRODUCTION

After the atomic bomb attacks on Japan had abruptly ended World War II,
many military leaders felt that military sclence was at a crossroads. The offi-
cer who commanded the first postwar nuclear test series commented that "war-
fare. perhaps civilization itself, had been brought to a turning point by this
revolutionary weapon" (Reference C.12.1, Cap. Plate XI). With this in mind. he
therefore had the nuclear test operation designated CROSSROADS. Operation
CROSSROADS was at that time the largest U.S. peacetime military operation ever
conducted. It involved 42,000 personnel, 251 ships, and 156 aircraft.

This series consisted of two detonations at Bikini Atoll in the Marshall
Islands during the summer of 1946. These were:

e ABLE (1 July 1946, 0900) -- an airdrop detonated at an al-
tltude of 520 feet (158 meters)

® BAKER (25 July 1946, 0835) -- an underwater shot 90 feet
(27 meters) below the surface

An additional deep underwater detonation, Test CHARLIE, was planned but was
not conducted.

This report documents the participation of War and Navv Department* per-
sonnel who were active in the test series. Its purpese is to bring together
avallable information about the atmospheric nuclear tests series pecrtinent tc
the exposure of both uniformed and civilian personnel to radiation. The report
lists the organizations represented and describes their activities. It dis-
cusses the potential radiatlon exposure of personnel. Finally, it presents the
exposures of participating personnel trecorded by film badges and sclentifically
based estimates of radlation doses fcr participating units.

The weapons used In the CROSSROADS tests were of the same design as the
one that had been dropped on Nagasaki, Japan. Each had a yield of 23 KT (the
equivalent of 23,000 tons of TNT). This weapon type had been developed by’ the
U.S. Army's Manhattan Engineer District during the war, primarily at the Dis-
trict's laboratory at Los Alamos. New Mexico., wlth research support from
laboratories at the University of Chicago and ©Oak Ridge, Tennessee. and
materlal production from Hanford. Washington. Under the terms of the Atomic
Energy Act of 1946, the Manhattan Engineer District was dissulved at the end

* In 1947 the War Department was dissolved. Jucrisdiction over the ground com-
ponents of the Army became the function of the newly created Department of
the Army. and the new Department of the Air Force was established to direct
the former Army Air Forces. These two new departments and the Department of
the Navy formed the new Department of Defense.
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of 1946, and its contracts, facilities, and management responsibilities were
transferred to the newly established Atomic Enerqy Commission (AEC).

The primary purpose of CROSSROADS was to determine the effects of atomic
bombs upon naval vessels. The effects of nuclear weapons on ships was of con-
siderable interest to the U.S. defense establishment. As early as August 1945,
the Chairman of the Senate's Special Committee on Atomic Energy proposed that
the effectiveness of atomic bombs be demonstrated on captured Japanese ships.
In September. the Army Alr Forces comnanding general put the question of such
a test before the Joint Chiefs of Staff (JCS) (Reference A.l, p. 10).

The Navy's response to this proposal was that such a test also should in-
Clude a few modern U.S. naval units in the target array (Reference A.l, p. 10).
In effect, this broadened the test from a mere demonstration of the power of
nuclear detonations to a sclentific test whose results could be used in designs
of naval vessels and naval tactics. In November the JCS established a subcom-

mittee to prepare a detalled proposal. The subcommittee completed its work in
6 weeks,

Secondary purposes of CROSSROADS were to afford training fcr Army Ailr
Forces personnel in attack techniques using atomic bombs against ships. and to
determine atomic bomb effects upon military equipment and installations. Such
information was not available from the irinity test or the Hiroshima and Naga-
saki bombings (Reference C.9.189, p. XIII).

On 10 December 1945, the President announced that the United States would
further explore the capabilities of atomic energy in the form of scientific
atomic bomb tests under JCS jurisdiction. The JCS proposed a joint task fo-ce
to be composed of Army and Navy personnel and civillan scientists, and on 10
January 1946 the President approved the formation of this task force. On 11
January the JCS created Joint Task Force One (JTF 1) and approved a naval offi-
cer who had commanded large Army-Navy operations in the Pacific during the war
and who also had been Chief of the Navy's Bureau of Ordnance to serve as Com-
mander JTF 1 (CJTF 1).

CROSSROADS, as proposed, was to have consisted of three nuclear events. In
approving the plans. the President approved the detonation of three nuclear
weapons, one-third of the U.S. stockplle at the time -- surely a measure of
the importance given the operation {Reference A.7).

Among the major problems confronting CJTF 1 after his appointment was the
selection of a test site. Several locations were considered in the Atlantic
and Pacific oceans and in the Caribbean Sea. The requirements were:

® A protected anchorage (at least 6 nmi [ll1 km] wide) to
hold the target and support fleet

A site that was nearly uninhabited

® A location at least 300 statute miles (about 483 km) frcm
a city

o Freedom from severe cold and violent storms
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® Predictable winds directionally uniform at all altitudes
from sea level to 60,000 feet (18 km)

® Predictable water currents of great lateral and vertical
dispersion; fast currents avolding important fishing areas,
ocean shipping lanes, and inhabited shores

e Control by the Unlted States.

The location that best satisfied these requirements was Bikini Atoll.
Bikini's location in the Central Pacific is shown in Figure 1 and a map of the
atoll itself in Figure 2. The final choice of Blkinl was announced on 24 Janu-
ary 1946 by the JCS after a slight delay because the fishing industry feared
the tests might kill millions of fish, especially tuna and whales. To evaluate
any dangers, the Department of Interlor's Fish and wildlife Secvice conducted
surveys., Those surveys concluded that Bikini was not a critical area for tuna
fish or other fish of commercial importance and was far from migratory whale
routes (Reference A.l, pp. 19 and 20).

CJTF 1 requested that the Bikini native population be evacuated from the
atoll by 15 March 1946. Rongerlk Atoll was selected as the future home for the
Bikinians and on 26 February a group of Navy Construction Battalion personnel
(Seabees) began construction of cisterns. water catchments, and 26 house frames
there. These frames (Figure 3) were temporarily covered with canvas, but this
was replaced by thatch from the pandanus, or screw pine., tree. The thatch was
brought to Rongerik by the Blkinlans. The cisterns were initially filled with
25,000 gallons ‘94,785 liters) of water brought from Kwajalein.

Bikini was evacuated on 7 March. Fligure 4 shows the Bikinians collecting
their belongings. and Fiqure 5 shows the loading of the LST that transported
them. The 167 Bikinians arrived at Rongerik the next day (Figure 6). In an
effort to improve the lives of the Bikinians who were unhappy with Rongerik,
meetings were held in 1946 and 1947 between the Chief and members of his coun-
cil and military authorities to find a more suitable 1sland. On 3 November
1948, the Bikinlans and their possessions were resettled on the island of
K111, in the southern Marshall Islands, 400 nmi (741 km) southeast of Bikinli
and 27 nmi (50 km) southeast of Jaluit Atoll (Reference A.8, pp. 507-551).

On 23 March, after preparations for the operation were well underway. the
President changed the date of the first test from 15 May to 1 July: the second
test was scheduled for 25 July. This allowed certain members of Conqress to
observe Operation CROSSROADS. On 7 September 1946, the Presldent announced that
Test CHARLIE, the third scheduled and a deep underwater test. was indefinitely
postponed (Reference C.9.206, p. V-(D)-5). Engineering problems in construct-
ing a bathysphere capable of withstanding the tremendous pressures involved

precluded the scheduling of Test CHARLIE before Spring of 1947 (Refetence
C.9.206, p. V-(R)-9).

REPORT ORGANIZATION

Subsequent secticns of this overview chapter discuss the fcrm of weapon
effects test programs, with emphasis on potential radiation exposure of par-
ticipating Navy and War Department personnel. The chapter concludes with a
description of JTF 1 and indicates how elements within JTF 1 functicned.
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Chapter 2 is cor- rned with radiological safety (radsafe) aspects of the
tests, This chapter documents procedures, training, and equipment used to pro-
.ect participants from potential radiation exposure.

Chapter 3 discusses the general role of personnel in the weapon effects
srogram in CROSSROADS, leading to a discussion of operations for test events
in Chapter 4, and in the post-test operations discussed in Chapters 5 and 6.

Chapters 7 through 10 report participation by .he Army Ground Forces., Army
Air Forces, Navy. and Marine Corps, respectlvely. Chapter 1l summarizes partlic-
lpation of other government agenclies, cantractors, and universities. Personnel
exposures are discussed in Chapter 12.

MUCLEAR TESTS AND RADIATION EXPOSURES

In general, nuclear testing before 1961 consisted of the unconfined detona-
tion of nuclear devices (usually not weapons) in the atmosphere. The devices
might be placed on a platform or a barge on the ocean's surface; emplaced on
or slightly beneath the Farth's surface:; atop a tower; or supported by a bal-
loon, dropped from an alrplane, suspended underwater, or fired from cannon or
rocket launchers. CROSSROADS employed two operational weapons: one was dropped
from an aircraft and detonated in the alr: the other was suspended from a ship
and detonated underwater,

in theory, personnel can be exposed either to the radlation emitted at the
time of explosion and for about 1 minute thereafter -- usually referred to as
initial radiation -- or the radiation emitted later (residual radiation). Ini-
tial radiation is part of the violent nuclear explosion piocess itself.

The neutron component of initial radiation indirectly contributes to the
later expcsure of personnel. Neutrons are emitted in large numbers by nuclear
weapon detonations. They have the property of altering certain nonradioactive
rmaterials so that they become radloactive. This process, called activation,
works on sodlum, silicon, calciuw. marganese, and lron, as well as other common
materlials. Activatlion products thus formed are added to the inventory of the
radioactive products produced in the explosion process. The radiation emitted
by this inventory more than 1 minuic after detonation 1s referred to as resid-
ual radlatlion.

The potentlal for personnel exposure to residual radlation was much greater
than the potential for exposure to initlal radiation. iIn the nuclear explesion
process, fissioning atoms of the heavy elements, uranium and plutonium, split
into lighter elements, called fission products, releasing energy. When the
uranium and plutonium fission, they produce a varlety of fission products. Dif-
ferent fission products have different half-lives. In general. the lighter fis-
slon products have half-lives that are shorter than the mother elements. The
residual radlatlon produced by these products. given thelr shorter half-lives,
is 1initilally quite hligh. Hcwever, over a period of time, the radloactivity
dlminishes. The decay of the original fisslon products produces other, lighter
fission products that may (or may not) be radiocactive themselves. The net re-
sult 1s that initial decay of fission products produces fairly high levels of
radloactivity that dlssipate over time. While a radloactive fission product
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theoretically continues to exist forever (albeit in diminishing amounts), a
point 1s reached where it is practically undetectable.

Overall radioactivity of all the fisslon products formed decays at a rate
that is closely approximated by a rule that states that for each sevenfold
increase in time the intensity of the radiation will decrease by a factor of
ten. Thus, a radiation rate of 1 roentgen per hour (R/hr) at 1 hour after the
detonation would be expected to be 0.1 R/hr after 7 hours and 0.01 R/hr after
49 hours. This rule seems to be valild for about 6 months following a nuclear
detonation, after which the observed decay rate 1s somewhat faster than that
predicted by this relationship. Activation products, in general., decay at a
faster rate than the fission products.

Fisslon products and the activation products, along with unfissioned uran-
ium or plutonium from the device, are radioactive components of the material
in the debris cloud. This cloud and its fallout are the primary sources of
potentlal exposure to residual radiation.

In a nuclear airburst, the central core of intensely hot material, or fire-
ball, does not touch the surface. The bomb residues (including the fission
products, the activation products resulting from neutron interaction with de-
vice materials, and unfissioned uranium and/or plutonium) are vaporized. These
vapors condense as the fireball rises and cools, and the particles formed by
the condensation are small and smoke~like. They are carried up with the cloud
to the altitude at which 1ts rise stops, usually called the cloud stabilization
altitude. Spread of this material then depends on the winds and weather. If
the detonation is of relatively low yleld., the cloud stabilization altitude
will be in the lower atmosphere and the materlal will act like dust and return
to the Earth's surface in a matter of weeks. Essentially all debris from deto-
nations with ylelds equivalent to kilotons of TNT will be down within 2 months
(Reference A.9). Areas 1n which this fallout material will be deposited will
appear on maps as bands following the wind's direction. Thus, airbursts result
in less potential for residual radiation exposure to personnel at the testing
area from the debris, althcugh there may be some residual radiation fission
products from rapid settling of large particles and short-lived radiation com-
ing from activated surface materials under the burst (if the burst altitude is
sufficlently low for neutrons to reach the surface).

Underwater nuclear detonations are muffled by the gqreat masc of water that
surrounds them. Initial nuclear radiation is absorbed by the water surrounding
the device and the intense heat vaporizes the water near the burst. This fcrms
a hubble berieath the surface of the water that expands as the energy released
in the exploslion works agalnst the mass of water. This expansion continues un-
til the energy is expended, at which point the bubble begins to collapse as it
rises toward the surface. Depending upon the depth of the burst and the size
of the bubble (which in turn depends on the detonation yleld, or total enerqy
released), the bubble may break the surface of the water near its fully ex-
panded size or smaller. Some radioactive products (including activated salt)
are vented into the air as the bubble breaks the surface, but most of tiie de-
vice debris and activation products remain trapped in the volume of water that
collapses on the bubble. This volume of water is called the radioactive pool.
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when the burst 1s close enough to the bottom, as in the BAKER shot of CROSS-
ROADS, an underwater crater may be formed, and the material excavated from it
will be radlioactive and contribute to the residual radiation inventory.

The primary source of personnel exposures from the BRKER shot was not the
radloactive pool of water, however, but from contact with the target ships,
which had been bacthed in the radioactively contaminated water, sand, and coral
that rained down upon them from the cloud and from the radioactive mist (base
surge) that rolled out from the base of the underwater explosion column.

A nuclear explosion produces three types of radiation that posed a poten-
tial hazard to CROSSROADS participants: alpha, beta. and gamma radlation. When
any of these encounters living tissue, it transfers some of its energy to the
target atoms, tearing off some or all of their electrons. This leaves the atoms
with a positive electrical charge. The process is called lonization. This tear-
ing off of the electrons destroys the bonds holding together the complex mole-
cules making up living tissue and leaves the tissue damaged to some extent. At
low levels of radiation. the damage is minor and probably does not adversely

affect the individual's health or longevity, At higher levels, the reverse 1is
true.

Ganma rays are electromagnetic radiation. differing from the more familiar
radio waves and x-rays In that they have higher frequency and shorter wave-
length. They are produced in great quantities and with very hlgh energy dur’ng
a nuclear explosion. They are also given off during the decay of the radio-
active isotopes produced by a nuclear exploslon. They can travel long distances
and can readlly penetrate clothing and skin. Because the personnel conducting
Operation CROSSRORDS were miles from the two detonations, the gamma hazard to
them came from radioactive isotopes left in the target area or carried from 1t
by wind or tide or on the participating ships or planes or even on the bodies

of the personnel themseilves. The radiation detection instruments used during
CROSSROADS readily detected gamma rays.

Beta particles are electrons. Like gamma rays, they are given off by a
nuclear explosion or by the radioactive isotopes produced by the explosion.
Unlike gamma rays, however, beta particles do not travel far and, except at
high energlies., ate stopped by clothing or the outer layers of skin. They are a
greater hazard 1f 1sotopes emitting them are taken into the body or are left
in contact with skin for a long periocd. Beta radiaticn was measured fairly
well by several types of safety instruments used during CROSSROADS.

Alpha particles are made up of two protons and two neutrons. With the addi-
tion of two electrons, each becomes a helium atom. Alpha particles are given
off by some radioactive isotopes created in a nuclear explosion and by unfis-
sioned uranium or plutonium. Because alpha particles are relatively massive,
they do not travel far, about 1 or 2 inches in air. The skin, clothing. or
even a plece of paper will stop them. However, if the material emitting them
enters the body ond lodges there. the alpha particles can do great harm because
they cause a high rate of ionization. The decay time of many alpha emitters is
long. Piutonium only loses half of its alpha particles in 24,000 years! As de-
scribed in detall in Chapter 2, the safety instruments avallable at CROSSROADS
for detecting alpha particles directly were few in number and would not operate
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outside the controlled conditions of the laboratory on the ship housing the
radiation safety organization. Therefore., the only expedient way to estimate
alpha radiation was to assume that some relatively stable ratio existed between
alpha emitters and gamma or beta emitters. One could then measure gamma or
beta radiation and calculate the alpha hazard. As beta and gamma radiation
decreased, however, alpha radiation remained because of the long decay time of
the plutonium and other alpha emitters.

EFFECTS EXPERIMENTS

Central to the test serles was the experimental program. This program and
its requirements dictated the form of the test organization and the detail of
personnel participation. CROSSROADS had two experimental programs. The first
was to determine the effects of nuclear detonations on animals and on military
equliprent such as ships, alrcraft., and various supplies. The second program
was to measure weapon phenomena such as heat, blast, radiation. and wave ac-
tion. CROSSROADS was not a weapon development operation: the bombs used were
of the same design as the one dropped on Nagasaki.

Effects experiments were intended to acquire urgently needed military data.
These experiments may be classed into two general kinds. The first class of
measurements was made to document the hostile environment created by the nu-
clear detonation. The second class of effects experiments documented the re-
sponse of systems to the hostile environment: these measurements are termed
systems response experiments.

Environmental Measurements

The purpose of environmental effects measurements was to gain a comprehen-
sive view of the hostile environment created by a nuclear detonation to allow
military planners to design survivable military hardware and systems and to
train personnel to survive, Examples of environmental measurements taken at
CROSSROADS include static (crushing) and dynamic (blast) pressure, heat gener-
ated by the detonation, and fallout radiation. Measurement techniques employed
for CROSSROADS varied with the effects belng measured, but usually measuring
devices were placed at a variety of ranges from surface zero and their measure-
ments recorded in some way. Many types of gauges and data-recording techniques
were used. Measuring devices or instruments were airborne, underwater, on
shore towers, or on a technical support vessel: the majority were placed on
target vessels (Reference C.9.208, p. 2).

Rugged, self-recording gauges were developed for blast and thermal radia-
tion measurements so that complete loss of data from a project would not occur
i1f instrument recovery were delayed. for example. by heavy fallout. For nuclear
radiation measutements, however, early data recovery was still desirable as
the gauges might be thin aluminum foll meters that could be made radiocactive
by the initial ncutrons. Early observation was necessary before the information
contained in the induced radiation pattern decayed to undetectable levels.

The potential for radlatlion exposure of personnel responsible for environ-
mental measurements in general depended on the proximity of the instruments to
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the device and the time that elapsed between detonation and instrument recov-
ery; the nearer in space or time to the detonation. the greater the potential
for exposure.

Systems Response Experiments

To document the response ¢l systems to the hostile environment, military
hardware (aircraft parts, ammunition., radar., petroleum, tanks, field stoves.
clothing, and medical equipment) was exposed to nuclear detonation effects.
Techniques used for these experiments were conceptually simple: exposure of
the system of interest and observation of its response. Actual conduct of the
experiments was far more complex. The level of threat to which the system was
exposed almost always required measurement to properly understand the response,
necessitating an environmental experiment along with each systems response
experiment. It was often not enough to know whether the system survived. but
rather what the effects wer2 on the component parts and their interactions.

This required the placement of extensive instrumentation and recording devices
throughout the test area.

while the potential radiological exposure of personnel during these systems
response experiments was governed primarily by the prox .mity of personnel in
space or time to the detonation, an additional problem arose. Often, when the
exposed object was recovered for closer examination., 1t could be contaminated
by device debris or even be radicactive 1itself due to neutron activation. Per-
sonnel recovering or handling such objects could be exposed to radiation. For
this reason, reboarding partles who inspected vessels, aircraft, and equipment

after each detonation were given published guidelines and radsafe instructions
(see Appendix B).

MARSHALL ISLANDS SETTING

The Marshall Islands are in the easternmost part of the area known as
Micronesia ("tiny i1slands”). The Marshalls are spread over 770 thousand mil
(2 mlllion km?) of the Earth's surface, but of this area only about 70 mie
(180 km2) 1s land. Two parallel chains form the islands: Ratak (or Sunrise)
to the east, and Ralik (or Sunset) to the west; Bikini is in the Ralik chain
at its northern extreme. Figure 1 shows these 1slands in the Central Pacific;
Figure 2 is a map of Bikini Atoll.

A typical atoll, Bikinl is a coral cap set on truncated, submerged volcanic
peaks that rise to considerable heights from the ocean floor. It consists of 27
small islands that encircle a broad lagoon 25 miles (40.2 km) long and !5 miles
(24.]1 km) wide, with a maximum depth of about 200 feet (61 meters). The dry
land area, 2.72 mi2 (7 km?), js covered with low. scrubby brush and coconut
and pandanus trees. The land area is concentrated in the eastern islands. from
Bikinl to Eneu islands, which form about 53 percent of the land total., with 24
percent taken up by the southern section of Enidrik to Aerokoj.

Climate 1s troplcal marine, generally warm and humid. Temperature changes
are clight, ranging from 70° to 90°F (219 to 329C). Rainfall 1s moder-
ate, and prolonged dcoughts may occur. North of the atoll is open ocean for a
thousand miles, the only 1nhablited island being Wake. East of Bikinl are
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several atolls, with Rongelap at 80 nmi (148 km) the closest., Storms are infre-
quent, although typhoons occur: nevertheless, both wind and sea are continuous
erosional agents. Although possible at any time, most tropical storms occur
from September to December. Cumulus clouds are abundant in the area.

The Bikinl region incorporates three basic wind systems. Northeast trade
winds extend from the surface to 25,000 to 30,000 feet (7.6 to 9.1 km), upper
westerlies from the top of the trades to the base of the tropopause at 55,000
to 60.00C feet (16.8 to 18.3 km), and Krakatoa easterlies from the tropopause
up into the stratosphere. These systems are all basically east-to-west or west-
to-east alr currents. Day-to-day changes reflect relatively small north-south
components, which are markedly variable. Greatest varlation occurs in the upper
westerlies, particularly during late summer and fall.

Steady northeast trade winds in the lower levels cause water at the surface
of the lagoon to flow from northeast to southwest, where it sinks to the bottom
and returns along the lower levels of the lagoon. rises to the surface along
the eastern arc of the reefs and islands, and is moved by winds to the south-
west agaln. Lagoon waters moving in this closed loop also mix with those of
the open ocean, resulting in a flushing action.

At Bikinl, ocean water flows in over northern and eastern reefs and flows
out of the western portion of Eneu Channel. Water exchanges over the western
reefs with the tides, ocean water flowing in and mixing with the flood and la-
goon water flowing out with the ebb. The net rate of flushing of Bikini waters
1s such that one-half of the lagoon waters 1s replaced by ocean water in 22
days and the original volume will account for only 10 percent of the lagoon
volume after 2-1/2 months (Reference C.9.,209, p. F-25).

During CROSSROADS, the Marshall Islands were under the Jjurisdiction of a
U.S. military governor who reported to the Chief of Naval Operations and ulti-
mately to the Secretary of the Navy. Since July 1947 these islards have been
part of the Trust Territory of the Pac!fic Islands, @ strategic area trustee-

ship of the United Nations. administered by the United States (Reference 1A.8,
pp. 507-551).

In order to prepare Bikini Atoll for test operations, a considerable amount
of work was required in the lagoon and on the principal islands. First, it was
necessary to clear the laqgoon of Japanese mines. On 10 March a survey unit
arrived and began hyvdrographic and land surveys to augment the data reccrded
on the avallable Japanese charts. RAfter the survey several coral heads were
blasted out to permit safe navigation of large ships and to permit proper
placement of ships in the proposed target arrays. Navigational and mooring
buoys were lald in the lagoon and beacons placed on shore. On the islands,
photographic towers (Figure 7)., recording stations. recreational facilities
(Flgure 8), and landing facilities were constructed. This work was started on
20 March with the arrival of the 53rd Special Naval Construction Battalion.
assisted by elements of the service groups anu minesweeping units of the
Pacific Fleet (Reference C.9.206, p. V-(B)-4),.
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Figure 7.
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installed on ships and on shore to repair instruments and carry out test analy-
ses (Reference C.9.206, p. I-(B)-T).

In addition, CROSSROADS posed other problems (Reference A.1l, pp. 20 through
23):

Scientific resources were declining from wartime peaks

The number of nontechnical Service personnel was diminish-
ing

e Civilian scientists participating from universities were
insistent upon returning by early September

e Army and Navy budgets were expected to become smaller after
the war

® Obsolete target vessels could not be held avallable indef-
initely.

JOINT TASK FORCE ONE

JTF 1| was organized on 11 January 1946. It followed the basic principles
employed during World War II to develop amphibious task forces, but incorpor-
ated needs of the scientific program. The joint task force staff comprised
Army. Navy. and civilian scientific personnel. This joint staff maintained
liaison with the War and Navy Departments, the Manhattan Engineer District,
and other government agercies.

CJTF 1 maintalned lialson with two boards of special interest, the JCS
Evaluation Board and the President's Evaluation Commission. The Evaluation
Board was to advise CJTF 1 during preparation for the tests and evaluate test
results. The Evaluation Commission was to cooperate with the War and Navy De-
partments 1in conducting the tests, and to undertake a study of the tests and
to submit 1ts observations to the President along with findings, conclusions,
and recommendations (Reference C.9.206, pp. VI-(B)~1 and VI-(B)-2).

JTF 1 was subdivided into eight task groups, each of which performed some
specific function. Figure 9 detalls the structure of JTF 1., which was head-
quartered on USS Mount McKinley (AGC-7).

Task Group 1.1 (Yechnical Group)

Task Group (TG) 1.l was responsible for instrumenting all target ships and
target areas. Selected ships assigned to the group were equipped with labora-
tory facilities to service scientific instruments and record all data. The
primary mission of its Drone Boat Unit (Task uUnit [TU] 1.1.3) was to obtain
early samples of radiocactive water after each test and conduct remotely con-
trolled radlological reconnalssances of the lagoon area after shot BAKER. TG
1.1 also did the following:

® Operated and performed technical services
e Observed and measured physical phenomena

® Furnished technical advice and assistance.
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TG 1.1 had the following three task units, listed below with the ships on
which they were based.

¢ TU 1.1.1 (Laboratory Unit)
-- USS Albematrle (AV-%) (Flagship)
-—- LCT-1359
-- LSM—-60 (BAKER surface zero vessel)

e TU 1.1.2 (Instrumentation Unit)
-- USs Avery Island (AG-756)
-- USS Burleson (APA-67)
- USS Cumberland Sound (AV-17)
-- USS Haven (AH-12)
-- USS Kenneth Whiting (Av-14)
- - USS wharton (AP-7)

e TU 1.1.3 (Drone Boat Unit)
- - USS Beqor (APD-127)

Task Group 1.2 (Target Vessel Group)
TG 1.2 did the following:
e Prepared and placed target vessels for tests

® Salvaged and provided rescue assistance to damaged,
strained, or distressed vessels

® Evacuated ships at time of tests
¢ Furnished boats and boat crews to the boat pool

e Provided boats from target vessels for radsafe reconnais-
sance and transport of initial inspection parties.

TG 1.2 was composed of seven task units during the testing period: thelr
respective ships are listed in Table 1. USS Fall River (CA-131) was the flag-
ship for TG 1.2. Not &all TG 1.2 ships were target ships., although most were.
Nontarget ships listed supported preparetion, placement, and salvage of the
targets. An elighth task unit, TU 1.2.12 (Kwajaleln Maintenance Force), provided
radiological decontamination and ammunition removal and disposal services for
the JTF | ships moved from Bikini to Kwajalein during RAugust and September
1946. Other activities Included rollup of operations at Bikinl, radiological
sutvey of marine 1ife around Wotho, Rongerik., and Rongelap islands, preparation
of ships for movement to other shipyards, and aid in the training of radiciog-
ical safety school graduates who had been sent to Kwajalein for practical ex-
perience. The unit initilally consisted of about 1,500 men based ashore and cn
assorted small craft as well as the following vessels:
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Table 1.

Task Group 1.2 (Target Vessel Group) ships participating

in CROSSROADS.

Task Group Tatk Unit Task unit Task Unit Task unit Task Unit
1.2 1.2.3 1.2.4 1.2.% 1.2.% 1.2.7
Destroyer Submar \ne Landing fraft Merchant Type Salvage
flagship Unit unit uUnit Unit Unit
USS tall River (CA-\J\)d Destroyer Submar ine LS1 Group 9 Transport ATR-40?
Diviston N Biviston 101 USS LSI.52 Oivisian 91 ATR.81%
USS Anderson USS Searaven ussS Banner 3
Yask Pnit 1.2 (00-411) 155-196) Uss$ LST.125 TAPR-60) ATA-\BOa
~—_ﬁz-uleshm and Crylser USS_Hughes uss Skate VAL ASL AL uss Brule A"JGSJ
Untt (ob-410) ($5-305) USS LST-220 {APA-66) ATA-192
——— e [Tlagship) USS Skipjack  USS LST-545 uSS Carlisle  USS Achomawt?
Teship Divy , . "
Battleship Division 7 %3%1%%?%pp {8S-184) USS LS1-661 (APA -69) {(ATE-148) ,
USS Arkansas (86-33) us$ Tuna UsS Carteret USS Chickasaw
(Flagship) USS Rhind {§5-203) LCI Group ? {APA-70) (ATF-83)
Nagato {captured 100-403) Sobmar ine Ler-37 ussS fallon uss Clampa
Japanese battiesnip) Destrayer Diviston 112 LCT-329 (APA-61) (ARS-33) s
< . ¥ r
USS New York (BB-34) CAvision 2 UsS Aogon LCT.332 Transpor t 5’%35“3’3‘?—”—'
Battleship Dlvision 9 ?BB ggéjhntélggl ($5-3C8) LCL-620 Clviston 92 uss (o (ou(a\
e ’ USS Dentuda USS Barcow
USS_Nevada (88-36) LSS Stack (55-33%) LCI{L)-549 (ADA- 6T) (ASR_8, R
?f?apf:vs§lven\a (8B-38) (00-406) USS Parche LCT{L)-615 uss Butte %%%'%g%%g_g
gship USS W41 mwr Yght (55-384) (AFA-68) ¢
(0o ney LCT Group 1% usS pellver®
Crulser Uivisipa 23 \ uss Pilntfish UsSS_Cortland e et
{flagship) — S LC1.816 —--—-3————-— {ARS.23)
USS Persacola (CA .24} (55-386) {APA-TT) 2
T ! USS Wilson LCT-Rig USS Crittenden Y33 $tlah
Zr\nz fugen {captured (00-40R) LCT.81e ARRT) (AN-79)
erman crulser) uss ngjla
N £1.107R =
Sakawa (capiured g“"vt's‘;"'u Lerm ‘(’—i%}’%—;‘-"" (ARSE- 1)
Japanese crulser) on LCY-11n2 19) Lotsg?
USS $a't Lake 1ty %}g—‘,"]‘«‘m"’—'“ Ll Transport Lot gl
(CA725) {flagship) -3 ! Division 93 .
d Lter-the a
USS fluss $S_81 LC1-11B4
(00 368 AR uss_gladen a
- —— a (APA §3) LLT-1420
T ‘ -
.__._;jsf_Un.l 1;?.? ?33 geg: Ler H\ba USS Bracken vss Ngqge;d
Aircrafi fCarrier Un\lD USS Mus Ler-1130 (APA-64) {ARSD-2)
- - 1—0—“"-—33—- Ler-nze? USS Briscoe UsS Cnectal
Carrter Civisian 4} ) LT 15d (APR £5) (AN GY)
U35 _'naependence {CVL-7z'  Destigyer UsS Catren SS Palmyra?
USS Saratogqa (Cv-3] Ctvistion 8 LT Grc;#,zl TAPA Yy (ARST{11.3) ,
USS Mayrant LCr 4™ USS tillmgre USS Preserver
195.402) et aie (APA R} (ARS €}
uss Trippe LCi 155 USS Geneva LSS Rey 'aimer
{00 -403) ' (APA 8h) (AKS 42
LCY 812 . .
USS Nidgdra USS Srakamaxor
LC1-013 {APA.87) (AN788)
o . . 3
Ler-s Transport H%%—ggg>9—!
LCT-1187 Division 94 (s
N 3 LSS Widgeon
Ler-2y Ui%xiggjlpg lhsh_“)a =
0112682 { )
a uss Artem\s
RARRLEAL |AKA 21)
1c112178
e R USS Gasconade
NOTLG Leraas (APA 85)

3
Hortarget vessels.

r
Twd PB2Y.SK Curonado seapianes were 3150 mocred in the targe
array. They were not dssigred 1o any task unit.

“BAKIR target only.

Vsieilaneous
ARG 13
Y0-160
Y9G -83




USS Conserver (ARS-39) APL-217
USS Current (ARS-22) LCI-329
USS Geneva (APA-86) LCI(L)-549
USS Haven (AH-12) LCI(L)-615
YF-753

Task Group 1.3 (Transport Group)

TG 1.3 transported personnel and equipment to Bikinl Atoll as well as
evacuating personnel of the Target Vessel Group. It also furnished boats and
boat crews to the boat pool. supplied two AKAs and two LSTs for the construc-
tion unit, and transported and quartered the press and observers. This task

group was compcsed of three task unlts: their respective ships are listed
below.

TU 1.3.1 (Transport Group)
Transport Division 31

USS Bayfield (APA-33) USS Ottawa (AKAR-101)

USS Bexar (APA-227) USS Rockbridge (APA-228)
USS Bottineau (APA-235) USS Rockingham (APA-229)
USS George Clymer (APA-27) USS Rockwall (APA-230)
USS Henrico (APA-45) USS Rolette (RKA-99)

USS LsT-817 USS Saint Crolx (APA-231)
USS LST-881

TU 1.3.2 (Press Unit)
USS Appalachian (AGC-1)

TU 1.3.3 (Observer Unit)}
USS Blue Ridge (AGC-2)
USS Panamint (AGC-13)

An alphabetically arranged list of participating target and support ships,
which includes a summary of their activities, forms Appendix A of this report.

Task Group 1.4 (Army Ground Group)

TG 1.4 was responsible for determining damage to selected Army equipment
exposed at varyling distances from the detonation point and measuring radili of
effectiveness for each detonation. Each of the operating task unlts had Army
equipment on certain ships and on Bikini Island for exposure to the nuclear
detonations. Figure 10 shows the TG 1.4 organization. Each unit had inspecticn
teams that were assigned to target ships and responsible tor loading, securing,
maintaining. and inspecting assigned test items. These teams also instructed
crews of each target ship concerning exposed test items. Teams were to reboard
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COMMANDER ST
TASK GROUP 1.4

ARMY GROUND GROUP

TASK UNIT 141 TASK UNIT14.3 TASK UNIT 145
ENGINEER UNIT ORDNANCE UNIT QUARTERMASTER UNIT -
6 INSPECTION TEAMS: {9 INSPECTION TEAMS) (11 INSPECTION TEAMS) Y )
TASK UNIT 1.4.2 TASK UNIT 144 TASK UNIT 146
SIGNAL UNIT CHEMICAL UNIT AIR UNIT v b

16 INSPECTION TEAMS) (6 INSPECTION TEAMSI {3 INSPECTION TEAMS: -® i
|
Figure 10. Task Group 1.4 organization, Operation CROSSROADS. 1

1

ships after the tests when ships were radiologically cleared and safe for
boarding (Reference C.9.149., p. 3). TG 1.4 was composed of a headquarters and .0
the following six operating task unlts:

¢ TU 1.4.1 (Engineer Unit)

e TU 1.4.2 (Signai Unit) . <
e TU 1.4.3 (Ordnance Unit) o e
e TU 1.4.4 (Chemical Unit) ,
e TU 1.4.5 (Quartermaster Unit)
e TU 1.4.6 (Air Unit),

Task Group 1.5 (Army Air Group) . @

TG 1.5, the Army Air Group. ccmposed of provisional Army Air Forces unlits,
was assigned the mission of dropping the ABLE weapon on the target array in
Bikini Lagoon. In addition, it furnished ailrcraft. facilities, and crews for
photography, weather reconnalssance, alr-sea rescue., cloud sampling, pressure
gauge drops, and air transport. Table 2 lists the Army alrcraft used during N
CROSSROADS. B-29s and F-13s, which were modified B-29s, have become inter-
mingled at some points in the historical accounts of Army Air Group operations.
The totals for each shown here are correct by most accounts. TG 1.5 was com-
posed of the following 1) task units (as shown in Figure 11).

TASK UNIT 1.5.1 (TACTICAL OPERATIONS UNIT). TU 1.5.1 tralned cr-ews. pre- -0

pared equipment for the tests, airdropped the test ABLE weapon. set up the air
search rader in the Bikinl area., and provided radar analyses of practice bomb

37




Table 2 Army atrcraft, CROSSRCADS.

B -
) Task Unit Type Quantity Misston -®
1.5 829 1 Command
- B-29 1 domb drop
: 6-29 2 Pressure gauge uiop ‘ o
F-13° 2 Radiological reconnatssance y
6-29 3 Spar.:
162 C-54 ¢ Photograpnic o
) F~]3b 8 Photngraphic ; °
1.5.3 8-17 U Drone samplers
B-17 6 vrone controliers
] 1.5.4 C-46° 20 Transport "o
C-54C 10 Transport
1.5.6 This unit was compined with TU 1.5.3 before ABLE and
BAKER tests.
N 1.5.7 WB-29 3 Weather reconnaissance j~ o
1.5.8 B-29 2 Radio broadcast, press, observation
c-54¢ -
» 1.5.9 B-17 2 Air-sea rescue °
Notes: '
aBorrowed from TU 1.5.2.
. bB—295 modified for photogranhy.
»

cInc]udes those used to carry supplies to and from the continentai e
United States. 2

dBorrowed from TU 1.5.4 on shot days.

Source: Reference €.9.189, p. VII-£, Appendix II.




TASK GROUP 15 o
ARMY AIR GROUP

i COMMANDER

l |

TASX UNIT 1863
) TASX UNIT 160 TASK UNIT 153 TASK UNST 16.7 TASK UNIT 159 s .
TACTICAL INSTRUMENTATION AND ARMY AIR WEATHER
TEST REQUIREMENTS AR SEAVICE UNIT AIR-SEA RESCUE UNIT _®
QPEARATIONS UNIT uNIT

AECONNAISSANCE UNIT

TASK UNIT 182 TASK UNIT 164 TASK UNIT 156 TASK UNIT 1.6.8 T;lKD:NLYa:.:;o
ARMY AIR PHOTO AIR TRANSPORTATION HEADQU 8
UNIT UNIT ARMY DAONE UNIT AIR ORIENTATION UNIT AIR UNIT

L ]

NOTE TASK UN'T 163 AND TABX UNIT 1 &6 WERE 3. ’
COMBINED AND BECAME ONE UNIT

Figure 11, Task Group 1.5 organization, Operation CROSSROADS.

runs. It also operated two B-29s that dropped pressure gauges during each test.
In addition, after each detonation it tracked the radiocactive clouds and sam- .
P pled air around the clouds. ‘The unit was based on Kwajalein Island. - ®

TASK UNIT 1.5.2 (ARMY AIR PHOTOGRAPHIC UNIT). TU 1.5.2 conducted air photo-
graphic operations and furnished aircraft for radiological reconnaissance
flights. It was stationed on Kwajalein Island,

[ 1}

TASK UNIT 1.5.3 (INSTRUMENTATION AND TEST REQUIREMENTS UNIT). TU 1.5.3 and . ®
TV 1.5.6 (Army Drone Unit) were combined before the operation began. It was
responsibtle for providing the B-17 drone and B-17 drone-controller aircraft
for cloud-sampling operations. The drone mission required that the unit provide
and maintain special equipment for sampling and fo:r drone control operations.
. This included special cameras mounted in the drones. This unit was located on @
o Enewetak Island. -

TASK UNIT 1.5.4 (AIR TRANSPORT UNIT). TU 1.5.4 provided airlift for per-
sonne), supplies., and equlpment between Roswell Army Air Field, New Mexico.
and the Pacific Test Area. It also provided air shuttle service amony Kwaja-
lein, Bikini, and Enewetak islands. Both C-46s and C-54s wetie avallable. This
unit, statlioned on Kwajalein Island, was responsible to assist in evacuating .
Enewetak Island in case of radiological danger to personnel on that island.

TASK UNIT 1.5.5 (AIR SERVICE UNIT). TU 1.5.5 serviced and maintained Army -
alrcraft at Kwajalein Island. In addition to service and maintenance person- X
nel, the task unit had engineers, military policemen, and weather-forecasting :
personnel. -®

TASK UNIT 1.5.7 (ARMY AIR WEATHER RECONNA1SSANCE UNIT). TU 1.5.7 had three
WB-29 aircraft with crews trained in weather reconnaissance. It flew long-range
weather reconnaissance missions before each test. This unit was located on
Kwajalein Island.

THRSK UNIT 1.5.8 (AIR ORIENTATION UNIT). TU 1.5.8, based on Kwajalein
Island, was responsible for accommodating visitors, observers, the press, and
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news broadcasters. It flew these groups in two B-29s and iwo borrowed C-54s to
witness CROSSROADS detonatlons.

TASK UNIT 1.S5.9 (MIR-SER RESCUE UNIT). 7U 1.5.9 was initially part of TU
1.9.3 but was made a separate unit pefore testing started. It had two B-17
alrcraft (called "Dumbos”) for alr-sea rescue and provided coverage between
Enewetak and Bikini. The unit was based on Enewetak Island.

TASK UNIT 1.5.10 (HERDQUARTERS, AIR UNIT). TU 1.5.10 contained the command
and staff elements of TG 1.5. It was based on Kwajaleln Island and operated
the task group headquarters. It was also known as Hq 1G 1.5 (Reference B.5.1).

Task Group 1.6 (Navy Air Group)

TG 1.6 had thiee different functions: drone plane and drone boat control,
aerlial photography., and seaplane transportation. TG 1.6 was composed of four
task units:

TU 1.6.1 (Drone Carrier Unit)

TE 1.6.11
USS shangri-La (CV-38)

TE 1.6.12
USS Charles P. Cecil (DD-835)
USS Furse (DD-882)
USS Newman K. Perry (DD-883)
USS Turner (DD-834)

TE 1.6.13 (Navy Fleld Recovery Subunit,
NAB Rol-Namur, Kwajalein)

TE ).6.14
Air Development Squadron 2 (VX-2)

TU 1.6.2 (Photo Carrler Unit)
UsSS _Saidor (CVvE-117)
Plane quard destroyers from TE 1.6.12 as assigned.

TU 1.6.3 (Seaplane Unit, NAB Ebeye Island, Kwajalein)
Patrol Seaplane Squadron 32 (VPB-3Z)
Alr-Rescue Squadron 4 (VH-4)
Carrier Alrcraft Service Unit (Fleet) 34 (CASU[F]-34)

TU 1.6.4 (Seaplane Tender, Bikini)
Ugs Orca (AVP-49).

Shangri-La carrled drone alrcraft and operated off Rol Island, Kwaj)alein,
where an alrfleld was used for landing and e:perimenting with drone planes.
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Between tests, Saidor operated from Bikini Lagoon with drone boat control and S
photographic unit personnel on board. Except on ABLE and BARKER days, Orca was -]
stationed at Bikini as a terminal and service unit for transport seaplanes. . @
The ship maintained seaplane runways and furnished overhaul servicing required
for all planes on turn-around service (Reference C.9.206, p. V-B-10).

Task Group 1.7 (Destroyer Surface Patrol Group)
TG 1.7 performed the following tasks during CROSSROADS: . @ ;
Furnished radsafe patrols

Anchored one shlp at Bikini Atoll lagocn entrance, except o
when 1t was evacuated., and supplied arrival information to S 3
incoming vessels -

e Advised the Sentor Officer Present Afloat (SOPA) about -0 1
each arrival and departure from Bikini Lagoon )

e Deployed two destroyers to act as approach markers for the )
bombing aircraft in test ABLE. ‘

TG 1.7 was composed of oniy one task unlt, TU 1.7.1 (Destroyer Squadron .0 )

Unit), and contained the following ships.
Destroyer Division 71
USS Barton (DD-722) (Flagship) USS O'Brien (DD-725)
USs Laffey (DD-724) USS Walke (DD-723) "o
USS Lowry (DD-770)
Destroyer Division 72

USS Allen M. Sumner (DD-692) USS Moale (DD-693)
USS Ingraham (DD-694) USS Rcbert K. Huntington (DD-781) -®

Task Group 1.B (Service Group)
This task group had the following responsibilties:

o Base faclilities and services including repair., fuel, water,
mall service (USS LST-861); general supply., provislons, "
hospital, and recreation (USS LST-388) ;

¢ Island commander functions for land areas of Bikinil Atoll,
such as policing recreational areas. conducting shore pa-
trol, and controlling boat traffic at landings

Boat services 7' .
Medical and hospital services
Quarters and laboratory facilitles onr USS Fulton (AS-11)
for the Oreanographic Wave Measurement Group
® Surveys in accordance with the Oceanographic Survey Pian .®

Construction in accordance with Loglstic Plan

4]
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® LCI shuttle service between Bikini and Kwajalein atolls
i © Evacuation of Rongerik Atoll population if necessary.

76 1.8 was composed of the following six task units (Reference B.0.l, pp.

5 and o).
TU 1.8.) (Repalr and Service Unit)

l_ USS Afax (AR-6) UsSS Sioux (ATF-175)

ARD-29 UsSs Sphinx (ARL-24)

ATA-124 USS Telamon (ARB-8)
- ATA-187 USS Tombigbee (AOG-11)
~ USS Cebu (ARG-6) USS Wenatchee (ATF-118)

USs Chikaskia (A0O-54) USS Wildcat (AW-2)

USS_Chowanoc (ATF-100) YC-1009

USS Coasters Harbor (AG-74) YF-385
Ld USS Creon (ARL-11) YF-733

USS Dixie (AD-14) (Flagship) YF-734

USS_Enoree (A0-69) YF-735

USS Fulton (AS-11) YF-752
a USS Hesperia (AKS-13) YF-153

USS Limestone (IX-158) YF-754

UsSs LST-388 YF-990

USS LST-861 YF-991
™ USS Munsee (ATF-107) YF-992

USS_Phaon (ARB-3) Y0-132 :
o USS_Pollux (AKS-4) Y0-199 )
: USS Quartz (IX-150) Y0G-63 o
® USS Severn (RO-61) Y0G~70 R
. W-92
i

TU 1.8.2 -- No units assigned

ko ik xl

TU 1.8.3 (Dispatch Boat and Boat Pool) - ..

JSS Gunston Hall (LSD-5) LCT-1361 PGM-29
LCI(L)-977 LCT-1461  PGM-31

LCI(L)-1091 PGM-23 PGM-32 : 1

LCI(L)-1062 PGM-24 USS Presque Isle (APB-44) -

LCI(L)-1067 PGM-25 USS San Marcos (LSD-25) RO

RS
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TU 1.8.4 (Medical Unit)
USS Benevolence (AH-13)
USS Bountiful (AH-9)

TU 1.8,5 (Survey Unit)
USS Bowditch (AGS-4)
USS James M. Gillis (AGS-13)
USS John Blish (AGS-10)
YMS-354
MS-358
™S-413
YP-636

TU 1.8.6 (Construction Unit)

53rd Construction Battalion (later, Construction Battalion
Detachment 1156)

TU 1.8.7 (Rongerik Evacuation Unit)
USS LST-8171
USS LST-989

POST-OPERATION ORGANIZATION AND ACTIVITIES

After 7 September all survey and construction activites at Bikini were
rapidly brought to a close, and the atoll was evacuated by 26 September 1946,
Following a meeting on the West Coast from 17 to 20 September concerning de-
contamination procedures, some officers from JTF 1 were ordered to temporatry
duty under Commander Western Sea Frontier to follow up and coordinate the de-
contamination, monitoring, and clearance of exposed ships. On 24 September, 1in
a joint speedletter, the Bureau of Ships and the Bureau of Medicine and Surgery
assumed responsibility for giving final radiological ship clearances and pre-
scribed detailed decontamination and clearance procedures. JTF 1 was formally
dissvlved on 1 November: 1ts successor was a JCS commlttee, the Joint CROSS-
ROADE Committee, whose task was to oversee the final test activities., publish
the final reports, and supervise the Bikini Resurvey Operation of summer 1947,
described in Chapter 6 (Reference C.9.206, pp. V-(D)-5 through V-(D)-7).
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CHAPTER 2
RADIOLOGICAL SAFETY

PLANNING

Proposals to test atomic weapon effects on ships were made at the end of
World War II, but the first discussion of radiologlical safety appears to have
occurred at a meeting held 8 December 1945. Among those attending were the conm-
manding general of the Manhattan Engineer District., the chief of the District's
Medical section. and a Navy officer closely associated with the atomic bomb
project and trained in chemical warfare technology. This officer became Safety
Advisor to Commander Joint Task Force 1 (CJTF 1) and headed the task force
safety organiz: :ion. The chlef of the medical section, an Army medical officer,
became Radjological Safety Advisor to CJIF 1 and headed the task force Radio-
logical safety Section within the safety organlzation (Reference A.l. pp. 9,
48, and 49; Reference B.0.l: Reference C.9.206. pp. VII-(C)-]1 and VII-(C)-2).

During the next several months, tralning of radiological safety (radsafe)
personnel, organization of the radsafe unit, and writing of the radsafe plan
went forward. By 15 December medical officers from the Army, Navy, and Public
Health Service had been selected for tralning in radlological safety. The
Manhattan Engineer District took responsibility for radiological safety as the
result of a meeting on 7 Jaauary 1946 between the joint task force commander
desigrate and the commanding general of the Manhattan Engineering District.
The Safety Advisor, the Radliological Safety Advisor, and the Radlological
Safety Section were part of the joint task force from the time of 1ts formal
establishment on 11 January 1946. By April 15 a radsafe plan was submitted
to CJTF 1. The plan was approved with revisions on 28 April. The plan under-
went no significant revisions until after shot ABLE (Reference C.9.206, pp.
VII-(C)-1 and VII-(C)-2). Relevant portions ate reproduced in Appendix B.

Radiological safety, however, was only part of the task force's comprehen-
sive safety program. It also included protecting personnel from fire, explo-
sions, and toxic material. By exposing a fleet of warships, many loaded with
ammunltion, fuel. and lubricants, to nuclear explosions, the task force added

nuclear safety to the many concerns damage control officers had faced for
years.,

The radsafe plan emphasized detection and avoldance of radiation to protect
personnel. Systematic reconnalssance was to begin shortly after each detona-
tion. Navy patrol seaplanes (PBMs) were to conduct aerial surveys over the
lagoon and destroyers were to patrol the open ocean upwind and downwind of the
atoll. Drone patrol boats were to enter the lagoon first to take water samples.
Radsafe monitors aboard gunboats (PGMs) and landing craft (LCPLS) were to mea-
sure the lagoon's radiocactivity. D-29s were to track the nuclear cloud. Radsafe

monitors were to accompany all units and worklng parties reentering the target
ar2a to recover data or work on the target vessels.
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RADIOLOGICAL SAFETY RESPONSIRILITY AND ORGANIZATION .

Although the Manhattan Englneer District had taken responsibility for
radiological safety at CROSSROADS. the District's role actually consisted of
providing radsafe equipment and senior radsafe personnel. CJTF 1 was in command
at Blkinl and major radsafe orders were 1ssued in his name. A Radlological
Safety Section was established to advise CJTF 1 in this area and to implement A
his orders. Its chief was also CJTF 1's Radlological Safety Advisor. During . @
test operations the section operated directly under the JTF 1 Assistant Chief
of staff for Operations. For the purposes of technical advice and instrumenta-
tion, the Radiologlcal Safety Section reported to the Technical Director. This
dual chain of command caused no difficulty during CROSSROADS (Reference
C.9.206, p. VII-(C)-2).

The mission of the Radiological Safety Section was (Reference B.0.l, p.
E-II-1):

. . . to protect personnel from the hazards peculiar to the
use of the atomic bomb during Operation CROSSROADS and to :
enable personnel to return safely to the target area at the i
earlliest possible moment.

The task force operation plan specified the following elements for the
Radiological Safety Section (Reference B.0.l, p. E-1I-1):
1. Radiological Safety Control Unit
2. Radiological Safety Advisory Board n
3. Radiological safety Reconnaissance Units
4, Radiological Safety Monitor-Advisors
5. Radiological Safety Technical Service Units.

Documents written during CROSSROADS provide al’ditlonal details on the section's

organization. Figure 12 gives a composite picture based on information from
the avallable sources.

The section chief. his staff, and supporting personnel, such as clerks and
radiomen., made up the Radiological Safety Control Unit, based aboard USS_ Mount o
McKinley (AGC-7), the task force flagship. They were to (l) recelve, plot, and _
analyze radiological data from all sources, (2) control the radsafe reconnais-
sance units, and (3) advise CJTF 1 on the | atlon and amount of radiocactivity.

They were also to predict the path of the radloactive cloud and the pool of
radioactive water.

The Committee for Review of Radlological Safety Measures functioned during
most of 1ts exlstence at Bikinl under the title of Medico-Legal Board. It was
convened on 15 June 1946 by the chief of the Radsafe Section, after which it
met irregularly at his call or when one of more of its members felt a matter
required its oattention. Initially. 1t served %o evaluate tne regulations and :
safety measures adopted to protect personnel from radiological hazards. Later L
the board initlated a number of investigations, believing itself warranted in
defining 1ts own fleld of action. A total of 14 men served on the board at one
time or another. All were ma2dical doctors. speclalizing in radiology or with
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| preiifend RECOMRAACE cE BOARDING l ‘ INSTRUMENTS PHOTOMETRY ANALYSIS |
T | | |
AR I l TECHNICAL SERVICES UNITS
' OPERATIONS TRANSPORTATION —— — — — — A — — —— —— —
* THE CHIEF OF THE AADIOLOGICAL SAFETY SECTION ALS0O SERVED AS RADIOLOGICAL

SAFETr ADVISOR TO COMMANDER JDINY TASK FORCE ' THE RELATIONSHIP OF THE
RADIOLOGICAL SAFETY ADVISOR AND THE RADIOLOGICAL SAFETY SECTION TO THE
REST OF THE TASK FORCE WAS TWOFOLD FOR PURPOSES OF INSTRUMENTATION
TECHNICAL ADVICE. AND REPORTS. THE RADIOLOGICAL SAFETY ADVISOR AND THE
SECTION WERE UNDER THE TECHNICAL DIRECTOR. DURING THE CPERATIONS HOW-
EVEP. THE AADICLCSICAL SATETY ACVIEDR AZTED AS A MEMBER OF THE STarfs NF
COMMANDER JOINT TASK FORCE 1, AND THE SECTION OFERATED DIRECTLY UNDER
THE ASSISTANY CHIEF OF STAFF FOR OPERATIONS

** THIS BOARD CONVENED AS THE COMMITTEE FOR REVIEW OF RADIOLOGICAL SAFETY
MEASURES BUT SOON BEGAN TO USE THE TITLE MEDICO-LEGAL BOARD IT WAS AP
POINTED B8y Tn{ RADIOLOGICAL SAFETY CHIEF TO PROVIDE PERSONAL ADVICE

Figure 12. ‘Organization of the Radiological Safety Section, CROSSROADS
{sources: References €.9.206, 8.0.2, B.0.4, and B.0.7).

l RADIOLOGICAL SAFETY
RECONNAISSANCE UNITS
AND MONITOR-ADVISORS

L—=

radiation safety experlence. The board held 14 meetings and considered such
toplcs a3 the plutonium hazard, permissible beta exposure, fissien products in
the air, decontamination of personnel, control of overdoses, urinalyses, bloocd
counts, monitoring procedures, and removal of equipment from target vessels
(References B.0.7, C.0.5, C.0.€, C.0.7. C.0.8, and C.0.9b).

Planning called for each radsafe reconnaissance unit to consist of a moni-
tor and one or more assistants. Initlally., units were assigned as follows: two
for PBMs, two for HSO-1 helicopters, nine for destroyers, six for PGMs on la-
goon patrol, twenty for LCPLs on lagoon patrol, six for cloud-tracking air-
craft. and two for drone boat operations (Reference B.0.1, p. E-II-1). However,
as ABLE shot approached it became clear that many more monitors would be
needed: in fact. over 225 monitors were used for each of the two shots (Refer-
ence C.9.206, p. VII-C-5).

Radsafe monitor-advisors were assigned to commands and aircraft likely to
encounter radioactivity. The major function of these monitors was to advise
their commands and pllots on radiologlcal safety. In addition, they had a
reconnaissance function. Thus, they could quickly communicate with the radsafe
control unit to report radlation levels and receive advice on safety measures
(Reference B.0.1, p. E-17-8),




The Radiological Safety Technical Service Units were composed of instrument
repalr personnel, photometrists, and analysts. The instrument repalr personnel
maintained, repalred., and calibrated all instruments used by the radsafe sec-
tion. They supplied monitoring equipment to all alrcraft operating in the test
area that did not carry monitors, and they trained pilots in use of that equip-
ment. The photometrists (dosimetry technicians) calibrated film dosimetry
badges. prepared casualty and personnel badges. processed film from badges
that had been worn, calculated exposure from film data., and recorded the re-
sults. Analysts collected and analyzed samples of water, soil, and marine life
for radiocactivity (Reference B.0.1l, p. E-I1I-8; Reference B.0.4).

PERSONNEL PROTECTION
Tolerance Exposure

The Operation Plan set the maximum allowable dose or tolerance for exposure
over a long period at 0.1 rcentgen (R) per 24 hours (Reference B.0.l. p.
E-I-3). The National Bureau of Standards had established that limit in 1934,
and it was used in manufacturing plants in the United States (Reference B.0.8).
The Chief of the Radsafe Section stated that this dosage was based on 2 to
2-1/2 years of experiments with dogs, mice, and fruit flies, and on experlernce
with a workforce of 8,000 people (Reference B.0.9). The Operation Plan also
stated that an individual was not to have a total exposure of over 50 ov 60 R
in 2 weeks. If an individual received 10 R in 1 day or 60 R in 2 weeks he was
to be withdrawn from active participation in the operation (Reference B.0.l
p. E-I-3). Such action was never required. The highest accumulated recorded
exposure for the operation was 3.72 R, which was recelved by an Atmy assistant
radsafe monitor badged for 6 days. The highest number of badges issued to a
single individual was 19. He also was a radsafe monitor and his cumulative
exposute was 2.48 R.

Provision was made for special situations (Reference B.0.l. p. E-II-Y)
that might:

. permit the assuming of a calculated risk in order to let
certain key personnel enter a hazardous area to make highly
desirable observations when the total amount of radiation to
be received is less than 10 roentgen units. This may be pec-
mitted only on direct instructions from Radicloglical Safery
Control. Detalls of the situation and clearance therefore
will be carefully logged by the accompanying monitor and at
Radiolcgical Safety Control.

There is no record that this special provision was invoked during the opera-
tion.

On 5 August the Medico-Legal Board recommended that three monitors refrain
from monitoring for 1 or 2 days because of badge readings in excess of 0.1 R
(Reference C.0.10). Later, monitors who exceeded the tolerance were removed
from work on USS Salt Lake City (CA-25) (Reference C.0.ll).
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fi1m Badges

Two types of film badges were used at CROSSROADS. One type, called a per-
sonnel or mission badge, had a range from 0 to 2 R. Badges were issued to some
of the men about to enter possibly radioactive areas and most badges were col-
lected after the men returned, usually the same day. Some badges were worn for
2 or 3 days, and a few worn for as long as 9 days have been noted. Each badge
contained a piece of Kodak Type K double-coat film in a dental film packet
holder. Strips of lead were crossed over the film at right angles, leaving the
film's corners without lead covering. Each badge was sealed in a tropical
weather-proof envelope to protect It against the hot, humid Bikini climate
(Reference C.0.5, p. 2-2).

The badges were designed to measure both beta and gamma exposure. but the
beta readings obtained and recorded are now considered questionable (Reference
C.13.2). There are several reasons for this. One is that the response of the
double-coated f1ilm dosimeter emulsions depends on the energy of the beta par-
ticles they are exposed to. Unless additional thin metal foils are used over
the fllms to filter or sort the beta radliation into known energy groups, or
unless the energy distribution of the beta radiation is otherwise known, very
large errors in interpreting the film darkening can result. There also appear
to have been some incorrect assumptions made concerning whether gamma as well
as beta would darken the unfiltered areas (Reference C.13.2). Despite the
doubtfulness of the valildity of the beta readings, the values as originally
assigned have been accepted and used In total dose assignment in the NTPR pro-
gram (Reference C.13.2),

After a badge was returned to the Radsafe Section, the photometrists of
the Radloiogical Safety Technical Service Units developed the film in it and
measured the film's optical density. This was a measure of the amount of radia-
tion to which the film had been exposed. The film number., the weatrer's last
name, and the exposure date and time were written on a line on the left-hand
page of an open ledger book of the type then wldely used by Federal agencies.
Sometimes the individual's first name., initials, or rank were written in. Some-
times the name of the ship where he was quartered or, more cften., the target
ship on which he had worked that day was entered. If the badge had been used
on an island or ship as a radiation recorder, the location information was
recorded instead of a person's name. Optical densities under the lead cross
and on the corners of the badge were entered on the right-hand page. The radia-
tlon exposure was calculated from these densities and recorded as the final
beta and gamma readings at the page's far right. Years later, the pages were
removed from the ledgers and microfilmed. Information from badges worn during
September. October, November, and December of 1946 was recorded on large (5- x
8-inch) cards for each individual.

Neither the detached pages nor the microfilm is easy to work with. The pen-
manship of the radsafe staff 1s not always legible, and Incomplete identifil-
cation of the badge wearers and inconsistent ship identifiers are additional
problems. In 1968 the Reynolds Electrical and Engineering Company (REECo)
transferred the information from the ledgers to a computer data base, allowing
easier manipulation and analyslis of the material. The REECo list is used as
the basis of the personnel exposures in this report.
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Multifilm badges. called casualty hadyecs., were used to record high-range
exposures. They were placed aboard a swmall number of ships and alrcraft that
might enter areas of high radiation. Casualty badges were also placed aboard
target ships as part of the sclentific program to determine exposure frem the
detonations.

Radlological Safety Instruments

CROSSROADS requirements for radsafe instruments turned out to be far
greater than had been expected when planning for the operation began. No com-
prehensive program existed for development and manufacture of rugged instru-
ments for use under field conditions; thus, the head of the Radsafe Sectjon
had to make do with what the Manhattan Engineer District could provide from
its inventory and what the Victoreen Instrument Company could manufacture
quickly (Reference C.11.1: Reference C.0.12, p. 18).

Each monitor unit or monitor-advisor was equipped with a Gelger-Mueller
counter (X-263 Survey Meter) and an lonization meter (Model 247 Survey Meter).
as well as other equipment, depending on the nature of the misston (Reference
B.0.1, pp. E-II-2 through E-II-8).

The X-263 measured beta and gamma radiation from about 0.001 R/24 houts to
about 0.4 R/24 hours (References B.0.10 and C.0.13). This range made the meter
too sensitive for some radiation fields e¢nccuntered during CROSSROADS (Refer-
ence A.Z, pp. 7 and 8). The X-263 proved toc delicate to function consistenily
under field conditions (Reference C.0.14, p. 3). Three hundred twenty of these
instruments were available 2 days before BAKER (Reference C.0.12, p. 9). Every
monltor tried to have three or four of them to assute that at least one would
be working when he reached his post (Reference C.0.15, p. 3).

The 263 G.M. Set, an older version of the same instrument, also was used
at Bikini, but information is lacking on the number avallable. Experienced
monitors preferred it whenever accurate and reliable data were required (R=2f-
erence C.0.12, p. 18).

The 247 Survey Meter measured gamma radiation only. Its range was from 0.5
to 200 R/24 hours. and it was often used for measuring intensities beyond the
range of the X-263. It was rugged, spray resistant, and held its calibration
well (Reference A.2. pp. 7 and 8; Reference C.0.12, p. 23). Twenty of these
were avallable for menitoring after the BAKER detonation (Reference C.0.14,
p. 3).

Pocket doslmeters were designed to measure cumulative gamma dose up to
about 0.3 R. About 160 were issued for the BAKER test. They were relatively
rugged and easy to repalr. kpparently they were often issued to divers (Ref-
erence C.0.12, pp. 27 and 28).

Several other instruments wece avallable to the monitors, although in
numbers smallez than the X-263, the 247. and the pocket dosimeter. The L&W
survey meter measured between 0.001 and 25 R/24 hours. Twelve were in service
following BAKER. They were used mostly by boarding parties and by special
groups, such as the target monitor group. The head of the monitor group wrote
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that the L&W meter was the most reliable instrument for these measurements L
because it was energy-independent and insensitive to temperature and humidity ®
changes (Reference C.0.16). Six assault meters, brought out by indlvidual mon- -
itors., were used during the operation. They were very rugged and ideal for -
quick and rough determination of radiation levels from 0.1 to 10 R/24 hours. :
They ptoved useful for boarding ships and similar operations (Reference C.0.12,

pP- 31). The "cutle ple” survey meter was a small instrument capable of measur- oo
iIng beta and gamma radiation up to 100 R/24 hours. Few of these were available . ®
for CROSSROADS, but a monitor aboard PCM-32 after BAKER used one and decided

It was an excellent portable rate meter (Reference C.0.15., p. 4).

The task force had several instruments for measuring alpha contamination.
None, however, proved reliable for field surveys. Photographs of task force L
activities show the Zeus counting meter, the Zeuto, and the X-323. These three )
instruments were mentioned in training lectures for monitors (References C.0.17
and B.0.11). One or all may have been the Poppy or Walkie Poppy referred to in
radsafe reports after BAKER. The three devices appear to have been small, and
each had a carryling handle, but apparently they did not work well outside of
USS Haven's (AH-12) air-conditicned laboratories in the het, humid Biklni cli-
mate (Reference C.C.14. p. 4). In addition, the Radsafe Section had five Filter N )
Queen Alr Samplers. Baslically., these were tank-type vacuum cleaners with an
alpha detector and filter paper mounted in the intake tube. Samples collected
in the filter papers aboaid the target ships had to be returned to Haven where
alpha counts were made. Initially, the alpha detectors worked well, but humid-

ity, along with personnel opening the detectors improperly, caused them to fail 'l‘;
(Reference C.0.12., pp. 8 and 9). ]

Personnel Decontamination

Personnel working 1n radlcactive areas sometimes picked up radiocactive
particlies on their bodies and their clothing. Procedures were established to
minimize the spread of this contamination and potential internal and external @
exposure from these radloactive sources. The procedures spelled out for the S
USS Ajax (AR-6) crew working on repair of Salt Lake City following BRKER were '
typical and are summarized in the following paragraphs.

MAjax crewmembers slated for work on Salt Lake City left thelr own compart- '
ments wearing only their own shoes. These shoes were removed and left in a ™
compartment adjacent tc a designated head (bathroom) where the men donned work T
clothing. They then left Ajax via a Jacobs ladder into a small boat while
carrving canvas gloves and shoe covers. The gloves and shoe covers werte put on

immediately before boarding the target ship for work and were taken off Jjust
before leaving.

Upon return to Ajax. the men boarded by Jacobs ladder and went to the upper
deck where they were monitored. They walked only on a deck covering, which
presumably was disposed of after use. The men first washed thelr hands and
forearms with hot water and salt-water soap. Then each man washed his own
clothing. These¢ were first scrubbed in rot water and salt-water soap and then
rins=d in a special hot rinse and rinsed again in plain hot water. The clothes
were hung on lines to dry on the upper deck. B




Clothing so contaminated that it read mote than 0.10 R/24 hours (gammy)
was placed in paper bags, and radiation was allowed to decay for a period of
time before the clothing was washed. If the radiation did not decrease to less
than 0.10 R/24 hours, the clothing was disposed of at sea.

After the clothing had been washed or put aside to cool, the men took a
shower in the decontamination head in a designhated stall with hot water, hor-
oughly scaping themselves with salt-water soap. They then proceeded to a Second
stall where they again showered with ordinary soap. The men were monitoled
again and 1f free of contamination could return to their own compartments;
otherwise they continued showering (Reference B.0.12).

Commander Task Group (CTG) 1.2 set a slightly lower radiation level. 0.05
R/24 hours, above which the clothing was to be disposed of at sea. The contam-
inated clothing was to be bundled and weighted and the Radsafe Section was to

be notified. An LCT picked up the bundles the next day and dumped them 10 nmi
(18.5 km) from Bikini at sea.

Clothing in small lots was laundered in separate buckets (like the Ajax
procedure above) or done in the ships' laundry if in large lots. If the ships'
laundry were used, however, the clothing had to be separately dene and the
laundry machinery had to be speclally cleaned after use (Reference C.10.8) .

Urine Testing

The discovery of alpha emltters, including plutonium. led to urine tests
for personnel thought to have been exposed to determine whether any had téken
these substances into thelr bodies. The water-testing laboratory on Haven was
converted for testing urine. By 15 August, 2.600 samples had been testeQ. The
men doing the work had to use instruments that were on hand and develop téch-
niques as they worked. The widespread presence of radioactive material led to
high background counts and made it difficult to determine whether an individual
had low levels of alpha emitters in his urine. On 15 August the Radsafe Sectipn
reported slight beta activity had been found in the urine of 2,600 men cheécked
(Reference A.2, pp. 117, 118, and 121 through 125: Reference C.10.9; Refefence
C.10.15). Despite all the concern and discussion about it. there is no indica-

tion in CROSSROADS documentation that positive alpha counts were found 10 any
urine samples.

Eye Pretection

Eye protection from the ABLE flash was a major concern. Approved darkened
goggles were provided to personnel on ships 25 nmi (46 km) of less from the
ABLE detonaticn and to all observers on the press and observer ships. Men
without goggies within 30 nmi (56 km) were to turn away from surface 2eto.
look down at the deck, close their eves, and cover thelr eyes with their qrm
{Reference B.0.1, pp. E-I-1, E-I-2, and E-IV-2). Pilots airborne at the tjme
of the detonation were to wear approved goggles and turn thelr heads away from
the detonaticn. In addition., each copilot was to close his eyes and cover them
with his arm so that he would be ready to fly the aircraft if the pilot was
flashblinded (Reference B.0.l. p. F-XII-5).
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EXCLUSION AREAS AND OPERATIONS LIMITS
Surface Operations

To reduce the chance of exposing task force personnel to radiation, several
surface areas were defined by the Operation Plan tu which access was forbidden
or restricted (Reference C.9.206, p. VII-(C)-9):

1. Surface Survey Sector. This was a forbidden surface area
outside the lagoon. It was bounded by two bearings drawn
from the detonation point and by a radius that increased
with time after the detonation.

2. Ped Line. This line surrounded the lagoon area within
which the radiation level was 1 R/24 hours or higher.
This boundary was separate from the Red Arc that defined
alrspace limits.

3. Blue 'ine. This !line marked the toundary between the la-
goon atea with a radiation level more than 0.1 R/24 hours
and the area with a lower level. Vessels could operate in
the lagoon area between the Blue and Red Lines only for
specified periods of time with permission from the Radio-
loglical Safety Control Unit. Vessel movement outside of
the Blue Line was governed only by reqular Navy rules.

4. Anchorage Area Able. Ships could anchor in this area,
provided they were ready to get underway on 1 hour notice.

5. Anchorage Area Baker. An unrestricted anchorage area.

In addition, certain operational limits were specitied. No manned ships
were to be closer than 10 nmi (18.5 km) from the ABLE detonation, and most were
to be 20 nmi (37 km) away (Reference B.0.l, p. E-IV-1). In case of fallout on
the ships. nonessential personnel were to be sent below decks, the ship closed
up., and exposed personnel were to strip off thelr outer clothing before taking
cover., If necessary, men in coveralls and gas masks were to decontamlinate con-
taminated areas of the ship after fallout ended (Reference B.0.l, p. E-IV-7).

Before each test all ships were to have full freshwater tanks. Distilling
plants and heat exchangers were not to be operated until the Radiological
Safety Section had declared the saltwater to be used was radiologically safe.
If the equipment had to be operated before radiological clearance had been
given, special monitoring attention was required (Reference B.0.l, p. E-IV-10).

In order to galn access to classified or radioactive areas, the leader of
a work party was required to present an identification card and a letter of
authority. There were letters for damage control, instrumentation, observer,
press, and radsafe parties, among others (Reference B.0.3).

Aerial Qperations

Initially Joint Task Force One Operation Plan 1-46 (OpPlan 1-46) prescribed
certain general safety precautions for air operations. It specified that all
aircraft aloft from H-2 hours to H+30 minutes carry a radiation monitor with
monitoring equipment. Exceptions were tne becmb-drop and pressure-gauge-drop
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B-29s, single-seated aircraft, and those other alrcraft so designated by CJTF
1 as exempt. The crewmembers of all aircraft aloft during that period were to
wear film badges, and each aircraft was to carry at least one casualty badge
capable of recording radiation much higher than personnel film badges. In
actuality, these plans were modified somewhat for both shots. For shot ABLE,
radiation monitors were aboard all photogiaphic alrcraft, reconnalssance air-
craft. drone control aircraft (except the Navy F6Fs), air-sea rescue aircraft,
and press/observer alrcraft. The F6Fs were single-seated, fighter-type aircraft
in which radiation monitoring equipment was installed for the pilot's protec-
tion. On shot BAKER, radiatlion monitors were aboard all photographic aircraft,
reconnalssance aircraft, and press/observer alrcraft (Reference C.9.206, pp.
VII-(C)-10 and VII-(C)-19),

The prohibited airspace for aircraft was defined separately for each of the
two tests and was a function of time and range. For the first 6 minutes after
detonation, no aircraft was to approach closer than 10 nmi (18.5 km) to surface
zero. From H+6 to H+30 minutes, a radiation danger sector (radex) was defined,
consisting of two bearings drawn from surface zero, e.g., 3209 clockwise to
1209, From H+6 to H+18 minutes, the alrcraft exclusion area consisted of all
space in this sector within the Red Arc. From H+18 to H+30 minutes., the exclu-
sion area was all space in this sector within the Blue Arc., The Red and Blue
Arcs were decided upon based on wind speeds the morning of each detonation.
The morning of each shot, the radex sector was updated from the one predicted
the previous evening. The Red Arc was, by definition, nearer surface zero than
the Blue Arc. Specific values for radex sectors and the Red and Blue Arcs for
the ABLE and BAKERK shots are dlscussed in Chapter 4 (Reference B.0.6). In addi-
tion, no alrcraft without radiation detection instrumentation was to approach
closer than 20 nmi (37 km) to the visible column or downwind clouds. From H+30
minutes to H+30 hours, no aircraft was to be within 30 nmi (56 km) of surface
zero unless engaged in radsafe work or cleared by the Deputy Commander for
Aviation (Reference B.0.l, p. F-XII-3).

All alrcraft, manned and drone, airborne from H-hour until H+30 were to be
monitored upon landing. Aircraft oil filters and any surface oil spots were to
recelve speclal monitoring attention. All drones were considered heavily con-
taminated until proven otherwise (Reference B.0.l, pp. E-IV-3 and E-IV-4).

STAFFING AND TRAINING
Selection of Personnel

When the Radlological Safety Section was established in January 1946, it
was belleved that 50 to 60 monitors would b~ needed. Between 20 and 30 were to
be experlenced radsafe practitioners from the Manhattan Englineer District and
thirty were to be doctors from the Aimy, Navy. and U.S. Public Health Service.
The latter group., including a chemical warfare officer, reported to Oak Ridge
National Laboratory on 15 January for an intensive ll-week course. The course
included the physics of radioactivity, nuclear safety techniques, biological
effects of radloactivity, field training, and hazards of ingested radio-
nuclides. Experts from Oak Ridge and Los Alamos laboratories and from the
universities of Rochester, Chicago, and California at Berkeley provided
‘ustruction (Reference C.9.206, p. VII-(C)-4).
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As the Chief of the Radiological Safety Section and his staff continued .
i work on the radsafe plan, they realized that a much larger group of monitors ®
’ and other experts would be required than would be available from the Manhattan won
Engineer District. To fill this gap. the section chief called on a number of
sclentists who had already returned to civilian life from wartime service with
the government. Few were eager for another extended period of government ser-
, vice, and they and the universities or laboratories employing them demanded, -
l and recelved, promises of strict limits on the duration of thelr CROSSROADS )
service. Apparently., all were to be back in the United States by late August -
or early September (Reference C.9.206, p. VII-(C)-4).

on 23 March 1946, efforts to staff the Radlologlcal Safety Sectlon were
dealt a major setback when the President announced that the first test was to
be postponed from 15 May to 1 July (Reference B.12.1, p. 1), with the result .0
that the second test also was delayed. This change raised the prospect that -
personnel from colleges and universities would not be back on campus for the
start of the fall semester. The Chief of the Radiological Safety Section
struggled to hold his civilian recruits. but many resigned and he was forced
to search for replacements. He asked for more military officers and was sup-
) plied with 55 from the Navy and 15 from the Army, almost all of whom were ®
reservists. He also was able to obtain some additional civilians (Refetence oo
C.9.206, p. VII-(C)-5: Reference B.0.5).

€

Bikint Activities

i Most of the Radiological Safety Section reached Bikini on 12 June aboard ‘o
Haven (Reference A.2, p. 1l1l). Some personnel, however, did not arrive until T
after the ABLE shot or the BAKER rehearsal, and some civilians left Bikini
before the BAKER detonation. The Radiological Safety Section was able to muster
over 300 personnel for ABLE. Over 225 monitors were avallable for each of the
two shots, but they were stretched thin. During ABLE there were more monitors E

i than during BAKER (Reference A.l, p. 31; Reference C.9.206, p., VII-(C)-5). @

Training of Radiologlcal Safety Section personnel had three phases. Filrst,
intensive training for the original group of military and public health per-
sonnel at Oak Ridge and other locations beginning in mid-January: second,
training of the entire section aboard Haven on the way to Bikini: and, third.
» additional training for the section and for later arrivals once at Bikini. o
One of the monitors, a medical doctor drafted into the Army late in the
war and assigned to CROSSROADS, characterized the group aboard Haven as follows
(Reference A.2, p. 9):
Most are older men, some are well-known sclentists. Some have : :
» worked with radlation in the Manhattan Dlstrict, but the ma- . @ ;
jotity come with 1little more than a scientific background. PR
Test ABLE is only one month away. Since this group 1s to have
the responsibllity for protecting task ftorce personnel trom
the invisible dangers of radioactivity, the picblem of brlef-
ing them on the fundamentals and the practical aspects of :
» radiation is acute. @

Tralning for the entire section began aboard Haven on 31 May as the shlp

steained for Bikini. It consisted of lecturtes and work with radiation detection
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instruments. The 12-day curriculum is shown in Table 3. On the seventh day.
personnel were divided into groups by job: destroyer monitors., aircraft moni-
tors, PGM monitors, etc. They were issued instruments, and radium sources in
lead "pigs" (containers) were used to give the men experience calibrating and
reading thelir instruments under a semblance of field conditions (Reference RA.2,
p. 7: Reference C.9.206, pp. VII-(C)-6 and VII-(C)-7).

Haven artlved at Bikini on 12 June, and a task-force-wide reheatsal, called
Queen Day, was held on 14 June. Two problems for the radsafe section became
immediately apparent. First, because of a shortage of electronics techniclans,
radios on Mount McKinley used by the Radliological Safety Control Unit could
not be kept operating adequately under the heavy load put upon them. Second,
the 24 landing craft assigned to the Radiological Safety Section were in very
poor repair and their radios were even worse. Only six of the twenty-four land-
ing craft could participate in this first exerclise, and four of them broke
down within 3 hours. Neither Mount McKinley's radios nor the landing craft
were fully ready for the ABLE rehearsal. Their first completely satisfactory
performance was on ABLE day (Reference C.9.206, p. VII-(C)-8).

Task force personneli had various means of learning about the upcoming
operatlon and the safety procedures and the problems that might be encountered.
Ships' newspapers and Plans of the Day carried many articles on CROSSROADS.
The Operation Plan was available on each ship and formed the basis for indoc-
trination of the ship's force about what to expect and what safety precautions
were to be taken. A bulletin addressed to the officers and men of USS Wharton
(AP-7) and signed by the Director of Ship Materials (DSM) gave a description
of the projected detonation and the arrangement of the target fleet. The bul-
letin also included the statement that from time to time members of the staff
would give lectures on varlous aspects of the bomb tests that would be of gen-
eral interest (Reference B.0.14). This bulletin probably was typlcal of the
briefing materials used throughout the task force. In addition., there was a
full-scale rehearsal stressing safety before each test. Most of the scientific
personnel collecting data on phenomenology and blast effects were probably
fairly well-versed in radiation safety from thelr service with the Manhattan
Engineer District. Units designated to enter possibly radioactive areas re-
ceived briefings from members of the radsafe staff, usually the unit's assigned
monitor. on radsafe procedutres needed for their particular assignment (for
example, see Reference B.0.1l, p. F-XII-3). The radsafe monitors were responsi-
ble for the safety of personnel reboarding target ships. Task force personnel
recelved general indoctrination on radiation safety and nuclear effects.

Continuing Need for Radiological Safety Personnel

Even after ABLE and BAKER had been detonated and the first phase of CROSS-
RORDS drew to a close, the need for radsafe monitors and other radsafe person-
nel continued. The contaminated target and support ships presented a relatively
long-term problem, and CHARLIE, the third test in the CROSEROADS Series., was
still planned. Moreover, the series’' first phase had brought home to the mili-
tary leadership the need for a substantial military radsafe organization.

August saw the beglnnings of activity desligned to begln meeting these long-
term needs. On 5 August, CJTF 1 asked the Navy Bureau of Ships for 100 naval

55



¥

B!

Table 3.

Basic

intensive courses for CROSSROADS radiological safety monitors.

Day

Time

Course Title

1

0830-0920
0930-1020
1030-1120
1300-1400
1430-1520
1530-1620
1900

0830-0920
0930-1020
1030-1120
1300-1520
1530-1620
1900

0830-0920
0930-1020
1030-1120
1300-1520
1530-1620
1900

0830-0920
0930-1020
1030-1120
1300-1520
1530-1620
1900

0830-0920
0930-1020
1030-1120
1300-1520
1530-1€20
1900

Introduction: Mission of the Radiological Safety Section
Mechanics, Force, and Energy

Electricity

The Atom Speaks

Casualties at Hiroshima

Conference

Physical Damage at Hiroshima

Atomic Structure

The Bohr Theory

Tonization and Quantum Concepts
Group Seminar

Instruments Demonstration
Radioactivity

X-rays; Alpha, Beta, and Gamma Rays
Mass and Energy

Nuclear Compositton

Demonstration and Group Seminar
Demonstration of the X-263

Thermal Radtation

Artificial Radioactivity

Fission Process

Fission Products

Demonstration and Group Semtinar
Demonstration of the 247

Effect of Radiation on the Human Body:
and Other Pathology

Radtation Sickness

Chemistry of Plutonium, Uranium, and Fission Products
Nuclear Cross-Section and the Production of Plutonium
Mesons and the Synchro- or frequency-Modulated Cyclotron
ODemonstration and Group Seminar

Demonstration of the Pocket Dosimeter

Physical Damage to the Principal Hospitals and First-Ald
Stations 1n Nagasak)

{continued)




Table 3. Basfic intensive courses for CROSSROA ~ radiological safety monitors
(continued).
Day 11ime Course Title
6 0830-0920 Ilonization Chamber and Gelger-Mueller Counter
0930-1020 Tolerance Dose
1030-1120 Radiobioiogy
1300-1520 Practical Problems of Radiation Exposure
1530-1620 Proteximeters [radiation detectors used in aircraft)
1900 Physical Damage at Nagasak!
7 0830-1120 Calibration of the X-263 and the Pocket Dosimeter
1300-1620 Practical Exercise with the X-263
1900 Thermal Radiation
8 0830-1120 Calibration of the 247 and the Pocket Dosimeter
1300-1620 Practical Exercise with the 247
1900 Radioactivity from a Nuclear Blast
9 0830-1020 Principles of Radiological Survey
1030-1120 Radiological Operations
1300-1400 Air Monitoring
1430-1520 Sea Monitoring
1530-1620 Land Monitoring
1900 Biological Studies
10 0830-0920 Initial Boarding Party Monitoring
0930-1020 Target Ship Clearance
1030-1120 Analysis of Radtoactive Water
1300-1520 Laboratory Analysis of Radioactive Water
1530-1620 Instrument Repair
1900 Biolngical Studies
11 0830-0920 Principles of Health Physics
0930-1020 Protection Against Radioactive Hazards
1030-1120 Analysis of Radioactive Solids
1300-1520 Laboratory Analysis of Radioactive Solids
1530-1620 Instrument Repair
12 0830-0920 Vventilation Clearance
0930-1020 Evaporator Clearance
1030-1120 Ship Clearance
1300-1620 Field Exercise
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officers with technical or scilentific backgrounds to be assigned to radsafe
work. The officers were to be avallable by 1 September to begin intensive
training designed to prepare them to replace the existing monitor personnel no
later than 1 November so that study of the BAKER results and decontamination
of the ships tor test CHARLIE would not be delayed (Reference C.10.10). On 10
August, CJTF 1 ordered his rear echelon element in Washington to secure ap-
proval from the Chlef of Naval Operations, Navy Bureau of Personnel, and the
Navy Surgeon-General for a program to be set up by JTF 1 to trajn 100 new mon-
itors. He also indicated that these new radsafe personnel might be needed to
help monitor the drydocking of task force ships returning to the United States
(Reference C.10.12). Most radsafe personnel left Bikini for the United States
on 16 August aboard USS_Henrico (APA-45). leaving a much reduced radsafe or-
ganization on Haven to continue radsafe work at Bikini (Reference C.9.206., p.
VII-(C)-24). Personnel traveling on Henrico probably were mostly civilians
returning to their campuses and laboratories or military offlcers at the end
of their terms of service. Under discussion by 20 August was a proposal to add
25 members from West Point's class of 1946 to the group to undergo monitor
training (Reference C.10.13), The training program was to start on 9 September
at the Navy Department in Washington, with field work at Alamogordo and on the
target ships at Kwajalein or Bikini. After their training, the new monitors
would be assigned to JTF 1 (Reference C.0.2). One attendee wrote he received 4
weeks of instruction in "basic radiology"” in Washington, D.C., and did labora-
tory work at the Radlation Safety Laboratory, San Francisco Naval Shipyard.

Hunters Point, California. before reporting to the Radliological Safety Section
at Kwajalein (Reference B.0.8).

The potential radsafe needs created by Test CHARLIE disappeared, however,
when President Truman cancelled that test on 7 September.

OCEANOGRAPHIC SURVEY

While radsafe planning and organizatlion of the Radlological Safety Section
went forward in the United States, important radsafe preparations also took
place at Bikini. Beginning on 10 March 1946, civilian and military scientists
at Bikini aboard USS Bowditch (AGS-4) conducted detalled oceanographic, bio-
logical. and geological surveys of the atoll. From the radsafe perspective,
their most important work was an effort to chart the currents in the atoll's
lagoon. This information was needed to estimate what might happen after BAKER
when a large amount of radicactive contamination would be dispersed in the
lagoon and perhaps into the surrounding ocean. The safety of the task force

and the ability of its recovery teams to reenter the target area were involved
(Reference A.l., p. 92).

After the shots, the radsafe section monitored the radiation level in the
lagoon water through the use of drone beoats, PGMs, and LCPLs (Reference A.2,
p. 100). Monitors accompanied sclentists collecting fish, coral, and samples
of the bottom. On 9 August, a monitor with a collection party found the first
bottom sample so radioactive he ordered it pitched over the side (Reference
A.2, p. 108). Highest recorded activity on a bottom core sample was 0.292
microcurles/gram 1n newly deposited sand and mud from the first 6 inches of
the core (Reference C.9.209, Annex J., Figure 7).
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WEATHER PREDICTION

Accurate weather predictions at least 24 hours in advance were needed to
allow the task force to complete the complex final preparations for a detona-
tion and to give reasonable assurance that radiological safety could be main-
tained. Cloud cover had to be at a minimum for the ABLE airdrop to allow the
bombardier to see the target ship. wWind direction. not only near the surface
but up to 60,000 feet (18.3 km), had to be such that it would not carty fallout
over the task force. Moreover, wind ditection had to be fairly steady so that
fallout areas would be predictable. Tropical meteorology was not well developed
at that time., and detailed data of past weather patterns at Bikinl were

lacking. The exacting forecasting requirements for CROSSROADS posed a major
challenge.

The official forecast issued the day before a planned detonation and used
as a major element in the decision to proceed included: the amount, in tenths
of sky coverage, of low, middle, and high clouds: the altitude of the base and
top of the low clouds and the altitude of other cloud layers; precipitation (if
expected): the wind direction and velocity in 5,000-foot (1.5-km) increments
from the surface to 60,000 feet (18.3 km): height of the tropopause; and visi-
bility, temperature, and relative humidity (Reference C.9.207, p. VII-(0)-17).

Responsibility for furnishing weather forecasts or weather advice for task
force operations was vested in the Staff Aerological Unit located on Mount
McKinley. The unit was to prepare special forecasts for the Radiological Safety
Unit to help anticipate movement of the radiocactive cloud (Reference B.0.l. p.
T-2). Because of lack of space on Mount Mckinley. a significant portion of the
personnel doing weather data analysis was stationed on Kwajalein at the Weather
Central. To supply upper air and surface data, aernlogical units of from four
to six personnel were stationed on USS Shangri-La (Cv-38), USS Saldor (CVE-
117), USS Fall River (CA-131), and USS Albemarle (AV-5). These personnel also
provided weather brlefings to task group commanders and alrcrews. To gather
surface data, one-man aerological units were stationed aboard USS_Orca (AVP-
49), Bowditch, USS Kenneth Whitinqg (AV-14), USS Blue Ridge (AGC-2). and USS
Appalachian (AGC-1). Weather Central recelved reports dally or more often from
weather stations on Wake. bnewctak, Tatawa. Majuio, Kwajalein, and Marcus
islands and from two weather ships northeast and northwest of the Marshall
Islands at 12945'N, 180°0'W and 12°90'N, 153940'E, respectively (Refer-
ence C.9.207, p. VII-(0)-22). Data from more distant U.S. and forelgn weather
stations funneled through Fleet Weather Central in Hawail were also used.

At least one B-29 and one PB4Y-2 flew out of Kwajalein each day for weather
reconnaissance. the B-29s usually toward the east and the PB4Y-2s toward the
west., More flights were scheduled as necessary. On ABLE and BAKER days. three
flights passed through the Bikini area.

The weather forecast for the following day was presented to CJTF 1 each
day at 0830. From that he decided if the weather would allow the next day's
planned operations. A second briefing for the commander was held daily at 2200,
On the basis of this briefing, he decided whether to hold to the morning's
decision or alter 1t. Continued weather input was provided the commander (Ref-
erence €.9.207, pp. VII-(0)-9, through VII-(0)-19).




RADIOLOGICAL SAFETY PREPARATIONS FOR BAKER

Because BRKER was the first underwater detonatlon of a nuclear weapon,
neither the participating scientists nor the task force leadership could pre-
dict with certainty how the lagoon water would react to and modify the explo-
sion cloud. Spread of radioactive contamination and creation of damaging waves
were major concerns. Simulation using conventional explosive charges was one
approach to estimate the effects. In one effort to predict the spread of radio-
activity. 1,000-1b charges of TNT were detonated and the results extrapolated
upward to the expected 20-KT yleld of the BAKER device (Reference B.0.l5. pp.
13 through 16).

During the perlod March to May 1946. several organizations under the super-
vision of a professor from the University of California carrled out experiments
for the task force on wave action in shallow water (Reference C.0.18; Reference
C.0.12.3, p. 6). In 1946, computer simulations were still in the future, but
various sclentists applied their slide rules and scientific Imagination to the
forecasting problem. One study analyzed the possibilities largely on the basis
of the height to which the column of contaminated water might rise. A rise of
only 10,000 feet (3.1 km) would present the greatest hazard because mcst of
the contamination would fall on the target ships or back into the lagoon.
Reboarding some target ships within 1,000 yards (9.1 meters) of the detonation
might be dangerous for weeks because of the contamination deposited from the
water cclumn (Reference C.0.13, pp. 5 and 9).

In an early overview of the operation, CJTF 1 offered the opinion that
following BRKER (Reference B.C.16, p. 1)

It will be undoubtedly be some weeks before the lagoon and
target ships are aga‘n habitable. During this period. some of
the task force ships may be sent to anchor at Kwajalein. If
it should turn out that the target ships will not be habitable
for months, other arrangments will be made.

On 18 June, an appendix was added to the Operation Plan that gave a de-
scription of the -underwater detonation's expected effects (Reference B.0.1. pp.
E-X-1 through E-X-17 and E-IX-1 through E-IX-4). The ball of fire c¢r steam
caused by the detonation was predicted to rise to an altitude cf from 10,000
to 60,000 feet (3.1 to 18.2 km). The most likely altitude was predicted to be
30,000 feet (9.1 km) (Reference B.0.l, p. E-IX-l, Change No. 6). However, a
postoperatlon document indicates that planning was based on a prediction of
maximum altitude of 15,000 feet (4.6 km) (Reference C.9.206, p VII-(C)-18).

The appendix further predicted that a plume of water might rise, extend for
several thousand feet above the surface, and then fall back into the lagoon.
Radloactive material would be depocsited initially in the lagoon within boun-
darles represented by a cylinder several hundred yards in dlameter and extend-
ing from the surface to the bottom of the lagoon. The traill of water and steam
following the ball of fire would be heavily contaminated. Distribution of
radicactivity in the water was anticipated to be more widespread than following
ABLE and would persist for a longer period. Target ships within 1,500 yards
(1.4 km) of the explosion would be seriously contaminated. Downwind serious
contamination would occur beyond 1,500 yards (1.4 km). It was expected that
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some target ships might be so heavily contaminated fthey could not be boarded
safely for an indefinite period (Reference B.0.l, pp. E-IX-1 and E-IX-2).

Following conferences attended by senior radsafe personnel, a new appendix
to the CJTF 1 Operation Plan radsafe annex was issued in 15 July. Under the
revised radsafe plan, the Radiological Safety Section retained its five major
elements. Since radicactivity from the underwater explosion was expected to be
last longer and be more intense than from ABLE, personnel were added to the
Radiological Safety Control Unit for around-the-clock operation (Reference
C.9.206, p. XII-(C)-16). Some additions and subtractions were made to the
radsafe reconnaissance units. A third PBM unit and one upwind destroyer unit
were added to improve lagoon reconnaissance. Three cloud-tracking units were
dropped. presumably because the underwater explosion was not expected to create

a cloud as high and far-reaching as ABLE (Reference B.0.l. pp. E-X-1 and
E-X-5).

The total number of civilians and military officers in the Radlological

Safety Section changed between ABLE and BRKER as follows (Reference C.9.206.
p. VII-(C)-5):

ABLE BAKER
Civilians 130 93
Navy Officers 17 102
Army officers 96 63
Total 303 258

The number of monitors probably decreased. but more than 225 were avallable
for BAKER (Reference A.l, p. 31),

The distribution of radsafe monitors was changed for BAKER: fewer were put
on LCPLs and more were assigned to the DSM. Sixty-one were placed under the

control of the DSM with dutles as follows (Reference B.0.l1, pp. E-X-14 and
E-X-15):

1. The DSM and his deputy each were to have a monitor acting
as his technical advisor and administrative assistant on
radsafe matters

2. Six monitors were to have radsafe duties in support of

emergency flrefighting and salvage operations as directed
by the DSM or his radsafe advisor

3. Two monltors were to accompany each of the ten initial

boarding teams and to act as radsafe advisors to the team
captains

4. Thirty-three personnel were to act .; monitors for the
target ship crews when they reboarded thelr ships and as
radsafe advisors to the ships' captains

Monitor dutles were basically the same for ABLE and BAKER. For BAKER, how-
ever, monitors were admonished to (Reference B.0.l, p. E-X-16):
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. frequently check radicactivity of various parts of their
own ship or craft including underwater hull and all intakes,
particularly condensers, boilers and other places where there
may be a concentration from contaminated water.

Definitions of the radex area and surface survey sector were changed so
that no real difference between them existed (Reference B.0.l, p. E-X-3). Both
names were retained, however, since operatiocnal personnel were familiar with
them. The definitions of the Red and Blue Lines remained the same. but a few
speclal salvage vessels with senior monitors aboard were allowed to operate
independently between the Red and Blue Lines. The definitions of the anchorage
areas remained unchanged, but a boating area was established where unrestricted
movement of small boats was allowed. By implication, small boat traffic beyond
that area was mote strlctly contro.led (Reference C.9.206, p. VII-(C)-18).

As before ABLE, training was an important feature of the radsafe organiza-
tion's activities. Newly arrived monitors were given instuction by experienced
personnel. Daily communication drills were held by the Radiological Safety
Control Unit using the PGM, LCPL, and drone boat clrcults. On 16 July the
Radlological Safety Control Unit held a drill on Mount McKinley to train new
members of its expanded staff. On 19 July the entire radsafe organization par-
ticipated in William Day. the joint task force rtehearsal for BAKER. So that
radsafe personnel would not be caught unaware by major new hazards., they met
on several occasions with sclentists in charge of the BAKER test and were
briefed on the expected results (Reference C.9.206, p. VII-(C)-17). The moni-
tors met with the commanders of the LCPLs and PGMs between William and BAKER
days. Two more communications drills were held and by 22 July all radsafe per-
sonnel and equipment were consldered ready (Reference C.9.206, p. VII-(C)-18).

Radsafe operations immediately before and after the BAKER detonation are
described in Chapter 4, "Test Operations." Chapter 5, "Post-BAKER Operations:
Bikinl, Kwajalein, and the United States.," continues the discussion of radsafe
operations as the contaminated target ships are moved to Kwajalein Atoll and,
later, as some of them are returned to the United States for final examination
and disposition.
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CHAPTER 3
CROSSROADS EXPERIMENTAL PROGRAM

INTRODUCTION

In late 1945 and early 1946 several conferences were held by the Manhattan
Engineer District Project with the military services. It was agreed that the
CROSSROADS program should gather data:

o On the nature, range, and duration of radiation danger

e On homb efficiency, burst location, wave formation, and
ship movement

@ For ship designers and ordnance designers to aid in assess-

ing damage from and designing procection against nuclear
weapons

® That would be helpful in leatrning to detect nuclear deto-
nations.

As a result, CROS:.. )ADS had two experimental programs. The first was to
determine nuclear weapr .1 effects on military equipment, such as ships. planes,
and supplies, and on animals. The second was to measure weapon phenpomena such
as blast, heat, radlation, and wave action. The ABLE and BHRKER tests were not
weapon development tests; in fact, the bombs used were of the same design as
the one dropped on Nagasakl. Japan.

The Deputy Task Force Commander for Technical Direction had responsibility
for both experimental programs. To accomplish this mission he had two organi-
zations under his control. The first was the Ship Marerlsl and Inspection Divi-
sion, headed by the Director of Ship Material {DSM). and the second was the
Instrumentation Division, headed by the Technlcal Director.

EFFECTS ON MILITARY EQUIPMENT

The Ship Materlal and Inspection Division was responsible for determining
weapon effects on militarv equipment. The organization of the Ship Material
and Inspection Divislon contained both Army and Navy elemeints (See Figure 13).
Responsibilities included preparing the ships, aircraft, 2quipment. supplies,
and animals for each test and determining the exact cause and extent of damage.
Decontaminating ships and material after the second test also became a respon-
sibility of this group. Duties includ=d distinguishing between damage caused
by the direct effects of the expiosion and damage <aused by irdirect effects
such as fires and flooding. Table 4 shows the exposures received by personrel
in each of the groups under the DSM.

The DSM set up a two-phase program to accomplish his mission. The first
phase was readying the target ships, alrcratt, and equipment and included
conditioning, loading., instrumenting, and preparing specific equipment. and
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ARMY CQORDINATION

Madniaib A e R

L

DIRECTOR OF
SHIP MATERIAL

—{ ARMY GROUND GROQUP

BUREAU OF AERONAUTICS

— ENGINEER UNIT

GROUP

BUREAU OF SHIPS

— SIGNAL UNIT

GROUP

BUREAU OF ORDNANCE

- ORDNANCE UNIT

GROUP

— CHEMICAL UNIT

OUARTERMASTER
UNIT

MEDICAL GROUP

SAFETY RESEARCH

DAMAGE CONTROL I MEDICAL

— AR UNIT

ELECTRONICS

GROULP

figure 13. Organization of Ship Matertal and Inspection Division,
Operation CROSSROADS (source: Reference C.9.206).
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Table 4. Ship Material and Inspection Oivision recorded personnel
exposures, CROSSROADS.

Lxposure Ranges (R)

No. of No. of

Persons Persons High
tElement Listed Badged 0 0.001-0.5 0.5 (R)
Office of the
Director 31 9 3 5 1 0.590
Army Group 322 7 1 b 0.310
Bureau of
Aeronautics Group 14 IR 2 9 0.230
Bureau of Ships
Group 113 5% 12 40 3 0.650
Bureau of Ordnance
Group 116 68 20 48 0.420
Medical Group
Damage Contro?
Safety Section 17 IR 5 6 0.220
Medical Research 17 71 44 21 0.340
Section
Electronics Group a4 56 23 32 1 0.600
Note:

aData taken from Reynolds Electr*cal and Engineering Company exposure
11st. Since personnel were not badged ail the time, these figures
should be recognized as a partial statement of potential total expo-
sure for these groups.

Sources: References C.13.4 and B.0.17.

inspecting, morring. and anchoring the target ships before each test. The
second phase of his program was the inspection of ships, aircraft., and equip-
ment after each detonation. Detalled instructions were published to provide
the necessary quidance to bnarding parties who were to inspect the equipment
after each shot. Extensive use was made of photography to permanently record
"before"” and "after" conditions of the ships, alrcraft. and equipment. Most of
the equipment was packed and shipped to continental U.S5. locations for further
analysis after Test BAKER (Reference C.9.208, p. 7.3). Six subordinate groups
under the DSM were responsible for carrying out the details of the experimental
program.
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Army Grourd Group

The exposure of Army equipment was a mission of Commander, Army Ground
Group. Under his command were englneer, signal, ordnance. chemical warfare,
quart rmaster, and air units. Fersonnel from these units were berthed on USS
Wharton (AP-7). They exposed a wide variety of equipment on both tests rang-
ing from ammunition, radar, trucks. petroleum, and tanks. to field stoves.
clothing. and medical equipment. Figure 14 shows armored vehicles and other
equipment on board USS Saratoga (CV-3) before the test. While most equipment
was positioned on board the target vessels, some was placed on nearby islands
of Bilkinl Atoll to provide a better range of effects. Members of the Army
Ground Group were evacuated from the Bikini Lagoon on Wharton the day befc
each test and planned to return the afternoon of each test day. Inspection or
equipment after ABLE began on 2 July and was completed by 12 July. The heavy
concentration of radiloactivity in the lagoon after BAKER slowed inspection
efforts. Inspections were not begun until 30 July and were not completed until
10 August. Items on USS Nevada (BB-36) and the concrete drydock, ARDC-13, re-

malned too contaminated to be inspected. The drydock was finally scuttled with
all equipment.

Englneer equipment was exposed on three attack transports (APAs). Signal
equipment was exposed aboard ships and on nearby islands. Several d.fferent
items of ordnance equipment were on the decks of four target battle ~ips and
on four tank landing ships and one oil barge. Chemical equipment v <xposed

Figure 14, Armored vehicles and other Army equipment aboard USS Saratoga
(CV-3), ready for exposure to atcm bomb, CROSSRGADS.
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only on shot ABLE. Sample kits of food and clothing were stored in normal
storage spaces aboard Nevada, USS Arkansas (8B-33), USS_Carteret (APA-70), and

Saratoga. Test lots of over 150 items of food and clothling were exposed on the
decks of 1l target vessals. Field equipment, lubricants, and fuels were exposed
on four tank landing craft and on the concrete drydock, ARDC-13.

Alrcraft parts were placr:d on the decks of target ships. Several types of
wing panels made of varlous materlals were secured to the decks. In addition,
wing tanks, stabilizers, a P-47 fuselage, an altimeter, and several fire ex-

tinguishers were exposed. No ailtcraft parts were exposed on BAKER test (Refer-
ence C.9.208, p. 7.10).

Bureau of Aeronautics Group

The Navy Bureau of Aeronautics (Buher) Group was responsible for provid-
ing, exposing., and inspecting Navy aircraft and aeronautical equipment. It
also provided special instruments to be placed in the Navy F6F alrcraft drones
to determine radiation intensities and blast effects. Velocity and acceleration
gauges were 1nstalled on various target aircraft located on the target ships.
The BuRer group., berthed on Wharton and USS Avery Island (AG-76)., was evacuated
with the ships the day before each shot and planned to return to the lagoon
the afternoon after each shot. Inspection of equipment commenced on 2 July for
ABLE and 30 July for BAKER. Records of F6F drone aircraft reactlon to the
detonations were removed from the aircraft after they landed at Roi Island,

Kwajalein, and aircraft were inspected for damage (Reference C.9.208, pp. 3.51
and 7.8).

Bureau of Ships Group

This group was recponsible for preparing target ships (and certaln non-
target ships) to determine effects of the detonations on the ships and carrying
out decontamination activities. The group prepared Op Plan 1-46 Annexes W and
X entitled "Ship Preparation Plan" and "Reboarding and Inspection Plan." re-
spectively. Readying the target ships for the tests took place initially in
shipyards at Philadelphia: Terminal Island, Long Beacn., California; San Fran-
clsco, California: Mare Island, Vallejo., Californla; Bremerton, Washington:

and Pearl Harbor, Hawali. Target ship crews did much of this work, both at
Pearl Harbor and on site at Bikini.

Members of the Bureau of Ships (BuShips) Group were berthed on Wharton.
They were aboatd that ship when it sortied from Bikini the day before each
test and returned after each test. Ship inspection began on 2 July after ABLE
and on 26 July after BAKER. Interim repairs after ABLE to prepare ships for
BAKER were completed by 5 July: however, ship inspections continued for several
more days. The ship inspection program was broken down into six categorles:
hull, ship stability, machinery, electrical. electronics equipment, and mea-
suremant of any change 1in magnetic fields within the ship. Inspection of ships
after BRKER was hampered by radloactivity on the ships and in the lagoon. Five
attack transports, one destroyer, two infantcy landing craft, and four sub-
matines were reboarded and manned in August and September and were salled back
to U.S. ports. The remaining target ships, however, were too contaminated to
be boarded excep. for short visits and were towed to Kwaljalein during August
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and September. By 26 September, Blkinl Atoll was cleared of the target fleet
and all personnel were evacuated., Eight target ships and two target submarines
were subsequently towed from Kwajalein to Pearl Harbor. Six of these were towed
to U.S. west coast ports in 1946 and 1947 for further radiological examination
(Reference €.9.208, pp. 3.51 and 7.5). The dispcsition of the target fleet 1is
summarized in Chapter 9.

Bureau of Ordnance Group

The Bureau of Ordnance (BuOrd) Group was responsible for obtaining and
exposing naval ordnance equipment and for appraising the damage after each
detonation. The group was organlized into six sections: fire control, gun
mounts, explosives, aviation ordnance. underwater ordnance, and armor metal-
lurgy. The group was berthed on Wharton.

Its perscnnel left Bikini Lagoon the day before each shot and reentered
..ter each shot. Inspection of equipment after ABLE shot was easlly and quickly
accomplished, but high levels of radioactivity after BAKER severely restricted
actlvities \Reference C.9.208, pp. 3.52 and 7.10).

Medical Group

The Medical Group was comprised of two sectlions: Damage Control Safety
Section and Medlical Research Section. Personnel of the Damage Control Safety
Section were to reboard target ships with the initial boarding party and eval-
uate and reduce nonradiological hazards to boarding parties. Hazards that had
to be addressed included falling objects. slippery decks, weak ladders, drown-
ing, fires. steam, electrical shock, chemical hazards, and ammunition hazards.
The personnel tralned extensively. and in turn trained members of deslgnated
boarding parties both on the U.S. west coast and at Bikini. There were no
incidents on either test day. This section was berthed on USS Haven (AH-12)
(Reference C.9.208, p. 3.52).

The Medlcal Research Section was responsible for the biologlical research
program, which involved exposing animals, seeds, bacteria, and medical and
dental materials, and for studying the resulting damage and injury. Principal
animals used were pigs., goats. gulnea pigs, rats., and mice.

For ABLE. the animals and other biocloglical samples were placed on USS
Geneva (APA-86), USS Niaqgara (APA-87), USS LST-133, LCI-327, and LCI-329. Goats
in exposure position are shown in Flqgure 15. They were retrieved by section
personnel operating from USS Burleson (APA-67) at approximately 1600 on 1 July.

For BAKER, the animals and samples were on USS Gasconade (APA-85), USS
Briscoe (APA-65), USS Catron (APA-71). and USS_Bracken (APA-64). Section petr-
sonnel could not retrieve animals and samples from Bracken until 1351 on 28
July (D+3). At 1447 the same day. about one-half the animals were removed from
Catron. Daily radiatlion tolerances prohibited the personnel from continuing to
work on Catron. On 29 July, anlmals and samples temaining on Catron and on
Briscoe were recovered. On 30 July, anlials and samples on Gasconade were re-
covered (Reference C.9.206, pp. VI-B-12 and VI-D-30 through D-44; Refetence
€.9.208, pp. 3.54 and 25.3).
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ftgure 15. Goats An exposure position on target ship deck
during CROSSROADS.

flectruntcs Group

This group and the 0130 klectronics Group in the Technical Director's
organization (see the section on Nuclear Weapon Phenomena below) were one and
the same. They performed a dual function in working for bLoth the DSM and the
Technical Director.

As planred initlally 1in Janvary 1946, this grovp's primary responsibility
was to deterinine the damage to electionic equipment aboard ships after exposure
to each detonatlon. After a sertes ol m-tings in February 1946, the group's
responsiblilities were significantly expanded. It took over electronlc equipment
responsibilities from BuAer and the Army 3ignal Corps. It assuned full respon-
sibility for execution of electronics instrumentation projects as specified in
the Instrumentatlion Plan (Annex G, Op Plan 1-40) and !he Communications and
Electronic Plan {Annex C, Op Pian 1-46). 1t carried ou' most of the studles
assoclated with the electromagnetic propagatior program and provided support
tc wave motlon, blast pressure, shock, drone I and telemetering projects.
As a result ot all these added responsibilitic.,, the size of the group was
expanded and lialson officers trom several other gtoups were o9ssigned. Also
because ot these added responsibilities, the qroup became accountable to the
Technical Director, although it malntained close liaizon with the D3SM.




Specific projects included preparation and inspection of shipboard elec-
tronic equipment; provision of technical communications for the flagship USS
Mount McKinley (AGC-7), press ships, and instrumentation ships; electromagnetic
propagation studles and provision of sonobuoys for pressure recording: telem-
etering technical data from certain target ships: television recording of
wave motion and wave helghts; provision of timing signals for most projects
(excluding bomb detonation timing signals): and provision of electronics
equipment necessary for operation of the drone boats. The types of shipboatrd
electronic equipment that had to be prepared and inspected included rcadios,
radiosondes, radars. Identificetion Friend or Foe (IFF) systems, sonars, radar
repeaters, homing devices, radar beacons, and interior communications systems.

The Electronics Group was berthed aboard Avery Island. USS Coasters Harbor
(AG-74) was deslignated as an electronics repair ship for this group. Group
personnel were evacuated from Bikini Lagoon the day before each shot and re-
turned to the lagoon after each shot. For ABLE, group members were not part of
initial boarding teams, but began their inspections when general reboarding
was authorized. After BAKER, radioactivity delayed most inspections until mid-
August. In fact, on 7 Auqust the Target Inspection Section of the Electronics
Group was reberthed aboard USS Fulton (AS-11), and Avery Island returned to
the United States with most of the Electronics Group personnel. The Instrument
Repair Unit also remaired behind aboard Wharton and Haven to repait and main-
tailn radiac instruments (Reference C.9.208, p. 3.43:; Reference C.9.190, pp.
192-225).

Army Air Group (Task Group 1.5)

Although not under the control of the DSM, Task Group (TG) 1.5 assisted the
DSM in determining the bombs' effects on in-flight aircraft. In addition to its
several missions as TG 1.5, thils group carried out blast and radlation experi-
ments using B-17 drone and B-29 and F-13 ajircraft. The drones were equipped
with flight analyzers that recorded acceleration, alrspeed, and overpressure.
Some data were telemetered by a televisior arrangement. Upon landing at Enewe-
tak, the instrumentation was removed fnr analysis. The drones were monitored
for radiatior and inspected for damage. The B-29 and F-13 aircraft had similar
Instrumentation except for the television system. Additional Information on TG
1.9 1s found in Chapter 8.

Table 4 i1s a tabulation of badging and exposures of personnel in the vari-
ous groups of the Ship Material and iInspection Division. Since personnel were
not badged cll the time, these figures should be recognized as a tlartial
statement of potential total exjosure for these groups. Dose reconstructlon
techniques, dlscussed in Chapter 12, provide a way of estimating total dose
figures.

NUCLEAR WEAPON PHENOMENA

The program to measure and record the various effects produced by the
ABLE and BAKER nuclear detonations was the responsibility of the Technlcal
Directer, who headed the Instrumentation Division. The Instrumentation Division
was responsible for measuring and recording weapon diagnostic data (blast,
heat, radiation, etc.). The plan to measure and record the weapons' effects



was broken down 1into numbered programs, categorized and described in Table 5. o
For control reasons. the Technical Director set up an administrative organiza- o
tion (see Flgure 16) and a functional organization (Figure 17). The admini-

strative organization was used for personnel assignments. Personnel rosters

were maintained using this organizational breakdown. The functional organiza-

tion was used for grouping experimental projects. Table 5 and the functional
organization in Figure 16 show the similarity between the programs. Over 130

Table 5. Instrumentation Division programs and responsible groups,
CROSSROADS.

Program Title Responsible Groups

' I Bomb Preparation Los Alamos Laboratory

Il Blast Pressure and Shock Navy Bureau of Ordnance
Los Alamos Laboratory
Navy Bureau of Ships
, Army Air Forces
Navy Air Group

111 Wave Motion Oceanography Smithsonian Institution
U.S. Geodetic Survey
U.S. Fish and Wildlife Service
i Woods Hole Oceanographic Institution -

1v Propagation of Electromagnetic Navy Bureau of Ships
Waves Army Air forces
Los Alamos Laboratory
National Bureau of Standards
! federal Communications Commission

v Radiological Safety Los Alamos Laboratory

VI Radiometry Army Air Forces
Navy Bureau of Ordnance

VIl Radtatior Measurements Los Alamos Laboratory

VITI Remcte Measurements U.S. Geodetic Survey
(Carnegle Institute
National Bureau of Standards
> Naval Resedarch Laboratory
David Taylor Model Basin
U.S. Weather Bureau

IX Technical Photography Army Air Forces
U.S. Navy
» Los Alamos Laboratory

Source: References C€.9.209 and (.9.210.
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:. Figure 16. Instrumentation Division (administrative organization), CROSSROADS ®
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\
RADIOLOGICAL SAFETY
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Figure 17. Instrumentution Division {functional organization), CROSSROADS
{source: Reference C.9.210, N 138B).

projects were associated with Programs II through IX. Appendix C lists these
projects by title and shows which group in the Instrumentation Division was
responsible.

Table 6 presents exposure information for the groups in the Instrumentation
Division. The Remote Measurements Group 1s not shown in the table because its
pertsonnel were not present in the Bikini area and had no one badged during
CROSSROADS. The highest exposures recorded were for personnel in the Radiolog-
ical Safety Group. These personnel monitored the contaminated ships and other
areas to determine dangerous radiation levels. The accumulated high individual
exposute In this group was 3.720 R. Thls monitoc was badged six days.*

* Since personnel were not badged all the time, these figures reflect only a
part of the total potential exposure. Dose teconstruction techniques dis-
cussed In Chapter 12 can be used to produce an estimate of total dose.
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Table 6. Instrumentation Division personnel exposure, CROSSROADS.4

Exposure Ranges (R)

No. of No. of
Persons Persons 0.001- Over  High
tlement Listed Badged 0 0.5 0.5-1 1-1.5 1.5 (R)

0ffice of the
Director 3 1 1 0.050
Air Blast Group 9 3 1 2 G.120
Wave Motion and
Oceanography Group 93 30 19 ! 0.180
BuShips Instrumentation
Group 58 36 3 21 6 0.990
Electronics GroupP an 56 23 32 1 0.600
Radiological Safety
Group 436 316 88 181 33 7 1 3.720
Bomb Operation Group 70 3 3 0
Bureau of Ordmance
Instrumentation Group 208 47 24 23 0.470
Los Alamos
Laboratory Group 10 12 6 6 0.330
Tech Photo Group 26 9 6 2 ] 0.820
Army Air Forces Instru-
mentation Group® 1 0

Notes:

aData taken from Reynolds Electrical and Engineering Company List. Since per-
scnnel were not hadged ali the time, these figures should be recognized as a

partial statement of potential exposure for these groups.

bSame as the Electronics Group in Ship Material and Inspection Division.
“Personnel almost entirely supplied by Army Air Group, Task Group 1.5,
Sources: References C.13.4 and 8.0.17.




The nine programs managed by the Instrumentation Division are discussed 1in S
the following paragraphs. Where appropriate, individual projects within each - -
program are discussed. .9

s

Program I -- Bomb Preparation o
Agency: St
Los Alamos Laboratory . ®

1)
PP TR W BN

Operations: The bomb for ABLE was prepared at Kwajaleln and loaded onto
the B-29 drop alrcraft at Kwajalein aicfield. The bomb for BAKER was pte-
pared on Kwajaleln and on medium landing ship LSM-60 in Bikinil Lagoon. It
was placed in a waterproof caisson and lowered 90 feet (27 meters) under

SPS WSRO

LSM. -
the LSM S
staffing: Seventy Los Alamos Laboratory employees worked on this program. :

The radioactivity of the nuclear components of the bombs presented a very

low risk of exposure. Personnel 1in this program were not required for

reentry operations so they should not have been exposed to significant . . R
amounts of radiation. According to exposute records only three individuals T
were badged (see Table 6). - @ !

Program I[ -- Blast, Pressure, and Shock

Agencies: Los Alamos Laboratory :
Navy Bureau of Ordnance (BuOrd) r o
Navy Bureau of Ships (BuShips) -
Army Air Force
Navy Air Group
Alr Blast Group (013n)

Operations: This program had 28 projects, some with several subprojects oo e
(see Appendlx C). Except for Project II-12, which measured fireball growth —:9_,
using cameras, all these projects were assoclated with pressure, blast, c
and shock measurements. A varlety of self-recording airblast gauges were

placed on Bikini islands, in the lagoon, on target ships. and on aircraft

aloft in the area above the target area. Condenser gauges were dropped

from two B-29 aircraft just before each detonation and they transmitted :
readings to recorders in the two B-29 aircraft. Water-shock gauges were .o
also used. All B-29, F-13, and B-17 aircraft participating in either shot

carried instrumentation also.

Staffing: Personnel from the Air Blast Group. Los Alamos Laboratcry Group.
Electronics Group, and the BuOrd Instrumentation Group worked on projects -
in Program II. Although there were probably more, 51 personnel have been - o
1dentiflied with this project from existing records, 35 of whom were badged.

The highest exposute of these 35 was 0.99 R for an individual working on

Project II-18 who got all of his exposure the first week in August.

Placement of gauges in alrcraft, target ships, islands, etc. should .
have provided litrle or no exposure to project personnel. Removal of gauges Y
after ABLE should have been relatively easy as radloactivity was limited
to a few tarqget ships and decayed rapidly. BAKER, however, contaminated
1slands due north of the detonation, the lagoon, and most of the target

15
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ships. Gauge removal was closely monitored by radiological safety (radsafe) e
personnel. :

Project Report: Reference C.2.209, Enclosure C. ﬂ“ ﬂfﬁ

Program III -- Wave Motion Oceanography

| Agencies Smithsonlan Institution f».
U.S. Geodetic Survey
U.S. Fish and Wildlife Service
Woods Hole Oceanographic Institution

. Operations: This program had 20 separate projects to measure and record -

. wave motion and to study detonation effects 1n the area of Blkini Lagoon. ~®
Some instrumentation was placed on the bottom of the lagoon, some suspended
in the water from target ships, and some on nearby islands.

Staffing: Program III personnel were from the Wave Motion and Oceanography :
Group of the Instrumentaticon Division. Ninety-three personnel were as- -
signed, 30 of whom were badged. Recorded exposures during the periods they . @
were badged were all less than 0.5 R.

Removal of instrumentation from target ships, particularly after BAKER,
exposed personnel to radioactivity on the ships. Removal of instrumentation
from the lagoon bottom also exposed recovery personnel to some radiation .
after BAKER since the water in some areas of the lagoon was radloactive. e
However, rtecovery times apparently were relatively short and this minimized T
radiation exposure. Some 1slands were also contaminated after BAKER and )

instrument recovery there created exposure potential depending on recovery
date and stay time.

Project Report: Reference C.9.209. Enclosure F. "o
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Program IV -- Propagation of Electromagnetic Waves

Agencies: Los Alamos Laboratory
Army Alr Forces (AAF)
Electronics Group
National Bureau of Standards (NBS) -
Federal Communications Commission (FCC) )

Operations: There were 18 separate projects iIn Preqram IV. Radars and
racios, some operating at detonation time, were placed on selected islands
at Enewetak, Kwajalein, Bikini, and on selected target shlps. Television
cameras were installed on B-17 drones and controllers. Two projects pro- .
vided timing and firing signals for BAKER. Four projects measured electro- S
magnetic properties from remote locations in Hawail, Germany. Manila, .
Alaska, and the United States. One project telemetered alr- and water-

pressure readings from target ships to recelvers on Avery 1sland.

Stafting: Personnel from the Electronlics Group of the Instrumentation Divi- T
sion accomplished all the projects in this program except for IV-9 through
IV-13, which were done by lLos Alamos Laboratory and the Army Alr Forces.




B TR

NBS and FCC personnel involved were not in the Bikinl area. This Elcc-
tronics Group was the same as that in the Ship Materlal and Inspection
Division under the DSM. The highest recorded exposute in the Electronics
Group was 0.6 R.

Since the experiments measured interference with electromagnetic waves
at and after detonation time there was no urgency to recover equipment in
radioactive ateas such as the Bikini islands and target ships.

Project Report: Reference C.9.209, Enclosure G.

Program V -- Radiological Safety

Agency: Radiological Safety Group

Operations: There were 12 projects in thls program (see Rppendix C). The
first eight involved radsafe monitors who measured radioactivity in the
alr, water, and on ships to obtain data on radiation in order to protect
personnel. The eight monitor groups were: destroyer, seaplane, boat, board-
ing party. fixed base, gunboat, Bikini Lagoon channels, and airborne. Mon-
itoring instruments used were: 275 Victoreen Geiger counters (Model No.
263)., 150 Victoreen lonization chambers (Model No. 247), 12 alpha meters.
and an unknown quantity of self-reading dosimeters. All monitors also wore
film badges whenever there was a probability of encountering radioactivity.
Film badges were normally exchanged daily. Rll monitor groups had Gelger
counters and ionlzation chambers except the Bikini Lagoon Channel Group
which used battery-operated, deep-channel counters with submersible probes
Project 9 (Photometric Film Badges) measured radiation at vaticus locations
in the target array and recorded radiation receiv ed by all w.o wore film
badges. They used 5,000 sulfur and calcium triphosphate capsules in addi-
tion to a large number of film badges. Projects 10 and 11 measured gamma
radiation over a perlod of time ~n sevr target ships. Project 12 per-
sonnel measur~d total gamma intens.., i veral target ships.

Staffing: As shewn in Table 6. 436 personnel of the Radsafe Group have
been ldentified (Reference B.0.19). Of these 316 were badged at least one
time (see Table 21 for badging su. -ai1y). Pers.unnel in all 12 projects on
the Radsafe Program had a high poiertial for exposuce because of their

assigned duties. Monitors who re . .Jed ships with boarding parties
(Project 4) after Test BAKER accumulated the highest exposures. The highest
individual accumulated recorded expos: '3 3.720 R. Most of those badged
in Program V were military personnel - cming monitoring dutics.

Project Report: Reference C.9.209, Enclos.ce J.

Program VI -- Radiometry

Agenties: Navy Bureau of Ordnance (BuOrd)
Army Alr Forces (AAF)

Operations: Measurement of the bombs' radiant energy was attempted from
several locations. For ABLE. Instruments were installed on one ship 18 nmi
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(33 km) from the detonation and on an alccraft flying 18 nmi (33 km) from
the detonation. For BAKER, instruments were installed on a ship positioned
10.9 nmi (20 km) from the detonation and spectroscopes were placed on an
alrcraft flying 7.2 nmi (13 km) from the burst.

staffing: BuOrd Instrumentation Group personnel manned the projects in
this program with some help from RAAF. Potentlal for exposure of Program VI
personnel was quite low. Alrcraft and ships involved remalned clear of
radloactive areas 1n and downwind of the Bikini Lagoon. BuOrd Instrumenta-
tion Group personnel had low exposures as can be seen from Table 6. Most
personnel working in Program VI were not badged and those that were had
readings less than 1.0 R.

Project Report: Reterence C.9.209, Enclosure H.

Program VII -- Radiation Measurements
Agency: Los Alamos Laboratory

Operations: The first of the three projects in this program was the mea-
surement of fast neutrons on ABLE test by placing sulfur samples on seveiral
target ships.

The second was measurement of gamma-ray enmissions from BAKER detona-
tion. During this project. gamma-ray measurement slignals were transmitted
from the bomb case to USS Cumberland Sound (AV-17) just before the trans-
mitters were destroyed.

The third prolect was collection and measurement of alr and water sam-
ples to determine the efficiency of the detonations. This included the use
of drone aircraft (B-17 and F6F) and drone boats to obtaln radiocactive air
and water samples.

The Army B-17 drones were quided from Enewetak to Bikinl by B-17 con-
troller alrcraft. On ABLE they sampled at 12,000, 18,000, 24.000., and
30.000 feet (3.66, 5.49, 7.32, and 9.14 km) between 6 and 1% minutes after
the detonation. On BAKER they sampled at 6,000 and 10,000 feet (1.83 and
3.05 km) between 5 and 10 minutes after the detonation. Each B-17 drone
alrcraft had a filter box mounted in place of its top turret and a large
inflatable rubber bag in its bomb bay. The air filter unit with its special
filter paper was designed to filter 90 cublc feet (7.5 cublc meters) of
alr in 30 seconds. The rubker bag was opened on command of the controller
in the B-17 control alrcraft when the drone entered the cloud. It auto-
matically closed 30 seconds later, capturing 90 cubic feet (7.5 cublic
meters) of air. The drones were guided back to Enewetak where they were
landed by grcund controllers. Los Alamos Report No. 613 {(Reference C.i.l)
describes removal of the filter unit:

The AAF filter unlt was fixed to the top turret of a drone
B-17. A lanyard ran from the unit down along the outside fuse-
lage and ended in a handle fixed near the door of the plane.
One sharp pull on the lanyard brought the filter unit tumbling
down. Each door of the unit itself was fltted with a short
lanyard. One sharp pull of this lanyard, and the door leaped
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off in an amazing shower of springs and bolts. The filter
papers sandwiched between thelr screens could then be picked

up, a few wites snipped to separate the screens, and the paper
removed.

Figure 18 shows a drone B-17 landed at Enewetak after shot ABLE. A monltor
1s shown walking away from the rubber bag in the background. The bag had
been dropped from the bomb bay into a wheeled contrivance and was pulled
away from the B-17 with long ropes. The top filter unit is visible on the
top of the B-17 fuselage. Los Alamos personnel rtemoved the filter papers
from the boxes and flew to Kwajalein on the waiting C-54 with the filter

papers and the large rubber bags filled with air samples. The samples were
analyzed at Kwajalein.

Navy F6F drones were gquided to Bikinl from the carrier USS Shangri-La
(Cv-38) by drone control F6Fs. For ABLE, three drones sampled at 10,000,
15,000, and 20,000 feet (3.05, 4.57, and 6.1 km) approximately 8 to 15
minutes after the detonation. For BAKER. three drones sampled at 5,000,
9,000, and 14,000 feet (1.52, 2.74, and 4.27 km) 5 to 10 minutes after the
detonation. After the sampling was complete they were gulded tc the island
of Ro:-Namur in Kwajaleln Atoll and were landed there by ground control
pllots. The F6F drones had a single unit with filter paper mounted under
the left wing., A 10-foot (3.05-meter) pole wlth a hook was used to unhook
and drop the unit from the wing. Six bolts were then removed on the doors

Figure 18. Air sampling gas bag and drone B-17 at Enewetak Island
following shot ABLE, CROSSROADS.
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by specially adapted 1C-foot (3.05-meter) poles. The doors were then pulled
off with another speclal 10-foot (3.05-meter) pole. The filter peper and
securin. screens were attached to the doors and came out of the unit with
the doors. The filter papers were plcked up with long-handled tongs (Figure
19) and placed in special lead receptaocles. They were then flown by C-54
to Kwajalein for analysis.

Drone boats from USS Begor (APD-127) collected radioactive water sam-
pies throughout the tatget arrcay. Radiocactive samples were taken from Beqor
to Kwajalein and then te Los Alamos Laboratory for analysls.

S:affing: Los RAlamos woooratory supplied the personnel for the projects
in this program. Removal of sulfur samples from target ships on ABLE test
would hiave exposed men to low-level radiation on those ships that were near
surface zero, wviz. Sakawa (a captured Japanese cruiser), USS Crittenden
(APA-77), USS carlisle (APA-69). and USS_Arkansas (BB-33) (Reference
C.9.210, p. N-212). Measurement of gamma rays at detonation time for BAKER
should not have created any radiation exposure to pecsonnel. Removal of
radloactive alr and water samples from planes and boats was a very sensi-
tive operation with a high exposure potential. Only 12 of 70 personnel in

Figure 19, Removel of filter papers trom the FoF f31ter units a' Rol-Namur
lsiany followiry shot ABLE, CROUSKOALS.




the Los Alamos Laboratory Group were badged and thelr exposures were very :
low (see Table 6). T e
Project Report: Reference C.l.1 (Los Alamos Laboratory Report No. 613, -
November 1946). B
Program VIII -- Remote Measurements L
L
Agencies: U.S. Coast & Geodetic Survey University of Texas )
Carnegle Institute Bartol Foundation
National Bureau of Standards Mt. Wilson Observatory
Naval Research Laboratory Evans Signal Laboratory
David Taylor Model Basin Federal Communications Commission
U.S. Weather Bureau Puget Sound Naval Shipyard ) ®
University of Washington Atmy Air Forces (AAF) )
Operations: This program consisted of 18 projec:s. Experiments were con-
ducted at sites around the world to measure changes pgroduced by the
detonations. Measurements were made of tides, wave action, atmospheric
reflectivity, atmospheric pressure, atmospheric ionization, atmospheric > ° N
noise, radioactivity, and long-range radio waves. Only Project 14 used - -
locations 1in the Bikini area, specifically Eneu Island and USS Kenneth
whiting (AV-14). .
Staffing: Organizations involved in each of the projects are listed above. ,
Names of individuals assoclated with these organizations cannot be sepat- ":;‘
ately l1dentified. Except for Project 14, which had instrumentation on Eneu T
Island and whiting. exposure potential was extremely low for everyone work-
ing with this program. The Eneu site was not contaminated after ABLE but
the beach was contaminated after BRKER. Eneu was visited on 25 July (BAKER
day) and all experiments renoved during the afternoon. Three days later {t -
was radiologically cleared and reopened for troop use. l'.” .
Project keport: Reference €.9.209. Enclosure K.
Progream IX -- Technical Photograpny
Agencles: Los Alamos Laboratory s
Atmy dir Forces (AAF)Y -
U.5. Navy
Techn! a3l Photography wv.oup
Operations: There were 19 projects in Program IX assoclated with techaical
photography. Project 1, operated by Los Alamos Laboratory, used high-speed °

cameras to record the growth rate of the ABLE fireball. Hall of the cameras - -3
wete In a tower on Blkini Island and half in a tower on Eneu Island. Proj- PR
ects 2 through 7 used rameras mounted in six camera towers to observe water o
waves, ship motlion, burst location, light iIntensity, and record dainage.
There were two camera towers each on Bikini, Eneu, and Aomen islands. Thece
slx projects were operated by the Technical Photography Group of the
Insttuvmentation Division. Projects 8, 9, and 10 consisted of technical
photc;r phy from AAF planes. Cameras were mounted in B-17 drones, C-54s,
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and KF-13s. Pictures were taken of fireball development, nuclear cloud for- o
mation, the target area. and radar scopes inside the aircraft. Projects 11l .
through 14 consisted of technical photography from U.S. Navy aircraft. A v
variety of cameras were installed ir, PBMs, TBMs, F6Fs, and F6F drones t¢

photograph wave motion, target array. target damage, and detonation effects

on ships in real timne. Project 15 used 20 cameras placed on target ships

and nearby 1slands for shot ABLE and 24 cameras on target ships and nearby .
islands for shot BAKER to observe ship reaction to the detonation. Project ® ,
16 consisted of mounting high-speed cameras in a C--54 to measure the ABLE . -
firetall growth. Project 17 consisted of mounting S0 icaroscopes on nine '
observer ships tc observe bomb flash intensities (Reference C.9.19G, p.

207). Project 18 mounted two drum spectographs in a camera tower on Eneu

to record the light's spectrum as a function of time. Projects 15 through .

18 were conducted by the Technical Photography Group of the Insttumentation )
Division. Project 19 used a high-speed camera on Bikini to photograph ABLE

fireball development. This project was accomplished by the BuOrd Group of
the Instrumentation Division.

Staffing: Personnel in the Technical Photography Group consisted of offi-
cers and enlisted men from the U.S. Navy and civilians. Of the civilians
assigned, at least one was from Los Alaros Laboratory. The Navy Photogra-
phic Unit was aboard USS Saildor (CVE-1l17). In addition to the Technical
Photo Group, the Army Air Task Group, TG 1.5, had one task unit devoted
completely to photography. Army Air Photo Unit, TU 1.5.2, with several
photographic alrcraft, provided substantial support to this program.

For ABLE there was little chance for exposure on any of the projects -9
except for Projects 8, 13, and 15. where cameras had to be recovered from
B-17 and F6F drones and target ships. The drones were contaminated; how-
ever, none' of the target ships with cameras were contaminated on shot ABLE,
For BAKER, recovery of several projects created an exposure potential.
Projects 2 through 7 requiced recovery of film from coitaminated islands .
around the lagoon after BAKER. Projects 8 and 13 required recovery of film .9
from contaminated B-17 and F6F drones. Project 15 required recovery of film o
from contaminated target ships after BAKER. Projects 18 and 19 required re-

covery of film from Eneu and Bikini, the beaches of which were contaminated
after BAKER,
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CHArTER 4
TEST OPERATIONS

CROSSRORNS was primarily a sea-based operation. The islands of Bikini
Atoll* were used as sites for instrument locations and as recreation areas.
However, a Navy Construction Battalion had quarters for its men on Bikini
Island. Joint 7ask Force 1 (JTF 1) personnel lived at Kwajalein, Enewetak, and

aboard ships in Bikini Lagocn. They commuted to their work sites in the target
array or at island-based measurement sites,

In Test ABLE, the weapon was dropped from an Army Alr Forces B-29 (nick-
named "Dave's Dream") based at Kwajalein. The bomb burst in the air 520 feet
(158 meters) over the target ships. In the BAKER test the weapon was suspended
in a waterproof container 90 feet (27 meters) below LSM-60, anchored at the
center of the target fleet. A third test. to have been called CHARLJE, would
have peen a deep underwater test, but it was cancelled after Test BAKEK.

The target fleet was unmanned for both tests and was anchored in the north-
eastern area of Bikini Lagoon off Bikinil Island. For ABLE 22 landing craft and
for BAKER 24 landing craft were beached on the lagoon side of this island,
simulating boats in an amphibious operation. Military equipment (including
airplanes). animals. and scientific instruments were aboard the target ships.
Two anchored seaplanes were also part of the target fleet.

The manned JTF 1 support ships withdrew from the lagoon before the tests
and remained east of the atoll or were at other atolls until it was safe to
reenter the lagoon. Nontarget small craft were moored (unmanned) in the lagoon
off Eneu Island about $ nmi (9.3 km) south of the test area. Among these were
several drone boats equipped to be remotely controlled. After each detonation
the drones were guided by aircraft and USS Beqgor (APD-127) to areas in the
target array to collect water samples and take radliation readings. After the
water samples were collected, the drones were gulded back to Begor where they
were hosed down to remove radloactive contamination (Figure 20) and the samples
removed. After each test the drones were followed by six patrol motor gunboats
(PGMs) and twenty landing craft (LCPLs) with radiatlon monitors aboard. Radia-
tion intensity measurements were sent by radio to the Radsafe Control Center.
From this information and that gathered from alrcraft equipped with radiatlion
detectors, it was determined when a safe reentry to the lagoon by the maln
body of the fleet could be made.

PRE-TEST OPERATIONS

Preparation for the tests began in January 1946 when the atoll was surveyed
by USS Allen M. Sumner (DP-692) and USS Bowditch (AGS-4). The survey was fin-
istad in Rpril.

* The islands of Bilkini Atoll and their various transliterations and synonyns
are listed in Appendix D.
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figure 20. Drone boat being washed down before radioactive water samples
were removed, CROSSROADS.

on 7 March 1946, 167 Bikinians embarked aboard USS LST-1108 and were taken
tc Rongerik Atoll. At the same time the Navy 53rd Construction Battalion began
arriving to bulld the varicus phototowers, instrumentation sites, workshops,
and recreation facilities on the islands of the atoll. One hundred tons of
dynamite were used to clear coral heads in the lagoon. Filve naval mines were
discovered and disposed of during March.

Movement of participating ships from eastern U.S. shipyards and ports
toward Bikini alsc began in March. Movement from closer ports began later., and
by mid-May there were over 100 CROSSROADS-bound ships stopplng over in Pearl
t.rbor on their way to Bikini. Interlor spaces of some support ships were mod-
ifled as laboratories or machine shops, and USS_Burleson (APA-67) was being
converted to a "great dirtless farm" (Reference A.l), a living place for the
experimental animals that were used during CROSSRCADS.

The target ships also required special preparation. For Test ABLE, 93 tac-
get vessels were assembled. For Test BAKER, 92 target vessels were arrayed. The
target fleet was led by older U.S. capital ships like the famous USS Saratoga
(CV-3) and the old battleships USS Nevada (BB-36), USS Pennsylvania (BB-38).
and USS New York (BB-34). The German battle crulser Prinz Eugen and two major
captured Japanese shlps, the battleship Nagate and the crulser Sakawa, were
also targets. All target vessels were accuiately mocred and made ready for the
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tests. This involved a great deal of work by Task Group (TG) 1.2 in making the
ships watertight so that pumping would not be required to keep them afloat.
Many of the target ships could be classed as "war weary," making thls task
difficult. For the sake of the experiment, the ships were to be in as near to
fighting condition as was reasonable, which included loadirg them with ammuni-
tion, torpedoes, fuel, radar equipment, etc.

The target ships also required close pretest inspection since the aim of
the tests was to measure the effects of the nuclear detonations. This was done
by inspection teams of the Ship Material and Inspection Division and ships'
crews and was documented extensively with photographs. Instrument placement
aboard these vessels also was extensive. Compartments in nearly every target
vessel were inspected and the condition recorded before and after each test.
An aerlal view of the target array is shown in Figure 21.

ABLL OPERATIONS

By mid-June the task force was in place. Burleson, with its cargo of exper-
imental animals, was one of the last arrivals (14 June). Several small-scale
rehearsals and one major rehearsal on 24 June 1946 (Queen Day) preceded the
test. For .he Queen Day rehearsal a number of non-self-propelled or slow-moving

vessels v:re evacuated to Kwajalein, some not to return to Blkini until after
ABLE. Projected ABLE Day remained 1 July.

At the morning weather conference on 30 June 1946, favorable weather was
forecast for the following day. so Commander JTF 1 (CJTF 1) set 0830, 1 July.
as shot time. At the evening weather conference, conditions still appeareqd

Figure 1. CROSSROADS, ABLE target array in Bikini Lagoon.
View 15 looking south.
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favorable. However., falrly heavy cloud cover was reported early on the morning
of 1 July, and shot time was changed to 0900,

Evacuation of task force support ships began soon after CJTF 1 set the
hour for ABLE. All destroyers except USS Moale (DD-693) got underway and were
clear of the lagoon by early afternoon on 30 June. Most of the support ships
of TG 1.2 were out of the lagoon shortly thereafter. except for the TG 1.2
flagship USS Fall River (CA-131) and three small support ships. Throughout the
afternoon the vessels of TG 1.8 cleared the lagoon. Three tugs towed barges to
Kwajalein and USS Chowanoc (ATF-100) towed YO0-130 to the open sea, more than
20 nmi (37 km) northeast of Bikini Atoll. Small craft had evacuated task force
personnel from Enldrik and Eneman islands and transfertred them to Fall River,
which then left the lagoon along wlith the smaller ships of TG 1.2. Ten ships
remained in the lagoon after 1800 hours.

Preparations ashore had included removal of the rcofs of buildings to pre-
vent blast damage and removal of the pontoon-supported docks and causeways
that had been installed on the islands. Machinery such as refrigerators, gene-
rators, and water-distilling units had been covered by tarpaulins.

USS Chilton (APR-38; evacuated 691 nonessential U.S. personiel and natives
from Enewetak before the test. Provision had peen made to evacuate essential
U.S. personnel on Enewetak 1f necessary, and flve C-54 alr transports were at
Enewetak for this purpose. The Macshallese on Rongerlk to the east had been
taken aboard USS LST-989 in case evacuation was necessary there.

Two additlional C-54s were sent from thelr Kwajalein base on 30 June, one
to Enewetak and one to Roi Island. These were scheduled to receive the radio-
active cloud samples to be collected by the B-17 drone samplers based at Ene-
wetak and the F6F drone samplers returning to Roi following the shot.

At 0512 on 1 July, PGM-23 had all task force personnel from Iroij., Nam,
and Romen 1islands embarked and was underway for the fleet assembly area. At
0524 USS Kenneth Whiting (AV-14) had all personnel from Bikini and Eneu islands
aboard and was underway. The last ship out of the lagoon was USS Mount McKinley
(AGC-7). These ships jolned the other JTF 1 ships in operating areas east of
Bikinl, These operating areas were designated by the names of automoblle manu-
facturers.

The first airborne alrcraft were three B-29s that had made weather recon-
nalssance flights in the shot area and northeas. and northwest of Bikini Atoll.
At 0540 CJITF 1 ordered the drop alrcraft to .ake off from Kwajaleln. This wes
a specially modified B-29 on which the bomb had been loaded about midnight
(Figure 22). At 0555 the bomber was reported as being airborne. The four F6F
drones and slxteen F6F controllers from USS Shanqri-La (CV-38) were alrborne
shortly after 0700. In all, 79 alrcraft were alrborne on the morning of ABLE.
By 0800 all alrcraft and ships were on station. One F6F drone went out of con-
trol and crashed in the sea just as the B-2G6 began its live run at 0850. The
bombing aircraft hid made one practice run before the live run. Alrcraft par-
ticlpation In Test ABLE is summarized in Toble 7, and Table 8 sumnarizes the
deslignated orbiting points for these aircraft.
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Figure 22. "Dave's Dream." the B8-29 from which the CROSSROADS, ABLE weapon
was dropped.

All other air operations within 500 nmi (927 km) hed been suspended 12
hours before the shot.

Observers included Congressmen., the President's Evaluation Commission, the
Joint Chiefs of Staff (JCS) Evaluation Board, United Nations representatives,
and media correspondents. The live tun was made at 28.000 feet (3.5 km). The
bowb was released at 0859 and detonated with a yleld of 23 KT 15 seconds befote
0900, 1,500 to 2,000 feet (457 to 610 meters) west of the planned surface zero
(Figqure 23).

An Army doctor tralned as a radlological safety (radsafe; monitor made the
following observation from a PPM aircraft 20 nmi (37 km) away (Reference A.2,
p. 55):

At 20 miles it gave us no sound or flash ot shock wave. .
Then, suddenly we saw it -- a huge column of clcuds., dense,
white, boiling up through the strato-cumulus. looking much
l1ike any other thunderhead but climbing as no storm cloud
ever could, The evil mushrooming head soon began to blossom
out. It climbed rapidly to 30,000 or 40,000 feet. growing a
tawny-pink from oxides of nitrogen., and seemed to be reaching
out in an expanding umbrella overhead. . . . For minutes the
cloud stood solid and lmpressive. llke some gigantic monument
ov:r Blkinl. Then finally the shearing of the winds at differ-
ent altitudes began to tear it up into a weird zigzag pattern.

An aerial view of the cloud from the southeast is shown in Figure 24.

The radiolcgical danger sector (radex) designated for altcvaft at 0730 on
the shot day predicted the downwird danger area to be between 325° clockwice
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Table 7. Aircraft participation, Test ABLE, CROSSROADS.

Type Quantity Mission
Army

B-17 3 Air-sea rescue

8-17 4 Drone samplers

B-17 ) Drone controllers

B8-29 1 Command

B-29 1 Bomb drop

B8-29 1 Radio broadcast

B8-29 1 Press and newsmen

B-29 2 Pressure-gauge drop

B-29 2 Radiological reconnaissance

WB-29 3 Weather reconnaissance

C-54 2 Photography

C-54 2 Observers

Fo138 8 Photography
Navy

F6Fb 4 ODrone samplers

F6F 16 Drone controllers

Fof 6 Photography

PAM 2 Radiological reconalssance

PBM 3 Air-sea rescue

PBM 4 Photo-radiometry

TBM 2 Air-sea rescue

TBM 2 Photography

TBM 4 ODrone boat control
Notes:

aA B-29 modified for photography.
bOne F6F drone crashed in the ocean 10 minutes

before the shot.

Source:

Reference C.9.206, Part VII, p. F1.
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Table 8. CROSSROADS, Test ABLE aircraft orblt points. - .-
Bearing From Horizontal Ranged
Orbit Surface Zero from Surface Zero
Designation (9) {nmi) {km)
Ab'le 50 20 37 s
Charlie 170 15 28
Dog 80 15 28
tasy 90 25 46 4
King 125 15 28 e
Love N5 30 56
Nan 0 20 kY
Peter 240 35 65
Sugar 135 20 37 Y
Tare 135 40 74 o
Uncle 40 30 56 ey
Victor 315 20 37 -
Wil liam 2170 20 37 "o
Yoke 45 20 37
Zebra 0 40 14
1.P. 225 30 56
Note: .e
aS]ant ranges of aircraft vary with aircraft-
crbiting altitude. Orbiting altitudes were R
from 1,000 feet (305 meters! to 31,000 fe=t SR
(9.5 km). S
. ®
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Figure 24. CROSSROADS, Test ABLE cloud.

to 125° from sutface zero. At 10600 it was changed to 350° clockwise to
180°. The Red Acc was set 16 nmi (30 km) downwind from surface zero, and the
Blue Arc 22 nmi (41 km) downwind from surface zero. Radsafe monitors were
placed aboard all alrcraft airborne in the vicinity of Bikini at shot time
except in the single-seat F6Fs. The F6F pllots had Gelger counters whose click-
ing signals were fed into their earphones to warn of increasing radicactivity
(Reference C.6.206, Part VII, p. Cl0).

Two radiological reconnaissance PBMs began making passes over the target
area at 0952, starting at an altitude of 2,000 feet (610 meters) and working
down to 500 feet (152 meters). They continued until 1427 and then returned to
Ebeye Island, kwajalein. The two radiological reconnaissance B-29s began track-
ing and photographling the cloud at 1000 and were relleved during the day by
two other B-29s. Four TBM alrcraft were launched from USS Saidor (CVE-117) be-
tween 0910 and 0918. Two developed engline trouble and returned: the remalning
two took stations upwind from the drone boats and transmitted boat locations
to Begor. which was controlling the drone boats. They completed thelr mission
and departed the area for Saldor at 1238,

Army and Navy aircraft involved with photography and cioud sampling accom-
plished their missions before 1000. B-17 sampler drones penetrated the cloud
at altitudes of 13,000, 18,000, 24,000, and 30,000 feet (3.96, 5.49, 7.32, and
9.14 km) about 20 minutes after the detonation, obtained their samples, and
were quided back to Enewetak Island. Three remalning Navy F6F drones sampled
the radiocactive cloud between 0906 and 0920 at altitudes of 10,000, 15,000 and
20,000 feet (3.05, 4.57 and 6.10 km). All three drones were gulded back tc Rni
and were landed without incident. C-54 aircraft walting at Enewetak and Rol
transported the cloud samples in alrbags and filters to Kwajalein. The samples
were analyzed as soon as they were removed from the drones by Los Alamos
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Laboratory personnel. Filters were then sent to Los Alamos Laboratory for fur- -
ther analysis. .

The drone control ship Begor started two of the drone boats and., using
instructions from the TBMs, guided the boats into the target area. Both boats
took several water samples based on radiation readings they transmitted back
to Begor. Both drones departed the target area before 1200. Begor met the two -
i drones in the anchnrage area in the lee of Eneu and removed samples. Samples j"_
were transferred to Moale, which steamed to Kwajaleln at 1255 (Reference
C.9.206, Part VII. p. R19 through R22).

Reentry into Bikinl Lagoon commenced at H+2 when six manned PGMs and twenty _
LCPLs entered to conduct radiological reconnaissance. They carefully approached -
the area around the target vessels and measured radiation. Information from -8
these boats was used to define the Red and Blue lines. Boarding teams and sal-
vage unlts for the target vessels entered the lagoon at H+4 and proceeded with
operations as the radiological situation permitted, remeining outside the Blue
Line except for designated ships. At 1430 on | July the lagoon was declared :

safe and task force ships reentered and anchored in the southern part of the -
) lagoon. By 2030, 18 target ships had been boarded and reported radioclogically . ®
: safe. By the evening of 2 July, 47 ships had been radiologically cleared. The

Red Line was eliminated early on the motning of 2 July, indicating that the

maximum intensity of the water fell below 1 R/24 hours during the night. The

Blue Line was eliminated at 1008 on 2 July.

1]

Two F6Fs took off at 1615 on 1 July to conduct an oceanographic survey of .
the Bikini Lagoon by taking photographs with strlp cameras (Reference C.9.206, i
bPart VII, pp. El41 through E175). At 2039 and 2047 on 1 July. two R-29s took
off and sampled the remnants of the radioactive cloud. Both obtained good sam-
ples. However, both aircraft were too contaminated to permit maintenance crews
to perform postflight inspections. Several WB-29 weather flights with monitors
on becard pius a low-altitude photo mission over the target area were flown on
2 July (Reference C.9.206, Part VII. p. Cl4).

.

The Marshallese at Rongerik disembarked from LST-989 the afternoon of 1

July (Reference C.9.206, Part VII, pp. Cl0 through Cl15). Burleson picked up

caged animals from five target ships shortly after 1600 on 1 July (Reference
> €.9.206, p. 189). At 2142 on 1 July all ships in the lagoon were ordered not ®

to use their evaporators (ssltwater-to-freshwater converters) because of pos-

sible radiocactive contamination (Reference C.9.206, Part VI, p. Bl4). At 1332

on 2 July CJTF | lifted thils restriction (Reference C.9.206, p. VI-B-16). Also

on 2 July the submarine USS Skate (SS-305) was beached to prevent sinking. The

islands of Eneu and Bikini were inspected and declared safe the same day. By 4 .

July all target ships had been “initially boarded" by one c¢f the ten initial- .9
. boarding teams (Refercnce C.9.206, pp. V-C-6 and VII-10 through VII-15).

Damage to ships and alrcraft of the target array was as follows (References
€.9.2, C.9.3, and C.9.157):

5 ships sunk
6 ships seriously damaged
8 ships seriously impalred efficlency
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9 ships moderately damaged

43 ships negligible damage

22 landing craft beached at Bikini Island, no damage
14 aircraft destroyed

30 aircraft seriously damaged

10 atrcraft lightly damaged

19 aircraft no damage.

In general all target vessels within 500 yards (457 meters) of actual surface
zero were sunk or ceriously damaged. Those beyond 1,500 yards (1.37 km) re-
ceived minot damage (Reference C.9.206, Part V, p. C6). Those ships beyond 750
yards (686 meters) had little induced activity or contamination: they were re-
boarded on 1 July and were used for crew quacters beginning on 2 and 3 July.
Figure 25 shows a group of ViPs and CJTF 1l inspecting New York after ABLE. By
5 July all target vessels (except those sunk) had been rehabi)itated to the
extent necessary for the upcoming BRKER event.

More than 50 percent of the test animals within 1,000 yards (914 meters)
died, between 15 and 30 percent died between 1.000 and 2,000 yards (0.91 and
1.83 km), and between 5 and 15 percent died outside 2,000 yards (1.83 km).
Alrblast was the principal cause of injury and death. Howevei, radiation expo-
sure was the principal cause of death for those animals who died after the
first few hours.

During Test ABLE, 200 cameras, 300 5-gallon (18.93-liter) cans, 400 photo-
graphic radiation badges, 5,000 sulfur capsules. 850 ball-crusher gauges, and
over 5,000 other gauges of various types were used to measure and record the
detonation effects (blast, heat, and radiation). The timing signal relied on
to start a number of instruments was sent out about 10 seconds late because of
errors by the timing signal operator. The following instrumenis obtained no
data as a result of this 10-second delay: free-piston gauges, shock wave veloc-
ity cameras, O'Brien and Bowden cameras on Bikini, Fastex cameras on Bikini
and Eneu, and the drum spectrograph.

PREPARATION FOR BAKER

As soon as the extent of damage from ABLE had been determined, CJTF 1l ten-
tatively set 25 July for BAKER. The news media ship USS Appalachian (AGC-1)
teturned to Pearl Harbor to allow some media people to depart and others to
join the group. Some observers were taken on a crulse tc Ponape. Truk, Majuro,
and Guam 1islands while the task force prepared for BAKER (Reference C.9.206,
Part V, p. C1).

Several target ships had sustained bollet ar4/or stack damage. Wreckage
was cleared and repairs made so that every targe. shlp (except those sunk) was
able to steam under 1its own power on at least one boller. USS Independence
(CVL-22) needed considerable work to ensure watertight integrity. The submatine
Skate needed superstructure repairs. including a temnorary bridge (Fiqure 26).
One by one the target ships were moved to thelr positions in the new target
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Jure 25,

VIPs and Commander Joint Task fForce 1 inspect USS New York (BB-34)
foilowing Test ABLE.
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Figure 26. Damaged USS Skate (SS-305) on 3 July following Test ABLE.

array for BAKER. Test ABLE blast damage inspections were completed (Figure 27),
dand new Instrumentation and new experiments were set up on these target shlps
in preparation for Test BAKER (Reference C.9.206, Part VII, p. A73).

Some turnover of task force personnel occurred following ABLE. A contlnuous
training program was in effect after ABLE to traln new personnel in preparation
for BAKER. A large quantity of radiac instruments was recelved during this
period, alleviating a minor shortage experienced during ABLE. The underwater
BAKER shot was expected to create a much larger radsafe problem and requicre
more radiac meters than did ABLE (Reference C€.9.206. Part VIL, p. Cl7).

The Army Altr Forces conducted a major rehearsal on 14 July. All Army air
units participated. Locations, communications, and conordination were tested,
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checked, and rechecked. Then on 19 July, JTF 1 conducted a full-scale dress
rehearsal, dubbed "William Day." All units of the task force participated o
fully except the air task units. Heavy cloud cover and rain limited alrcraft
participation in the rehearsal (Reference C.9.206, Part VII, p. E180).

Oon D-1 (24 July) CITF 1 confirmed BAKER Day as 25 July and designated shot
time for 0835. Weather forecasts indicated that there would be favorable wea-
ther on that day. Evacuation of task force ships and personnel began immedi- -
ately. Personnel and ships not needed immediately after the shot were evacuated
to Rongelap Atoll instead of Kwajalein because it was closer to Bikini. USS
Saint Croix (APA-231) evacuated 607 U.S. personnel and natives from Enewetak
on 21 July.

The day before BAKER., two C-54s were again sent to Enewetak and Rol islands -
to transport the cloud samples to Kwajalein on 25 July. Five C-54s5 were agaln -
positioned at Enewetak in case evacuation of essentlal personnel was necessary.

Except for minor changes, the ailrcraft missions were similar to the ABLE shot
missions. Table 9 shows the ajrcraft that participated in BAKER, and Table 10
summarizes their orbit areas.

By 1735 on 24 July all but 13 support ships were clear of the lagoon. These "
cleared the lagoon by 0700 the following morning. Task force personnel on the
islands at Bikinil were evacuated by 1555 on 24 July. Three sallors on USS
Gasconade (APA-85), a target shlp, were somehow overloocked. They filled the
yardarms with bunting (the signal that they needed evacuation) and were picked
up by USS Conserver (ARS-39) at 0530 on 25 July (Reference C.9.206, Part VII, "o
pp. HS-HT). -

The bomb was suspended 390 feet (27.4 meters) beneath the surface of the
lagoon from medium ianding ship LSM-60. The LSM had been extensively modified
to previde rlgoging facilities, a laboratory, and special radio recelvers and
| transmitters. The bomb was encased in a strong, watertight, steel caisson and -
had a coaxial cable running from it to the LSM. The TG 1.1 laboratory personnel T
assoclated with the bomb arming were evacuated from LSM-60 at 0545 on 25 July o
(Reference C.9.206, p. 5.12).

There were 68 target vessels in the array for Test BAKER. Twenty-four small
craft were beached on Bikinl Island. Their positions are shown in Figure 28.
The submarine USS Seataven (SS-196)., which had been submerged on 24 July. part- -
tially surfaced later in the day. It was finally resubmerged by 2300 on 24
July. Of the elght target submarines, six were submerged and two were on the
surface for the test (Reference C.9.206, Part VII, p. F10).

wWeather was not quite as important for BAKER as for ABLE because the under- '.
water detonation was expected to limit the cloud helght and thus localize the -
radioactivity. Good visibility, however, was important for photography (Refer-
ence C.9.206, Part 1V, p. C7).

BAKER TEST

BAKER was detonated on schedule at 0835 on 25 July 1946. The detonation
command was sent by radlo using coded signals. The weapon yleld was 23 KT.
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Table 9. Aircraft participatton, CROSSROADS, Test BAKERQ.

Type Quantity Mission
l Army s
8-17 3 Air-sea rescue
B-17 4 Drone samplers
B-17 6 Drone controllers .
J B-29 1 Radlo broadcast - @
B-29 1 Press and newsmen
B-29 2 Command
g-29 2 Pressure-gauge drop .
B-29 2 Radiological reconnaissance - @
WB-29 3 Weather reconnalssance
C-54 1 Observers
C-54 2 Photography R
i F-13b 8 Photography . ®
Navy
Fo6f 3 Orone samplers
i FO6F 12 Orone controllers °
FoF 6 Photography
PBM 3 Radiological reconnaissance
PBM 5 Alr-sea rescue
PBM 5 Photo-radioinetry °
' TBM 2 Photography
TBM 4 Crone boat control
Notes: .
R dhoes not include aircraft taking off after S
b1200, 25 July.

A B-29 modifted for photography.
Source: Reference C.9.206, VII 5, Encl. 9.




Table 10. CROSSROADS, Test BAKER alrcraft orbit points.

Bearing from Horizontal Ranged

. Orbit Surface Zero  from Surface Zero )
Designation (9) {nmi) {km) )
Able 45 20 37
Charlie 180 10 19
» Dog 330 9 17 N
fasy 90 20 37
King 225 10 19
Love 315 30 56
] Sugar 135 20 37 ]
Tare 135 40 74
Victor 315 20 31
Wilitam 210 20 31
o Yoke 45 1 13 :
Note:

451ant ranges of ailrcraft vary with orbit alti-
tude. Orbit altitudes were from 500 feet (152
» meters) to 30,000 feet (9.1 km).

Source: Reference C.9.206, p. VII-(E)-194.
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Observers included United Nations representatives, Congtessmen, the Presi-
dent's Evaluation Commmission, the JCS Evaluation Board. and medla representa-
tives (Reference C.9.206, part V., p. C8).

The Army radsafe monitor previously quoted was again aboard a Navy PBM
about 15 nmi (28 km) away and described the visual effects as follows (Refer-
ence A.2, p. 93):

The flash seemed to spring from all parts of the tatget fleet
at once. A glgantic flash -- then it was gone. And where it
had been now stood a white chimney of water reaching up and
up. Then a huge hemispheric mushroom of vapor appeared like a
parachute suddenly opening. . . . By this time the great gey-
ser had climbed to several thousand feet. It stood there as
if solidifying for many seconds. its head enshrouded in a
tumult of steam. Then slowly the plllar began to fall and
break up. At its base a tidal wave of spray and steam rose to
smother the fleet and move on towatds the islands. All thils
tcok only a few seconds, but the phenomenon was so astounding
as to seem to last much longer.

Another alrcraft observer reported seeing a major ship "on {its] nose™
before it sank and saw a water wave pass over one of the small islands between
Bikini and Eneu islands about 2 minutes after the detonation (Reference
C.9.206, Part VI, p. D9). Figure 29 shows the BAKER detonation wave as it
lifted the stern of Saratoga some 43 feet (13.1 meters). The dark area to the
left of Saratoga is belleved to be & cavity in the column formed by the hull
of USS Arkansas (BB-33). When the air over the fleet cleared, Arkansas. LSM-60,
and four LCTs were not in sight. Saratoga was listing to starboard and her
stern was low. Figure 30 shows the BARKER cloud as viewed from the manned sup-
port ships in their operating areas.

The underwater butst inflicted heavy damage on the target fleet. Eight
ships were sunk or capsized (See Table 11). Eight ships were immobilized or
seriously damaged. Generally, ships beyond 1.500 yards (1.37 km) were undam-
aged. Those between 1,100 and 1.500 yards (1.0l and 1.37 km) susustained only
slight damage. Those between 900 and 1.100 yards (0.82 and 1.0l km) suffered
moderate damage. Those 1nside 900 yards (823 meters) were serlously damaged or
were sunk (Reference C.9.208, p. 23.3).

At 0912, the drone control ship. Begor., began moving two drone boats from
the lee of Eneu towards the target array using directions from the orbiting
drone control TBMs as in Test ABLE. Each boat took ten S-gallon (18.93-liter)
samples of lagoon water and by 1030 was en route back to its anchorage. The
drone boats were so radiologically contaminated that bnarding parties from
Beqor could not go aboard. The drone boats were taken to USS Albemarle (AV-5)
where the water samples were finally iemoved about 1430. Two additional drone
boats were gulded into the target area the same af‘ernoon using the same combi-
nation of TBMs and Begor. E:ch took 10 samples of water, which were transferred
to Albemale about 1800. Albemarle then headed for Kwajalein with the samples.
Four more runs were made on 26 July and two more on 27 July using the same
control procedutes. The radiation intensities had lessened somewhat, allowing
boarding partles from Begor to remove these samples and transfer them to USS
Haven (AH-]2) (Reference C.9.206., Part VII, p. R28-34).
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Figure 29. CROSSROADS, Test BAKER column at about 10 seconds, photographed
by remote-controi camera on Eneu Island.

2 e —-—

Figure 30. CROSSROADS, BAKER cloud as viewed from the manned support ships
in the'r operating areas.
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Table 11. Target ships sunk at CROSSROADSS.

ABLE BAKER
USS Anderson (0D-411) USS Arkansas (BB8-33) ARGC-13
USS Carlisle (APA-69) LSH-BOb USS Apogon (SS5-308)
USS Gilliam (APA-57) USS Pilotfish (5S-386) Nagato
USS Lamson (00-367) Y¥0-160 USS Saratoga {CV-3)
Sakawa
Notes:

aUSS Dentuda ,SS-335), submerged for test, floudt a~7 sank; later it was
ratsed and taken to Pearl Harbor and is not inc’ n the ship sunk
category. Six LCTs were sunk at Bikint after 7

bSurface zero ship.
Sources: Reference A.1, pp. 130-132; Reference (.v.2, pp. 32-33.

Three alr-sea rescue B-17s patrolled the area between Enewetak and Bikini
to protect the slx drone-control B-17 crews. Four drone-sampler B-17s took
part in the test. Two were flown over surface zero at detonation time, one at
6,000 feet (1.83 km) and one at 16,000 feet (4.88 km). The one at 6,000 feet
(1.83 km) had its bomb bay doors warped, 1ts inspection plates blown open. the
tall qunners hatch blown inside the aircraft. the canvas cover over the tail
wheel split, and the standard aircraft cushions inside split open. The other
B-17 drone jumped 300 feet (91 meters) in altitude but sustained no damage.
The third B-17 drone sampled in the cloud at 7,000 feet (2.13 km) 5 minutes
after the burst, and the fourth B-17 drone sampled above the cloud at 11,000
feet (3.35 km) 7-1/2 minutes after the burst. Three Navy F6F drones and their
twelve F6F controllers took off from Shanqri-La and sampled at altitudes of
14,000, 9,000, and 5.0C0 feet (4.27, 2.74., and 1.52 km). Only the drone at
5,000 feet (1.52 km) passed through the cloud. Sampling was completed by 0850
and all ailrcraft returned safely to base (Enewetak for the B-17s and Roi for
the F6Fs). The airbags and filters were removed by Los Alamos Laboratory pet-
sonnel and transported in the walting C-54s to Kwajalein for analysis.

Eight B-29s and three WB-29s participated in shot BAKER. The radic broad-
cast, press. and command B-29s orblted the area accomplishing their missions
at a safe distance. The two pressure-gauge drop B-29s dropped their gauges
from 24,000 and 25.000 feet (7.32 and 7.62 km) just before the detonation. The
two radiological reconnaissance B-29s tracked and photographed the remnants of
the cloud until almost 1400 when they were relieved by two other B-29s. The
three WB-29s were airborne by 0231 the morning of the detonation to report on
cloud cover and other weather phenomena north and east of Bikini until 0500,
when they returned to Bikini to provide current weather reports at that loca-
tion. The three C-54 and elght F-13 Army alrcraft were involved with transport-
ing observers and photography (Reference C.9.206, Part VII, p. EI195 through
E207). All aircraft except the F6F had radsafe monitors aboard. As at Test
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ABLE. the F6F pliots used earphones connected to Geiger counters to monitor
radioactivity,

Early reports from radliological reconnalssance FBMs and drone boats indi-
cated that the lagoon and surrcunding atinosphere were intensely radioactlve. A
drone boat recorded about 730 R/24 hours near the center of the target arrcay.
The three PBMs made several passes over the lagoon on 2% July. starting at
4,000 feet (1.22 km), then at 3,060, 2,000, 1,000 and 500 feet (914, 610, 305,
and 152 meters):; the flrst pass was made at 0915 and the last at 1615. The
preshot radex sector bearings of 3609 clockwise to 220° were modified
slightly at 0940 to 360° to 270°. The Red Arc was set at Y nml (17 km)
from surface zero and the Blue Arc at 11 nmi (20 km) from surface zero (Refer-
ence €.9.206, Part VII. p. C-19).

Reentry into the lagocn commenced at 0916 when the PGM and LCPL radiologi-
cal patrol boats with monitors aboard entered. They were closely followed by
TU 1.2.8 and Kenreth Whiting. Fall River took up 1its position at the lagoon
ent rance at 0947 to control entry and exit. The Salvage Unit (TU 1.2.7) entered
the lagoon at 1015 and began checking and boarding target vessels. A total cf
49 support ships with 14,920 personnei entered the lagoon by the end of 25

July.

For BAKER. ten initial boarding teams were established., a total of 86 men,
including one monitor for each team. These teams were the first groups to re-
turn to the target vessels. although five of the ficefighting officers may not
have actually reboarded unless there was a fire to fight (Reference B.0.l, pp.
X-X-1 through X-X-17). In addition. representatives of the groups responsible
for the sclentific experiments and tests of military equipment returned to re-
trieve data and materials when glven permission by the monitors. Film and other
data were recovered from Bikini and Eneu islands during the afternoon. Twelve
target ships were temporarlily boarded. ten of which were declared radiologi-
cally safe (no radiation measured above 0.1 R/24 hours) before nightfall on 25
July (Reference C.9.206. p. VII-C-53). The remalning target ships were too
tadloactive to board and the water near the detonation site remained radio-
active as well (Reference C.9.206, p. VII-C-54).

The radioactive cloud had apparently moved north of the burst. Radlological
reconnalssance F-13s discovered weak radioactivity while flying 43 nmi (80 km)
north of the lagoon at 1318 and a highly radicactive cloud at 80 nmi (148 km)
almost directly north of Eneu Channel at 1610 (Reference C.9.20%, part VI, p.
D13). An F-13 due west »f Bikini at 50 nmi (93 km) made no contact with radio-
activity by 1415. Apparently based on this intormation., the alert at Fnewetak
Atoll west of Bikinl was dropped at 1418 and cleatance was glven to retutn
evacuees there (Reference C.9.206, Part VI, p. DI13).

At about 1608 Saratoga sank (Figure 31). Until that time it had Leen the
oldest U.S. alrcraft carrler afloat. Saratoga was laid down as a battle cruilser
in 1920, but was conpleted as an aircraft carrier. Radlologlcal conditions
prevented any attempt to save the ship.

The radicactivity pe..lsved through 26 July. Fllms from cemeras on Aomen
Island were recovered using helicopters., An oil slick with radiocactive debris
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Figure 31. USS Saratoga (CV-3) sinks following CROSSROADS, Test BAKER.

was observed north of Nam Island (ocutside the lagoon). Task force ships in the
lagoon stayed in the southeast sector neat the entrance in order to keep clear
of the radiocactive water. Their evaporators we.c allowed to be used on 26 July.
The target ship USS Hughes (DD-410) was towed to Eneu and beached by USS Re-
clalmer (ARS-42) to prevent sinking. Figure 32 shows a welder aboard Hughes
during preparations for towing. Note the respiratory protection device being
worn and the nearby monitor. The same situation persisted on 27 July: however,
scme instrumentation was recovered from the target ships. USS Preserver (ARS-9)
attempted to get a line abecard the damaged and heavily contaminated USS Fallon
(APA-81) so that it could also be beached beside Hughes. This could not be
accomplished until the following day. however.

Because of the persistent radiation in the lagoon, several radiological
reconnalssance flights took place over the next few days. Eight missions were
flown on 26 July and two on 27 July. Flve photography flights were made on 26
July and four on 27 July. Six drone boat control TBMs flew on 26 July and two
on 27 July. Photo and radiclogical reconnaissance flights continued through 30

July, while drone boat control flights were not needed after 28 July (Reference
C.9.206, Part VII, S, Encl 13-14).

On 28 July., radioactive water In the lagoon spread southeast to some of
the task force ship anchoraqe areas. forcing some ships to relocate to uncon-
taminated areas. However, the Red Line (1 R/24 hours) was eliminated at 1455
on 28 July. On 28 July at 2352, Sumner reported readings of 0.156 R/24 hours
on outbcard bunks and 0.204 R/24 hours at the evaporators., On 29 July it was
sent out of the lagoon and into the open sea in an attempt to decontaminate
the hull. PGM-24 and PGK-29 had become contaminated earlier, reading 1.56 R/24
hours amidships. Their crews were evacuated to UsS Appling (APA-58) and Haven.
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figure 32. Welder aboard USS_Hughes (00-410) during preparations for towing
At after CROSSROADS.

Some test animals were recovered from target ships (USS Bracken [APA-64], USS
Catron [APA-71), and USS Fillmore [APA-73])) on this date. Also, attempts to
sutface the submarines that had been submerged were begun. The next day more
animals were removed from Catron, USS Brilscoe (APA-65), and Gasconade.

By 29 July it was apparent that the target fleet was much more heavily
contaminated than had been expected. The inspection and documentation of
BAKER's effects -- a major reason for CROSSROADS -- could not proceed If target
vessels were too contaminated for reboarding and thorough examination. The

effort to develop and apply decontamination methods to the target fleet are
described in Chapter 5.

During the fourth night after BAKER, the captured Japanese battleship
Nagato sank. The next day, resurfacing of submarines continued, as did the
recovery of animals from target ships. The radlological situation I1mproved

slightly, allowing & few more tar--~ hips to be boarded. Pleces of highly
radlioactive steel, believed to be . SM-60, were found on the quarterdeck
of USS_Pensaccula (CA-24) (Referenc. -.206, P VI-D-45). Figure 33 shows a

monitor amidship on Pensacola and i. strates the general level of damage on
its weather decks.

On 30 July most target ships remained too radloactive for boarding; how-
ever, radloactivity of the lagoon waters continued to decrease. The Blue Line
(0.1 R/24 hours) was elimlnated at 1041 on 30 July (Reference C.9.206, p.
VII-C-23), although a report from Burleson stated that between berths 113 and
115 a reading of 0.1 R/24 hours was obtalned 3 feet (0.9 meter) above the
water's surface on 30 July (Reference C.10.17).
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Monittor amidship on USS Pensacola (CA-24) after CROSSROADS,
BAKER .

Figure 33.

on 30 July the last of the animals were removed from Gasconade and Con-

server. Although most animals were located below deck. the great majority of
vherr died by 1 November 1946. In nearly all cases, the cause of death was gamma
tadiation resulting from Test BAKER's radicactive rainout and base surge (Ref-
erence €.9.208. p. 8). Also., many of the fish in the northeast corner of the

lagoon were killed by the explosion.

on 31 July, Blkinl Island was declated safe and personnel were permitted
tc go ashotre. The beaches were declared oft limits, however., because of radle-
actlve debrls that may have washed up. Many target vessels still cemaltied tou
contaminated to boatd and the persistent radloactivity on these ships made the
prespect of reboarding "very discoutaging”  (Reference €.9.206, Part VI, p.
Dady , Thiee sabmatines temained suhbnerged in the lagoon. The lagoon water, ©x
septopear the botton, had roeacled safe levels by the evendng of 31 Juiy. Con
prele tecovery of instrumentation and records was not completed untilo 7 August
Geeterence CLU.206,0 bart VI, p. DY 40 .

On 8 August CJTF 1 requested authority from the Chief of Naval Opetations
to decomplssion, ot place out of service, 38 torget vessels at Blkinl. He
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argued that the ships were in such radiological condition that with available
personnel and equipment they could not all be made safe (Reference C.10.11)
for the work needed either to prepare them for movement to Pearl Harbor or to
assess thelr damage fully (Reference C.10.17).

By 11 August it was recognized that post-BAKER contamination was also a
continuing and 1increasing problem for nontarget ships remaining in Bikini
Lagoon (Reference C.10.14). Radlioactive material from the contaminated lagoon
was accumulating in the support ships' evaporators, saltwater piping. and
matine growth on the outside of their hulls. Plans were made to move target
vessels and support ships to Kwajalein, a convenient location with good anchor-
ages, where the problems resulting from BAKER could be faced free from the
environmental contamination present at Bikini. Beginning 19 August, 53 target
ships were towed to Kwajaleln and by 5 September the last of the target fleet
had left Bikinl.
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CHAPTER S

POST-BAKER OPERATIONS:
BIKINI, KWAJALEIN, AND THE UNITED STATES

In early RAugust it became apparent that while the radiation levels in the
water and on the land areas were below tolerance levels, the accumulation of
radioactivity in the remaining ships' evaporators, saltwater piping, and marine
growth on their hulls presented an increasing problem. Consequently, the base
of operation of the task force had to be moved from Bikini. Kwajalein Atoll
was selected for the new base (Reference C.0.22, p. 1). On 19 RAugust 1946,
movement of all remaining ships to Kwajalein was initiated. and by 26 September
1946 Bikinl Atoll was completely evacuated. Subsequently. a large number of
them were sunk, others were returned to naval shipyards in the United States
for inspection and additional decontamination.

The experience., problems, and solutions associated with ship decontamina-
tion at Bikini and in naval shipyards and a discussion of radiological and
other problems assoclated with off-loading ammunition from target ships and
securing them at Kwajaleln are addressed in this chapter.

REMANNING LIGHTLY CONTAMINATED TARGET SHIPS AT BIKINI

Five target vessels, attack transports USS Bladen (APA-63), USS Cortland
(APR--75), USS Fillmore (APA-83), USS Geneva (APA-86), and USS Niagara {(APA-87),
were on the outer fringes of the target array and were not heavily contaminated
by the rainout or the base surge (see Figure 28, Chapter 4). The crews of
Bladen. Fillmore. Geneva, and Nlagara returned to thelr ships on 29 July, and
Cortland's crew returned on 30 July (Reference A.3, Bladen, Cortland, Fillmore,
Geneva, and Niagara).

The ships needed some decontamination work (Reference C.9.18%, pp. 4 and
10). Although the radioactivity on these ships' weather surfaces was not suf-
ficlent to prevent rebocarding and cleanup work, they were found to have radio-
activity on the outside of their hulls at the waterline, appatently because
marine growth there was taking up radloactive isotopes frem the lagoon water.
Radloactivity was 0.4 R/24 hours on the 1innet surface of Niagara's hull, de-
creasing to 0.1 R/24 houts 5 feet (1.5 merors) toward the center of the ship
(Reference C.Z.1). After the waterline ar+.s of the five ships were scraped,
they steamed in the open ocean for 24 hou . 1n an effort tc reduce contamina-
tion. Niagara steamed alone on 1 and 2 August and the other four steamed as a
group on 4 and 5 August (Reference A.3, Bladen, Cortland, Fillmore and Genevaj.
In addition, Geneva's entire bottom was sciaped by passing wires under the
hull from one side to the other and pulling them toward the stern (Reference
C.9.185, p. 18). Upon reaching Pearl Harbor, the small boats of both Cortland
and Fillmore were found to be radloactive (References C.2.4 and C.2.5).
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DECONTAMINATION OF HEAVILY CONTAMINATED TARGET VESSELS AT BIKINI ;6

Decreasing lagoon radioactivity by 27 and 28 July allowed the Director of
Ship Material (DSM) aboard USS Reclaimer (ARS-42) to survey other target ships
from a distance of 50 to 100 feet (15 to 30 meters). Of the 92 target vessels,
only 10 ships in the target array and 20 landing craft beached on Bikini
islands had readings less than 0.1 R/24 hours by 2000 on 3 August (Reference -
C.11.19). Since "the nature and extent of contamination of the targets was - ®
completely unexpected, no plans had been prepared for organized decontamlnation
measures" (Reference C.9.185, p. 4). As a result, the Technical Director and
the DSM could not compiete thelr programs in a timely way unless a means could
be found to decontaminate the target vessels.

Washdown of Target Ships

After conferring with members of the Radiological Safety Section, the DSM
took the lead In trying to remove contamination from the frarget vessels with
materlals and equipment Iimmedlately available to the task force at Bikini.
First, task force firefighting equipment was used. Use of firefighting equip- -
ment is shown in Fiqure 34 as USS Achomawi (ATF-148) uses its forward monitor -9
to wash down USS New York (BB-34).

Firefighting vessels of Task Unit (TU) 1.2.7, the Salvage Unit, twice
attempted to wash down the heavily contaminated US3 Hughes (DD-410) with salt-
water on 27 July. The first effort produced a 50 percent reduction in radiation -
levels, but the second did not lower the radiation level. Next, foamite, a .. @
foam-like preparation used for smothering fires., was tried. Foamite was plenti- o
ful and was hoped to have a detergent action on the contamination adhering to
Hughes. Fireboats sprayed Hughes with foamite and then with saltwater. Figure

35 shows the beached Hughes whitened by the foamite as two Salvage Unit ships
stand by.

The reduction in radloactivity led to a declision to use foamite and salt-
water until a better method was devised. The foamlite and saltwater methcd,
however, could be used only after walting for the lagoon water to become
virtually free of contamination. Radloactivity from the lagoon would itself
contaminate both target and firefighting ships. Moreover, because the foamite :
and saltwater method was not totally effective, a search for Dbetter methods L
continued (Reference C.9.185, pp. 5 and 6).

Early Experiments in Decontamination

At a meeting on 27 July, attended by the DSM and members of the Radiologi-
cal Safety Section., the radiological safety (radsafe) group was directed to
study the decontamination problem. It selected pleces of contaminated equipment
and blasted them with ground corncobs, coconut shells, barley, rice, ground
coffee, rice hulls, and sand. Sandblasting wotked best, but 1t was not suitable
for general decontamination of the more than 60 contaminated vessels of the
target fleet (Reference C.9.185, pp. 6 and 7).

Observation had revealed that most radioactivity stemmed from radioactive
material collecting on palnted or rusty surfaces, or on exposed organic mate-
rlals, such as canvas, life rafts, manila lines, swabs, brooms. wood decks,
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Figure 34. USS Achomaw! (ATF-148) spraying USS New York (BB-34) with .o
saltwater after BAKER, CROSSROADS.
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ngre 35. SS Hughe_s (DD-410) beached off Eeu Isand, covered with .0
tfoamite following BAKER, CROSSROADS (two Salvage Unit ships
are to the right).
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and tar and caulk used to plug seams. On 28 and 29 July, the DSM conducted a
small-scale laboratory study on painted wood, steel, and canvas using soap
wwder, .. and naphtha; acetic, hydrochloric, and sulfuric acids: and flour,
.rnstarct . activated charcoal., and sandblasting. Removal of the outer layer
of paint or removal of the rust proved to be an effective, 1f laborious,
pproach. Apparently only acetic acid worked on canvas (Reference C.9.185;
Reference A.2, p. 109).

From 28 through 30 July, large-scale experiments were conducted on the
target submarine USS Tuna (SS-203). The submarine was sprayed first with diesel
oil. which proved ineffective as a detergent. However, a 66 percent reduction
in radiation level was observed after much of the submarine's paint was removed
by applications of a lye and boller compound solution followed by a saltwater
rinse (Reference C.9.185, p. 8). This encouraged the DSM to issue general
instructions on 31 July for preliminary decontamination of target vessels,
followed on 4 Rugust with more detalled instructions. The procedure called for
the flreboats to spray each contaminated target ship with saltwater and with
the lye and boller compound solution if needed. Once the radiation level was
reduced to the point where personnel could remaln for at least 2 hours. the
ship's crew was to work in relays thoroughly scrubbing the ship. Flgures 36
and 37 show ships' forces scrubbing an unidentified submarine and a ship.
Clearly. the DSM expected that this procedure would lead to radiation levels
low enough to allow continuous habitation of the ships so that they could re-
turn to home ports under their own power (Reference C.9.187, pp. 4., 7, and 10).

Figure 36. Work crews scrubbing down an unidentified target submarine,
CROSSROADS.
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Figure 37. Work crews use a firehose on the superstructure of an
uridentitied target ship, CRISSROADS.

. Kattologicael Savetly Consigeralions Curing Decontaminat ton ®

Rad-~ate Litecautions, also promulgated as part of the decontamination pro -
14

cedures, dnciuded these Instructions (Reference ¢.9.187, pp. 9 through 70

.o Moendtors were te be present at all times while the woertk ]
wWas 1IN nrogress

L . R :
4. bersunnel were not too overstay the time limit set by ®

renitors

3.0 AlDl perscrnel wore Lo he tally Clothed, and to shower and
chanae clothes after titndching decontaminarion work

4. Ell clotning worn during decontaminaticn work was to be
laundered hefore reweat ing 1

-

DL bPetsontel weie teorenain upwind of  ospraying and washing
Opetat jons
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6. K-rations and water in canteens for decontamination crews
were to be brought aboard daily

7. "Radlological dangers" were to be clearly marked and, if
necessary. roped off.

The Chief of the Radsafe Section (who was also entitled Radsafe Advisor)
in a memorandum to Commander Joint Task Force 1 (CJTF 1). however, warned on 3
August of various problems and hazards. He wrote that high residual radiation
on and in most target ships presented "an extremely difficult and dangerous
problem." about which basic decislions had to be made soon. Early radiation

surveys and decontamination experiments had led him to the following conclu-
sions (Reference C.0.20):

1. The contaminated decks and superstructures of the target
fleet totaled about 100 acres (40.5 ha)

2. In most cases. dangerous contamination remained even after
strenuous decontamination efforts

3. Some ships were badly contaminated below decks, and the
task force had no way to deal with it

4, No practical method had been found to decontaminate wooden
or rusty surfaces short of removing the contaminated outer
layer of the material

5. Most decontamination methods possible, other than water
washing., were themselves potentially hazardous

6. The need for thoroughly washing the bodies and the clothes
of boarding party members was putting a severe strain on
the freshwater supply.

Moreover, the memorandum ohserved that even after repeated washings decks
and superstructures of 1mportan. target ships remained contaminated to levels
between 1 and 10 R/24 hours. Average and maximum readings for CROSSROADS target
vessels are given in Appendix F. These levels were high ennugh to severely re-
strict the amount of time men could work on ships without risking overexposure.
Furthermore, months would pass before natural decay would lower intensities to
the point where crews could occupy and operate the ships. Overexposures had
been a problem in the work so far and probably would continue to be. The Chief
of the Radsafe Section was concerned that even if exposures could be kept at
or below 0.1 R/24 hours, over the long term they might cause sterility. anemia,
and genetic damage, the latter of particular concern because the majority of
the men were young. Finally, the departure on 15 August of 350 monitors and
other radsafe personnel would leave about 24 military and a few civillan per-
sonnel to protect the many working on the over 70 target ships.

Consequently. to reduce the potential for radiological risk, the Chief of
the Radsafe Section recommended that (Reference C.0.20):

1. The time until 14 August be spent wc king on relatively
uncontaminated vessels and those of greatest value to the
task force
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2. Other target vessels, such as USS Independence (CVL-22)
and USS Pensacola (CA-24), be declared hopelessly contam-
inated and beached to let their radioactivity decrease by
natural decay

3. Sclentific equipment be retrieved where 1t was safe to do

S0.

Decontamination Operations

Decontamination operations encountered the same basic obstacle that had
been encountered during the program to develop decontamination methods. The
radioactive particles were firmly attached. Initial efforts produced signifi-
cant results by removing lightly attached radioactive particles, but more
deeply embedded radicactivity could be reduced only slowly by additicnal hosing
and scrubbing. The exact numher of men involved in the decontamination effort
cannot now be Jetermined, but 41 percent of the task force personnel was as-
signed to units involved in decontamination., inspection. towlng, or salvaging.
Many of these personnel, because of their skills or occupations however, were
not directly involved in that work. The brunt of the reboarding and decontami-
nation effort was borne by the 8,463 target ship crewmembers, although it ap-
pears that only a portion of them actually worked on contaminated ships. See
Chapter 12 for a discussion of personnel exposures.

On 7 August, in another memorandum to CJTF 1, the Chilef of the Radsafe
Section atqued that under the conditions at Bikinl it was not possible to
decontaminate the target vessels without exposing personnel to a serlous radia-
tion hazard. Safety measures on target vessel:s were deteriorating. and adequate
monitoring personnel and instruments were no longer available. Contamination
was erratically distributed so that an individual's exposiure could not be
estimated. The potential of inhalation of contamination was a major concern.
Furthermore. the untrained men doing the decontamination work could not be
expected to follow safety precautions consistently (Reference C.0.14).

On 8 Rugust, CJTF 1 asked the Chief of Naval Operations (CNO) to allow him
to decommission, or place out of service at Bikini, 39 target vessels because
with the resources at hand (Refetence C.10.11):

They cannot all be made absolutely safe to board in the
near future for sufficiently long periods to elther pre-
pare them for movement to Pearl [Harborl or to assess
tully in all cases the damage sustained.

During this period. problems developed in strict enforcement of radsate
regulations, Inadequate supervision of men doing decontamination work on Prinz
Eugen and New York was reported (References C€.0.11, €.2.2. and C.2.3). Monitors
visiting Prinz Eugen noted an apparent indifference among the ship's offlcers
to the 0.1 R/24 hours standard, and the monitors suspected some men had been
on the ship overnight (Reference €.2.2). As a result there was concern that
urbadged working parties ahoard the target ships might have overexposures sim-
i1lar to those recorded by thelr monitors (Reference C.0.8). No substantiation
of these serious allegations about activities on Prinz Eugen can be found in
the ship's deck log or that of USS_Rockingham (APA-229) where its evacuated
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crew was berthed. The decontamination report (Reference C.2.54) written by

Prinz Eugen's commanding officer on 13 August appears to indicate a definite
concern for radsafe matters.

The officer in charge of target ship monitors complained that work on the
target ships had increased to the polnt where his men could not adequately
protect the decontamination crews. As an example, he described the situation
on USS Salt Lake City (CR-25), where from 3 to 7 RAugust four of six monitors
received exposures 1In excess of 0.1 R/24 hours, along with twenty other person-
nel of the ship's working teams (Reference C.0.11). On 10 RAugust, the Medico-
Legal Board recommended that work cease on Salt Lake City until 20 September,
and the board's chalrman in a minority report called for the ratio of monitors
to decontamination personnel be increased from one to sixteen to one to ten

and for all personnel working on target ships to be badged (References C.0.8
and C.0.21).

Oiscovery of Plutonium Contamination

Into this situation a new element was introduced (Reference C.9.185, p.
13):

On 9 Auqust, The Director of Ship Materlal tequested the
Radlological Safety Officer and the Commander Target Group to
visit ships on which ship's forces were employing the detailed
decontamination procedures. During that 1inspection, samples
of materials were obtained from areas of the wardroom of PRINZ
EUGEN for which gelger counter readings showed radiation in-
tensities sufficiently low to permit extended personnel expo-
sure [8 hours] without danger of injury. An analysis of the
samples revealed the presence of alpha emitters which were
not detectable with monitoring instruments in use at Bikini.
Further 1investlgation showed probable widespread presence of
the alpha emitter (plutonium) in the target area even 1in
spaces not obviously contaminated.

It i1s unfortunate that this discovery. which so markedly affected subse-
quent CROSSROADS operations, 1is so poorly reported in the surviving documents.
The only direct reference is the quotation above from the DSM report. Tt is
not mentioned in the portion of the Technical Director's Report devoted to
nuclear radiation (Reference C.9.209, Enclosure J). and although allusions to
the existence of plutonium contamination and reports of laboratory determina-
tions of the presence of plutonium can be found in the voluminous collection
of papers of the Radsafe Sectlion Chief. these do not appear to directly relate
to Prinz Eugen.

The Chlef of the Radsafe Section and his staff probably did not directly

detect alpha emitters on Prinz FEugen. Instead, indirect evidence convinced
them the hazard existed.

The difficulty of directly measuring alpha emissions with the field
Instruments of 1946 has been discussed earlier. The Radsafe Chief in a speech
in 1947 sald that beta activity was measured and then a ratio used to calcu-
late alpha activity (Reference C.12.4, p. 23). Direct determination of alpha
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contamination were made by removing samples to laboratorles whore analyses
could be made. Fileld assessments were made by assuming that the alpha emitter
plutonium was mixed with the other weapon debris. made up of fisslon products
and activated materials. The ratio of this mixture was apparently assumed to
be constant so that there was a ratio between the measurable radiations., gamma
and beta, emitted by the fission products and activated materials and the
unmeasurable alphas from the unfissioned plutonium. Since the emissions from )
the beta and gamma emitters decayed while the alpha emissions remained nearly )
constant . this ratio changed with the passage of time -- but in a way that was
predictable.

The laboratory on Kwajalein operated by Los Alamos informed the Radsafe
Advisor that on BAKER day + 13 (7 August) 4.5 alpha counts [per minute] per
square centimeter of contaminated area could be expected when a survey meter
gave a reading of 1 R/24 hours (presumably gamma) (Refercnce C.10.16). This
theoretical determination was made 1n conjunction with samples that had been
taken on 7 August from the forward lookout platform of New York. These samples
had been collected by using concentrated hydrochloric acid to dissolve the
paint and sucrface material, which were then collected for analys:s. The result
was forwarded by teletype to the Chief of the Radsafe Sectlon on 10 August and
stated that the reading in the collected material was 2?5 alpha counts [per
minute] per square centimeter [of the contaminated platform) for a [gamma)
reading of 3 R/24 hours. The laboratory said that this count was twice as high
as expected due to “"washing." By this it is presumed the laboratory meant that
the fission and activation products had been more easily washed away during
i decontaminaticn activities before 7 August than had the plutonium particles. e

It should be noted that this anaysis took three days from sample collection to B
report .

The account from the DSM report continues (Reference C€.9.185, p. 13):

A conference was called by the Task Force Comrander on 10
August to discuss the matter [Prinz FEugen contamination]). As .9
a result of this conference, continuation of detailed decon- .
tamination was considered unsafe under the existing condi-

tions. and all further decontamination work on the targets by

ship's force was ordered discontinued. Subsequently, all fur-

ther work on these vessels by Task Force Personnel was limited

to recovery of instruments, limited surveys, salvage work and L2
preparations for towing from the area.

-

Judging from the time required to analyze and report the New York sampies, it

does not appear that the samples from Pri:r Eugen taken on 9 Rugust could have
been analyzed by the next day.

There is a further difficulty with this sole surviving account of the
discovery. It appears in the last sentence of the flrst quotation wherein
"widespread presence . . . in gspaces not obviously contaminated” 1s deemec
"ptobable." If "not obviously contaminated” means not easilv measured with
existing fleld survey meters, then the statement is not confirmea by surviving
records of the measurements that were taken of alpha contamination. Reports -®
avallable after 4 September on alpha contamination in samples taken from the
target vessels and sent back to Los Alamos for analyslis show that alpha emis- s
slons were always reported in conjunction with gamma and beta emissions. A,
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It seemS more reasonable to assume that the phrase "not obviously contami-
nated" refers to more obvious criteria such as visible deposit of coral sand
or presence of blast damage. What had actually been discovered was radioactiv-
ity in places that, because they were below decks or closed, were not expected
to be contaminated. This probably was announced in an undated memorandum from
the "Plll Counting Lab" (presumably the laboratory on USS Haven [AH-12] set up
to analyze Program VII activation samples) to the Radsafe Advisor. The subject
was "Dust Samples Taken in Crew Spaces on Prinz Eugen 9 August 1946." The memo
states that B counts (the typewrlter perhaps lacked Greek characters and this
refers to beta counts) on four dust samples taken from certain given crew
spaces were made and the results were from 0.00005 to 0.68 mc (perhaps micro-
curies) per gram of dust. This memo further states that the background radia-
tion measured in these spaces by an X-263 meter was 0.10 R/24 hours (Reference
C.11.31).

This discovery, along with the assumption of the presence of plutonium
wherever there was any radioactive material, led to the inference that plu-
tonium had been discovered. This assumption was perhaps reinforced by the New
York data that showed that plutonium was actually present in paint on the
lookout platform. That information became avallable the same day as the CJTF 1
conference.

This interpretation of the events is strengthened by a telegram sent by
the Radsafe Section Chief to the United States on 13 August and probably in-
tended for the Oak Ridge Laboratory of the Manhattan Engineer District (Refer-
ence C.11.29).

UPON USING RATIONAL [sic] ALPHA BETAS FURNISHED BY YOU FIND
INNER COMPARTMENTS ALL TARGET SHIPS HIGHLY CONTAMINATED BY
ALPHAS.

The reference to the ratio provided may refer to the results of analysis of
ABLE or BAKER cloud samples done at Oak Ridge and made available at some time
before 9 August.

In the light of what the surviving records show to be the actual knowledge
of the degree of plutonium contamination, the declision to halt all further
decontamination work appears to have been prudent and conservative. As the
Medico-Legal Board recorded at their 13 August meeting at 1300 (Reference
€.0.9.3):

For safe gquidarnce of the Operations from this time onwards,
we need to know:

a. The number of alpha particles per second per square
cent imeter

b. The alpha tolerance for different types of surfaces.

Furthermore, special clothing and intensive training would have been required
if major work on the target ships was to continue. According to a senilor
radsafe official (Reference C.11.4, p. 2):



| A

In the laboratory. radioactive material was handled by remote
controls. At Bikini., it was scattered over the decks of the
ships. Men walked through it, tracked it around, and got it
on their clothing and hands and faces. There was some tendency
on the part of the men to disregard a danger which they could
not see, nor touch, nor smell. It was known that the men could
not taste the radioactive material. But they could eat it!
The situation was fraught with grave danger if the enlisted
men could not be trusted to do exactly as he was told. It
became apparent that it would be necessary to subject these
men to long periods of training before they could pe expected
to abide by the precautions which are commonplace in a nuclear
laboratory.

Oon 4 September, Los Alamos reported by message an analysis of samples
taken from target ships that showed measured levels of alpha contamination.
The maximum alpha reading came from USS Skate (8S-305) periscope mast sample,
reportedly taken on 19 July. This pre-BAKER test date conflicts with the DSM
final report of late 1946, which states that no extensive deposits of alpha
emitters were found following Test ABLE (Reference C.9.185, p. 3). This fact,
plus additional circumstantlial evidence, suggests that the date was a typo-
graphical error, and should have read 19 August (Reference C.13.12). The
periscope mast sample read 1.830 alpha disintegrations (assumed to be dis-
integrations per minute per gram [dpm/gm]) and 9,100,000 beta disintegrations
for a beta-to-alpha ratio of 5,000 to 1. Other Skate readings were:

Bow -- 28 alpha dpm/gm, 93,400 beta dpm/gm, ratio 3,500

Frame 120 -- 0 alpha dpm/gm, beta 9,160 dpm/gm

Base of 5-inch qun -- 50 alpha dpm/gm. 115,000 beta dpm/gm.
ratio 2,300.

Four samples from USS Wainwright (DD-419) collected on 18 August show alpha
counts of 263 (beta-to-alpha ratio 3,500), 12 (ratio 2,500). and two zero alpha
counts, but both of the latter with beta.

Three samples of unknown collection Jdate, wtwo from USS Searaven (SS-196)
and one from USS Parche (SS-384), show alpha counts of 38 (beta-to-alpha ratio

1,400), 28 (beta-to-alpha ratio 66,000). and 23 (beta-to-alpha ratio 5,600)
(Reference C.11.2).

A later analysis of 31 samples from 23 target shlps all indicated the
presence of alpha radiation. All but six of the samples had less than 10 dpm/
cm, Nine of the samples were l'dpm/cm2 or less. The highest reading was a
sample from USS LST-52. at 183 dpm/cm? and a beta-to-alpha ratio of 677.
After Test BAKER, it was calculated that LST-52 recelved one of the highest

radiation exposures from deposition of material in the ralnout and base surge
(Reference C.11.28).




There were a.»o0 some later determinations at the San Franclsco Naval Ship-
vard of alpha contamlination of support ships. These are discussed later in this
chapter.

Cessation of Bikini Decontamination Efforts

As a result of the 10 August conference, decontamination efforts stopped
but apparently someone proposed at a 12 August conference that the capital
ships be entered for the purpose of starting their engines and machinery to
pump them out and thoroughly inspecting thelr internal structures. The reply
was a staff CJTF 1 memorandum to Commander Task Gtoup (CTG 1.2), dated 13
August and signed by the Chief of the Radsafe Section. The tone of this docu-
ment can only described as stern and didactic. It dlismisses the argument that
the low gamma readings would permit such operations with a terse, "This 1s not
the case." and continues, "The widespread presence of an alpha emitter has been
demonstrated." The memorandum then catalogs the sources of possible cxposute
of personnel on the target ships., introducing the list with the statement, "The
followling facts have been observed in these vessels." It concludes with several
"uncontentable conclusions." These concluslons amounted to a denial of the re-
quest to enter the ships on a large scale (Reference C.11.30).

It was directed that no one go aboard shlps aiter 14 August without a
badge. However, while the percentage of badging does increase after 14 August,
100 percent badging was not achieved. Only recovery of 1instruments, limited
sutveys, salvage work, and preparations for towing were allowed (Refererce
C.9.185, p. 13; Reference C.11.3). virtually no target ships were boarded on
11 August, and only a few on 12 Rugust. Beglnning on 13 August some limited
decontamination was done as patt of the effort to ready the ships for towing.
Inspections of target ships were conducted between 13 and 19 August.

CTG 1.2. however. requested that restoration work ot USS Carteret (APA-170),
USS _conyngham (DD-371) and Wainwright be continued. All surfaces of spaces to
be occupied by personnel for working, berthing. or messing were to be painted,
presumably to prevent alpha emitters from becoming airborne or being picked up
on the men's clothing or skin (Reference C.10.2). In the end. however, only
Conyngham was decontaminated sufficiently to be remanned. On 28 August, it
departed Kwajalein for Pearl Harbor under its own power. arriving there on 6
September (Reference C.0.3, p. 3: Reference C.9.206, p. V-(D)-G). On advice
from the Radsafe Section, all work on Carteret and Wainwright ceased on 18
August. The crews of both ships were transported home on 20 August because of
possible overexposure to radlation (Reference C.0.3, p. 3).

Although radiation levels in the lagoon and on the atoll's islands were
beiow tolerance levels, the accumulation of radlioactivity in the support
ships' evaporators antd saltwater piping and in the marine grtowth and tust on
theicr huils below the waterline presented an increasing problem. The base of
operation had to be moved from Bikini, and Kwajaleln was selected (Reference
C.10.4).

Contamination made it difficult to prepare most target ships for movement
to Pearl Harbor or to systematically study the damage they had sustained. A
series of decislions resulted in towing target ships to Kwajaleln beginning 19
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August. By 5 3Zeptember the last of the target ships afloat had ieft Blkini
(Reference C.10.11; Reference C.0.3, p. 1l; Reference C.0.4. p. 1). By 26 Sep-
tember 1946, Bikinl Atoll was completely evacuated.

All survey and construction activities at Bikini were rapidly brought to a
close, and the atoll was completely evacuated. For safety and security reasons,
a recommendation was made to CNO to declare Bikinl Lagoon a defensive sea area.
CNO ordered continued surveillance of this area to restrict entcy of foreign,
merchant, or private shipping that had not been duly authorized. This restric-
ticn was promulgated through a Notice to Mariners declaring the area bounded
by latitudes 11928'N and 11°43'N and longitudes 165CL0'E and 165°35'E
dangerous to shipping and personnel, and restricting entry except to those duly
authorized by proper authority. (Reference C.0.31, p. 6).

TARGET VESSEL OPERATIONS AT KWAJALEIN

All target vessels at Bikini had some ammunition on board to serve as test
material. Some ships had a great deal, placed there to determine the effects
of the atomic bomb on warships having different loading conditions. For exam-
ple. USS Nevada (BB-36) had more than 1,100 tons of ammunition. Most of the
ammunition was service type and highly stable, but some experimental ammunition
and some obtained from foreign navies was included. Some service ammunition had
been flooded. There was a presumption that ammunition on cettain ships was, or
would soon become. unstable from the heat and pose a considerable and growing
hazard. Its temoval would be necessary, and the longer such operations wete
deferred the more dangerous the work would become. After careful consideration,
it was decided that the total hazard would be less 1f the work were accom-
plished in 1946 than if it were deferred to a later year when the radioactivity
would be reduced but the explosive hazard increased (Reference C.11.4). Because
the ships were contaminated, work parties had to wear special clothes and were
accompanied by radsafe monitors when aboard them. When working below deck, the
men were required to wear rescue breathing apparatus.

For work on the target vessels, the Kwajalein Maintenance Force, Task Unit
(TU) 1.2.12 was formed on 28 August 1946 (Reference C.11.5). The flagship was
Haven, on which the radsafe unit had 1its headquarters and laboratories. Geneva
was the hotel ship and APL-27 was the change ship, whele working party members
donned thelr protective clothing before going aboard target vessels and where
they removed that clothing and showered after their work was done. In additton,
the unit consisted of USS Conserver (AR5-39), USS Current (ARS-22), LCI-329,
LCI(L)-549, LCI(L)-615, YF-T753, and assorted small craft for towing, ammunition
disposal. and personnel transportation (Reference C.0.22, pp. 4 and 5). At its
peak. the total manpower of the unit was approximately 1.500 officers and en-
listed men. Haven departed Kwajaleln on 10 October. Geneva on 13 October, and
Current departed on 2 December: Conserver remained until February 1947.

On 29 August, CTG 1.2 (Target Vessel Croup) directed the removal of the
approximately 2,700 tons of unstable ammunition from target ships by personnel
of the Ammunition Disposal Unit of JTF 1 (Reference C.11.6). Actual unloading
commenced on 4 September. The unit consisted of about 10 officers and 275
enlisted personnel (Reference C.10.18). Its personnel were divided into six
working teams {(one initial boarding team and five ammunition disposal teams),
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each consisting of one or two officers and about 40 enlisted personnel. The -
duties of the initial boarding team were to board, make initial inspection for . ®
flooding and other hazardous conditions, obtain current radiological data with

the assistance of radsafe monitors, and obtain information pertinent to ammu-

nition Inspection and removal as required. When conditions were satisfactory

for working on a vessel, the initlal boarding team proceeded with opening up, .

ventilating as necessary, and rigging hoists and other equipment required to -

proceed with ammunition removal. Then an assigned ammunition team or teams -®
would remove and transfer the ammunition to the lighter YF-753 for disposal at

sea or, in certaln cases, would leave the ammunition topside and tow the vessel

itself to sea and dump the ammunition directly Into the sea (Reference C.11.5,

p. 2}.

Amrunition was removed from each target ship without using any of its own -8
facilities or equipment. Sufficlent equlpment was obtained to undertake five
ammunition-handling operations at one time, which might be on one to five
ships. The basic plan was to use pneumatic holsts to 1lift the ammunition top-
side on the ship. Portable lighting was used in the magazines and handling :
tooms. Spaces containing concenttated ether fumes or other explosive gases .
were ventilated before commencing ammunition removal. Flooded spaces were
punped out sufficiently Lo that men wearing rubter boots could work in them.
Wood chutes were used to transfer the ammunition from the ships' topside to
YF-753. To minimize carrying the ammunition across the decks of the ship and
barge. roller sections were used where practicable.

Personnel were transported to and from work in LCMs. Five of these were )
each equipped with a gasoline-engine-driven air compressor and generator. These
were connected, respectively, to the portable holsts and the portable lights.
A gasoline drum in ~ach equipment boat held a reserve fuel supply.

Working party members entered the change ship, APL-27, from the clean side.
Each was 1ssued freshly laundered fatiques. canvas or rubber gloves, rubber L
boots or fleld boots with removable canvas covers, and a rescue breathing '
apparatus, Intended to prevent inhalation of radicactive particles. Members of
the worklng party then boarded an LCM from the contaminated side of the change
ship for their trip to the target vessel. Upon return to tne change ship. each
man showered twice, was checked with a Gelger counter to make zure he had ,
removed all contamination. and then changed into his regular clothing. Used e
canvas gloves and canvas boot covers were thrown overboard. Fatigues were laun-
dered for reuse. The rescue breathing apparatus was checked for contamination
and sterilized. Rubber boots and yloves probably were washed (Reference A.Z2,
pp. 143 and 144; Reference C.11.5, pp. 1 and 2).

Ammunition removal was exhausting and potentially dangerous work. Personnel
suffered considerably from being required to work fully clothed and wearing
the breathing apparatus in the hot, humid Kwajalein climate. Under these trying
conditlons a man could work only about 30 minutes below decks without a topside
break for ai:. The breathing apparatus restricted their vision, and lighting
inside of the shlips was poor. The bellef, however, at the command level appar-
ently was that the rate of ammunition deterioration required immedlate action ®
if an even gteater overall hazard was to be avoided :Reference C.11.4, p. 3).




Pensacola posed the most urgent removal problem due to the deterioration
of the gunpowder for the 8-inch guns in 1ts forward magazines, with resultant
concentration of ether-alcohol fumes belleved to be within explosive limits
(Reference C.0.22, p. 4). The same conditions, to a lesser degree, were felt
possible ir some of the other target vessels. CTG 1.2 issued supplementaty
orders to the officer in charge of the Ammunition Disposal Unit covering
Pensacola. The progressive opening up of Pensacola preparatoty to removal of
ammunition was initlated following the procedures laid down by CTG 1.2 (Refer-
ence C.0.4, p. 4). In early September ammunition breakout was started on New
York, Carteret, and Wainwright.

By mid-September, because of the acute shortage of radiclcgical monitors
questions were raised as to the advisabllity of continuing ammunition disposal
at the rate of progress imposed earller (Reference C.0.23, p. 4). At this time
questions were also ralsed by CTG 1.2 regarding the dangers attendant to leav-
ing large quantities of stable ammunition aboard ships exposed to tropical
temperatures in unventilated and uncooled magazines without adequate inspection
and survelllance. He cautloned that removal of such ammunition would multiply
the difficulties of the ongoing task several tlmes over and should not be con-
sidered lightly. Although he felt that the hazard of leaving the ammunition
aboard was acceptable in view of the well-established stability of the smoke-
less powder under the expected range of temperature., he recommended that the
advice and recommendations of the Navy Bureau of Ordnance be obtained before a
decision was made (Reference C.0.23, p. 6).

The potential for plutonium contamination continued to be a concern, and
rescue breathing apparatus was used to reduce the risk. One monitor was espe-
clally concerned because as time passed the detectable emissions, "our warning
signals." were "dying away." leaving behind the difficult-to-detect alpha
emitters (Reference A.2, p. 147). Urine testing continued, appatently on a
relatively large scale. Thls testing failed tc produce any positive findings
of alpha exposure (Reference C.0.32, p. 4; Reference C.11.12).

On 14 September the concern about alpha emitters manifested itself from
another quarter in instructions from the Commander in Chief, Pacific (CINCPAC).
prohibiting all hoisting and underwater repairs on boats at Kwajaleln. Appat-
ently CTU 1.2.12 was able to get permission to follow Instead the 9 September
message from CJTF 1 to commanders of nontarget ships suspected of being con-
taminated, which allowed scraping of underwater portions of the hulls as long
as the working area was kept wet (Reference C.9.185, p. 13€). Because no copy
of the directive could be found., boat repalrs at Kwajalein were temporarily
curtalled (Reference C.11.%, p. 2).

Despite the severe problems Imposed by the shortage of monitors and han-
dling equipment, the ammunition removal and disposal proceeded according to
sSchedule without incldent. During the week ending 13 October, radsafe opeta-
tions were routine, but the instrument situation was becoming critical due to
the lack of spare parts. Only ten X-263 Gelger counters were cperable., and no
spate parts for repairs were on hand. None had been received since 14 August.
and 1t was estimated that within 3 weeks none of the instruments would be
operating (Reference C.0.24, pp. 3 and 4). By the week of 19 October. ammuni-
tion safery tasks (l.e., temoving and disposing of unstable ammunition and
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obtaining surveillance powder samples from target ships) were completed. Ap-
proximately 1.036 tons of ammunition had been removed from about 35 ships in
about 45 days with no serious injuries (Reference C.1l1.5, p. 1l). In the pro-
cess, 145 rescue breathing apparatus, 900 green fatigue shirts, 900 pairs of
green fatique trousers. 660 pairs of undershorts. 1,500 undershirts, 500 pairs
of fleld shoes, 1,700 towels, 6,180 pairs of canvas work gloves, and 12,500
canvas shoe covers had been discarded. In addition, 150 rescue breathing
apparatus were usable but contaminated, as were air compressors. generators,
air hoists, and portable blowers used in the operation (Reference C.1l1.5, pp.
3-4). Exposures for the Ammunition Disposal Unit are discussed in Chapter 12.

In mid-October Commander Marianas requested Commander Service Force, Paci-
fic (ComServPac), to transfer the Ammunition Disposal Unit intact to Guam to
dispose of surplus ammunition. In view of the task they were just completing
and the length of time they had been in the forward area, Commander Navy Task
Group (CNTG) JTF 1 strongly advised against such a transfer and recommended
that the entire unit be given leave before reassignment. ComServfac concurred
(Reference C.0.24, p. 2).

Concurrent with the completion of this disposal, CNO ordered USS Gasconade
(APA-85), USS_Fallon (APA-81), USS Crittenden (APA-77), USS Brule (APA-66),
Independence. and USS Mayrant (DD-402) towed to San Francisco and Hughes,
Pensacola, Salt Lake City, New York, USS Rhind (DD-404). and Nevada towed to
the Puget Sound area for examination. The towlng was to be in the ccder listed,
with one ship arriving in each area every 2 months. Only six of these twelve
ships were ultlimately towed to the United States, Brule, Fallon, Rhind. and
Mayrant were eventually sunk in the vicinity of Kwajalein. New York and Nevada
were towed to Pearl Harbor for inspection and were later sunk off Oahu.

In connection with this, CNO directed that CNTG insure, insofar as practi-
cal in the forward area. the removal of all ammunition. including projectiles,
before the vessels' arrival at the mainland. This, of course., called for a
radical change of plans for the Ammunition Disposal Unit at Kwajalein. The
rollup orders already issued for its dissolution on 23 October were cancelled
and action was initiated to transfer the entire unit to Atoll Command Kwajalein
(AtComkwaj) on 23 October at the same time that the target ship maintenance
unit was transferred.

wWhen the rollup plans were cancelled, the officer In charge of the disposal
unit flew to Pearl Harbor to confer with CNTG. As a result of this conference,
it was decided that removal of powder and small-caliber projectiles before the
vessels' departure from Kwajalein would be practical and could be done well
within the time limits Imposed by the towing schedule. Removal of the large-
caliber projectiles however, especially the 14-inch projectiles in New York and
Nevada and the 8-inch projectiles in Pensacola, would present a very difficult,
1f not impossible, problem in view of the limited facilities at Kwajalein, but
the task was initiated (Reference C.0.25. p. 1l). All unstable ammunition and
all pyrotechnics, catapult charges, igniters, detonators, boosters., torpedo

expelling charges, and bulk black powder were removed from all target vessels
at Kwajalein.

The status of ammunition in the eight target ships that were finally towed
from Kwajelein was (Reference C.0.25, p. 12):
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USS Crittenden (APR-77) No ammunition aboard
USS Gasconade (APA-895) No ammunition aboard
USS Hughes (DD-410) No ammunition aboard

USS Independence (CVL-22) No ammunition except two-thirds of
the unfuzed normal bomb allowance
remained aboard

USS _Nevada (BB-33) Two-thirds of the normal allowance
remained aboatd
USS New York (BB-36) Ten percent of the 14-inch projec-

tiles and eight percent of the re-
maining normal allowance remalned
aboard

USS Pensacola (CA-24) No ammunition except two-thirds of
the 8-inch projectile allowance
and two-thirtds of the unfuzed bomb
allowance remained aboard

USS Salt Lake City (CA-25) Ten percent of the normal allow-
ance remained aboard.

wWhen the initial phase of the ammunition disposal was completed. the last
of the experienced radliologlical monitors departed Kwajalein. When work was
resumed to unload the target ships due for transfer to the continental United
States, the only avallable monitors were still receiving additional training
at Kwajalein after intensive Iinstruction in Washington, D.C. In addition,
serious morale problems were developing in the Ammunition Disposal Unit due to
doubts and unanswered fears about the effects of radlation and fatigue due to
the long., uninterrupted arduous and hazardous duty.

The officer-1in-charge dispatched a letter dated 11 November 1946 to the
Chief, Navy Bureau of Medicine and Surgery (BuMed) (Reference C.11.7) detailing
the concerns of personnel in his unit regarding radiation hazards. He described
the problems in the use of the rescue breathing apparatus and the added hazards
in handling heavy ammunition when wearing the apparatus in confined dangerous
spaces. He recommended better Indoctrination and training for those working
under similiar conditions, suitable limitation on the length of continuous
duty, and -- if 1t was determined that a protective mask was required -- dis-
continuance of all unloading until a sultable mask could be developed.

On 29 November the officer-in-charge was advised by the Safety Advisor to
JIF 1 (Reference C.11.8) that the answers to some of the questions asked by
the men were classified and, In any event, the officer in charge of the Ammu-
nition Dlsposal Unit should discuss these questions with the Radsafe Advisor
and then disseminate the proper information to his personnel. He was further
informed that the rescue breathing apparatus was -.nslidered necessary by senior
radsafe experts and would continue to be worn and that if all safety requla-
tlons were compllied with no hazard to health was involved in the work. Hence,

BuMed did not feel it was necessary to limit the time spent in this type of
work (Reference C.11.8).
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Clearly, operations at Kwajaleln were intense during the early months of
the target fleet's presence. The order from CNO to remove additional ammunition
prevented the dissolution of the Ammunition Disposal Unit and forced work to
continue, apparently with the same personnel (Reference C.0.26). From 1 Sep-
tember 1946 to 31 December 1946, 5,734 badges were lssued to personnel of this
unit. The period of heaviest issue was September and QOctober; thereafter, very
few badges were issued (Reference C.13.4).

The deck logs of Conserver and Current indicate that these ships were
extremely busy during this period in mooring, diving, towing., and housekeeping
operations on the target fleet at Kwajalein. Between 31 August and 30 November
1946, 14,532 personnel decontaminations (similar to those described in Chapter
2) were carcied out aboard the change ship APL-27. an average of 158 each day
(Reference C.13.7).

In October the preliminary examination and securing of target ships at
Kwajalein was completed. On 1 October., CNO directed that upon dissolving JTF 1,
thece ships and their caretaking unit be turned over to CINCPAC.

TARGET SHIP ACTIVITIES AFTER JOINT TASK FORCE 1
DISSOLUTION

In accordance with directives of the Joint Chiefs of Staff (JCS). steps
were carrled out rapidly to complete the work of the task force and to turn
over operational control of all units tc appropriate commands. As of 24 October
no shlps or units remained under the operational control of the CJTF 1., and
only staff activities were left. The task force was formally dissolved on
1 November 1946 (Reference C.9.206, pp. V-(D)-5 and V-(D)-6).

In all, 63 -target ships (12 were remanned after CROSSROADS) passed through
kwajalein. Of these, 41 remained at Kwajalein until sunk. These ships were
radiologically contaminated and could not be disposed of until cleared by CNO
and Radiological Section BuShips.

On 31 January 1947, Chief BuMed 1ssued additional safety regulations for
work on the target ships. The potential internal radiation hazard was empha-
sized. The exposure of persons boarding ships was to be kept to a minimum. and
thelr exposure was to be appropriately interrupted to reduce the chance of
Injurious effects. All persons who were to board target ships and who might
encounter radlation were to have a preduty physical examination. All personnel
connected with work on target ships were to have monthly physical examinations
with special attention to their hands. Each individual was to have a weekly
urinalysis, includirg a gross beta count.

Various measures were to be taken to protect the men while at work. A
change house was to be provided where the men would dress in hard hats., covetr-
alls fastened at the neck, canvas or rubber gloves, canvas bootles over thelr
boots or work shoes., appropriate breathing apparatus, and goggles. Each man
was to have a film badge pinned on the left breast of his coveralls. The tol-
erance limit was 0.l R per 8-hout day. A work party could not board target
vessels without the permission of the radsafe unit and each party had to be
accompanied by a monitor. While aboard a target vessel. the men were not to
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eat, drink, smoke, or to chew gum or tobacco. They. were to avold pools of
water, dust clouds, and plles of rust, paint chips. or the like since each
might be a radiation source. When below decks, the men were to wear the rescue
breathing apparatus at all times. Upon returning to the change house they were
to turn in their film badges, disrobe, and wash thoroughly. The regulations ap-
pear to have broken little new ground but instead codified existing CROSSROADS
practice (Reference C.11.9, pp. 1 through 8).

On 3 March 1947, Navy Bureau of Personnel reduced the Kwajalein ships’
security detail to 5 officers and 127 enlisted men. Both CINCPAC and AtComKwa]
considered this to be a minimum number. However, on 31 March there wete only
27 men in the unit. The attempt by Kwajalein personnel to keep up with the
towing schedule in spite of the manpower shortage operated to contravene the
requirement for radiologlcal safety (Reference C.11.1C, p. 2).

In a letter to AtComKwaj dated 9 April 1247, the senlor monitor assigned
to the radsafe section at Kwajalein on 23 January described violations of
radsafe procedures he had seen or had good reason to suspect during his time
there. Upon arrival he had been given some instructions about radsafe proce-
dures to be followed 1in working on the target ships, but he had been shown no
written regulations. In his work, this Navy ensign observed men smoking and
iounging about the decks of target ships and boarding parties golng aboard
Pensacola without first passing through the change ship. He believed that per-
sonnel sometimes ate aboard the target vessels and that work parties unaccom-
panied by a monitor sometimes boarded them. H¢ belleved looting was common.
The monitor was also very concerned that men were not wearing rescue breathing
apparatus while on the decks of the target vessels, but the BuMed regulations

of 31 January did not make it mandatory in all circumstances (Reference C.0.27,
pp. 7 and 8).

wWhen the ensign reported his observations and suspicions to the Medlical
Radsafe Cfficer at Kwajalein, the doctor showed him a list of safety precau-
tions for boarding target vessels sent by BuMed. From the monitor's letter 1t
cannot be determined, however, whether these were the regqulations of 31 January
as amended or some other document. The doctor apparently had not been aware of
the violations of BuMed's rules. On 13 March the monitor showed the safety
precautions to the officer in charge oi the change ship. Together they checked
fatigues and found "numerous" high readings. The monltor's letter gives the
Impression that the officer in charge of the change ship had not previously
seen the list of safety precautions.

The senior monitor also showed the precautions to the captain of the sal-
vage vessel from which work parties had boarded Pensacola without passing first
thcough the change ship. The captaln visited the radsafe officer to discuss the
precautions. The monitor's revelations led to a meeting on 20 March attended by
the Medical Radsafe Officer, the captains of Conserver and Current, AtComKwaj.
the monitors, and another official. Greater efforts to follow BuMed's gquide-
lines apparently followed. The monitor also had been concerned about the
unreliability of the radiation detection instruments, but the meeting did not
produce actions that relleved his apprehension. He wrote that "“our instruments
are still very unrellable and I felt unsafe in boarding without proper equip-
ment. 1 told {the radsafe officer] that I thought operations should cease
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because we knew so little abcut the dangers we were dealing with" (Reference
C.0.28).

The complaints of the senior monitor to AtComKwa] were passed to higher
authoritles. CINCPAC. in a letter endorsement to Chief BuMed, stated that
AtComKwaj had been instructed on 10 April to fully comply with existing safety
requlations at the cost of curtailing security measures and, If necessary.
falling behind in towing schedules. He noted that a serious health hazard
existed if safety requlations were not strictly maintained (Reference C.11.22).

The problem was essentially one of manpcwer, as less than 200 personnel
were assigned to the ship's security detall. This was too few personnel to
maintain the desired schedule of preparing ships for tow back to Navy ship-
yards. This fact and its consequences were acknowledged in a letter from CNO
to Chief of Naval Personnel dated 15 July 1947. The letter observed that in
many lnstances certain recognized safety precautions were violated, attribut-
able to the towing schedule. inadequate indoctrination of men, and insufficient
supervisory personnel. It stated, however, that in the opinion of responsible
persons experienced in the subject that, in fact, no individual actually was
subjected to danger. In order to substantiate that opinion, the letter stated
that a broad survey of all persons involved had been instituted (Reference
C.0.33).

The results of this broad survey have not been located. The survey may
refer to the blood tests administered to all Navy CROSSROADS participants
(Reference C.11.23). There is evidence that action at Kwajalein in this regard
was underway at least by April 1947. A 17 May message from AtComKwaj to BuMed
advised that blood tests given at Kwajalein established that exposed personnel
were disqualified from additional work detail. He noted that the results had
urgent medical implications and impacted on personnel rotation policles (Ref-
erence C.11.24).

A standard gamma source to calibrate instruments was provided by 5 June
1947, and the hope was voiced that a suitable alpha counter could be provided
"eventually." Moreover, the bureaus concerned were going to supply "essential
technical help," apparently meaning more personnel (Reference B.1l1.1), This
last effort probably was related to the monitor shortage at Kwajalein. Durling
April 1947, the radsafe unit was down to one monitor: hence only one working
party at a time could enter radlologically suspect areas (Reference C.0.29).

Commencing in June 1947, Kwajalein and all shipyards where target ships
were located began monthly reports of personnei film badge exposures. These
monthly reports to BuMed continued until November 1948. Until at least July
1948, a ship's security detall exlsted at Kwajalein to care for the target
ships. Protective clothing was apparently worn by U.S. shipyard personnel when
working with the CROSSROADS target ships. judging from an inspection photo
(Figure 38) of the engine room of Hughes at Puget Sound in April 1948.

CONTAMINATION OF SUPPORT SHIPS

The majority of the support ships did not reenter Bikini Lagoon until
after 31 July when the lagoon water was below 0.1 R/24 hours. Within 3 days.

128




Figure 38. Inspection of USS Hughes (DD-410) at Puget Sound Naval Shipyard in
1948 showing workers wearing protective shoe covers and gloves.

concentrations of radioactive contamination were observed in the marine growth
and rust on thelr hull exteriors at the waterline. Even though the water in
which the ships were anchored showed a radiation intensity of only about 0.0l
R/24 hours. the radicactivity collected on the hulls to such an extent that

several ships had interior readings in the vicinity of the waterline exceeding
0.1 R/24 hours (Reference C€.9.185, p. 18).

Decontamination at Bikin!

On 29 July. faced with increasing radioactivity in the water where the
ships wete anchored and hoping to deal with problems of contamination, the
support ships and the target ships that had been cleared as radiologically safe
were moved to a new anchorage in the southeast portion of the lagoon (Reference
C.9.185., p. 19: Reference A.2, p. 101). All ships were ordered to list shlp.
that 1s. change ballast., causing them to list aid expose portions of their
hulls below the waterline for scraping (Reference £.9.185, p. 19). Rather than
imrerse themselves in the lagoon water. personnel were to use long-handled
scrapers (Reference C.10.7). Because the shlps' evaporators used to distill
freshwater concentrated radiation from the lagcon water in the scale on the

Inner surfaces of thelr shells and tubing, radiation levels nea: scme of them
exceeded the 0.1 R/24 hours limit.
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Orders were 1issued not to open evaporators without specific authorization
of the radsafe section and then only with a monitor present (Reference C.10.3).
Experiments showed that the evaporatcrs would not pass radioactivity over into
distilled water if they were operated at somewhat reduced rates. Orders to
operate at reduced rates were 1issued, although sources avallable disagree on
whether the approved rate was 75 or 80 percent (Reference C.9.185, p. 19:
Reference C.10.6). To remove some of the contaminated scale, ships were to use
the "cold-shock" treatment:; that is, cold water was run through the hot evapo-
rator tubes that had accumulated radloactive scale. The pipes' rapid contrac-
tion caused the scale to flake off and be flushed out (Reference C.10.6). To
decrease the formation of new scale, ships were ordered to use a standard scale
reduction technique of introducing a mixture of boiler compound and cornstarch
continuously into the evaporators (Reference C.10.1). In an effort to reduce
contamination on hulls and in evaporators, a number of support ships left the

lagoon for one-day trips in the open ocean to flush the sides and interlor
systems with clear saltwater.

These measures reduced the radiation level 1inside most ships to 0.1 R/24
hours (gamma) or less. To keep radiation levels down, the ships, where possl-
ble, were kept in water indicating 0.001 R/24 hours (gamma) or less. Numerous
exceptions to this were necessary. however, to carry out the duties of the
task feorce. Ships used for salvage, radsafe. and sutvey work sometimes needed
to enter waters with higher levels of radloactivity. One source indicated that
in some cases a ship's crew was evacuated and the ship was allowed to stand
idle, presumably in water with low radioactivity levels, until the readings
Inside fell below the 0.1 R/24 hours level (Reference C.9.185, p. 20). The
source does not indicate the number of ships 1n this category.

Shift to Kwajalein

On 11 August, CJTF 1 asked the CNO for permission to shift the task force's
base to Kwajalein., asserting that the tendency of ships to accumulate radio-
activity, especially in their evaporators and in the marine growth on their
hulls, mandated leaving Bikinl. He emphasized that no hazard to Kwajaleln would
result and that preparaticns for CHARLIE (the anticipated third CROSSROADS
shot) would not be compromised (Reference C.10.4).

On 19 August the task force was ordered to shift base to Kwajalein. Non-
target ships that had reentered the lagoon were monitored before departure and
glven conditional operational clearances, subject to employing safety proce-
dures to meet each ship's condition. Most were restricted on the amount of
time personnel could spend in certain compartments and near certain plieces of
equipment (Reference C€.9.206, p. V-(D)-4: Reference C.9.185, p. 20).

Commander Joint Task force 1 Letter of 19 August 1946

Although it was hoped that natural decay and steaming in the open ocean
would minimize radicactive expoure of personnel. the Chief of Staff of JTF 1
sent a letter on 19 Auqust to commanding officers of all ships that had been in
the lagoon between 25 July and 10 August and hence were radiologically suspect.
He wrote that before these ships could be considered completely clear., fur-
ther monitoring would be needed, especially to ensure the safety of personnel




scraping ships' bottoms or working on thelr evaporators. Arrangments were heing
made for radiological monitors to be available at naval shipyards and principal
ports on the U.S. west coast and Pearl Harbor. Commandinyg officers of the ships
involved were to request these monitors before having evaporators opened. hav-
ing work done on other contaminated machinety, or entering drydock (Reference
C.9.185, pp. 144 and 145).

After further study. the task force radsafe and safety advisors decided
the precautlons set forth in the letter of 19 August were inadequate to protect
perscnnel from alpha emitters associated with the detected radiation. Moreover.
considerable cleaning would be required to eliminate radioactivity, and the
cleaning itself and the wastes created would pose yet another problem. After a
conference with the safety advisors, the ComServPac on 29 August issued special
precautions to be applied to all vessels that had spent more than 10 days in
Bikini Lagoon after 25 July (Reference €.9.185, p. 21). In summary, the pre-
cautions were as follows:

1. Avoid drydocking until further notice
2. Avoid opening saltwater plumbing

3. Avoid exposing the external surface of the hull below the
waterline

4. Rvoid exposing personnel to fumes or dust from welding,
cutting, or other work on contaminated saltwater surfaces.

He also recommended the ships be examined at San Francisco or Pearl Harbor to
determine thelr exact radiological status and to indoctrinate crews in proper
radsafe procedures (Reference C.10.95).

CJTF 1 concurred with ComServPac. but arqued that ships in the western Pa-
cific shculd return to Guam for radiological monitoring. He advi<ed that JTF 1
was organizing a monitoring group for use at San Francisco, Pearl Harbor, and
other ports as tequired. He recommended that docking or yatd work on the af-
fected ships be avoided until they had been monitored and Jeclared radiologi-
cally safe. Flnally, he suggested that the precautions applied to the ships
also be applied to the small boats they carrled (Reference C.9.185, p. 22). On
28 RAugust CNO directed compliance with these recommendations and two days later
ordered all small boats found radioclogically unsafe sunk in deep water (Refer-
ence C.9.185, pp. 22 and 23; Reference C.10.4, p. 1),

RADIOLOGICAL CLEARANCE OF NONTARGET SHIPS

CJTF 1 dispatched his Chief Medical Officer tc head the program for giving
radiological clearance to nontarget vessels. On 26 August the medical officer
established his headquarters in the offices of the 12th District Medical Offi-
cer at San Francisco Naval Shipyard. He encountered Ilmmediate difficulties.
Radsafe monitors were not avallable at San Francisco in numbers sufficient
to check the many ships expected to atrive during the coming weeks. Monitors
were drawn from the ranks of those who had served during CROSSROADS and from
the radsafe organization at Kwajalein, but at some cost to operations there.
The first graduates of the JTF 1 radsafe school became available for duty by
mid-October. Although some ' :re assigned to Kwajaleln, most were assigned to




shipyards or laboratorles on the west coast ot in Hawall where they worked on
problems presented by the contaminated nontarget vessels. Because no safe and
effective methods had yet been developed for removing the known or suspected
contamination on the nontarget ships, only a list of precautionary measures
could be glven to ships' captains. These measures were princlpally as follows
(Reference C.9.185, p. 24):

1. Treat evaporators using starch and boiler compound, cold
shocking, or, 1in the case of vapor compression stills,
standard cleaning

2. Sink at sea all radlologically hazardous equipment made
from wood and plant fibers, such as lines, fenders., nets,
camels, and swabs

3. Prohiblt burning, welding. chipping or wire-brushing of
saltwater lines or exposed saltwater surfaces except under
the supervision of a monitor. Scraping 1s permitted on
surfaces provided they are kept wet at all times.

4. Wwhen dropping anchor avoid the dust raised from the out-
going chain. keep the anchor wet, use gloves when handling
the anchor and chain, and discard the gloves after use

Sink small boats with readings greater than 0.1 R/24 houts

Scrub urinals and head troughs with abrasive cleaner or
acid solution.

In an effort to determine accurately the contamination level on nontarget
ships exposed at Bikini, Commander Western Sea Frontler (ComWestSeaFron) on 30
Rugust ordered Commander 12th Naval District to drydock one of the destroyers
from the Joint task force at the San Francisco Naval Shipyard. USS Laffey
(DD-124) was drydocked and inspected on 5 September under supetvision of the
JTF 1 Chief Medical Officer. The underwater portion of the hull and portions
of the saltwater plumbing were monitored. Shipyard workers in protective clo-
thing and breathing apparatus chipped off samples of rust, paint, and scale.
Radiation levels detectable with hand-held instruments were found to be bhelow
the accepted tolerance level. Samples were also taken from USS Whit!-3 (av-14),
USS Henrico (APA-45), and USS Mount McKinley (AGC-7). The samples were sent to
the Unlversity of California's Crocker Radiation Laboratory for further analy-
sis. especlally for the presence of alpha emitters. Encouraged by the low read-
ings., the m~dical officer gave permission for overhaul work on USS Walke
(DD-1723), US3 Barton (DD-722), USS_Lowry (DD-770), and Laffey. except that
work Involving the exterior of the hull below the waterline or the saltwater
plumbing had to awalt the arrival of sufficient monitors. A decontamination
center was established for yard employees working on the ships (Reference
C.9.185, pp. 28 and 32; Reference C.12.2, pp. 84 and 8Y%).

In late August and early September, however, concern increased in command
circles that unless a means could be found to sertvice the underwater hulls and
saltwater plumbing of the nontarget vessels, they would eventually be rendered
useless.

On 9 September 1946, CJTF 1 sent a letter (Serial 079) to coimanding offi-
cers of all nontarget ships suspected of belng contaminated. Hils purpose was
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to make them aware of the discussion in progress. to summarize safety precau-
tions, and to give information on the clearance procedure under development
(Reference C.9.185, pp. 125 and 145). His letter. however, dld not (Reference
C.9.185, pp. 25 and 26):

1. Establish adequate decontamination procedures or a Pplan
for developing them

2. Establish the final tolerance level for alpha emitters.
the alleged principal hazard

3. Assign responsibility for decontamination and final clear-
ance.

During the next several months the Navy put considerable effort into filling
these gaps.

ComwestSeaFron on 11 September recommended to CNO that highest priority be
given to providing staff for the JTF 1 Medical Officer, that BuShips have the
responsibility for developing decontamination methods. and that the DSM be

ispatched to the west coast as BusShips' representative. On 13 September CNO
advised that ComWestSeaFron and BuShips had been assigned the responsibility
and that the DSM was on his way, to arrive on 17 September (Reference C.9.185,
pp. 26 and 27).

Decontamination Experiments at San francisco Naval Shipyard

Meanwhile, efforts to measure contamination continued. On 12, 13. and 19
September portions of Laffey's hull were sandblasted and particle samples col-
lected in filter devices set up nearby. A section of contaminated saltwater
pipe was burned through in a small, closed compartment and particulate samples
collected in a filter device (Reference C.9.185, p. 29). The samples were taken
to the University of Callifornia Crocker Radiation Laboratory for analysis.

Methods for cleaning contaminated saltwater llnes were tested. On 13 and
17 september various acid solutions were pumped into sections of Laftey's salt-
water plumbing and then the sections were flushed a number of times. The result
was a considerable reductlon in radiation levels. These experiments were judged
completely successful. Also on 17 September preparations were made to test
acid solutions on the saltwater plumbing of a second ship, Henrico (Reference
C.9.185, pp. 30 and 32).

The DSM arrived on 17 September., and during the next few days. he conferred
with officials supervising contamination measurement and decontamination exper-
iments. He inspected the work being done on Laffey and USS Benevolence (AH-13)
(Reference €.9.185, pp. 30 through 33).

On 20 September, laboratory assays of rust, evaporator and condenser scale,
saltwater lines, algae from the hull, and other samples from Laffey. Kenneth
whiting, Henrico. and Mount McKinley were completed. They indicated that the
amount of plutonium (an alpha emitter) associated with fission products (beta
and gamma emitters) was quite constant. Thus -- the plutonium concentration --

could therefore be estimated from the fisslon product activity with a Geiger
counter (Reference C.11.17).
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Taking samples for laboratory analysis was unnecessary. since analysis of
the filter samples taken while sandbiasting portions of Laffey's hull showed
nc detectable plutonium. Using the ratio of plutonium to fission products to
calculate the amount of plutonium present led to an estlimate that a worker
using a respirator would have to spend 100 million days of wet-sandblasting to
inhale a dangerous amount of plutonium. From this came the conclusion that
ships up to 100 times as ccntaminated as Laffey could be sandblasted without
exposing shipyard personnel to a lung hazard. Fllter samples collected during
welding of contaminated saltwater lines also revealed no plutonium. Calcula-
tions using the plutonium-fission products ratio indicated an individual would
need to weld for 1.000 days to accumulate a dangerous amount of plutonium in
his body (Reference €.9.185, pp. 32 and 33). The findings of the laboratory
assays appeared to show that nontarget shlips of JTF 1 could be decontaminated
and overhauled without radiological hazard to personnel, but, as discussed
below, that work did not go forward immediately becauszs of fears among the

experts that hard-to-detect dangers were still present (Reference C.9.185, pp.
32 and 33).

The Question of Clearance Standards

About 20 September, the DSM left San Francisco for Washington, D.C.. to
present the findings from the decontamination experiments to higher authority.
In Washington he prepared a directive setting forth the decontamination proce-
dures established up to that point. Issued on 24 September as a jolnt BuShips-
BuMed speedletter, it included authority and direction for decontamination of
evaporators, heat-transfer apparatus (except condensers*), hulls beneath the
waterline, and ships' boats of all contaminated ships scheduled to remain in
the active fleet. Members of each ship's crew were to clean the evaporators
and heat-transfer apparatus as soon as practical. Hulls were to be cleaned
beiow the waterline using standard wet sandblasting methods at the time of a
ship's next scheduled drydock period. Debris from cleaning evaporators and
heat-transfer devices and sand from sandblasting were to be kept wet untill
dumped at sea. Monitors were desirable but not essential for this work. Salt-
water lines could be cut and welded without hazard, but sectlons removed were
to be dumped at sea. All zinc plates used to retard electrolytic action were
to be removed from main and auxiliary condensers and discarded at sea. Differ-
ent rules were being developed to cover ships scheduled for disposal or deacti-
vation (Reference C.9.187, pp. 16 and 19).

The DSM's directive was greeted with gqreat enthusiasm by all commands con-
cerned. The message from CJ1F 1 on 9 September had led to fears that a great
and indeterminant hazard to personnel was present. Now the hazard had been
found to be minimal i1f the indicated safety precautions were taken. The methods
to remove contamination were not too complicated, and regular maintenance could
proceed more or less on schedule. BuShlps representatives taking part in the
work at San Francisco visited the 11th, 13th., and 14th Naeval Districts at San
Dlego, Seattle, and Pearl Harbor, respectively, to brief shipyard management

* B condenser 1is a low-pressure heat-transfer device for changing steam to
water in a propulsion or slmiilat closed-cycle system. It should not be con-
fused with the evaporators used to distill freshwater.
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on the decontamination procedures (Reference C.9.185, p. 36). Meanwhile, a
vigorous program of decontamination experiments went on at the San Francisco
Naval Shipyard in an effort to develop better methods.

However, considerable uncertainty persisted about whether the 0.1 R/24
hours standard, as measured with a Gelger counter or similiar device. could be
used for determining when a vessel required decontamlnation and when it could
be consldered safe and given clearance. No rellable instrument was available
for determining the presence or absence of alpha contamination in the field.
Analyses of the samples taken from Laffey., Whiting, Henrico. and Mount McKinley
had provided an approximate ratio of plutonium to fission products, but no
radsafe expert of recognized reputation was ready to declare that a Geiger
reading of 0.1 R/24 hours or less assured protection from the total alpha haz-

ard, that 1s, from plutonium or any other alpha emitters (Reference C.9.185,
p. 41).

Consequently. BuShips called a conference in San Francisco on 1 October to
grapple with the ptoblem. The declision was made to study contamination of USS
Rockbridge (APA-228). At that time it was consldered the most heavlily contami-
nated ship to arrive in the area, and it was of a size and type judged suitable
for a detailed study of wide implications. The hope was not only to improve
the accuracy of the plutonlium ratio, but particularly to determine the total
amount of plutonium on the ship. The figure could then be used as the basis
for the needed standards. Numerous samples were taken from the ship and sent
to the Unjversity of Californla for analyslis, but the University's facilities
for radiochemical analysis were sufficiently limited that weeks passed before
the results were available (Reference C.9.185, pp. 41. 45 and 46).

wWhile awalting the results of the work on Rockbridge. BuShips in Washlng-
ton, D.C., on 10 COctober proposed a set of contamination limits. After discus-
sions between naval and civilian radsafe experts on the west coast and BuShips
and BuMed in Washington, the final clearance standard for all ships was set at
0.001 R/24 hours (gamma) from shielded soutces and 0.005 R/24 hours (combined
beta and gamma) from exposed surfaces, subject to change if required by new
information. These limits required decontamination of almost all nontarget
ships that spent more than one day in the Bikini lLagoon after BAKER (Reference
C.9.185, p. 49). Twelve ships were found to be within radioiogical limits.
These ships were assoclated with CROSSROADS., but elther had never entered
Bikinl after Baker or had been in the lagoon following BAKER for 1 to 3 days.
They were USS Charles P, Cecil (DD-835), USS Limestone (IX-158), USS LST-871,
USS LST-989., USS Albemarle (AV-5), USS_Panamint (AGC-13), USS Appalachian
(AGC-1), USS Blue Ridge (AGC-2), USS Furse (DD-882), USS Turner (DD-834), USS
Shangri-La (Cv-38), and USS Bountiful (AH-9).

Decontamination work on a large scale apparently started after 14 October,
when BuShips authorized crews of all nontarget ships, including those sched-
uled for disposal and deactivation, 1mmediately to go forward with acid
cleaning of evaporators and of firefighting. flushing. cooling. and dralnage
systems. At least 55 nontarget ships that had arrived at one of the west coast
naval districts were involved. CINCPAC and ComWestSeaFron were to see that the
work was done. The final clearance limits recently agreed upon by BuShips and
other interested parties were used, however, only as a temporary standard for
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"operational. conditional, or preliminary" clearance, pending the analysis and
availabllity of Rockbridge data (Reference C.9.185, pp. 50 through 52).

Results of the assay of fisslon products and plutonium on Rockbridge were
available on 25 October 1946 from the University of California. At the time of
the collection of the samples, radsafe monitors reported the external hull
readings were 0.009 to 0.010 R/24 hours (beta plus gamma). The total activity
calculated to be present on Rockbridge was 376 millicuries of fission product
activity and 2.020 milligrams of plutonium. This material was distributed
inside 23,207 fte (2.16 kmé) of saltwater piping, inside 12,780 ft2 (1.18
kmZ) of condenser ard evaporator interiors, and the entire underwater hull.
The hull contamination when removed was contained in the 125 tons of sand used
to sandblast the external hull. Although about two tolerance doses of plu-
tonjum were detected. these and the fission products were spread over an
extremely large area and in locations that greatly reduced the potential expo-
sure to personnel (Reference C.11.18; Reference C.9.185, p. 56).

In addition to continuing uncertainty about final clearance standards, the
decontamination requlations promulgated up to that time had two gaps: (1) how
tc determine contamination of a ship's hull without time-consuming and expen-
sive drydocking, and (2) how to remove contaminaticn from condensers. At that
point BuMed appointed a special medical board to advise the Navy's Surgeon
General, who was Chief of BuMed, on radiological matters presented to it for
study. It was chalred by the Medical Officer dispatched to San Francisco in
late August by CJTF 1 and included the Radsafe Advisor to CJTF 1 and radiation
experts from the University of California (Reference C.9.185, p. 54).

The medical board held its first general meeting on 4 November to consicer
results of analysis of Rockbridgqe samples. After much discussion. the members
of the board suggested a set of final clearance standards, but these were not
acceptable either to BuMed or BuShips. BuShips sent a representative to the
west coast, and after consultation with the BuShips representative and addi-
tional study., the board proposed a new set of final radiologlcal clearance
standards as follows (Reference C.9.185, p. 56):

1. Hablitually closed saltwater systems were not to have
exterior readings exceeding:

a. 0.001 R/24 hours (gamma) for 94 percent of the system
b. 0.00% R/24 hours (gamma) for 5 percent of the system
c. 0.0l R/24 hours (gamma) for 1 percent of the system.

2. Open systems were not to exceed an average of 0.001 R/24
houts (gamma) and 0.005 R/24 hcurs (gamma plus beta)

3. Underwater portions of the hull exposed by listing and
trimming were not to exceed an average of 0.02 R/24 houts
(gamma plus beta) wet or dry.

BuShips accepted these standards for final clearance. For operational or

preliminary clearance. the bureau took the standards the board had originally
set for active ships, namely (Reference C.9.185. pp. 54 and 55):
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1. For shielded systems ~- 0.01 R/24 hours (gamma)

2. For unshielded systems and surfaces -- 0.05 R/24 houts
(gamma plus beta)

3. For underwater body -- 0.05 R/24 bhours (gamma plus beta).

During the development of clearance standards, work had continued at the
San Franclsco Naval Shipyard on removing radioactivity from condense¢ -s and
sat isfactory methods had been worked out.

Clearance Standards Adopted

On 22 November, BuMed, and BusShips jointly issued a letter giving aqreed-
upon decontamination methods and clearance standards (Reference C.9.187, pp.

30 through S51), which superseded all previous directives (Reference C.9.185,
pp- 57 and 58).

The criterla for clearance are:

(1) The exlistence of any areas of radloactivity with readings
in excess of 0.1lr (gamma) or 0.5cr (beta) combined will be
considered as above safety tolerance for external radia-
tion and will be immediately decontaminated or disposed
of, and there will be taken such other precautions as are
required to 1insure safety of personnel. Serious radio-
active hazard, not involving external radiaticn, will
exist in enclosed salt water systems which give a teading
of 0.1r (gamma) through the metal of the system. All areas
of contamination wilthin closed saltwater systems with
readings between 0.1 and 0.01 gamma on external reading
will be decontaminated immedlately.

(2) Operational Clearance MAY bhe granted for urgent reasons
when readings are:

(a) Maximum, shielded, between 0.1 and 0.001ct gamma

(b) Maximum, unshielded, between 0.5 and 0.005t beta gamma
combined except underwater bodles with surface read-
ings having statistical averages between 0.5 and 0.02
beta gamma combined.

Operational Clearance WILL be granted when readings are:
(a) Maximum, shielded, between 0.01 and 0.00lcr gamma

(b) Maximum, wunshielded, between 0.05 and 0.005r gamma
beta comblned except hulls of external surface read-
ings having statistical averages between 0.05 and
0.02 R beta gamma combined.

(3) Final Clearance will be granted when readings are:
(a) Maximum, shielded, not above 0.00lr gamma

(b) Maximum, unshielded, not above 0.005r gamma beta com-
bined.
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Exception (a) Underwater body, readings statistically averaged
not above 0.02r beta gamma combined and with no single local-
1zed area 1n excess of 0.1lr beta gamma combined

Exception (b) salt water systems having external readings
ninety-four (94) per cent of which are not above 0.00lr gamma,
five (5) per cent not above 0.005r (gamma) and, one (l) per
cent not above G.0lr gamma.

The letter also stated:

All of the ships involved (target vessels not 1included) have
low radiation intensities and small amounts of contaminating
materials. They present no danger from external radiation. Any
danger to personnel which may exist involves the introduction
of contaminating toxic materials into the body . . . . Consid-
ering the relatively small quantities of toxic materlal pres-
ent in any one ship and the great amount of gross material
with which it is mixed (marine growth, scale., rust) and the
quantities of this gross material necessaty to galn access to
the body in order to produce physical injury due to radio-
active effects it 1is NOT LIKELY that personnel engaged in
routine operations nr maintenance of these vessels wlll suffer
Injury. It is CERTAIN they will not suffer injury if the pre-
cautlons directed are followed, and the established clearance
procedures complied with. The Bureau of Medlicine and Surgetry
has established certaln tolerance limits on the basis of rec-
ommendations made by an advisory board of experts in this
field of toxicology. These are in conformity with nationaily
accepted standards for safety in regard to external radiation
and to radioactive hazards within the body.

On 27 November at a conference on radliological safety convened by Buships
in washington D.C., a University of California scientist speaking to the ques-
tion of dangers from scraping CROSSROADS nontarget ships toock much the same
position. He stated that much authotitative information indicated the insoluble
form of plutonium used in nuclear weapons was not absorbed in the digestive
tract or the lungs unless quantities as large as a gram were present. He argued
that the health hazards from long-lived fission products, such as strontium
and cesium, were far greater than from plutonium. The amount of such fission
products would be on the order of 50 millicuries in many tons of scrap. This
quantity of radloactive material was equivalent to the amount of radium found
In ordinary rock. Therefore, he was willing to state positively that there was
absolutely no possibility of physical injury from the amounts of radloactive
material present on the nontarget ships (Reference C.9.187, pp. 112 and 113).

Oon 18 Decembet, results from tests at the University of California indi-
cated that decay rates of gamma emitters were much greater than had been
realized. This led to some revision of the clearance instructions, and a re-

estimation that all nontarget ships wculd recelve final clearance by 15 March
1947 (Reference C.9.185, pp. 60 and 61).
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Activities at Other Shipyards

In order to avoid overtaxing the facilities at San Francisco, ComServPac, ®
CJTF 1, and CNO issued orders that established decontamination and clearance )

centers at San Francisco, Pearl Harbor, Guam. and other selected shipyards S
(Reference €.9.185, p. 22). This culminated in the ultimate dispersal of ships Lo
to the varlous shipyards as follows (target ships are noted with an asterisk R
(Reference C.13.3): _
SAN FRANCISCO " ?
USS Achomawi (ATF-~148) USS Henrico (APA-45) ]
USS Appalachlan (AGC-1) *USS Independence (CVL-22)
USS Appling (APA-58) USS James M. Gillis (AGS-13) e
USS Artemis (AKA-21) USS John Blish (AGS-10) :
ATR-40 USS Laffey (DD-724)
ATA-187 *LCI(L)-549 ]
ATA-192 *LCI(L)-615 "o ]
USS_Avery Island (AG-76) USS Lowry (DD-770)
USS Barton (DD-722) USS LST-338
USS Benevolence (AH-13) Uss LST-817 '
*USS Bladen (APA-63) USS LST-861 Te ]
USS Bottineau (APA-235) USS_LST-871 ' _
USS Bowditch (AGS-4) USS_LST-881 1
USS Cebu (ARG-6) USS_LST-989 : 1
USS Chickasaw (ATF-83) USS Moale (DD-693) "o
*USS Conyngham (DD-371) USS Munsee (RTF-107) PSS
*USS cortland (APA-75) *USS Niagara (APA-87)
*USS Crittenden (APA-77) USS O'Brien (DD-725) '
USS_Deliver (ARS-23) USS Palmyra (ARS{T)-3) o
USS Dixie (AD-14) USS Rockbridge (APA-228)
USS Enoree (A0O-69) USS Rockingham (APA-229)
*USS Fillmore (APA-83) USS Rockwall (RPA-230) L
USS Gasconade (APA-85) USS San Marcos (LSD-25) e
*USS_Geneva (APA-86; USS Walke (DD-723) i
USS Widgeon (ASR-1)
o
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MARE ISLAND o
*USS Dentuda (SS-335) *USS Skate (SS-305) °
USS Fulton (AS-11) *Uss_skipjack (SS-189)
*USS Parche (SS-384) *USS Tuna (SS-203) R
*USS Searaven (SS-196) _
PEARL HARBOR
ARD-29 *USS New York (BB-34)
USCG Bramble (WAGL-392) USS Oneota (AN-85) Lo
USS Chowanoc (ATF-100) USS Orca (AVP-49) . @
JSS Current (ARS-22) USS Ottowa (AKA-101) :
USS Flusser (DD-368) PGM-23 :
USS Hesperia (AKR-13) PGM-24 e
LCI(L)-1062 PGM-31 - ®
*USS Nevada (BB-36) USS Shakamaxon (AN-88)
PUGET SOUND
USS Allen M. Sumner (DD-692) USS Robert K. Huntington (DD-781) e
ATR-87 *USS Pensacola (CA-24) |
ATA-124 USS Pollux (AKS-4)
ATA-180 USS Quartz (IX-150) .
USS Bayfield (APA-33) *Uss Salt Lake City (CA-25) "o
USS Chikaskia (A0-54) USS Suncock (AN-80)
USS Etlah {AN-79) USS Wharton (AP-7)
USS Ingraham (DD-654) USS Wildcat (AW-2)
*USS Hughes (DD-410) Y
GUAM, MARIANAS o
LCI(L)-871 LCT-1184 ¥F -990 L
LCI(L)-1067 LCT-1341 YMS-354 S
LCI(L)-1091 LCT-1361 YMS-358 -
LCT-1130 LCT-1377 YMS-413
LCT-1155 LCT-1420 YMS-463
LCT-1461 Y0-132
°
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SAN DIEGO - -.
USS Ajax (AR-6) USS Mount McKinley (AGC-7) )
ATA-185 USS Newman K. Perry (DD-883)
USS Begor (APD-127) USS Rolette (AKA-99) N
USS Bexar (APR-237) USS Satdor (CVE-117) e
USS Coucal (ASR-8) USS Saint Croix (APA-231) )
USS George Clymer (APA-27)
LOS ANGELES -
- . ®
USS Albemarle (AV-5) USS Mender (ARSD-2)
USS Blue Ridge (AGC-2) USS Panamint (AGC-13)
Uss Clamp (ARS-33) USS Phaon (ARB-3) _
USS Coasters Harbor (AG-74) USS Preserver (ARS-8) - .
USS Creon (ARL-11) USS Presque Isle (APB-44) T
USS Cumberland Sound (AV-17) USS Reclaimer (ARS-42)
USS Dutton (AGS-8) USS Severn (A0O-61) o
. USS Fall River (CA-131) USS Sioux (ATF-75) ";—'
' USS Furse (DD-882) USS Sphinx (ARL-24) T
USS Gunston Hall (LSD-5) USS Telamon (ARB-8)
USS Haven (AH-12) USS Tombigbee (AOG-11) j
i USS Kenneth Whiting (AvV-14) v i'
KWAJALEIN -
APL-27
N PHILIPPINES A Q
PGM- J2
NORFOLK, VIRGINI1A :
) USS Burleson (APA-67) - ®

NEW ORLEANS, LOUISIANA

PGM-25

’ PGM-29 -




Information 1s lacking on decontamination procedures used at shipyards
other than San Fransisco. San Francisco was, however, the center of research
and expertise on the problem and decontamination 1is considered to have been
standard at all naval yards. Moreover, warnings and instructlons flowed at a
falrly brisk rate from CJTF 1, BuMed, and BuShips. In dealing with such a new
and unfamiliar problem, responsible officlals at other shipyards had little to
depend on except the procedures developed at San Francisco and ordered by cen-
tral naval authorities.

By 1 January 1947, 80 nontarget ships had been granted final radiological
clearance (Reference C.9.185, p. 59). On 28 February. the status of nontarget
ship clearance was as follows (Reference C.0.1. p. 3):

Ships with final clearance, including

12 not exposed . . . . . . . . 128
Ships with operational clearance and

recommended for final clearance . . . . .. . . .. . .. 4
Ships with operational clearance but

requiring more work for final clearance . . . . . . . . . 3
Ships without either clearance . . . . . . . . . . . . . . 22
Nontarget ships destroyed since BAKER . . . . . . . . . . 2

Disposal of Sand and Acid Used in Decontamination

Cleaning ships' hulls using wet sandblasting and cleaning saltwater piping
using various acid solution began early in the effort to decontaminate non-
target CROSSROADS vessels. Until 4 December 1946, the sand and acld solution
used in decontamination was segregated and disposed of at sea.

The problem of disposal was discussed at the Washington BuShips conference
on 27 November. The conferees concluded that (Reference C.9.187, pp. 108 and
109):

1. Special disposal of sand used in sandblasting underwater
bodies of radiocactively contaminated nontarget ships is
not required, provided marine growth is removed first and
disposed of.

2. Solutions used in removal of radioactivity from saltwater
systems of nontarget ships may be discharged into harbors.,
preterably at a slow rate or after dilution, without -
security or health hazard.

Based on experience at the San Franciso Naval Shipyard and the discussion
at the conference, CJTF 1 issued a message on 4 December stating, in part,
that (Reference C.9.187, p. 53):

1. Special disposal of sand used in wet sandblasting of
underwater bodies of CROSSROADS nontarget vessels 1s not
required.

2. Marine growth and scale removed from vessels at first dry-
docking shall be segregated and sunk at sea as previously
prescribed.
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. 3. Acid and other decontaminating solutions used in cleaning -
d saltwater systems may be discharged into the harbor. Solu- L4
tions should be discharged at slow rate or by providing a
flow of water along with the discharye so as to dilute
the solution by about one-fourth. Discharge should be
made well clear of docks and shorelines during ebb tide,

I 4, Scales and marine growth removed manually from evaporators '".“
and saltwater systems shal. be segregated and sunk at sea.
Of the approximately 54 ships decontaminated at San Francisco only 9 were
decontaminated after 4 December. In a 1982 letter from the U.S. Navy to the
mayor of San Francisco regarding her concern of radiatlon contaminaiion of San
; Francisco Bay, the issue was readdressed (Reference C.13.3): : e

Records of the quantities of radiocactive fission products
which were discharged into San Francisco Bay could not be
located. As a result of the Navy's current review, it |is
estimated that a maximum of ! curie of fission products of
the most highly contaminated ship could have been disposed of -
[ ] in this manner. It 1s concluded that the total quantity of - @
fission products which could have been disposed of in San
Francisco Bay as a result of all nine ships decontaminated
after 4 December 1946, could also be discharged today from a
commerclal nuclear facility and meet the requirements of the
Nuclear Regulatory Commission.

. @
The procedures used in 1946 to dispose of sand and acid solutions produced
no greater concentrations of radioactivity than are currently acceptable from
commerclial nuclear reactor operacions.
_’ )
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CHAPTER 6
BIKINI SCIENTIFIC RESURVEY

BACKGROUND

Following the conclusion of Operation CROSSROADS, the Joint CROSSROADS Com-
mittee gave preliminary consideration to the possibility of a Bikini Scientific
Resurvey. Members of the Joint Committee carried out feasibility assessments
and consulted with scientists from Joint Task Force 1 on potential studies and
the logistics support that would be required for the operation. A subcommittee
was formed to analyze proposed operational details and make recommendations
(Reference C.8.1, p. 1).

Acting in response to recommendations from the Joint CROSSROADS Committee,
on 16 May 1947 the Joint Chiefs of Staff (JCS) issued a memorandum to the
Secretary of the Navy requesting that the Joint CRCSSROADS Committee and its
successor organization, the A:i:med Forces Special Weapons Project, undecrtake
technical supervision of the Bikini Scientific Resurvey. The operatlion was to
be conducted by the Navy in cooperation with the War Department and with the
participation of the U.S. Geological Survey. the Fish and Wildlife Service of
the Department of Interior, and the Smithsonian Institution. A target date of
15 July 1947 was proposed (Reference C.8.1, p. 79).

The objectives of the Bikini Scientific Resurvey, as formulated by JCS,
were to (Reference C.8.1, p. 75):

® Collect biological samples

® Carry out diving operations to recover instrumentation from
target ships and conduct structural examlnations of these
vessels

Collect water, bottom samples, and cores

Conduct radiological studies of the lagoon, surrounding
islands, and organisms, with particular emphasis c¢n the
analysis of hazards from alpha radiation and from possibly
contaminated food organisms.

Following the 1ssuance of the JCS memorandum, the Joint CROSSRCADS Commit-
tee immediately began to prepare for the operation. Building on the guidance
contalned in this memorandum, a number of specific scientific objectives were
established (Reference C,8.1, p. 3):

® Analysis of the amount and nature of radloactivity remain-
ing in the lagoon water and on the reef and land structure
of the atoll wherever It exceeded normal background levels
of radioactivity. Particular attention was to be given to
the portion of the reef between Aomen and Bikini islands
at a stage of tlde as close as possible to that which
exlisted 15 minutes after Test BAXER. These investlgations
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would 1include charting the exposed portion of the reef
through aerial photogtraphy.

® Examination of the concentration and kinds of radiocactive
materials found in plants and animals in the area and
assessment of the effects the radiocactivity had on these
organisms

® Physlological, geological. and oceanographic studies of
organisms and reef-building processes, including the drill-
ing of cores down to 1,000 and perhaps 2.500 feet (305 and
762 meters)

® Detalled observation (including photographic recording) of
target ships sunk as a result of Test BAKER., with special
attention to be glven to U3SS Saratoga (CV-3), Nagato (cap-
tured Japanese battleship), USS Pllotfish (s85-386), USS
Apogon (SS-308), and perhaps USS Arkansas (BB-33) and USS
Gilliam (APA-57) if time permitted. Detailed structural
inspections were to be made to determine the exact cause
of sinking and to identify minor structural failures.

® Recovery of four instruments from Nagato -- one ionization
gauge, two linear time-pressure recorders, and one
diaphragm-type damage gauge. Since these instruments were
watertight they would be in good condition and yield re-
cordings of considerable value.

e Attempt to locate a section of LSM-60, believed to have
been identified in photographs and to inspect this section
for type of rupture, heat effects, and radioactivity,

TASK GROUP 10.12

In a directive issued on 2 June 1947, the Chlef of Naval Operations (CNO)
ordered that the Bikini Sclentific Resurvey be carrled out under the opera-
tional control of the Commander-in-Chief., Pacific Fleet (CINCPACFLT). On 3 June
1947, CNO sent a dispatch to CINCPACFLT designating three ships for participa-
tion in the operation:

® USS Chilton (APA-38) (flagship)
® USS Coucal (ASR-8)
® LCI(L)-615.

The same message ordered Chilton to depart San Diego on 1 July for Bikinl Atoll
via Pearl Harbor (Reference C.8.1, p. 6). On 12 June CINCPACFLT designated a
commander for the task group (TG 10.12) that would conduct the Bikinl Scilen-
tific Resurvey. CINCPACFLT Operation Order No. 101-47 dated 29 June 1947
(Reference C.8.1, p. 6) detailed the task group's organization.

Commander Task Group (CTG) 10.12 was a Navy ceptain who had a subordinate
Navy officer for a technical director and a staff of 36. One Navy Medical Corps
officer on the staff was assigned as Radiological Health Cfficer and seven
officers were assigned dutles involving radiological safety (Reference C.8.1,
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pp. 6 through 9). In addition, one individual from Scripps Institution of
Oceanography was asslgned to the radiological safety (radsafe) qroup as a

radiological monitor and three pharmacist's mates were assigned to assist the
Radlological Health Officer (Reference C.8.1, p. 13).

Navy Construction Battallon Detachment 1800, consisting of 1 officer and
36 enlisted personnel. was assigned to TG 10.12 to provide engineering support

for the resurvey. This unit also operated one amphibian aircraft in support of
the operation (Reference C.8.1, p. 6).

The X-Ray Division. commanded by one of the staff officers of TG 130.12,
was formed to provide technical support to the resurvey sclentific teams. This
unlt contalned 183 Navy enlisted pe:rsonnel (Reference C.8.1, p. 8.

Primarily for reporting results and findings of the Investigations. a
sclentific group organization was set up, drawing from the military, civilian
government employees, and clvilian contractor personnel assigned to TG 10.12

(Reference C.8.1., pp. 8 through 14). This organization had ten divisions as
listed below (number of personnel shown in parentheses):

® Geology
-- Island and Reef Geology (5)
-~ Submarine Geology (2)
-~ Contractor Support Team (8)

e Radioblology -- (11)

e Fisherles
-- Reef and Lagoon Fishes (4)
-- Pelagic Fishes (6)

- Populétlon and Taxonomic Studies (1)

e Biology
- - Experlmental Blology (6)
- - Ecology and Morphology (3)

o Radiochemistry and Radlophysics
-+ Fisslon Products Chemistry (5)
-- Plutonium Chemistry (3)
-- Solls Chemistry (1)
- - Radlophysics (2)

e Radiologlical Safety (8 personnel -- 7 were TG 10.12 staff
officers)

¢ Radiological Health (4 personnel drawn from the TG 10.12
staff)

146

1
h
h
®
e T L
R
. e
.9 '
. _]
‘74 .:
T
N E
o -4
. @ 1
R
"o ]
o
.
‘
- ) —d
. .4
o
L2
[
@




Diving, Underwater Photgraphy and Television (6)

Army Engineers (2)

Aerology (Weather Observation) (1 person from the TG 10.12
staff).

The members of the sclentific and military groups came from a large number
of organizations -- the Navy (including officers taken from the TG 10.12
staff), the War Department, and (Reference C.8.1, p. 8):

Atomic Energy Commission

Clinton Laboratories

Colorado School of Mines

Columbia University

Cornell Aeronautical Laboratory

Department of Interlor Fish and Wildlife Service
Hanford Engineering Works

International Pacific Fisheries Halibut Commission
Ohio State University

Scripps Institution of Oceanography

stanford University (including Stanford Research Institute
and Hopkins Marine Station)

U.S. Geological Survey

U.S. National Museum, Smithsonian Institute
University of Hawaii

University of Minnesora

University of Tennessee

University of Washington

Washington State Department of Game.

PREPARATIONS

Relatively little preparation time was avallable between the CNO order of
2 June 1947 directing that the Bikini Scientific Resurvey be undertaken and
initiation of onsite operations in July 1947 (Reference C.8.1, p. 20).

Chilton., which was to serve as the task group's flagship. had been recently
overhauled. The first members of the resurvey team boarded Chilton in San Dlego
on 17 June 1947. Construction of laboratory facilities was started immediately.
Stores were loaded between 23 June 1947 and when the ship departed on 1 July
1947 (Reference C.8.1, p. 17).
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chilton arrived at Pearl Harbor on 7 July. Additional personnel and sup-
plies were taken aboard and Chilton departed Pearl Harbor en route Bikini on 8
July (Reference C.8.1, p. 17).

Coucal departed Pearl Harbor en route Bikinl on 7 July 1947. LCI(L)-615
loaded supplies at Kwajalein and arrived on station at Bikini on 17 July
(Reference C.8.1, p. 17).

An operation plan was prepared while Chilton was en route from San Diego
to Pearl Harbor. This plan generally restated the objectives outlined in the
JCS memorandum.

various annexes of the operation plan covered the operational. sclentific,
and radsafe aspects of the mission.

The plan (2eference C.C.1, pp. 23 and 24) detailed the procedures to be
followed to easure radiological safety. including the initial radiological
reconnaissance of Bikini Atoll. Appendix I of Annex J of the Operation Plan
(reproduced in Appendix B) contains these sections:

® Radiological hazards were defined and estimated for the
Bikini area.

e Provision was made for special pre- and postoperational
medical examinations.

® Provision for the issue of special clothing for personnel
working in contaminated areas was made.

® Requlations covering shore operations were established.
Restrictions were placed on eating foods and drinking water
from the 1islands, swimming In the area was prohibited
(these restrictions subsequently were lifted)., and provi-
slon made for a radsafe officer to accompany all initial
trips to onshore areas.

® Radsafe equipment was speclfied:

-- Type 263 Geiger tube survey meters wouid be used to
detect beta and gamma radiation in the field

-- Portable "Zeuto" nylen window ionization chambers would
be employed to detect heavy alpha radlation

-- Type 235 survey meters with ionization chambers in an
extended probe would be used for gamma radiation moni-
toring on sunken ships

- As dictated by circumstances. pencll-type quartz fiber
dosimeters for detection of gamma radiatlon would be
employed by divers and other personnel.

® Provisions were made for the establishment of a photogra-
phic dosimetcy unit to process film badges.

e All divers and other petrsonnel expected to encounter sig-
nificant radtation would wear Type K film badges, and an
individual would not be allowe’ to reengage in the same
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activity if his total Dody radiation exceeded 0.1 R/24
hours the previous day.

e Plans were made for the establishment of decontamination
stations and decontamination techniques were outlined.

® Rules governing the handling of radiologlically active sci-
entific specimens, the conduct of laboratory work, and
disposal of laboratory waste were established.

® Procedures for reentry into Bikini Atoll and for offloading
of equipment {presupposing favorable results from the ini-
tial radiologlical reconnalssance) were established.

Additional technical support for radsafe operations was avallable from the
two radiochemistry laboratories and the counter toom established on Chilton
(Reference C.8.1, pp. 27 through 29).

Daily staff cunferences were held during the trip to Bikini Atoll. During
these meetings, detalled plans and procedures for the implementation of the
operation plan were developed (Reference C.8.1, p. 27). A Scientific Advisory
Board was established on 2 July 1947. This board provided advice to the project
officer on administrative matters. particularly allocation of laboratory space
and facllities and implementation of the scientific work program (Refererice
C.8.1, p. 33).

On the recomnendation of the Sclentific Advisory Board, a series of semi-
nars was conducted. The purpose of these semlnars was to ptovide scientific
personnel with information concerning the background, objectives, and methodol-
ogies of the studles to be conducted during the Bikini Scientific Resurvey.
Three of the ten seminars in the series covered topics pertaining to radlolog-
ical safety (Reference C.8 1, pp. 33 through 41). The fiitst, "Effects of Radia-
tion on Man," summarized what was known in this field and identified potential
hazards on Bikini Atoll. The remaining two seminars outlined the operation
plan for radlological safety at Blkinl (Reference C.8.1., pp. 39 and 40).

wWhile Chilton was en route from Pearl Harbor to Bikini Atoll, several
serles of experiments bearing on radiological safety were conducted. In one
group of tests, samples of seawater w.:e analyzed for radioactive content to
establish a background figure for comparison with the lagoon water at Bikini
Atoll. In a separate test, a contalner ot radium was hidden orn board Chilton
and monltors with Gelger counters attempte:” to identify its location. The moni-
tors detected not only the radium contaii-:r but also x-ray equipment in rthe
dental office. The purpose of this test wi. to ensure that the Gelger counters

were 1n good operating condition before vie initial landing at Bikini RAtoll
(Reference C.8.1, p. 44).

During the trip to Bikini Atoll. work proceeded on the scientific labora-
tories. As a consequence, by 1% July 1947 all of the programmed onboard lab-

oratories wete ready for use. These facllitles included (Reference C.8.1, p.
29):

o Two radlochemistry laboratories and a counting room aboard
Chilton that were capable of determining beta, gamma., and
alpha radiation levels 1n samples
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e A radloblology laboratory (aboard Chilton)

¢ A photography laboratory to support scientific operations,
which had an associated activity devoted to photographic
dosimetry. including the processing and examination of
film badges aboard Chilton.

Subsequently, other laboratories were established on Bikini Island to support
the sclientific activities of onshore reseatrch personnel.

Medical examinations were the final preoperational component of the radsafe
program. All TG 10.12 military and civilian personnel who were to be engaged
in the resutvey operations were required to complete a speclal physical exami-
nation and detailed laboratory tests. Later, personnel who had been actively
engaged in resurvey activitles were reexamined following the operation. Appen-

dix E of the operation plan detailed the medical tests and criteria employed
(Reference C.8.1, p. 100).

OPERAT LONS

Initial landing operations commenced on 15 July 1947. Coucal and Chilton
passed through Eneu Channel at 1030. Coucal anchored in the vicinity of the
sunken Saratoga: Chilton anchored off Bikini Island (Reference C.8.1., p. 47).

At 1145 a radiological monitoring team landed on Bikinl Island to monitor
the beach, being the first party ashore. Radsafe officers obtained beta and
gamma teadings along the beach and at a number of inland locations. Readings
inland from the beach were uniformly at the same general levels as normal back-
ground. The lagoon side of the beach area had radloactivity concentrated in
old life rafts, fenders, and similar materials. It was believed that these
items might have washed ashore from target ships sunk during CROSSROADS. Sam-
ples were obtained from all areas and returned to Chilton for alpha counts
(Reference C.8.1, p. 47 through 51).

All members of the initlal landing party were required to wear long-sleeved
shirts, full-length trousers. and heavy work shoes. On return to Chilton they
were monitored to assure necessary decontamination of personnel (a change sta-
tion was established for thils purpose) and prevent ship contamination. All
personnel wore film badges designed to record both beta and gamma radiation
and monitors carvied pocket dosimeters (Reference C.8.1, p. 51).

Evaluation of the pocket dosimeters and examination of developed film
badges indicated that no individuals in the landing party had been exposed to
tolerance levels of beta or gamma radiation (Reference C.8.1, p. 51).

Immediately after the initial landing, a second landing team went ashore
on Enewan Island where monitoring operations were also carried out (Reference
c.8.1, p. 51).

Evidence collected by these two landing parties indicated that landing
opera.ions could be safely conducted.
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Based on the results of the inltial surveys, the Radlological Health Offi-
cer reported in a mem~rrandum dated 16 July 1947 (reproduced in Appendix B)
that (Reference C.8.1, p. 119):

e The prelimlnary survey of Bikini TIsland indicated that
radiation intensities were on the order of 0.004 R/24 hours
and were well below the established tolerance levels.

o Reconnaissance of Bikinl Island indicated that all of the
low-intensity radiation encountered in the central sector
of the island was confined to the sand beaches along the
lagoon side of the island and to debris that had washed up
on the beaches.

o The survey of the ncrthwestern tip of the island indicated
intensities of approximately 0.03 R/24 hours in algal beds
and other scattered locations in that sector. In the re-
mainder of the surveyed areas, only background counts were
observed.

® Observed intensitles on Eneman Island were not above back-
ground, with the exception of scattered pleces of debrls
that produced readings somewhat above background count.

As soon as the radiological safety of various areas on Bikini Island was
assured, offlcading of material from Chilton commenced. Working on a dawn-to-
dark schedule between 15 July 1947 and 22 July 1947, the offlcading schedule

specified in Annex K of the operation plan was met (Reference C.8.1, pp. 93
and 54).

Sclentific activity commenced on 16 July. On 17 July. diving operations
from Coucal were initiated. The 1nitlal target was Saratoga, which had been
sunk by shot BAKER almost a year before. On the same day, LCI(L)-615 arrived
with additional supplies. This vessel was used to support submarine geology
studies. On July 18, drilling operations commenced (Reference C.8.1, p. 54).

Radsafe officers accompanied all sclentific working parties ducing the
initial landings on islands and reef areas and continued to accompany these
groups over the period 15 July to 28 August 1947 until it had been determined
that the speclfic areas to be visited were free from contamination by radio-
active materials (Reference C.8.2, p. 94).

Victoreen Model 263 survey meters were used in all field and personnel
monitoring operations. These devices were capable of detecting both gamma and
beta-plus-gamma radiation through the approximate range of 0.001 to 0.6 R/24
hours. Model 356 alpha meters were also included in the equipment of the Radio-
logical Safety Section but proved to be of no value in general terrain monitor-
ing and of only limited value in the monitoring of underwater samples because
of thelir comparatively low sensitivity (Reference C.8.2, p. 94).

While no major problems were encountered with the Victoreen Model 263 sur-
vey meters, these devices were a continuous repalr and nalntenance problen.
They also proved to be too heavy and cumbersome to transport by hand over long
distances. Hence, web straps were improvised. Canvas cases were also improvised
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to protect the meters from water damage during rubhber boat landings (Reference
c.8.2, p. 995).

Between 15 July and 28 RAugust, two wembers of the Radiological Safety Sec-
tion were assigned to Coucal on a full-time basis. Duties included monitoring
of divers, diving dress. and assoclated gear immediately following retucn
aboard the ship after a dive; preliminary monitoring of all samples brought to
the surface by the divers:; and periodic monitoring of the ship itself to ensure
that no unnecessary accumulation of radioactive materials occurred (Reference
c.8.2, p. 995).

Two types of underwater survey meters/probes were tested during deep-water
diving operations conducted from Coucal (Reference C.8.2, p. 94).

The initial equipment set consisted of a brass-cased Geiger tube, approxi-
mately 120 feet (37.6 meters) of shielded extension cable, and a Victoreen
Model X-325 counting rate meter. Tests conducted before the initial dive on
Saratoga showed that this equipment was inadequate because the sutvey cable
was too short to survey the bottom in the vicinity of the target ship's posi-
tion. Hence, che probe could not be used throughout the target area (Reference
C.8.2, p. 94).

On 28 July., an experimental underwater radlological survey meter probe was
recelved aboard Chilton from the Naval Research l.aboratory. It consisted of a
brass cylinder containing seven Geiger tubes, electrical circultry and record-
ing weters, and 225 feet (69 meters) of shlelded extenslon cable. This device
had a sensitivity range between (approximately) 0.00005 and 0.005 R/24 hours
for gamma radiation only. Limited tests of this equipment were made during the
latter part of August (Reference C.8.2, pp. 94 and 95).

Botli probes were of limited utility because of their high sensitivities
and because they required alternating current (Reference C.8.2, p. 99).

In addition to radlological reconnalssance, one of the misslions of the
original landing partles was to search for signs of human activity on Bikini
following the conclusion of CROSSROADS. During both the initial survey and
subsequent opetations, no indications of human occupation before the arcival
of the resurvey team were found (Reference C.8.1. p. 59).

The operatlon plan prohibited the consumption of fish, frults or other
matetials grown in or around Bikini Lagoon. the drinking of water from any
{sland source., and swimming. On 19 July CTG 10.12 opened limited recceation
areas on Bikini Island. Certain beach areas were opened to swimming on 21 July.
and the ban on consumption of edible frults was lifted on 24 July. The prohibi-
tion of the consumption of fish and other matlne organisms remained in effect
and all personnel were cautioned to avold unnecessary contact with barges and
other objects in Bikini Lagocn and with the debris found on the beaches. CTG
10.12 initiated these actions on the advice of the Radlological Health Advisory
Board established by Annex J of the operation plan (Reference C.8.1, p. 59:
Reference C.8.2, p. 95). This annex 1s reproduced in Appendix B,

After it had Leen determined that the general level of radliation throughout
Bikini Atoll was well withln the tolerance limit of 0.1 R/24 hours, all members
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of the Radlological Safety Section, except the radsafe officer and the two of-
ficers assigned to Coucal, were assigned collateral dutles as planning officers
for the major scientific groups of the resurvey staff. These reassigned offi-
cers continued to be primarily responsible "or monitoring and for protecting
personnel from radiation. One officer served as both radsafe officer and plan-
ning of ficer for LCI(L)-615 throughout the period of bottom sampling and coring
operations. Another officer acted in the same capacity during shallow diving
operations conducted from an LCM (Reference C.8.2, p. 95).

Monitoring data were collected by radsafe officers accompanying scientific
teams and by independent radlological reconnalssance teams between 15 July and
28 Rugust from all of the major islands and from representative islands in
each group except the sector at the western end of Bikinl iagoon (Bokdrolul,.
Bokaetoktok, and Oroken islands). A complete reconnaissance of the latter
1slands was regarded as unnecessary because of their distance from the anchor-
age of Chilton and thelr lack of significance for the resurvey operation (Ref-
erence C.8.2, p. 96).

The survey indicated that while certain isolated areas and accumulations
of waterborne debris found on the lagoon beaches continued to produce beta and
gamma radiation in excess of the established tolerance limit of 0.1 R/24 houts,
the general level of beta and gamma radiation throughout the atoll was well
below this 1limit. Debris along the beach that continued to produce radiation
was almost entirely material that was assumed to have been blown overboard from
target ships during CROSSROADS or thrown into the lagoon by reboarding and
damage control teams following BAKER (Reference C.8.2, p. 96).

on 25 July, CTG 10.12 forwarded two requests to CINCPACFLT. wsking that
LCI(L)-615 be retained for the duration of the resurvey and that an LSM be
assigned for use in resurvey operations and for the transport of sclentific
specimens to San Diego. On 30 July, Commander Service Force, Pacific, ordered
LSM-382 to report fto CTG 10.12 as soon as practicable. LSM-382 reported to
Bikini Lagoon on 5 Rugust (Reference C.8.1, pp. 99 through 61).

On 11 August, LSM-382 with a number of scientific staff members on board
visited Rongerik Atoll. This radiologically uncontaminated atoll was studied
to obtain comparative data for the Bikinl analyses (Reference C.8.1, p. 62).

OTHER UNITS AND PERSONNEL

Other personnel and units, not formally or originally assigned to TG 10.12,
visited Bikini during the resurvey.

The first of these contacts occurced on 15 and 16 July when two Navy Cata-
lina (PBY) alrcraft flew up from Kwajalein. The Atoll Commander. Kwajalein,
arcived to confer with CTG 10.12 on 16 July. Cecurier aircraft operated on the
Kwajalein-Blkinl route throughout the operation (Reference C.8.1, p. 51).

On 28 July USS Latona (AF-35) arrived in Bikini Lagoon. It transferred
supplies to Chilton and departed the same day (Reference C.8.1, p. 959).
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Between 31 July and 2 RAugust. three technical speclalists from Cornell
Aeronautical Laboratory joined the resurvey to assist in the installation and
operation of underwater television equipment (Reference C.8.1, p. 99).

From 6 to 8 August, a representative from the Office of the Secretary of
the Navy arrived via courler plane. He visited the sites ashore at which re-
survey operations were being conducted (Reference C.8.1, pp. 61 and 62).

From 6 to 11 August. four natives of Bikini Atoll were returned by courier
plane. They toured the atoll to observe changes. The only change detected was
the presence of a new species of frult-bearing plant -- the papaya. The seeds
of this plant apparently reached Blkinl during CROSSROADS. This group departed
by aircraft (Reference C.8.1, p. 61).

One representative from Geo-Technical Corporation joined the scilentific
team on 15 Auqust to assist in seismographic research (Reference C.8.1, p. 62).

A representative from the Navy Hydrographic Office reached the sucvey site
on 20 August to participate in analyses of seawater chemistry. Two additional
Navy offlcers jolned the task group on August 25 to assist in sclentific ex-
periments (Reference C.8.1, pp. 62 and 63).

ROLLUP OPERATIONS

In a dispatch to CINCPACFLT on 13 August. CTG 10.12 recommended that opetr-
atlons be terminated on 30 August 1947. An affirmative response from CINCPACFLT
directing that operations cease on that date was received by CTG 10.12 on 14
hugust (Reference C.8.1, p. 62).

Actlve preparations for the end of the resurvey operation began on 22
August 1947 (Reference C.8.1, p. 71). Before leaving Bikini Lagoon. all ships
In TG 10.12 were instructed to dispose of all lines and other equipment ex-
hibiting radiation in excess of the final clearance limits specified by the
Bureau of Ships and the Bureau of Medicine. In the absence of specitic dicec-
tives covering the final clearance limits estabiished for diving dress and
assocliated gear, Coucal was instructed to retain all such equipment pending
return to Pearl Harbor, since monitoring had indicated that the contamination
ptesent was of a low order and presented no significant radiation hazard (Ref-
erence C.8.2, p. 96).

On 25 August, the securing of shore establishments and lcading of ships was
begun. LSM-382 completed operations and departed for Kwajalein, Pearl Harbor,
and 3an Francisco on 26 August. Coucal was scheduled to complete diving opera-
tions on 27 August and, after offloading some special equipment to Chilton,

departed Bikini. LCI(L)-615 departed for Kwajalein on 29 August (Reference
C.8.1, p. 63).

Monitoring of Chilton's hull at the waterline immediately before departure
from Bikini Lagoon on 29 August resulted in readings of background and slightly
above background level. Monitoring of Chilton's small boats and deck gear be-
tween 29 and 31 August falled to indicate radiation levels above background,
Samples of scale taken from Chilton's No. 2 evapborator on 1 September showed a
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beta plus gamma count of 1.7 times background and a gamma count of 1.25 times
background in scale taken from the second stage of the evaporator, and a beta
plus gamma count of 2.3 times background and a gamma count of 1.3 times back-
ground in scale taken from the first stage. External monitoring of Chilton's
evaporators, condensers, and other saltwater systems produced no evidence of
radiation above normal background levels (Reference C.8.2. p. 96 and 98).

Chilton was loaded and ready for sea at 1000 on 29 BAugust. A final
inspectlon of secured installations ashore was made and ship mustecs were held
to ensure that all personnel were properly accounted for. The last courler
plane for Kwajalein embarked passengers and loaded mail. Chilton then departed
for Pearl Harbor, arriving there on 3 September 1947 (Reference C.8.1, p. 63).

TG 10.12 was dissolved at Pearl Harbor on 4 September 1947 (Reference
c.8.1, p. 713).

During the concluding phase of the operation, the Medical Legal Board sub-
mitted a report to the project officer. The report began by summarizing the
radlological situation. Consistent with the foregolng account, only certaln
1solated areas and accumulations of debris were found to produce beta and gamma
radlation in excess of the toletrance limit of 0.1 R/24 hours (Reference C.8.1,
p. 123).

The maxlmum radiocactivity observed during the resurvey was found on a
deposit of tar or oil rosidue on a ledge of rock on a sandspit extending west
of Bikini Island. This area produced a beta plus gamma reading of 0.6 R/24
hours and a gamma reading of 0.18 R/24 hours (Reference C.8.1. p. 123).

Concerning the operational phase of the resurvey, the report noted that
(Reference C.8.1., pp. 123 and 124):

o Radsafe and health procedures specified in the operation
plan were observed throughout the operation.

® Radsafe officers accompanied all scientific work parties
during 1nitial landings and continued to accompany these
parties until it had been determined that the area Iin
question was free from any hazardous concentrations of
radloactive materials.

@ Each diver returning to Coucal was initially hosed down
with seawater while still on the stage and before being
taken aboard. Following removal of the diving suit, dilvers
and gear were monitored with Model 263 survey meters to
detect any gamma and beta radlation.

¢ Personnel monitoring was carrled out aboard Chilton until
it was determined that this procedure was no longer re-
quired.

® Personnel decontamination statlons were established on both
Chilton and Coucal in the event that monitoring indicated
presence of excessive radlation on elther Individuals or
clothing.




The Statement of Findings of the Medical Legal Board noted that (Reference

c.8.1, p.

All members of the scientific teams wore individual film
badges during the 1inltial stages of the operation and
until such time as it had been determined that this ptoce-
dute could be modified or dispensed with entirely in areas
that presented no radiological hazards.

Since deep dlving and underwater inspection operations were
consldered to pose the greatest potential hazard, film
badges and pocket dosimeters were carried by each dlver
throughout the course of the underwater work. Three film
badges, each enclosed in a waterproof covering, were at-
tached to the inner clothing of the diver before descent
-- one at walst height, one at chest height, and cne in a
shoe. Duting the early phases of the operation, these film
badges were delivered to the Photodosimetry Unit for de-
veloping and analysis at the conclusion of each dlve.
Later. when it had been determined that hazardous concen-
trations of radiocactive materials were not being encoun-
tered, badges were analyzed at weekly intervals.

A total of 517 film badges were processed by the Photo-—
dosimetry Unit of the Radlological Health Section. No badge
carried during the course of the operation gave evidence
of exposure to beta or gamma radiation in excess of the
dally specifled tolerance limit of 0.1 R/24 hours.

Blological analyses conducted during the resurvey indicated
the presence of varying amounts of radioactivity In marine
life in Bikinl tagoon. though not in sufficlent concentra-
tlons to pose an external radiation hazard. Instructions
i1ssued by the task group commander cn the recommendation
of the Radiological Health Advisory Board dicected that no
marine life would be consumed by personnel involved 1in the
operation.

Recreational swimming at designated beaches on Bikini
Island was allowed only after chemical analysis of lagoon
water indicated a plutonium content of less than 10-11
grams per liter of water. A gross analysis of the fission
products ?resent in the water indicated a content of less
than 10712 curtes per liter of water.

On the basis of radiochemical analysis of edible fruits,
the original ban on the consumption of such fruits was
l11fted on 24 July by the task group commander acting on the
recommendation of the Radliolcgical Health Advisory Board.

1249):

In view of the data obtained and the observations made during
the period 15 July 1947 through 26 August 1947, the under-
signed members of the Medical Legal Board, Bikini Scientific
Resurvey, attest, that to the best of their knowledge and be-
l1ef., no individual assigned to, attached to, or participating
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in the Bikinil Scientific Resurvey during the same period of
time was exposed to radiation in excess of the established
standards.

PERSONNEL EXPOSURE LEVELS

The photographic dosimetric equipment that was employed consisted of (Ref-
erence C.8.2, p. 101):

e An Ansco-Sweet densitometer for reading densities of films
exposed in film badges

e Type K film badges (500) obtained from the Radiation Lab-
oratory. San Francisco Naval Shipyard

e Holders and DuPont film packets obtained from the Atomic
Energy Commission at Oak Ridge, Tennessee (300 holders and
5,000 packets).

Both tvpes of film badges were exposed to a standard radium source for
calibration. Each type had an approximate sensitlvity range of 0.02 to 2 R.

Project reports differ as to the number of badges used during the opera-
tion. The Report of Findings of the Medical Legal Board stated (Reference
c.8.1, p. 124):

Of the total of 517 [emphasis added! film badges processed by
the Photodosimetry Unit of the Radiological Health Section,
no badge carried during the course of the Resurvey Operations
gave evidence of exposure to beta or gamma radlation in excess
of the tolerance limits referred to in Paragraph A.l., above.

On the other hand, the section entitled "Radiological Health at Bikini"
presented in Volume II of the Report of the Technical Director states (Refer-
ence C.8.2, p. 101):

During the period from 15 July to 29 August 1947, a total of
572 [emphasis added]) film badges were developed. and the ex-
posures interpreted. None of these badges was found to have
. been exposed to sufficient radlation to acquire computable
density. From film-badge data it was determined that there
were no personnel exposures in excess of the daily tolerance
limit of 0.1R. beta plus gamma. All developed badges wete
alphabetically filed, and will be permanently stored at the
Radlatlion Laboratory, San Francisco Naval Shipyard. as a per-
manent exposute record for personnel connected with this
' Resurvey Operation.

2]

while these two sources differ as to the number of badges examined, both
reach the same conclusion regarding badge readings -- no perscnnel exposures
in excess of specified daily tolerance limits occurred; however, neither the
badges nor any listing of the readings have been located.




RESURVEY CONCLUSIONS

The Bikinl resurvey concluded that the atomic detonations caused only
minor, transient disturbance to the plant and animal populations in the area.
Some plants and animals in the immediate area of the underwater detcnation
were killed and some highly radicactive plants, fish, and invertebrates of
impalred vitality were found during the 3 weeks following Test BAKER. One year
later, a careful search of the islands. reefs, and lagoon revealed no changes
in populations, number, or composition. No physiological damage could defi-
nitely be attributed to the detonation. Some dying coral on a reef between
Bikini and ARomen islands provided the closest case of damage from the test.
The corals ‘Heliopora) were in fine condition a few weeks before Test BAKER.
At the time of the detonation, che tops of the coral clumps were about 1 foot
(0.3 meter) underwater and the tide was rising. They may have been killed by
the radicactive fission products that washed over the reef after raining down
from the radicactive cloud. More probable causes of the corals' death were
contamination from oill from the sunken ships or by heavy rain during one of
the low tides. The question of what caused the death of the corals remained
unsolved (Reference A.4, pp. 74 and 75).

One of the most discussed effects of the radicactivity was the possibility
of producing genctis chancec. AL Bikini, more than 1,000 species of organisms
were exposed to radioactivity, and many of them had reproduced at least once.
A careful search of tens of thousands of specimens in the area failed to show
definite evidence of aberrant forms. Since mutations produced by radiation
almost invatiably do not survive, the result was not unexpected (Reference A.4,
p. 76). No scientific investigations found evidence of radiation-induced gene-
tic effects during the 6 weeks of work in the atoll (Reference A.4, p. 77).

The Radiological Safety Section. which monitored most of the islands. found
few places where beta-gamma rteadings exceeded the tolerance limit of 0.1 R/24
hours. The studies of sea urchins and other invertebrates led to the observa-
tion that the specimens examined in the shipboard laboratories were healthy,
abundanct, and reproducing normally.

Occasionally there were reports of situations in which radioactivity may
have played a part in generating ecological anomalies, although other, non-
radiological, factors could have been present. The Technical Director of the
resurvey stated that the level of residual radicactivity was low and not dan-
gerous (Reference A.4, p. 61). While there was no doubt that decay and dilution
had reduced residual radloactivity to a low level, questions persisted (Refecr-
ence A.4, p. 67).

For example. there remained the question of the unexplained turbidity of
the eastern lagoon waters near Bikinl Island and the target area. Before Test
PAKER, the waters had been clear and transparent. However, in 1947 Chilton
noted the lagoon waters were opaque. The most likely cause for the increased
opacity was an increase 1n plankton (Reference A.4, pp. 66 and 67). Hypotheses
for the increased piankton growth included seasonal effects (later rejected)
and the discharge of untreated sewage by personnel at CROSSROADS in 1946. While
the sclentists agreed the turbidity was unique, they were unwilling to conclude
that the atomic detonations had set up conditions that woula encoutdaye aun in-
crease in plankton (Reference R.4, p. 68).
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Studies of radioactivity made in the vicinity of the target ships indicated
that there were "large amounts of radioactive material" on the lagoon bottom,
particularly in the vicinlty of the target array (Reference A.4, p. 70). The
radioactivity made 1its way into the food chain as sea cucumbers and worms
ingested and excreted the mud. The plants took up some of the excreted radio-
activity. The plants were eaten by small fish, which were preyed upon by larger
fish. While the animals excreted most of the radiocactive material. a small
amount was retalned, particularly by the liver, spleen, kidneys. and gonads.
Furthermore, the ingestion of radioactive material resulted in a very wide-
spread distribution of radioactivity in the lagoon. The radiocactivity detected
at Blkinl was low, yet it was traceable in food chains. Fission products were
found occurring in fish and invertebrates such as clams, snails. oysters,
corals, sponges. octopods. crabs, sea urchins, sea cucumbers. spiny lobsters,

and shrimp. They were also represented in the algae found in the lagoon (Ref-
erence A.4, p. 73).
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CHAPTER 7
U.S. ARMY GROUND FORCES PARTICIPATION

INTRODUCTION

Approximately 3,300 Army personnel were assigned to Operation CROSSROADS
(Reference €.9.206, p. III-(A)-3). Of the total number of Army personrel,
approximately 350 were assigned to Task Group (TG) 1.4 (Army Ground Group) and
2,500 to TG 1.5 (Army Air Group). The forces that were to become the U.S. Air
Force in 1947 were still part of the Arny in 1946. R summary of Army Alr Forces
participation is dlscussed in Chapter 8. In addltion to the 71 Army officers
assigned to TG 1 4, another 70 Army ground officers have been identified on
the Joint Task Force 1 (JTF 1) Officer Roster. Fifty of these were assigned to
the Radiological sSafety Section. Approximately 380 Army ground personnel remain
without positive unit identification. Some of these probably were assigned to
JTF 1 Hg staff. Others were probably assigned to TU 1.5.5 (Air Service Unit)
at Kwajalein as engineers and military police.

TASK GROUP 1.4 (ARMY GROUND GROUP)

76 1.4 had two asslgned misslons: to determine damage to selected Army
equipment exposed at varying distances from the point of detonation and to
measure the bombs®' radii of effectiveness. CTG 1.4 maintained close liaison
with varlous agencies operating under the Director of Ship Material and was
assigned the operating code designation 014B. Senlor cepresentatives of each
of the technical services under TG 1.4 were at the same time in command of a
task unlt aud also a member of the technical staff (Reference C.9.149, p. 3).

TG 1.4 was berthed aboard the support ship USS Wharton (AP-7) and consisted
of a headquarters and the followlng six operating task units (TU):
TU 1.4.1 (Engineer Unit)
TU 1.4.2 (Signal Unit)
TU 1.4.3 (Ordnance Unit)
TU 1.4.4 (Chemical Unit)
TU 1.4.5 (Quartermaster Unit)
TU 1.4.6 (Air Unit).

Headquarters was composed of Command, Technical, and Administrative sec-
tions. The functions of Command and Administrative sections were the nctmal
ones implied by thelr respective designations. The Technlical Section was com-
posed of representatives of six branches, 1l.e., Corps of Englneers, Chemlical
warfare Service, etc. Its members planned., correlated, and supervised test
procedures; prepared reports covering test items; and asslsted the commanding
officer in preparation of the test. The provisional headquarters was activated
on 22 March 1946 with an operating strength of five officers and eighteen
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enlisted personnel. Four officers and nine enlisted headquarters personnel
have been 1dentified, none of whom were badged.

Each operating task unit was under the command of a technical staff officer
and was composed of a staff and a group of inspection teams. These teams were
assigned to target ships and were responsible for loading, securing, maintain-
ing, and inspecting test items. Teams were to reboard target ships after each
detonation after the ships had been radiologically cleared and declared safe
for boarding.

Task Unit 1.4.1 (Engineer Unit)

TU 1.4.1 conducted tests to determine the radii of damage to typical items
of Corps of Engineers equipment and to discover weaknesses that might be cor-
rected by Iimproved design. Items such as constructlon tractors, crawlers,
caterplllars, floating bridges. and firefighting and water-supply equipment
were exposed aboard the target attack transports USS Gilliam (APA-57) at 800
yards (732 meters), USS Dawson (APA-79) at 1,500 yards (1.37 km), and USS Butte
(APA-66) at 2,200 yards (2.0l km) for Test ABLE. During Test BAKER, water pur-
ification units and other equipment were exposed aboard USS LST-545 4,100 yards
(3.75 km), and USS LST-125 and LCM-5 5,700 yards (5.21i km) away on Bikini
Island (Reference C.9.150, p. 15). TU 1.4.1 operating strength called for 12
officers. 53 enlisted personnel. and 2 civilians (Reference C.9.150, Appendix
E, p. 1). Six officers, four enlisted personnel, and one civilian have been
identified. but none can be positively ldentified as badged.

Task Unit 1.4.2 (Signal Unit)

Signal Corps participation in Tests ABLE and BRAKER was to determine the
effects of damage versus distance on Slgnal Corps equipment such as switch-
boards, generators. batterles, wires. and installations. Equipment was exposed
aboard USS Nevada (BB-36), USS Arkansas (BR-33). USS Independence (CVL-22),
Prinz Eugen, USS Saratoga (Cv-3), USS New York (BB-34), USS Gasconade (APA-85),
and on Bikini Island for Test ABLE. For Test BAKER, items were exposed aboard
Arkansas, Nevada, Saratoga. and Prinz Eugen. The unlt operating strength called
for nine officers and twenty-seven enlisted personnel as well as nine civilians
from Signal Corps Engineer Laboratory. Seven officers, twenty-six enlisted men,
and nine civillans have been identified. Two individuals can be identified as
having been badged. One had a badge he carried from 30 June to 7 July 10946;
it read zero. The other was badged on 19 August, and his badge read 0.130 R
(gamma). He may also have had a badge showing zero exposure on 14 RAugust.

Task Unit 1.4.3 (Ordnance Unit)

To tacilitate contrel and preclude duplication it was agreed that the
Otdnance Unit would handle all explosives and demolition materials for the
Corps of Englneers. Objectives of the TU 1.4.3 tests were to determine whether
changes in design of ordnance materials, ammunition. and packaging were neces-
saty to minimize the effects of a nuclear detonation and to collect technical
data that might aid in future designs. Items were placed on Arkansas. Nevada,
USS Pennsylvania (BB-38), Saratoga, YOG-83, USS LST-52. USS LST-661, USS_LST-
220, and LST-345 for both tests: some test items were also located on Bikini
Island. Operating strength called for 17 officers and 72 enlisted personnel.
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Only 15 officers and 38 enlisted personnel have been identified and none were
badged. It was not until 31 July that ordnance inspection teams were allowed

to inspect the Army equipment after Test BAKER (Reference B.5.3: Reference
C.”.15%, p. 1).

Task Unit 1.4.4 (Chemical Unit)

Chemical warfare Service personnel conducted tests to expose selected items
of chemical warfare equipment and fillings to the effects of a nuclear detona-
tion. The tests had two objectives: first., to determine the effects of heat,
blast, and radiation on packaging. chemicai composition, and functioning:
second, to determine whether changes in design and chemical composition of
these 1tems were necessary to ensure their effective use during and after
exposure. Items were displayed during Test ABLE on the following six target
ships (distances from Nevada., center of tLarget array. 1in parentheses) YOG-83
(1,000 yards (914 meters);, LCT-818 (1.200 yards [1.10 km)), LST-52 (1.500
yards [1.37 km}), LCT-874 (2,000 vards [1.83 km],, LST-661 (2,300 yards {2.10
km)), and LST-220 (3,200 yards (2.93 km]). The Chemical Warfare Service did
not participate in Test BAKER. The operating strength of this unit called for
six officers. seventeen enlisted personnel. and one c¢ivilian. Except for one
enlisted man, all have been identified. Only one person was badged and he had
a zero reading (Reference B.5.3; Reference C.9.151, p. 1-2. Appendi- ).

Task Unit 1.4.5 (Quartermaster Unit)

The objectives for TU 1.4.5 tests were to determine the effects of a
nuclear detcration on quartermacter supplles and prepate recommendations for
tuture 1imple « (tation. This unit was composed of a technical staff of four
officers and iive enlisted men and 1l test teams consisting of one officer and
six enlisted men each. TU 1.4.5 was activated crom 1 February through 10 Rugust
1646. Test ABLE tected the effects on guartermaster supplies in open storage
from an airburst, and Test BAKER tested the effects on quart-rmaster supplies

in varlous stages of an amphlbious invasion operation frr an underwater
explosion.

Test items for ABLE were dlspiayed on the following 13 target ships: New
York. Arkansas, Nevada, Pennsylvania, USS Pensaccla (CA-24), Saratoga, USS
Carteret (APA-70), USS Fallon (APA-81), USS Cortland (APA-75), USS Bladen

(APA-63), USS Nlagara (APA-87), USS Catron (APA-71). and ARDC-13. USS Rockwall
(APA-230) was used as a supply ship. After each target vessel was declared
radiologically safe, test teams reboarded thelr assigned vessels and prepared
Inspection reports on damage sustalned by test items.

After Test ABLE, TU 1.4.5 was divided into threc groups. The first group
conslisted of three officers. three enlisted personnel, three test teams, and a
security detachment to quatd supply dumps on Bikini. Each test team had one
cf-cer and fourteen enlisted personnel, and the seturity detachment conslsted

ne officer and twelve enlisted personnel. The second group was composed of

1sts and chemical engineers who departed for Honolulu before BAKER to com-
.1e data from ABLE. Members of the third group were relleved from furthet
duty with TU 1.4.5 and proceeded to their normal duty stations. Thc latter (wo

groups departed Bikini on 13 July aboard USS Chilton (APA-38) for Hawall and
the mainland.

162

E



Three displays were used for Test BAKER: aboard LST-545. 4,000 yards (3.66
km) from the blast, LST-125, beached on shore of Bikini., and Bikini Island
beachhead. On BRKER D+6, TU 1.4.5, acccompanied by radsafe monitors, inspected
three displays. In all. 16 officers and 78 enlisted personnel have been iden-
tified from this unit, but only 7 were badged; the highest badge readlng was
0.21 R (References B.5.3, €.9.155, and C.9.154).

Task Unit 1.4.6 (Air Unit)

The objectives of TU 1.4.6 were to test nuclear effects on representative
items of Army Alr Forces equipment at varying distances from Test MBLE. Navy
target ships used to expose items were Nevada., Independence. and New York.
After radsafe personnel declared each target ship safe, Army Air Forces inspec-
tion teams went aboard. Reboarding was as follows:

Hours after

Time Date Detonation
New York 1145 2 July 25
Nevada 0830 4 July 71
Independence 0930 5 July 93

The operating strength of thls unit called for seven offlcers and nine
enlisted personnel. Reboarding teams were composed of ships' personnel and Army
personnel. Seven officers and six enlisted personnel have been identified; none
were badged (Reference B.5.3: Reference C.9.156, p. 218).
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CHAPTER 8
U.S. ARMY AIR FORCES PARTCIPATION

About 2,500 U.S. Army personnel in the Army Air Forces* served in CROSS-
ROADS and were assigned to Task Group (TG) 1.5, Army Air Group. The air units
of TG 1.5 operated from Kwajalein and Enewetak islands. A small number of
personnel (13 have been 1identified) were assigned to Task Unit (TU) 1.4.6
(Alr Unit). This unit is discussed in Chapter 7, "U.S. Army Ground Forces
Participation.”

In January 1946, the 58th Bonbardment Wing of the U.S. Army Fourth Air
Force was designated TG 1.5 for CROSSROADS activities. Roswell Army Air Field,
New Mexico, was selected as the center for preparations in the continental
United States. The 509th Composite Group at Roswell formed the nucleus of the
various task units needed for the tests. A large part of the headquarters
staff of the 58th Wing at March Army Alr Field, California, was transferred to
Roswell to form Headquarters, TG 1.5. (Reference C.9.206, Part VIIE). Other
units that furnished significant manpower included the 320th Troop Carrier
Squadron, 329th Bomb Squadron, 330th Bomb Squadron, 393rd Bomb Squadron, and
1027th Alr Materiel Squadron. Table 12 lists all units known to have supplied
personnel to TG L.5.

Functions performed by TG 1.5 included airdropping the shot ABLE nuclear
weapon, collecting samples of nuclear debris from the radlioactive clouds, wea-
ther reconnalssance and prediction, communications support., operation of the
alrbase at Enewetak Island, photography and air transpcrt support for men and
material. It also assisted in some effects experiments assoclated with measur-
ing blast, heat, and radiation aboard aircraft.

Table 13 lists the task units in TG 1.5. The table shows number of persons
in each unit, number badged, and dosimetry breakdown. The information was
obtained using May 1946 task unit rosters and the Reynolds Electrical and Engi-
neering Company's (REECo) printout of radlation exposure by name. Rosters for
June and July 1946 could not be located, and there is some evidence that more
personnel were assigned to the various task units during June and July. An
undated chart showing task unit totals for Hq TG 1.5 and TU 1.5.1 thiough TU
1.5.9 was located at Brooks AFB, Texas. Totals for Hq TG 1.5, TU 1.5.1, 1U
1.5.2, and TU 1.5.3 are quite close to those on the May rosters (as shoim in
Table 13). However, the total for TU 1.5.4 1s 309 versus 55 in rable 13; and
for TU 1.5.5 1t is 995 versus 686 in Table 13. Since TU 1.5.4 included person-
nel who ferried men and equipment to the Pacific, the roster may have included
only those assigned on Kwajalein. However, no such explanation is avallable
for the difference in TU 1.5.5.

*In 1946 the Alr Forces were still part of the U S, Rrmy.
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Table 12.

Participating Army Air Forces units, Operation CROSSROADS.

Unit Home Statton Task Unit
1st Ordnance Squadron Roswell AAF, New Mexico 1.5.1
6th Afrcraft Repair Unit SS Brig. Gen. Alfred J. Lyon Unknown
(Ficating)
40th Bomb Group (VH) Davis Monthan AAF, Arizona 1.5.8
44th Bomb Group Smoky H111 AAF, Kansas 1.5.2
58th Bomb Wing March AAF, California Hq TG 1.5

59th Weather Recon Squadron
71st AACS Group

3rd
107th
110th
112th
123d
136th
133th
146th
200st
233d
234th
243rd
245th
247th
263rd
311th
316th
320th
J26th
J29th
330th
337th
390th

Bomb Group
AACS Squadron
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Army Air Force Base Unit
Reconnaissance Wing
Troop Carrier Squadron
Troop Carrier Squadron
Army Air Force Base Unit
Bomb Squadron
Bomb Squadron
Army Air Force Base Unit
Air Service Group

Castle AAF, California
Hickam AAF, Hawail

Clovis AAF, New Mexico
Robins AAf, Georgla
Mitchel AAF, New York
Grenier AAF, New Hampshire

Seymour -Johnson AAf, North Carolina
Myrtle Beach AAf, South Carolina

Shaw AAF, South Carolina
Selfridge AAF, Michigan
Peterson AAF, Colorado
Ft. Worth AAF, Texas
Clovis AAF, New Mexicn
Great Bend AAF, Kansas
McCook AAf, Nebraska
Smoky Hi11 AAF, Kansas
Peterson AAF, Colorado
Buckley AAF, Colorado
Pope AAF, North Carolina
Roswell AAF, New Mexico
MacDi 11 AAF, Florida
Clovis AAF, New Mexico
Clovis AAF, New Mexico
Venice AAF, Florida
Rocwell AAF, New Mexico

1.5.7
1.5.5
1.5.3
1.5.5
1.5.5
1.5.2
1.5.3
1.5.2
1.5.56
1.5.5
1.5.5
1.5.3
1.5.3
1.5.2
1.5.5
1.5.5
1.5.5
1.5.7
1.5.1
1.5.4
1.5.5
1.5.3
1.5.3
1.5.5
1.5.5

165

{continued)




»A

Table 12. Participating Army Air Forces units,
Operation CROSSROADS {(continued).

Unit

Home Station

Task Unit

393d 8Bomb Squadron

400tk Army Air Force Base Unit
420th Army Air Force Base Unit
427th Army Air force Base Unit
439th Troop Carrier Squadron
444th Bomb Group

448th Bomb Group

462d Bomb Group

466th Air Service Group

466th Army Air Force Base Unit
467th Army Air Force Base Unit
468th Bomb Group

477th Afr Service Group

509th Composite Group

519th Air Services Group

603d Alr Engineering Squadron
702d Army Air Force Base Unit
719th Air Materilel Squadron
454th Army Air force Base Unit
775th Army Air force Base Unit
789th Bomb Squadron

790th Bomb Squadron

804th Army Air Force Base Unit
811th AAB FU

812th Army Air Force Base Unit
902d Army Air Force Base Unit
1027th Adr Materiel Squadron
1395th Military Police Squadron
1503rd Army Air force Base Unit
2135th Army Alr force Base Unit
2140th Army Alr force Base Unit

Roswell AAF, New Mexico

San francisco AAF, California
March AAF, Californila

Roswell AAF, New Mexice
Roswell AAF, New Mexico
Davis-Monthan AAf, Arizona
Ft. Worth AAF, Texas

MacDi11 AAF, Florida

Sedaila AAF, Missour?

Sedalia AAF, Missour?

Salt Lake City AAF, Kearns, Utah

Roswell AAf, New Mexico
Pope AAF, North Carolina
Roswell AAF, New Mexico
Smoky Hi11 AAF, Kansas
Roswell AAF, New Mexico
Mitchel AAF, New York
Pope AAF, North Carolina
McCord AAf, Washington
Hickam AAF, Hawaii
Clovis AAF, New Mexico
Clovis AAF, New Mexico
Greenville AAF, South Carolina
Ft. Benning, Georgla
Pope AAF, North Carolina
Orlando AAf, Fiorida
Roswell AAF, New Mexico
Roswell AAF, New Mexico
HamiTton AAF, California
Tyndall AAF, florida
Smyrna AAF, Tennessece

- ! ot ) ) md ed ed e ed d
(S TS TS TS IS R S B S, IS RS R R S
(% S RS o R S R N R o A T o B A\ B

Hq TG
1.5.5
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, Table 12. Participating Army Air Forces units, -
J Operation CROSSROADS {continued). e

Unit Home Stattion Task Unit

2530th Army Air Force Base Unit Selmar AAF, Louistana
i 2533th Army Air Force Base Unit Goodfellow AAf, Texas
2621st Army Air Force Base Unit Barksdale AAf, Loulsana
2622th Army Air Force Base Unit Mather AAF, California
3010th Army Adr Force Base Unit Williams AAF, Arizuna
3501st Army Air Force Base Unit Boca Raton AAF, Florida
3705th Army Air Force Base lUinit Lowry AAf, Colorado
4000th Army Air Force Base Unit Patterson AAF, Ohio
4121st Army Adr Force Base Unit Kelly AAF, Texas
® 4135th Army Air Force Base Unit Hi11 AAF, Utah

4136th Army Air Force Base Unit Tinker AAf, Oklahoma

="

Air Material Command Wright AAF, Ohio

— —— —t — et — — — — — ———t —
WA N & NN NN RN

ay
®

Source: Reference £.13.5.

Table 13. U.S. Army Air Forces personnel exposure, CROSSROADS.

— - -

o . @
4 No. of No. of Exposure Ranges (R) 7

Persons Persons
Element Listed 8adged 0 0.001-0.5 0.5-1

Hq 76 1.5 139 20 17

° TU1.5.1 367 28 42 6 g
‘ 412 149 143

450 N7 30 87

55 8

686 2 0 2 - @
56 0

21 15 14 ]

5.9 48 8 2 5 1 |
thers 249 0 *

;J'\tJ*:.J"'Lth"
® - o s W M

1
]
]
1
1.
1
1
0

. Sources: References C.13.4, B.5.3, and B8.5.4.
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Eleven personnel listed in the REECo exposure data as being on Enewetak on
25 July are not on any TG 1.5 roster. Five of these have sequential badge num-
bers. This strongly implies that they were an aircraft crew in TU 1.5.3. Since
there were no other units on Enewetak, these 11 individuals have been counted
with TU 1.5.3. It is not possible to arbitrarily group otherwise unidentified

personnel on Kwajalein since numerous units were there besides Army Rir Forces
units.

The REECo data (taken from original source deocuments) shows last name only
(no first name or initials) in about 60 percent of the listings, so for the
more common names such as Smith, Jones, and Williams it is very difficult to
match the right name. In some cases, e.g.. alrcraft crews, men were given
sequential badge numbers and it was possible to match common names positively.
In general, however, whenever there was doubt it was assumed that there was no
match. In addition to name, the REECO ilst shows badge number, location (Ene-
wetak, Kwajalein, ships by name, etc.)., badge dates, and badge exposure. Tt
does not identify an individual with a particular organization, only his loca-
tion. Thus the task unit rosters have to be used along with the dosimetry list.

TU 1.5.6 and TU 1.5.10 are not shown in Table 13. TU 1.5.6 was consolidated
with TUO 1.5.3 1in June 1946. TU 1.5.3 totals reflect personnel from beth units.
TU 1.5.10 is synonymous with Hg TG 1.5 and the latter designation is used in
Table 13.

HEADQUARTERS TASK GROUP 1.5

This group was made up primarily of personnel from Hq 58th Wing and Hq
509th Group. The listing in Table 13 includes personnel assigned to Hq TG 1.5
and Hg 509th Composite Group on Kwajalein. Why these two units are listed sep-
arately 1s unknown. It may be that the personnel in Hg 509th Composite Group
were recent arrlvals at Kwajalein and were pending assignment to one of the
task units. Only 20 of 139 personnel were badged and no exposures exceeded
0.5 R. Three civilians are included in the totals.

Task Unit 1.5.1 (Tactical Operations Unit)

Personnel from the 393rd Bombardment Squadron of the 9509th Group Roswell
AAF, New Mexico, made up the majority of TU 1.5.1. This unit operated seven
B-29 alrcraft from Kwajalein Including the bomb drop aircraft, two command-and-
control aircraft, two pressure-gauge drop aircraft, and two spare alrcraft. Of
367 personnel assoclated witn TU 1.5.1, 48 were badged., and ail exposures were
less than 0.5 R. Almost all the badged personnel were alrcraft crews; 27 of
the 48 were officers. There were no civilians in this task unit.

Task Unit 1.5.2 (Army Air Photographic Unit)

Personnel drawn from several units in the Air Materiel Command formed this
task unit. Thils unit was responsible for a large part of the technical pho-
tography program durlng CROSSROADS. .t operated two C-54s and elght F-13s
(modified B-29s) from KwajJalein. which were equipped with very-high-speed and
normal -speed motion picture cameras and 35-mm still cameras. Table 13 provides
dosimetry information for the 149 personnel out of 412 who were badged. A!l
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but 15 of the badged personnel were aircraft crewmembers. This unit had 55
civilians assigned. several of whom were cameramen on the alrcraft and were
badged. The highest exposure, 0.05 R, was recorded by a civilian.

Task Untt 1.5.3 (Instrumentation and Test Requirements Unit)

Personnel drawn from several units within the Air Materiel Command made up
thls task unit. TU 1.5.3 was consolidated with the Drone Aircraft Unit, TU
1.5.6, and was one of two organizations based on Enewetak Island for the CROSS-
ROADS operation. The alrcrews that flew the B-17 drones came from the 329th and
330th Bomb Squadrons, Clovis AAF, New Mexico. TU 1.5.3 operated the airfield
and flew and malintained the seven B-17 drone controllers and ten B-17 drone
alrcraft used for cloud sampling. It also operated all base support functions
at Enewetak including mess facilities, post exchange, speclal services, ra-
tions, fuel, signal and engineer support, and the message center (Reference
B.5.1). There were 117 personnel badged onut of a total of 450. All recorded
exposures were less than 0.5 R. The vast majority of those badged were members
of aircraft crews flying the B-17 controller aircraft. However, several fire-
fighters and sheetmetal workers were also badged. The badging of firefighters
is understandable since they may have had to fight a fire on contaminated air-
craft. Perhaps the sheetmetal workers performed dutles associated with the

gaseous or particulate filter boxes on the drone B-17s, which were of sheet-
metal construction.

Task Unit 1.5.4 (Air Transport Unitt)

Personnel for TU 1.5.4 came primarily from the 320th Troop Carrier Squadron
of the S09th Composite Group at Roswell Army Air Field, New Mexico. This unit
provided airlift to and from the United States to Enewetak-Kwajalein, and per-
formed alr support missions in the Enewetak-Kwajaleln-Bikinl area. Although
documents reflect TU 1.5.4 had 20 C-46s and 10 C-54s, there were not sufficient
personnel for this many aircraft. In fact. the 20 C-46s were manned hy the
439th Troop Carrler Squadron, Roswell Army Alr Field, New Mexico. and wete
used to ferry men and materiel to and from the Pacific area. These personnel
were never assigned to the joint task force. Only eight personnel were badged,
four of whom were officers. None of the eight recorded any exposure.

Task Unit 1.5.5 (Air Service Unit)

Personnel for this unit came primarily from the 603rd RAir Englneering
Squadron, 1027th Materlel Squadron, 1395th Military Police Squadron, and the
390th Headquarters and Service Squadron. All were part of the 509th Composite
Group at Roswell, New Mexico. TU 1.5.5 provided the supply and maintenance
functicns to Army Alr Forces units on Kwajalein. In addition, it operated a
mess facility, the speclal services office, a post exchange. rations breakdown
point, fuel dump. signal and engineer supply point. and a message center for
the Army Rlr Forces neads, Tt also had weather forecasting personnel and mili-
tary policemen assigned to 1it. Of 686 personnel on the roster only 2 were
badged. Their exposures were less than 0.10 R.

Task Unit 1.5.6 (Army DOrone Unit)
This unit was combined with TU 1.5.3 before ABLE and BAKER tests.
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Task Unit 1.5.7 (Army Air Weather Reconnaissance Unit)

Personnel for this task unit came primarily from the 59th Reconnaissance
Squadron at Castle Army Air Field, California. This unit operated three WB-29s
from Kwajalein to monitor weather around Bikini before the tests. On days
before each shot, 1ts planes monitored the wedather at long ranges. Just after
midnight the morning of each shot, its planes took off and monitored the wee-

ther in the Bikini area. Records indicate that none of these personnel were
badged.

Task Urit 1.5.8 (Air Orientation Unit)

Personnel and alrcraft for TU 1.5.8 came from units in the Air Materiel
Command. Stationed at Kwajaleln, it was responsible for ailding and transporting
observers, wvisitors, news broadcasters, and the press. It furnished facilitles
for broadcasting and news releases on Kwajalein and provided two B-29s and two
borrowed C-54s for media representatives to view the detonations and their
results. Rlthough no roster could be located for TU 1.5.8, a Letter Order from
the 40th Bomb Group provided the names of 27 personnel assigned to TU 1.5.8.
More personnel were probably in this unit, but they cannot be identified. Of

the 27 personnel identified. 15 were badged and only one recorded any exposure,
0.06 R,

Task Unit 1.5.2 {Air-Sea Rescue Unit)

This unir was stationed on Enewetak with TU 1.5.3, and, in fact, was part
of TU 1.5.3 until Jupne 1946. It was made a separate task unit by Change No. 4
to the JTF 1 Op Plan 1-46 dated 30 May 1946. It nperated two B-17 alr-sea res-
cue alrcraft equipped to support air-sea rescue operations for downed aircraft
crews. It patrolled the area between Enewetak and Bikini, which was the flight
path of the B-17 drones and B-17 controllers flying out of Enewetak. Although
no roster for TU 1.5.9 personnel could be located, a set of orders marked
"VOCG Mid Pac, eff 6 May 46" (Verbal Order Commanding General Mid-paclific,
effective 6 May 1946) was located. assigning 40 personnel from the 4th Emer-
gency Rescue Squadron, APO 244, to TG 1.5. The remaining eight on Table 13
were identified from a TU 1.5.3 roster made up before TU 1.5.9 brcoke away from
TU 1.5.3. Only eight personnel were badged, all of whom were officers. Four of
these eight are also 1 sted as radsafe monitors In the Radsafe Group of the
Instcumentation Divislion (see Chapter 3). They were badged and received expo-
sures 1In August as well as on both shot days. Two other officers in TU 1.5.9
appear to have performed radsafe monitoring duties as well since they wete
also badged ard recelved exposures in August and on both shot days. These
latter two may have been assigned to radsafe duties after the 20 April 1946
edition of the Instrumentation Division roster was formulated.

It is unusual that six officers from this unit received exposures on 1 July
and 25 July (shot days), while no cne else in the unit did. Furthermore. the
location for all six ch both dates is shown as "Eniwetok." They obviously were
not members of a B-17 alr-sea rescue crew since no one else was badged. They
may have monitored returning drones for radiation at Enewetak on those dates
and then went on to other radsafe monitoring duties in August. The highest
exposure of the six was 0.77 R, recorded by an Army Air Forces captain. He was
badged three times in August for a total of 0.47 R and on both shot days when
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he recorded a total of 0.30 R. As mentioned above, his location on shot days
was "Eniwetok:" however., his locations in August were target ships in Bikini
Lagoon. His name is so unusual that it is unlikely that these were two differ-

ent individuals, although 1t remains a possiblility since the REECo exposute
11st shows no initials for this name.

OTHERS

Unit orders were located that identify the 6th Aircraft Repalr Unit (Float-
ing) as belng aboard SS Brigadier Ceneral Alfred J. Lyon at Kwajaleln during

CROSSROADS. Lyon was a U.S. Army alrcraft repair ship. Names of assigned per-
sonnel do not appear on other TG 1.5 rosters. None of the personnel assigned
this unit has a record of being badged during CROSSROADS,




CHAPTER 9
U.S. NAVY PARTICIPATION

Operation CROSSROADS was popularly perceived as a Navy operation. The
Deputy Task Force Commander for Aviation, an Army Air Forces officer., observed
that (Reference C.9.206, pp. II-(B)-3 and II-(B)-4):

Despite all efforts to the contrary on the part of the Task
Force Commander and his officers in charge of public rela-
tions, news releases and publiclty in the majority of cases
tended to create, in the mind of the public, the impression
that the tests were primarily a naval activity rather than a
jolnt effort in which all services were participating and in
which they were equally entitled to pralse or censure.

That this was the case Is not surprising. From every point of view except the
otganizational, CROSSROADS was predominantly a U.S. Navy operation. The primary
mission of the test was to determine the effects of nuclear detonations on
naval vessels. Commander Joint Task Force 1 (CJTF 1) was a Navy officer, and
the majority of his joint staff were Navy personnel. In all, over 37,000 Navy
personnel participated in CROSSROADS, approximately 90 percent of the total
combined military and civilian populatlion ot the operation. There were 45 Navy
alrcraft and 237 Navy ships involved as full-time participants.

The ships were in two cateqories: support ships and target ships. In the
support group were 153 large and small ships., which provided the berthing,
messing, laboratory, and office space for the task force. In the target group
were 93 vessels for Test ABLE and 92 vessels for Test BAKER, ranging from
battleships to small amphibious craft. Of the target ships only 12 were re-
manned by thelr crews after the tests, 13 were sunk after ABLE or BAKER, 8 were
towed to Pearl Harbor or the United States for inspectlon, and the remainder
were sunk at Bikini or Kwajalein. The target ships that were later remanned
were those with low radioactive contamination and no significant structural
damage. Support ships evacuated the lagoon before each shot and took all pec-
sonnel, including target ship crews, to a safe distance outside Bikini Lagoon.
Tables 14 and 15 summarize the Navy vessels' participation in CROSSROADS. Ship
histories, largely extracted from the ships' deck logs. which present informa-
tion pertinent to potential personnel exposure, make up Appendix A to this
report.

In the remainder of this chapter, the other Navy components of JTF 1 are
discussed. For each unit, except small support ships, detalled information 1is
given on the events in which they wer> involved during CROSSROADS. Discussed
are Navy alr units, diving units, and other Navy units that had some potential
for radiological exposure.
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JOINT TASK FORCE 1 STAFF

The Joint Chlefs of Staff (JCS) directive establishing JTF 1 stated that
it would be organized with adequate representation of land., sea. and alr
forces, and that it would include civilian sclentists. Implementation of ade-
quate representation reflected the dominant naval flavor of the operation. The
JTF 1 roster of officers dated 1 July 1946 shows 501 Navy officers, 8 Marine
Corps officers, 141 Army ground officers., and 21 Army Alr Forces officers. Of
the 501 Navy offlicers, 444 were assigned to various ships at Bikini. The re-
mainder filled billets in other locations: 39 were in the JTF 1 rear echelon
at Washington, D.C.; 1 each was at Pearl Harbor and Oak Ridge, Tennessee: and
16 were assigned to Kwajaleln Atoll.

DISPATCH BOAT AND BOAT POOL

The Dispatch Boat and Boat Pool was designated Task Unit (TU) 1.8.3 (Dis-
patch Boat and Boat Pool) under Task Group (TG) 1.8 (Service Group). The mis-
sion of TU 1.8.3 was to provide dispatch and mail service, interatoll freight
and passenger service, and general boat pool services, e.g., ship-to-ship and
ship-to-shore. Special boat operations were also 1 mission., which included
operating a flag pool as required for use of distinguished persons and visiting
flag and gereral officers and providing craft for radiological safety (radsafe)
work and boats for the target array.

A large number of personnel, ships, and boats were assigned to TU 1.8.3.
These totals varied throughout the cperation as personnel were discharged trom
the naval service or transferred to other task force activities, and as boats
were damaged or sunk, or released for special missions. Originally 313 person-
nel were ascligned to operate and maintain the boat pocl. By 10 June this number
had been reduced to 228 due to discharges and transfers. Some replacements were
obtained from TG 1.7 (Surface Patrol Group) and from new personnel arrivals.
However, personnel deficiencles were never made up. The loss of perscnnel, as
enlistments from World War II lapsed, continued to be a problem throughout
CROSSROADS. For the most part, replacement personnel were untralned and great
difficulty was experlenced In keeping boats operating. For example, a maximum
number of boats assigned to TU 1.8.3, 152, was reached on 19 June, By 31 July,
a time of high boat pool need, only 93 boats were in operating condition.

Units assigned to TU 1.8.3 were two dock landing ships, USS San Marcos
(LSD-25) and USS Gunston Hall (LSD-5), one self-propelled barracks ship. USS
Presque Isle (APB-44), and a varlety of small boats. The two 1.SDs provided
boat malntenance facilities and along with the APB quartered and messed boat
pool personnel. B landing craft repalr ship, USS Sphinx (ARL-24), from TG 1.8
also assisted in boat repairs. Tle number and types of boats assigned varied.
On 19 June there were six motor gqunbeoat patrol vessels (PGM-23, PGM-24, PGM-2S,
PGM-29, PGM-31. and PGM-32), used almost exclusively for by the Radiological
safety Group; four large infantry landing craft (LCI(L)-1062, LCI(}.)-1067. and
LCI(L)-109]1 at Bikini and LCI(L)-977 at Kwajaleln; 38 LCMs (mechanized landing
craft); 34 LCVPs (vehlcle and personnel landing craft): 44 LCP(R)s (ramped
personnel landing craft); 1 LCP(L) (large personnel landing craft): 30 PPBs
(24-foot boats); 3 PBs (45-foot boats); 1 LCC (control landing craft); and 1
MB (35-foot boat).
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All ships and mosu of the boats of TU 1.8.3 cleared the lagoon for both
tests. San Marcos and the six PGMs used fer radiological monitoring soon after e
both shots were stationed about 12 nmi (22 km) from the lagoon entrance. The .
remainder of the task unit evacuated to Rongelap Atcll for shot BAKER (Refer-
ence C.9.206, pp. VII-(R)-77 and VII-(F)-29 through VII-(F)-31).

In order to meet pressing demands, the boat pool was augmented by boats .
and personnel from various ships and TU 1.3.1 (Transport Unit) and TG 1.2 . .
(Target Vessel Group). Despite these arrangements, at no time during the course
of the operation did the boat pooi have sufficlent operable boats to meet all
requirements. The situation was very much aggravated by the damage, beaching,
and sinking cf 42 boats in the vicinity of RAomen Island during Queen Day (RBLE
shot renearsal) evacuation. The loss was caused by a combination of heavy wea- .
ther, inadequate moorings, and an LCT breaking loose and drifting through the . ®
boat moorings (Reference C.9.206, p. VII-(A)-79).

OIVERS
Following both tests, experienced salvage and diving officers took teams .
of divers down to inspect wrecks and to obtaln comprehensive descriptions of Y

conditions encountered (Reference C€.9.207, pp. VII-(I)-87-B and VII-(I)-75-B:
Reference A.2., p. 75: Reference C.2.9). The ships sunk during the operation
carried with them preclsely the type of information CROSSROADS was set up to
obtain, the type and degree of damage caused by a nuclear detonation. Divers
communicated informatlon to the surface and took many underwater photographs. o
The Technical Director requested services of divers to recover instr.mentation ®

from a number of target ships. These operations were carried out when it was

radiologically safe. Diving operations included recovery of (Reference C.9.207,
p. VII-(1)-83-B):

¢ Nine vertical stations

& Pressure-time recorders from USS Arkansas (BB-33), USS .10'“
Saratoga (CV-3), and USS Pilotfist. (55-336)

Two hydrophones

o Diaphragm gauge and 5-gallon (18.93-liter) cans attached
to raft on Nagato

e Radiation intensity film on RArkansas. Nagato, Saratoga, e
USS Apogon (SS-308), and Pilotfish

® Underwater pressure gauges on USS Bracken (APA-64) and USS
Briscoe (APA-65)

e DBottom nrressure recorders and possibly gamma meters at- :
tached to a cable near the center of BAKER detonation site. - ®

Divers from the submarine rescue vessel USS Coucal (ASR-8) reported on 2
August (eight days after shot BAKER) that it was moored over the target sub-
marine USS Skipjack (SS-184) and ready to start diving operations as soon as
radiclogical conditlons permitted. Inspection dives in preparation to salvage
Skipjack were done that day (Reference C.9.207, p. VII-(I)-75-B). ¢
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In order to alert divers to radiation exposure levels, a long watertight
Gelger tube was carried by them on dives when radlological conditions were
uncertain. This Instrument transmitted to a counter aboard the tending diving
ship. When high radiation levels were detected, the crew on board communicated
to the divers to stand clear (Reference A.2., p. 79).

UNDERWATER DEMOLITION TEAM 3 (UDT-3;

In March, Los Alamos sclentists decided that the analysis of a sample of
water from the immediate vicinity of the nuclear detonation was essential if
the tests were to be properly evaluated. After consideration of several pro-
posals to accomplish this, it was finally decided to employ drone boats of the
type used in World war II by Naval Combat Demolition Units in southern France,
In April, the Drone Boat Unit was designated TU 1.1.3, composed of USS Begor
(APD-127), Underwater Demolition Team Easy (later renamed UDT-3), 6 LCVP drone
boats (with 2 boats in reserve), and control TBM-3Es from TG 1.6 (when as-
signed) stationed aboard USS Saldor (CVE-117). On 27 April, Begor repotted
that 7 officers and S1 enlisted men boarded for transfer from Port Hueneme to
Bikinl for UDT operations (Reference RA.3, Begor. 27 April). It 1s assumed that
this was the composition of UDT-3. UDT-3 personnel were responsible for opera-
tion and maintenance of the drone boats and provided aitborne control officers
for the TBM flights. The LCVP diones were directed to desired sample areas and,
when an adequate Gelger reading was transmitted back to the controllers, a
water sample was taken. Upon completion of the mission, each drone was directed
back to Begor where it was washed down with hoses from Begor and boarded by a
safety officer. After being declared safe, a UDT-3 boat crew took over and a
radiochemist tuarded to transfer the collected water samples.

Successful sample operations were carried out for both shots. On BAKER day.
two LCVP drones were monitored by boarding parties and were found to be highiy
radioactive. Water samples were left in the drones and were recovered 2-1/2
hours later (Reference C.9.207., p. VII-(R)-30). Forty 5S-gallon (18.93-liter)
water samples were collected on BAKER day (Reference C.G.207, p. VII-(K)-39),

53rd NAVAL CONSTRUCTION BATTALICN (53rd NCB)

An advance contingent of the 53rd NCB (Seabees) arrived at Bikini Atoll on
S March 1946 aboard USS_Saint Crolx (APR-221) for an initial survey by Seabees
tc plan the construction of facilities feor CROSSROADS. On 13 March, 550 person-
nel of the 53rd NCB arrived at Bikini Atoll from Guam on USS Randall (APA-224).

berthed throughout the operation. On 14 March, USS LST-881 delivered 175
stevedores from Pearl Harbor who were to be responsible for handling cargo,
assembling moorings for the target array, assisting in the installation of
instruments, and assembling sonobuoys and life re'ts. During CROSSROADS. the
stevedores were berthed on Salnt Croix. USS Ottawva (AKA-101) and USS Rolette
(AKA-99). On 19 March, USS LST-817 arrived witp 75 Seabees. On 20 March,
Rolette and Ottawa brought 200 more Seabees fi Jort Hueneme (Reference
C.9.206, pp. VII-(A)-20 and VII-(A)-91). The maximum strength of the battalion
fre 20 March to mid-May was 1,006 (Reference C.9.206, p. VII-(A)-92(d)).
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Construction on Bikini Atoll was limited to that necessary for essential
test Instrumenta.ion and recreational facilities. The structures built were
instrument towers, radio beacons. magazines, photo reference crosses, observa-
tion towers, seismic huts, bombing targets, and a recreational area for 7,000
personnel. Rll of this was tc be completed by 1 May 1946 (Reference C.9.206,
pp. VII-(A)-2. VII-(A)-42. and VII-(A)-43).

Early in May, 200 men were released from the 53rd NCB, and an additional
522 were released early 1in June when all originally planned construction was
essentially complete. Twenty-one officers were released late in May. They were
replaced by six ensigns. By 19 June all remaining naval reserve personnel were
released and replaced by reqular enlisted personnel. During July. 6 officers
and 240 enlisted men remained in the battalion to maintain installations at
Bikinl Atoll (Reference C.9.206., pp. VII-(A)-93 and VII-(A)-94).

For shot ABLE. the Seabees evacuated part of their ccnstructlon equipment
by LST. The equipment that remained ashore was not damaged by Test ABLE. For
shot BRKER most of the equipment was left; agaln, there was no damage (Refer-
ence C.9.206, pp. VII-(R)-50 through VII-(A)-52).

On 3 Rugust, the 53rd NCB was dissolved and personnel were transfecred tc
Construction Battalion Detachment 1156 (CBD-1156), which was activated the same
date, for the rollup phase at Bikini Atoll (Reference C.9.206, p. VII-(A)-99).

The majority of the 53rd NCB had completed their construction tasks and
departed Bikinl belote shot ABLE. Those who remained were evacuated from
Bikini prior to both shots.

CONSTRUCTION BATTALION DETACHMENT 1156

CBD-1156 was activated on 3 Rugust 1946 when the 53rd NCB was dissolved.
Two hundred forty enlisted men were transferred directly from the 53rd NCB to
CBD-1156. Two officers were then assigned to take command (Reference C.9.206,
p. VIL-(A)-99). CBD-1156 prepared Bikini Atoll for rollup operations. The fleet
recreation area was closed, dynamite disposed of., and security measures taken
to protect equipment left behind. A complete survey and report on the condi-
ticns of Bikinl Atoll was taken before 1ts departure to Enewetak aboard
Rolette. One ensign remalned at Bikini and made reports on the condition of
the equipment (Reference C.11.13). On 26 August. the battalion transferred
from Bikini Atoll to Enewetak Atoll after closing off areas in the atoll. On
11 September, 30 Seabees flew to Bilkini from Enewetak to assist in the trans-
portation of usable and repairable equipment on board USS L5T-388. This egulp-
ment went to Pearl Harbor for further evaluations (Reference (C.9.206., p.
VII-(A)-99). The ensign then completed another survey and reported on the con-

dition of the equipment left behind on 27 September (Reference C.J1.13). It is
unknown when CEBD-1156 left Enewetak Atoli.

TRANSTENT SHIPS

Several translent ships visited Bikini Atoll during CROSSROADS. All of

them were stores ships (AF) or attack transperts (APA). These ships and thelr
dates at Bikinl Atoll are listed below:
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USS Pickaway (APA-222) -- 2 July, 21 July
USS Chilton (APA-38) -- 10-15 July

Uss Graffias (AF-29) -- 15-16 July and 21-23 July
USS Hyades {(AF-28) -- 19-22 August
USS Lavaca (APA-180) -- 23 August.

NAVY AIR GROUP (TASK GROUP 1.6)

Composed of ships and aircraft, TG 1.6 was involved in a variety of support
missions during CROSSROADS. Elements of the task group were operated from two
alrcraft carrlers and from two island bases, Rol and Ebeye at Kwajalein. Table
16 gives TG 1.6 composition.

Task Unit 1.6.1 (Drone Carrier Unit)

This unlit was based on USS Shangri-La (Cv-38). It was responsible for
tralning personnel. preparing equipment for atomic bomb tests, conducting air-
craft operations for drones engaged in collecting air and water samples in
target areas on ABLE and BAKER days. It operated the carrier and plane guard
destroyers as necessary to carry out alr operations of embarked units (Chapter
4) (Reference €.9.206, p. VII-(E)-14).

Personnel and equipment of the Drone Carrier Unit (TU 1.6.14), the Drone
Boat Control Unlt (TU 1.6.15), and the Fleld Recovery Unlt (TU 1.6.13) were
transperted overseas aboard Shangri-La. An extenslve program of takeoffs and
recoverlies was initlated while en rou