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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 yileld 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 study the effects of nuclear weapons on ships, equipment,
and material. A fleet of more than 90 vessels was assembled in Bikini Lagoon
as a target. This target fleet consisted of older U.S. capital ships, three
captured German and Japanese ships, surplus U.S. crulsers, destroyers and
submarines, and a large number of auxiliary and amphibious vessels. Military
equipment was arrayed on some of the ships as well as amphibious craft that
were beached on Bikini Island. Technical experiments were also conducted to

study nuclear weapon explosion phenomena. Some experiments included the use of
live animals.

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
were Navy personnel) of Joint Task Force 1 (JTF 1), the organization that con-
ducted the tests. Additional personnel were located on nearby atolls such as
Enewetak and Kwajalein. The islands of the Bikini Atoll were used primarily as
recreation and instrumentation sites,.

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 Bikini Lagoon and took safe positions at least 10 nmi (18.5 km)
east of the atoll.

In the ABLE 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 surviving 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 of 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




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 inability 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' exterlors using work crews drawn from the target ships' companies under
radiological supervision of monitors equipped with radiation detection and
measurement devices. Initially, decontamination was 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 piping systems.

By 10 August, a decislon was made to stop work in Bikinl 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 August and
September. A major task at Kwajaleln 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 Hawaii for radlological inspection. Twelve target ships were so
lightly contaminated that they were remanned and sailed back to the United
States by thelr crews. The remalning target ships were destroyed by sinking
off Bikini Atoll, off Kwajalein Atoll, or near the Hawalian 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.

Finally, 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 considered to be an amount of radlation that
could be tolerated for long periods without any harmful effects on health.

Radiological supervision included predicting areas of possible danger,
providing trained personnel equipped with radiation survey instruments to act
as guldes during operations involving potential exposure, and elaboration of
rules and requlations governing conduct in these operations. Personnel were
removed for one or more days from areas and activities of possible exposure if
their badges showed more than 0.1 R/day exposure.




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 radiation 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 radiation exposure data, reconstructions have been made
of personnel exposures for unbadged crewmembers of the ships involved. These
calculations have consldered the several sources of radiation at work in
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 radlation safety personnel in
1946. This data was used in a computer model that includes such factors as the
radiation-shielding properties of ships' hulls and realistic patterns of daily
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 0.101-1.0 1.001-10.0

July 3,767 2,843 689 232 3
% 100 15 18 6 <0.1
August 6,664 3,947 2,139 570 8
% 100 59 32 9 0.1







PREFACE

Between 1945 and 1962, the U.S. Atomic Energy Commission (AREC) conducted
235 atmospheric nuclear weapon tests at sites in the 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, 15 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 program.

In late 1977, the DOD began a study that provided data to both the CDC and
the VA on potential exposures to ionizing radiation among the military and
civilian personnel who participated in the atmospheric testing 15 to 32 years
earlier. In early 1978, the DOD also organized a Nuclear Test Personnel 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

e 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 executive 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 radlation exposures of DOD personnel for interested former partici-
pants and for use in public health research and Federel policy studies.

Information from which this report was compiled was primarily extracted
from planning and after-action reports of Joint Task Force 1 (JTF 1) and its
subordinate organizations. Documents that accurately placed personnel at 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 informa-
tion was undertaken in archives and librarles of the Federal Government, in
special collections supported by the Federal Government, and, where reason-
able, by discussion or review with participants.
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For CROSSROADS, the most important archival source is the National Archive
and Record Center, Modern Military Branch, Washington, D.C. The Naval Archives
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, Albuquerque,
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 records themselves.

The work was performed under RDT&E RMSS B350079464 U99 QMXMK 506-09 H2590D
for the Defense Nuclear Agency by personnel from Kaman Tempo. Guidance was
provided by Mr. Paul W. Boren of the Defense 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 science 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:

® ABLE (1 July 1946, 0900) -- an airdrop detonated at an al-
titude 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 Navy Department* per-
sonnel who were active in the test series. Its purpese 1is to bring together
avallable information about the atmospheric nuclear tests series pertinent to
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 radiation exposure of personnel. Finally, it presents the
exposures of participating personnel recorded by film badges and sclentifically
based estimates of radiation doses for 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, with research support from
laboratories at the University of Chicago and Oak Ridge, Tennessee, and
material production from Hanford, Washington. Under the terms of the Atomic
Energy Act of 1946, the Manhattan Engineer District was dissolved at the end

* In 1947 the War Department was dissolved. Jurisdiction 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 Alr 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 1its contracts, facilities, and management responsibilities were
transferred to the newly established Atomic Energy 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 Air Forces commanding 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 scientific 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 detailed proposal. The subcommittee completed its work in
6 weeks.

Secondary purposes of CROSSROADS were to afford training for Army Air
Forces personnel 1in attack techniques using atomic bombs against ships, and to
determine atomic bomb effects upon military equipment and installations. Such
information was not avallable from the Trinity 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 force
to be composed of Army and Navy personnel and clvilian sclentists, 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 hls 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:

e A protected anchorage (at least 6 nmi [l11 km] wide) to
hold the target and support fleet

e A site that was nearly uninhabited

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

® 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)

e Predictable water currents of great lateral and vertical
disperslon: fast currents avolding important fishing areas,
ocean shipping lanes, and inhabited shores

e cControl by the United 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 Bikini was announced on 24 Janu-
ary 1946 by the JCS after a slight delay because the fishing industry feared
the tests might kill mlllions of fish, especially tuna and whales. To evaluate
any dangers, the Department of Interior's Fish and Wildlife Service 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. Rongerik 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 Bikinians. The cisterns were initially filled with
25,000 gallons (94,785 liters) of water brought from Kwajalein.

Bikini was evacuated on 7 March. Figure 4 shows the Bikinians collecting
thelr belongings., and Fiqure 5 shows the loading of the LST that transported
them. The 167 Bikinians arrived at Rongerik the next day (Figqure 6). In an
effort to lmprove the lives of the Bikinians who were unhappy with Rongerik,
meetings were held in 1946 and 1947 between the Chief and members of hls coun-
cil and military authorities to find a more suitable island. On 3 November
1948, the Bikinians and their possessions were resettled on the island of
Kili, in the southern Marshall Islands, 400 nmi (741 km) southeast of Bikini
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 certaln members of Congress to
observe Operation CROSSROADS. On 7 September 1946, the President announced that
Test CHARLIE, the third scheduled and a deep underwater test, was indefinitely
postponed (Reference C.9.206, p. V-(D)-5). Englneering problems in construct-
ing a bathysphere capable of withstanding the tremendous pressures involved
precluded the scheduling of Test CHARLIE before Spring of 1947 (Reference
C.9.206, p. V-(a)-5).

REPORT ORGANIZATION

Subsequent sections of this overview chapter discuss the form 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 functloned.
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Figure 2. Bikint Atoll, 1946, showing ABLE and BAKER test sites.
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Flgure 3. Navy Construction Battalien personnel, assisted by Marshallese,
construct wooden house frames on Rongerik for Bikimbans.

Figure 4. Bikinians collecting their belengings For
move to Rongerik.
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Figure 5. Blikin! outrigger swung aboard LST fer transport
to Rongerik.

Figure 6. USS LST-1108 arrives at Rongerik, B March 1946.
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Chapter 2 1is concerned 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
orogram 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 the Army Ground Forces, Army
Air Forces, Navy, and Marine Corps, respectively. Chapter 11 summarizes partic-
ipation of other government agencies, contractors, and universities. Personnel
exposures are discussed in Chapter 12.

NUCLEAR 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 Earth's surface; atop a tower; or supported by a bal-
loon, dropped from an airplane, suspended underwater, or fired from cannon or
rocket launchers. CROSSROADS employed two operational weapons: one was dropped
from an aircraft and detonated in the air: the other was suspended from a ship
and detonated underwater.

In theory, personnel can be exposed either to the radiation emlitted 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 1s part of the violent nuclear explosion process itself.

The neutron component of initial radiation indirectly contributes to the
later exposure of personnel. Neutrons are emitted in large numbers by nuclear
weapon detonatlons. They have the property of altering certain nonradiocactive
materials so that they become radioactive. This process, called activation,
works on sodium, silicon, calcium, manganese, and iron, as well as other common
materlals. Activation 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 minute after detonation is referred to as resid-
ual radiation.

The potential for personnel exposure to residual radiation was much greater
than the potential for exposure to initlal radiation. In the nuclear explosion
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 variety of fission products. Dif-
ferent fission products have different half-lives. In general, the lighter fis-
sion products have half-lives that are shorter than the mother elements. The
residual radiation produced by these products, given their shorter half-lives,
is inltially quite high. However, over a period of time, the radloactivity
diminishes. The decay of the original fission products produces other, lighter
fission products that may (or may not) be radicactive themselves. The net re-
sult 1is that initial decay of fisslon products produces fairly high levels of
radioactivity that dissipate over time. While a radicactive fission product
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theoretically continues to exist forever (albeit in diminishing amounts), a
point is reached where 1t is practically undetectable.

Overall radioactivity of all the fission 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 valid for about 6 months following a nuclear
detonation, after which the observed decay rate is somewhat faster than that
predicted by this relationship. Activation products, in general, decay at a
faster rate than the fission products.

Fission 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
potential 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 its rise stops, usually called the cloud stabilization
altitude. Spread of this materlal then depends on the winds and weather. If
the detonation is of relatively low yield, the cloud stabilization altitude
will be in the lower atmosphere and the material 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 in 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, although 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
sufficiently low for neutrons to reach the surface).

Underwater nuclear detonations are muffled by the great mass 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 forms
a bubble beneath the surface of the water that expands as the energy released
in the explosion works against 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 yield, or total energy
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 the 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 radicactive pool.
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wWhen the burst is 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 BAKER shot was not the
radioactive pool of water, however, but from contact with the target ships,
which had been bathed 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 radiation. 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 ionization. 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 is
true.

Gamma 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 high energy during
a nuclear explosion. They are also given off during the decay of the radio-
active isotopes produced by a nuclear explosion. They can travel long distances
and can readlly penetrate clothing and skin. Because the personnel conducting
Operation CROSSROADS were miles from the two detonations, the gamma hazard to
them came from radioactive isotopes left in the target area or carried from it
by wind or tide or on the participating ships or planes or even on the bodies
of the personnel themselves. 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 energies, are stopped by clothing or the outer layers of skin. They are a
greater hazard if 1sotopes emitting them are taken into the body or are left
in contact with skin for a long period. Beta radlation 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-
tilon 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 and lodges there, the alpha particles can do great harm because
they cause a high rate of lonization. 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 detail in Chapter 2, the safety instruments available 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
equipment such as ships, aircraft, and various supplies. The second program
was to measure weapon phenomena such as heat, blast, radlation, 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 hostlle 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 being measured, but usually measuring
devices were placed at a varlety of ranges from surface zero and thelr 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
if instrument recovery were delayed, for example, by heavy fallout. For nuclear
radliation measurements, however, early data recovery was still desirable as
the gauges might be thin aluminum foil meters that could be made radioactive
by the initlal neutrons. Early observation was necessary before the information
contained in the induced radiation pattern decayed to undetectable levels.

The potential for radlation exposure of personnel responsible for environ-
mental measurements in general depended on the proximity of the lnstruments 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 of 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 1ts 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 were 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 dgoverned primarily by the proximity of personnel in
space or time to the detonation, an additional problem arose. Often, when the
exposed object was recovered for closer examination, it could be contaminated
by device debris or even be radloactive itself due to neutron activation. Per-
sonnel recovering or handling such objects could be exposed to radiation. For
this reason, reboarding parties 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 1islands"). The Marshalls are spread over 770 thousand mi2
(2 million km2) of the Earth's surface, but of this area only about 70 mi2
(180 km?) 1is land. Two parallel chains form the islands: Ratak (or Sunrise)
to the east, and Ralik (or Sunset) to the west; Bikini 1s in the Ralik chain
at its northern extreme. Figure 1 shows these islands in the Central Pacific;
Figure 2 is a map of Bikini Atoll.

A typical atoll, Bikini 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 15 miles
(24.1 km) wide, with a maximum depth of about 200 feet (61 meters). The dry
land area, 2.72 miZ2 (7 km2), is covered with low, scrubby brush and coconut
and pandanus trees. The land area 1s 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 tropical marine, generally warm and humid. Temperature changes
are slight, ranging from 70° to 909F (21° to 32°C). Rainfall is moder-
ate, and prolonged droughts may occur. North of the atoll is open ocean for a
thousand miles, the only inhabited island being Wake. East of Bikini 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 Bikini 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 60,000 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 variation 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 again. 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
is such that one-half of the lagoon waters is 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 jurisdiction 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 islands have been
part of the Trust Territory of the Pacific Islands, a strategic area trustee-
ship of the United Nations, administered by the United States (Reference A.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 lagoon of Japanese mines. On 10 March a survey unit
arrived and began hydrographic and land surveys to augment the data recorded
on the available Japanese charts. After 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 laid in the lagoon and beacons placed on shore. On the islands,
photographic towers (Figure 7), recording stations, recreational facilities
(Figure 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 and minesweeping units of the
Pacific Fleet (Reference C.9.206, p. V-(B)-4).
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Erection of photo towers on Bikini, prior to CROSSROADS, 1946.

Figure 7.
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Figure B, Bikin! recreation area during CROSSROADS.

SPECIAL PROBLEMS IN THE CROSSROADS TESTS

The remoteness of Bikini Atoll posed significant logistics problems in
procuring and transporting personnel., materials, and supplies to the new test
glite. Special security arrangements were also required to Lransport the nuclear
weapons from the United States to the test area. However, there were many ad-
vantages to testing at Blkini. It offered a large. uninhabited area for test

activities and normally steady directional winds to clear the alrborne test
debris.

Another major problem was design, procurement , and installation of the many
sclentific instruments required to measure effects of the detonations. These
included instruments for observing shock waves, water pressure, alrblast, wave
actlon, deformation of structures, and radicactivity. Remotely controlled
(drone) boats and aircraft had te be provided to obtaln important measurements
In radloactive zonmes without endangering personnel. Laboratories had to be
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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)-17).

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

® Sclentific resources were declining from wartime peaks

The number of nontechnical Service personnel was diminish-
ing

e Cilvilian 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 available 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 sclentific personnel. This joint staff maintained
liaison with the War and Navy Departments, the Manhattan Englneer District,
and other government agencies.

CJTF 1 maintained lialson with two boards of special interest, the JCS
Evaluation Board and the President's Evaluation Commlission. The Evaluation
Board was to advise CJTF 1 during preparation for the tests and evaluate test
results. The Evaluatlion Commission was to cooperate with the War and Navy De-
partments in conducting the tests, and to undertake a study of the tests and
to submit 1its 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 (Technical Group)

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

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

e Furnished technical advice and assistance.

32




LINA NOILYNOVA3
AIHIONOY

£'81 LINN XSV

LINM
NOILONYLSNOD

981 LINN NSVL

1IN ASAENS
S'8°1L LINNSVYL

"SQY0YSSOY) ‘uoiieziuebio | 82404 ysel juior

1INN
NOILVINIIHO HIV

86 L LINDJNSVYL

LINA HIHLIVYIM
HIV ANHY

£671 LINN NSVYL

LINN
ANOHA AWHY

96 L LINN XSVL

LINN HIV
9¢L LINNMSYL

LINN
3DIAHIS HIV

GG L LINQASYL

1INN
Y3ILSYWHILYVYND

StL LINNJISYL

INIYI8 '93ANIL
INVIdVIS

Y9 L LINNJSYL

1IN
LHO4SNVHL HIV

PG L LINAASYL

LINN IVOINIHD
YL LINNJASYL

‘6 94nby4

1INN 3DVATVS
LT LINA ASYL

LINN
IdAL INVHOU3IW

9T L LINNASVL

LINN
14vHO ONIANYT

G'Z'L LINNJSYL

LINN INIHVYNENS
PTL LINQXSYL

1INM B3IA0HLS3IA
€T 1 LINNXSVL

TINA D38 1S3L % 1INA 83198V TiNn
tﬂ:hﬁ%% 1NN aNIav3s | | | Goily inawntishi| (| AINNIONYNGHO | | LINN Su3Au3SEO P H ivoasnoua
'8 L LINN %SVL £91 LINN ASVL L LINN YSYL €L LIND MSVL £ELLIND JSVL £ LINR SV L LINA XSVL
300d LYO8 ONV TINA TINN TINA §3SINE0 TN
1v08 HILvdSIG ¥IMUVOOLOMd | L ¥IV AWHY OLOHd | LINNAVNOIS ] [ LINO SS3Nd aNv dibs31LLve | H NOILYINIWNYLSNI
£8'L LIND YSVL Z9'L LINNJSYL TELLINA SYL Tvl LINASYL ZELLINNASYL 1'T'L LIND ASYL Z'1'LLINNISYL
1INN 301AH3S NOHQVNDS 1INn LINA SNOILVE3d0
ANV Ylvdan H3IAON1S3A H314YVY INOHA WVILIVL LINN ¥33INIONS LINN 1H0dSNYHL U'Z'L dNOMD NSV.L LINA AHOLVHOBY
8L LIN SYL 1L LINO YSYL 1'9'L LINA YSYL 1'G'L LINA YSYL VYLLINAISYL VE'LLINN ASVL VULLINNJISVL
JNOUD dNOYD dNo¥D 4NOHD dNoYo dnoYo 4NOHo 4noEo
30IAH3S 104LYd 30V4UNS IV AAVN HIV AWHY ANNOYD AWHY LHOJSNVHL 135S3A 1394HV1 TVDINHOAL
g1 dNOYD NSVL 't dNOYO HSVL 91 dNOYD NSV 51 dNOYD NSV ¥'L dNOYD NSVL £'1 dNOHO NSV Z'1L dNOYO HSVL 1'L dNOYD XSV

L

|

]

N

~

I

]

AVIHIALYIW dIHS 40
40123410 40 321440

HO123HIa
AVIINHI3L 40 301440

L ]

I

NOILO3HI1Q TVIINHOIL HO4
HIANVINNOD 30404 MSVYL
AlNd30 40 321440

S301v ANV
44V1S 40 431HD

NOILVIAY HOd
HIANVINWOD 30404 MSvl
AlNd3a 40 301440

HOSIAQY 30404
aNNoYo 40 301440

s

]

]

NOT3IHO3 HY3IH H3IAONVWWOD

|

HIANVIWWOD IJHO4 SVl

33



TG 1.1 had the following three task units, listed below with the ships on
which they were based.

e TU 1.1.1 (Laboratory Unit)
-- USS Albemarle (AV-5) (Flagship)
-- LCT-1359
-- LSM-60 (BAKER surface zero vessel)

e TU 1.1.2 (Instrumentation Unit)
~- USS Avery Island (AG-76)
-— USS Burleson (APA-67)
~- USS Cumberland Sound (AV-17)
-- USS Haven (AH-12)
-- USS Kenneth Whiting (AV-14)
-~ UsSS Wharton (AP-7)

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

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

Salvaged and provided rescue asslstance to damaged,
strained, or distressed vessels

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

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; their
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 preparation, placement, and salvage of the
targets. An eighth task unit, TU 1.2.12 (Kwajalein Maintenance Force), provided
radiological decontamination and ammunition removal and disposal services for
the JTF 1 ships moved from Bikini to Kwajalein during August and September
1946. Other activities included rollup of operations at Bikini, radiological
survey of marine life around Wotho, Rongerik, and Rongelap islands, preparation
of ships for movement to other shipyards, and aid in the training of radiolog-
ical safety school graduates who had been sent to Kwajaleln for practical ex-
perience. The unit initially consisted of about 1,500 men based ashore and on
assorted small craft as well as the following vessels:
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Table 1.

in CROSSROADS.

Task Group 1.2 (Target Vessel Group) ships participating

Task Group Task Unit Task Unit Task Unit Task Unit Task Unit
1.2 1.2.3 1.2.4 1.2.5 1.2.6 1.2.1
Destroyer Submar ine Landing Craft Merchant Type Salvage
Flagship Unit Unit Unit Unit Unit
USS Fall River (CA-]S])a Destroyer Submar ine LST Group 9 Transport ATR-402
Diviston 31 Diviston 11 USS LST-52 Division 9N ATR-B7a
USS Anderson USS Searaven USS Banner a
Task Unft 1.2.1 (0D-411) (55-196) Uss LST-125 (APA-60) ATA-180
Battlesnio and Crateer USS Hughes UsS Skate Uss LST-133 UsS Brule ATA-185
P (0D-410) (§5-305) USS LST-220 {APA-66) ATA-192
Unit (Flagship) a
gship Uss Skiplack USS LST-545 USS Carlisle  USS Achomawi
Battleship Division 7 USS Lamson ($5-184) USS LST-661 {APA-69) (ATF-148)
USS Arkansas (BB-33) (0D-367) USS Tuna USS Carteret  USS Chickasaw®
(Flagshtp) USS Rhind (S$-203) LCI Group 7 (APA-T70) (ATF-83)
Nagato {captured (0D-404) Subnar 1ne LCI-327 USS Fallon uss clamp®
Japanese battleship) Destroyer Diviston 112 LCI-329 (APA-B1) (ARS-33) s
USS New York (BB-34) Division 2 USS Apogon LCI-332 Transport ?:gseggjerver
Battleship Division 9 ?gg ggg)“ Talbot  (55-308) LC1-620 Division 92 USS Coucal?
- USS Dentuda USS Barrow HEn oA
USS Nevada (B8-36) USS_Stack ($5-335) LCI{L)-549 (APR-61) (ASR-8)
???3P2275¥1van1a (BB-38) {DD-406) USS Parche LCI{L)-615 USS Butte ?:gSC;ggent
gship USS Wainwright {S5-384) (APA-68) -
(DD-419) LCT Group 15 USS Deltver?
Crudser Division 23 USS Piletfish USS Cortland TaRE o1
(Flagship) T§§?§§ET___—— LCT-B16 71531777____ {ARS-23)
UsS Pensacola (CA-24) USS Wilson LCT-818 USS Crittenden LSS ERIEN®
Prinz Eugen {captured (DD-408) T (AN-79}
German crulser) LCT-B74 (APA-T7) USS Gypsy?
Sakawa (captured Divieion 3 Ler-lore oA (ARSO-D)
Japanese crulser) 0 ter-112 - LcT-5818
USS Salt Lake City ?gg gg?)" ham LCT-1113 Transport LeT- 7463
(CA-25) (Flagship) - Division 93 -
USS Flusser® LeT-1i4 LCT-11842
(0D-368) LCT-1115 Gt en LeT-1420%
a
Task Unit 1.2.2 ?gg-gggsord LCT-]llba USS Bracken Uss Hendera
Afrcraft Carrier Un'ltb USS Mustin LCT-1130a (APA-b4) {ARSD-2) a
us LCT-1132 USS Briscoe USS Oneota
{DD-413)
Carrier Division 31 LCT-11552 {APA-65) (AN-B85)
USS Independence ((VL-22) Destroyer USS Catron uss Palmyraa
USS Saratoga (CV-3) Division 4 LCT Group 21 {APA-T71) (ARST[T]}-3)
USS Mayrant Ler-412¢ USS Fillmore  USS Preserver?
{00-402) LCT-414 {APA-81) (ARS-8)
USS Trippe LCT-705 USS Geneva UsS Reclatmer?
(DB-403) (APA-B6) (ARS -42)
LeT-812 USS Nlagara  USS Shakamaxon®
LCT-1013 (APA-87) (AN-B8)
a
LCY-1175 USS Suncock
Transport fiifﬁﬁT—-__
LCT-1187 Division 94 a
LCT-1237 USS Appling®  {RepHifdeen
LCT-1268° (APA-58)
uss Artemis?
LeT-13408 LR L LR
LeT-13778 (AA-21)
a USS Gasconade
NOTES: LET-1415 (APA-85)
aNontarget vessels. Miscellaneous
bTwo PB2Y-5H Coronado seaplanes were also moored in the target ARDC-13
array. They were not assigned to any task unit. YO-160
“BAKER target only. Y06-83
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USS Conserver (ARS-39) APL-27

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 RKAs and two LSTs for the construc-
tion unit, and transported and quartered the press and observers. This task

group was composed of three task units; their respective ships are listed
below.

TU 1.3.1 (Transport Group)
Transport Division 31

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

USS Bexar (APR-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 (AKA-99)

USS LST-817 USS Saint Croix (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 activitles, 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 varying distances from the detonation point and measuring radii of
effectiveness for each detonation. Each of the operating task units had Army
equipment on certain ships and on Bikinl Island for exposure to the nuclear
detonations. Fiqure 10 shows the TG 1.4 organization. Each unit had inspection
teams that were assigned to target ships and responsible for 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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HEADQUARTERS

COMMANDER
TASK GROUP 14

ARMY GROUND GROUP

TASK UNIT 1.4.1 TASK UNIT 1.4.3 TASK UNIT 145

ENGINEER UNIT ORDNANCE UNIT QUARTERMASTER UNIT
(6 INSPECTION TEAMS) (9 INSPECTION TEAMS) {11 INSPECTION TEAMS)

TASK UNIT 1.4.2 TASK UNIT 1.4.4 TASK UNIT 1.4.6

SIGNAL UNIT CHEMICAL UNIT AIR UNIT
(6 INSPECTION TEAMS) {6 INSPECTION TEAMS) (3 INSPECTION TEAMS)

Figure 10. Task Group 1.4 organization, Operation CROSSROADS.

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
the following six operating task units:

e 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).

Task Group 1.5 (Army Air Group)

TG 1.5, the Army Air Group, composed of provisional Army Air Forces units,
was assigned the mission of dropping the ABLE weapon on the target array in
Bikini Lagoon. In addition, it furnished aircraft, facilities, and crews for
photography, weather reconnaissance, alr-sea rescue, cloud sampling, pressure
gauge drops, and alr transport. Table 2 lists the Army aircraft used during
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 10 task units (as shown in Figure 11).

TASK UNIT 1.5.1 (TACTICAL OPERATIONS UNIT). TU 1.5.1 trained crews, pre-

pared equipment for the tests, alrdropped the test ABLE weapon, set up the air
search radar in the Bikini area, and provided radar analyses of practice bomb
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Table 2. Army aircraft, CROSSROADS.

Task Unit Type Quantity Mission

1.5.1 B-29 1 Command
B-29 1 Bomb drop
B-29 2 Pressure gauge drop
F-132 2 Radiological reconnaissance
B-29 3 Spare

1.5.2 C-54 2 Photographic
F-13b 8 Photographic

1.5.3 B-117 10 Drone samplers
B-17 6 Drone controllers

1.5.4 c-46° 20 Transport
C-54C 10 Transport

1.5.6 This unit was combined with TU 1.5.3 before ABLE and
BAKER tests.

1.5.7 WB-29 3 Weather reconnalssance

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.
bg_295 modified for photography.

CIncludes those used to carry supplies to and from the continental
United States.

dBorrowed from TU 1.5.4 on shot days.
Source: Reference C.9.189, p. VII-E, Appendix II.
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COMMANDER
TASK GROUP 1.5

ARMY AIR GROUP

TASK UNIT 153
TASK UNIT 1.5.1 TASK UNIT 155 TASK UNIT 1.56.7 TASK UNIT 159
TACTICAL T REQUIREMENTS AIR SERVICE UNIT ARMY AIR WEATHER AIR-SEA RESCUE UNIT
OPERATIONS UNIT RECONNAISSANCE UNIT
TASK UNIT 1.5.2 TASK UNIT 1.5.4 TASK UNIT 1.5.6 TASK UNIT 1.5.8 TASK UNIT 1.5.10
ARMY A THOTO AIR TRANSPORTATION ARMY DRONE UNIT AIR ORIENTATION UNIT HEAD AR ERs

NOTE: TASK UNIT 1.5.3 AND TASK UNIT 1.5.6 WERE
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 radioactive clouds and sam-
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.

TASK UNIT 1.5.3 (INSTRUMENTATION AND TEST REQUIREMENTS OUNIT). TU 1.5.3 and
TU 1.5.6 (Army Drone Unit) were combined before the operation began. It was
responsible 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 for drone control operations.
This included special cameras mounted in the drones. This unit was located on
Enewetak Island.

TASK UNIT 1.5.4 (AIR TRANSPORT UNIT). TU 1.5.4 provided airlift for per-
sonnel, supplies, and equipment between Roswell Army Air Fileld, New Mexico,
and the Pacific Test Area. It also provided air shuttle service among Kwaja-
lein, Bikini, and Enewetak islands. Both C-46s and C-54s were available. This
unit, stationed 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 malntenance person-
nel, the task unit had engineers, military policemen, and weather-forecasting
personnel.

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

TASK OUNIT 1.5.8 (AIR ORIENTATION UNIT). TU 1.5.8, based on Kwajalein
Island, was responsible for accommodating visitors, observers, the press, and

39




news broadcasters. It flew these groups in two B-29s and two borrowed C-54s to
witness CROSSROADS detonations.

TASK UNIT 1.5.9 (AIR-SEA RESCUE UNIT). TU 1.5.9 was initially part of TU
1.5.3 but was made a separate unit before testing started. It had two B-17
alrcraft (called "Dumbos") for air-sea rescue and provided coverage between
Enewetak and Bikini. The unit was based on Enewetak Island.

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

Task Group 1.6 (Navy Air Group)

TG 1.6 had three different functions: drone plane and drone boat control,

aerlal 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 Field Recovery Subunit,
NAB Rol-Namur, Kwajalein)

TE 1.6.14
Air Development Squadron 2 (VX-2)

TU 1.6.2 (Photo Carrier Unit)
USS Saidor (CVE-117)
Plane guard destroyers from TE 1.6.12 as assigned.

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

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

Shangri-La carried drone aircraft and operated off Roi Island, Kwajalein,
where an ailrfield was used for landing and experimenting with drone planes.
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Between tests, Saidor operated from Bikinl Lagoon with drone boat control and
photographic unit personnel on board. Except on ABLE and BAKER days, Qrca 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
™G 1.7

TG 1.7 was composed of only one task unit, TU 1.7.1 (Destroyer Squadron

Unit), and

1.7 (Destroyer Surface Patrol Group)
performed the following tasks during CROSSROADS:
Furnished radsafe patrols

Anchored one ship at Bikini Atoll lagoon entrance, except
when it was evacuated, and supplied arrival information to
incoming vessels

Advised the Senior Officer Present Afloat (SOPA) about
each arrival and departure from Bikini Lagoon

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

contained the following ships.

Destroyer Division 71

USS Barton (DD-722) (Flagship) USS O'Brien (DD-725)
UsSS Laffey (DD-724) USS Walke (DD-723)
USS Lowry (DD-770)

Destroyer Division 72

Task Group

USS Allen M. Sumner (DD-692) USS Moale (DD-693)

USS Ingraham (DD-694) USS Robert K. Huntington (DD-781)

1.8 (Service Group)

This task group had the following responsibilties:

Base facilities and services including repair, fuel, water,
mall service (UsSS LST-861); general supply, provisilons,
hospital, and recreation (USS LST-388)

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

Boat services
Medical and hospital services

Quarters and laboratory facilities on USS Fulton (AS-11)
for the Oceanographic Wave Measurement Group

Surveys in accordance with the Oceanographic Survey Plan
Construction in accordance with Logistic Plan
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@ LCI shuttle service between Bikini and Kwajalein atolls
® Evacuation of Rongerik Atoll population if necessary.

TG 1.8 was composed of the following six task units (Reference B.0.l, pp.
5 and 6).

TU 1.8.1 (Repair and Service Unit)

USS Ajax (AR-6) USS Sioux (ATF-75)
ARD-29 USS 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 (AO-54) USS wWildcat (AW-2)
USS_Chowanoc (ATF-100) YC-1009
USS Coasters Harbor (AG-74) YF-385
USS Creon (ARL-11) YF-733
USS Dixie (AD-14) (Flagship) YF-734
USS_Enoree (A0O-69) YF-735
USS Fulton (AS-11) YF-752
USS Hesperia (AKS-13) YF-753
USS Limestone (IX-158) YF-154
USS LST-388 YF-990
USS LST-861 YF-991]
USS Munsee (ATF-107) YF-992
USS Phaon (ARB-3) YO-132
USS Pollux (AKS-4) Y0-199
USS Quartz (IX-150) YOG-63
USS Severn (AO-61) YOG-70
YW-92

TU 1.8.2 -- No units assigned

TU 1.8.3 (Dispatch Boat and Boat Pool)
USS Gunston Hall (LSD-5) LCT-1361 PGM-29

LCI(L)-977 LCT-1461 PGM-31

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

LCI(L)-1062 PGM-24 USS Presque Isle (APB-44)
LCI(L)-1067 PGM-25 USS San Marcos (LSD-25)
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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
YMS-358
YMS-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-871
UsSsS 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 temporary
duty under Commander Western Sea Frontler to follow up and coordinate the de-
contamination, monitoring., and clearance of exposed ships. On 24 September, in
a joint speedletter, the Bureau of Ships and the Bureau of Medicine and Surgery
assumed responsibility for gilving final radiological ship clearances and pre-
scribed detalled decontamination and clearance procedures. JTF 1 was formally
dissolved on 1 November; its successor was a JCS committee, the Joint CROSS-
ROADS 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 radiological safety appears to have
occurred at a meeting held 8 December 1945. Among those attending were the com-
manding general of the Manhattan Engineer District, the chief of the District's
Medical sectlon, 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 organization. The chief of the medical section, an Army medical officer,
became Radiological Safety Advisor to CJTF 1 and headed the task force Radio-
logical Safety Section within the safety organization (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 training in radiological safety. The
Manhattan Englineer District took responsibility for radiological safety as the
result of a meeting on 7 January 1946 between the joint task force commander
designate and the commanding general of the Manhattan Englneering District.
The Safety Advisor, the Radlological Safety Advisor, and the Radiological
Safety Section were part of the joint task force from the time of its 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 are 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-
slons, and toxic materlal. By exposing a fleet of warships, many loaded with
ammunition, 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 avoidance of radiation to protect
personnel. Systematic reconnaissance was to begin shortly after each detona-
tion. Navy patrol seaplanes (PBMs) were to conduct aerlal 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 radloactivity. B-29s were to track the nuclear cloud. Radsafe
monitors were to accompany all units and working parties reentering the target
area to recover data or work on the target vessels.
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RADIOLOGICAL SAFETY RESPONSIBILITY 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 Bikini and major radsafe orders were issued in his name. A Radiological
safety Section was established to advise CJTF 1 in this area and to implement
his orders. Its chief was also CJTF 1l's Radiological 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 Radlological 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 Radlological Safety Section was (Reference B.0.1l, 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
earllest possible moment.

The task force operation plan specified the following elements for the
Radiological Safety Section (Reference B.0.l, p. E-II-1):

1. Radiological Safety Control Unit

2. Radiological Safety Advisory Board

3. Radiological Safety Reconnaissance Units

4. Radiological Safety Monitor-Advisors

5. Radiological Safety Technical Service Units.

Documents written during CROSSROADS provide additional details on the section's
organization. Figure 12 gives a composite picture based on information from
the available 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
McKinley (AGC-7), the task force flagship. They were to (1) receive, plot, and
analyze radiological data from all sources, (2) control the radsafe reconnais-
sance units, and (3) advise CJTF 1 on the 1° ation and amount of radioactivity.
They were also to predict the path of the radioactive cloud and the pool of
radiocactive water.

The Committee for Review of Radiological Safety Measures functioned during
most of 1its existence at Blkinl 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 1irreqularly at his call or when one of more of its members felt a matter
required its attention. Initially, it served to evaluate the regulations and
safety measures adopted to protect personnel from radiological hazards. Later
the board initiated a number of investigatlons, believing itself warranted in
defining its own field of action. A total of 14 men served on the board at one
time or another. All were medical doctors., specializing in radiology or with
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* THE CHIEF OF THE RADIOLOGICAL SAFETY SECTION ALSO SERVED AS RADIOLOGICAL
SAFETY ADVISOR TO COMMANDER JOINT TASK FORCE 1. 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 AEPORTS, THE RADIOLOGICAL SAFETY ADVISOR AND THE
SECTION WERE UNDER THE TECHNICAL DIRECTOR. DURING THE OPERATIONS, HOW-
EVER, THE RADIOLOGICAL SAFETY ADVISOR ACTED AS A MEMBER OF THE STAFF OF
COMMANDER JOINT TASK FORCE 1, AND THE SECTION OPERATED DIRECTLY UNDER
THE ASSISTANT 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 BY THE RADIOLOGICAL SAFETY CHIEF TO PROVIDE PERSONAL ADVICE.

Figure 12. ‘Organization of the Radiological Safety Section, CROSSROADS
(sources: References C.9.206, B.0.2, B8.0.4, and B8.0.7).

radiation safety experience. The board held 14 meetings and considered such
topics as the plutonium hazard, permissible beta exposure, fission products in
the air, decontamlnation of personnel, control of overdoses, urinalyses, blood
counts, monitoring procedures, and removal of equipment from target vessels
(References B.0.7, C.0.5, C.0.6, 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. Initially, 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 alrcraft likely to
encounter radioactivity. The major function of these monitors was to advise
their commands and pilots on radiological safety. In addition, they had a
reconnalssance function. Thus, they could quickly communicate with the radsafe
control unit to report radiation levels and receive advice on safety measures
(Reference B.0.1, p. E-II-8).
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The Radiological Safety Technical Service Units were composed of instrument
repair personnel, photometrists, and analysts. The instrument repair personnel
maintained, repaired, and calibrated all instruments used by the radsafe sec-
tion. They supplied monitoring equipment to all aircraft 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 radicactivity (Reference B.0.l, p. E-I1II-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 roentgen (R) per 24 hours (Reference B.0.1l, 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 experience
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 or 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 received by an Army 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
exposure was 2.48 R.

Provision was made for special situations (Reference B.0.l, p. E-II-9)
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 1is less than 10 roentgen units. This may be per-
mitted only on direct instructlons from Radiological Safety
Control. Details of the situation and clearance therefore
will be carefully logged by the accompanying monitor and at
Radiological 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.0.1l1).
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FiIm 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 plece 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, humld Bikinl 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 thls. One 1s that the response of the
double-coated film dosimeter emulsions depends on the energy of the beta par-
ticles they are exposed to. Unless additional thin metal folls are used over
the films to filter or sort the beta radiation into known energy groups, oOr
unless the enerqgy distribution of the beta radiation 1s 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 unfilltered areas (Reference C.13.2). Despite the
doubtfulness of the validity 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 Radiological 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 wearer'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 widely 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 often, the target
ship on which he had worked that day was entered. If the badge had been used
on an 1sland 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 is not always legible, and incomplete identifi-
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 analysis of the material. The REECo list 1is used as
the basls of the personnel exposures in this report.
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Multifilm badges, called casualty badges, were used to record high-range
exposures. They were placed aboard a small number of ships and aircraft that
might enter areas of high radiation. Casualty badges were also placed aboard
target ships as part of the scientific program to determine exposure from the
detonations.

Radiological 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 Section
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 Geiger-Mueller
counter (X-263 Survey Meter) and an ionization meter (Model 247 Survey Meter),
as well as other equipment, depending on the nature of the mission (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 hours 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 encountered during CROSSROADS (Refer-
ence A.2, pp. 7 and 8). The X-263 proved too delicate to function consistently
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
monitor tried to have three or four of them to assure 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 available. Experienced
monitors preferred it whenever accurate and reliable data were required (Ref-
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 available for monitoring after the BAKER detonation (Reference C.0.14,
p- 3).

Pocket dosimeters 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 repair. Apparently they were often issued to divers (Ref-
erence C.0.12, pp. 27 and 28).

Several other Iinstruments were available to the monitors, although 1n
numbers smaller 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 1n 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 LaW meter was the most reliable instrument for these measurements
because it was energy-independent and insensitive to temperature and humidity
changes (Reference C.0.16). Six assault meters, brought out by individual mon-
itors, were used during the operation. They were very rugged and ideal for
quick and rough determination of radlation levels from 0.1 to 10 R/24 hours.
They proved useful for boarding ships and simllar operations (Reference C.0.12,
p. 31). The "cutie pie" survey meter was a small instrument capable of measur-
ing beta and gamma radiation up to 100 R/24 hours. Few of these were avallable
for CROSSROADS, but a monitor aboard PGM-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 fleld surveys. Photographs of task force
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 carrying handle, but apparently they did not work well outside of
USS Haven's (AH-12) air-conditioned laboratories in the hot, humid Bikini cli-
mate (Reference C.0.14, p. 4). In addition, the Radsafe Section had five Filter
Queen Air Samplers. Basically, these were tank-type vacuum cleaners with an
alpha detector and filter paper mounted in the intake tube. Samples collected
in the filter papers aboard 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
(Reference C.0.12, pp. 8 and 9).

Personnel Decontamination

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

Ajax crewmembers slated for work on Salt Lake City left their own compart-
ments wearing only their own shoes. These shoes were removed and left in a
compartment adjacent to a designated head (bathroom) where the men donned work
clothing. They then left Ajax via a Jacobs ladder into a small boat while
carrylng canvas gloves and shoe covers. The gloves and shoe covers were put on
immediately before boarding the target ship for work and were taken off just
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 their hands and
forearms with hot water and salt-water soap. Then each man washed his own
clothing. These were first scrubbed in hot water and salt-water soap and then
rinsed in a special hot rinse and rinsed again in plain hot water. The clothes
were hung on lines to dry on the upper deck.
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Clothing so contaminated that it read more than 0.10 R/24 hours (gamma)
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 aslide to cool, the men took a
shower in the decontamination head in a designated stall with hot water, thor-
oughly soaping themselves with salt-water soap. They then proceeded to a second
stall where they again showered with ordinary soap. The men were monitored
again and if 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 radlation 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 notifled. 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 done and the
laundry machinery had to be specially cleaned after use (Reference C.10.8).

Urine Testing

The discovery of alpha emitters, including plutonium, led to urine tests
for personnel thought to have been exposed to determine whether any had taken
these substances into their bodies. The water-testing laboratory on Haven was
converted for testing urine. By 15 August, 2,600 samples had been tested. The
men doing the work had to use instruments that were on hand and develop tech-
niques as they worked. The widespread presence of radloactive 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 Section
reported slight beta activity had been found in the urlne of 2,600 men checked
(Reference A.2, pp. 117, 118, and 121 through 125; Reference C.10.9; Reference
C.10.15). Desplte all the concern and discussion about it, there is no indica-
tion in CROSSROADS documentation that positive alpha counts were found in any
urine samples.

Eye Protection

Eye protection from the ABLE flash was a major concern. Approved darkened
goggles were provided to personnel on ships 25 nmi (46 km) or less from the
ABLE detonation and to all observers on the press and observer ships. Men
without goggles within 30 nmi (56 km) were to turn away from surface zero,
look down at the deck, close their eyes, and cover their eyes with their arm
(Reference B.0.1, pp. E-I-1, E-I-2, and E-IV-2). Pilots airborne at the time
of the detonation were to wear approved goggles and turn their heads away from
the detonation. In addition, each copilot was to close his eyes and cover them
with his arm so that he would be ready to fly the ailrcraft 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 to which access was forbidden
or restricted (Reference C.9.206, p. VII-(C)-9):

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

2. Red 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 Line. This line marked the boundary between the la-
goon area 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 permlssion from the Radio-
logical Safety Control Unit. Vessel movement outside of
the Blue Line was governed only by regular 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 specified. 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 their outer clothing before taking
cover. If necessary, men 1n coveralls and gas masks were to decontaminate 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 gain access to classified or radiocactive 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 Operations

Initially Joint Task Force One Operation Plan 1-46 (OpPlan 1-46) prescribed
certain general safety precautions for air operations. It specified that all
alrcraft aloft from H-2 hours to H+30 minutes carry a radiation monitor with
monitoring equipment. Exceptions were the bomb-drop and pressure-gauge-drop
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B-29s, single-seated aircraft, and those other aircraft 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 photographic aircraft, reconnaissance air-
craft, drone control aircraft (except the Navy F6Fs), air-sea rescue aircraft,
and press/observer aircraft. The F6Fs were single-seated, fighter-type aircraft
in which radiation monitoring equipment was installed for the pilot's protec-
tion. On shot BAKER, radiation monitors were aboard all photographic aircraft,
reconnaissance aircraft, and press/observer aircraft (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
120°. From H+6 to H+18 minutes, the aircraft 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 BAKER shots are discussed in Chapter 4 (Reference B.0.6). In addi-
tion, no aircraft 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 aircraft, 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 special 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 Radiological Safety Section was established in January 1946, 1t
was belleved that 50 to 60 monitors would h» needed. Between 20 and 30 were to
be experienced radsafe practitioners from the Manhattan Engineer District and
thirty were to be doctors from the Army, 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 radiocactivity, nuclear safety techniques, biological
effects of radioactivity, field training, and hazards of 1ingested radio-
nuclides. Experts from Oak Rlidge and Los Alamos laboratories and from the
universities of Rochester, Chicago, and California at Berkeley provided
instruction (Reference C.9.206, p. VII-(C)-4).
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As the Chief of the Radlological Safety Section and his staff continued
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
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,
and recelved, promises of strict limits on the duration of their 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 Radlological Safety Section 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
that the second test also was delayed. This change ralsed the prospect that
personnel from colleges and unlversitlies 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 offlcers 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 (Reference
C.9.206, p. VII-(C)-5; Reference B.0.5).

Bikini Activities

Most of the Radiological Safety Section reached Bikini on 12 June aboard
Haven (Reference A.2, p. 1ll). Some personnel, however, did not arrive until
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 available for each of the
two shots, but they were stretched thin. During ABLE there were more monitors
than during BAKER (Reference A.l, p. 31; Reference C.9.206, p. VII-(C)-5).

Tralning of Radlological Safety Section personnel had three phases. First,
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.

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. 5):

Most are older men, some are well-known scientists. Some have
worked with radiation in the Manhattan District, but the ma-
jority come with little more than a scientific background.
Test ABLE is only one month away. Since this group is to have
the responsibility for protecting task force personnel from
the invisible dangers of radiocactivity., the problem of brief-
ing them on the fundamentals and the practical aspects of
radlation 1s acute.

Training for the entire section began aboard Haven on 31 May as the ship
steamed for Bikini. It consisted of lectures and work with radiation detection
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instruments. The l12-day curriculum is shown in Table 3. On the seventh day,
personnel were divided into groups by job: destroyer monitors, alrcraft moni-
tors, PGM monitors, etc. They were issued instruments, and radium sources 1in
lead "pigs" (containers) were used to give the men experience calibrating and
reading their instruments under a semblance of fleld conditions (Reference A.2,
p. 7: Reference C.9.206, pp. VII-(C)-6 and VII-(C)-7).

Haven arrived at Bikini on 12 June, and a task-force-wide rehearsal, called
Queen Day, was held on 14 June. Two problems for the radsafe section became
immediately apparent. Flrst, because of a shortage of electronics technicians,
radios on Mount McKinley used by the Radiological 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 thelr radlos were even worse. Only six of the twenty-four land-
ing craft could participate in this first exercise, and four of them broke
down within 3 hours. Neither Mount McKinley's radlos nor the landing craft
were fully ready for the ABLE rehearsal. Thelr first completely satisfactory
performance was on ABLE day (Reference C.9.206, p. VII-(C)-8).

Task force personnel had varlous means of learning about the upcoming
operation 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 avalilable 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 Materlals (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 typical 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
falrly well-versed in radiation safety from their service with the Manhattan
Engineer District. Units designated to enter possibly radioactive areas re-
celved briefings from members of the radsafe staff, usually the unit's assigned
monitor, on radsafe procedures needed for thelr particular assignment (for
example, see Reference B.0.1, p. F-XII-3). The radsafe monitors were responsi-
ble for the safety of personnel reboarding target ships. Task force personnel
received 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-
ROADS 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 CROSSROADS Series, was
still planned. Moreover, the serles' first phase had brought home to the mili-
tary leadership the need for a substantlial military radsafe organization.

August saw the beginnings of activity designed to begin meeting these long-
term needs. On 5 August, CJTF 1 asked the Navy Bureau of Ships for 100 naval
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Table 3.

Basic iIntenstve courses for CROSSROADS radiological safety monitors.

Day

Time

Course Title

]

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
1530-1620
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

Ionization and Quantum Concepts
Group Seminar

Instruments Demonstration
Radloactivity

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

Nuclear Composition

Demonstration and Group Seminar
Demonstration of the X-263

Thermal Radiation

Artificial Radioactivity

Fission Process

Fission Products

Demonstration and Group Seminar
Demonstration of the 247

Effect of Radiation on the Human Body:
and Other Pathology

Radiation Sickness

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

Demonstration of the Pocket Dosimeter

Physical Damage to the Principal Hospitals and First-Aid
Stations in Nagasak}

{(continued)
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Table 3.

Basic intensive courses for CROSSROADS radiological safety monitors

(continued).

Day

Time

Course Title

6

10

11

12

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

0830-1120
1300-1620
1900

0830-1120
1300-1620
1900

0830-1020
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

0830-0920
0930-1020
1030-1120
1300-1620

Ionization Chamber and Geiger-Mueller Counter
Tolerance Dose

Radiobiology

Practical Problems of Radiation Exposure
Proteximeters [radiation detectors used in aircraft]
Physical Damage at Nagasak?

Calibration of the X-263 and the Pocket Dosimeter
Practical Exercise with the X-263
Thermal Radiation

Calibration of the 247 and the Pocket Dosimeter
Practical Exercise with the 247
Radioactivity from a Nuclear Blast

Principles of Radiological Survey
Radiological Operations

Air Monitoring

Sea Monitoring

Land Monitoring

Biological Studtes

Initial Boarding Party Monitoring

Target Ship Clearance

Analysis of Radioactive Water

Laboratory Analysis of Radioactive Water
Instrument Repair

Biological Studies

Principles of Health Physics

Protection Against Radioactive Hazards
Analysis of Radioactive Solids

Laboratory Analysis of Radioactive Solids
Instrument Repair

Ventilation Clearance
Evaporator Clearance
Ship Clearance

Field Exercise
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officers with technical or sclentific backgrounds to be assigned to radsafe
work. The officers were to be available 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 for 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 Chief of Naval Operations, Navy Bureau of Personnel., and the
Navy Surgeon-General for a program to be set up by JTF 1 to train 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 Bikinl (Reference C.9.206, p.
VII-(C)-24). Personnel traveling on Henrico probably were mostly civilians
returning to their campuses and laboratories or military officers 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
tralning (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 Radiation Safety Laboratory, San Francisco Naval Shipyard,
Hunters Point, California, before reporting to the Radiological Safety Section
at KwajJalein (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 organization 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 radloactive 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.1, p. 92).

After the shots, the radsafe section monitored the radiation level in the
lagoon water through the use of drone boats, PGMs, and LCPLs (Reference A.2,
p. 100). Monitors accompanied scientists 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 pltched over the side (Reference
A.2, p. 108). Highest recorded activity on a bottom core sample was 0.292
microcuries/gram in 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 glve reasonable assurance that radiological safety could be main-
tained. Cloud cover had to be at a minimum for the ABLE ailrdrop to allow the
bombardier to see the target ship. Wind direction, not only near the surface
but up to 60,000 feet (18.3 km), had to be such that it would not carry fallout
over the task force. Moreover, wind direction 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 Bikini 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 BAerologlical Unit located on Mount
McKinley. The unit was to prepare special forecasts for the Radiological Safety
Unit to help anticipate movement of the radioactive 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, aerological units of from four
to six personnel were stationed on USS Shangri-La (CvV-38), USS Saidor (CVE-
117), USS Fall River (CA-131), and USS Albemarle (AV-5). These personnel also
provided weather briefings to task group commanders and alrcrews. To gather
surface data, one-man aerological units were stationed aboard USS Orca (AVP-
49), Bowditch, USS Kenneth Wwhiting (AvV-14), USS Blue Ridge (AGC-2), and USS
Appalachian (AGC-1). Weather Central received reports daily or more often from
weather stations on Wake, Enewetak, Tarawa, Majuro, Kwajalein, and Marcus
islands and from two weather ships northeast and northwest of the Marshall
Islands at 12945'N, 180°'Ww and 12°0'N, 153°40'E, respectively (Refer-
ence C.9.207, p. VII-(0)-22). Data from more distant U.S. and foreign 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 it. Continued weather input was provided the commander (Ref-
erence C.9.207, pp. VII-(0)-9, through VII-(0)-19).
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RADIOLOGICAL SAFETY PREPARATIONS FOR BAKER

Because BAKER was the first underwater detonation of a nuclear weapon.
neither the participating sclentists 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 radicactive 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 yield of the BAKER device (Reference B.0.15, pp.
13 through 16).

During the period March to May 1946, several organizations under the super-
vision of a professor from the University of California carried 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 scientists 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 most 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 column (Reference C.0.19, pp. 5 and 9).

In an early overview of the operation, CJTF 1 offered the opinion that
following BAKER (Reference B.0.16, p. 7)

It will be undoubtedly be some weeks before the lagoon and
target ships are again 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 or steam
caused by the detonation was predicted to rise to an altitude of from 10,000
to 60,000 feet (3.1 to 18.2 km). The most llkely altitude was predicted to be
30,000 feet (9.1 km) (Reference B.0.l, p. E-IX-1, Change No. 6). However, a
postoperation 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.
Radioactive material would be deposited initially in the lagoon within boun-
daries represented by a cylinder several hundred yards in diameter and extend-
ing from the surface to the bottom of the lagoon. The trall 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 (l.4 km). It was expected that
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some target ships might be so heavily contaminated they 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 radioactivity 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 reconnalssance 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 Radiological
Safety Section changed between ABLE and BAKER as follows (Reference C.9.206,
p. VII-(C)-5):

ABLE BAKER
Civilians 130 93
Navy Officers 71 102
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 duties as follows (Reference B.0.l, 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 dutles in support of
emergency firefighting and salvage operations as directed
by the DSM or his radsafe advisor

3. Two monitors 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 3 monitors for the
target ship crews when they reboarded their ships and as
radsafe advisors to the ships' captains

Monitor duties 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 radioactivity 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.0.1l, p. E-X-3). Both
names were retalned, however, since operational personnel were familiar with
them. The definitions of the Red and Blue Lines remained the same, but a few
speclal salvage vessels with senlor 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 more strictly controlled (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 experlenced
personnel. Daily communication drills were held by the Radiological Safety
Control Unit using the PGM, LCPL, and drone boat circuits. On 16 July the
Radiological 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 rehearsal for BAKER. So that
radsafe personnel would not be caught unaware by major new hazards, they met
on several occasions with scientists 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 considered 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 Operatlons:
Bikini, Kwajaleln, 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:

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

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

o For ship designers and ordnance designers to aid in assess-
ing damage from and designing protection agalnst nuclear
weapons

e That would be helpful in learning to detect nuclear deto-
nations.

As a result, CROSSROADS had two experimental programs. The first was to
determine nuclear weapon effects on military equipment, such as ships, planes,
and supplies, and on animals. The second was to measure weapon phenomena such
as blast, heat, radiation, and wave action. The ABLE and BAKER tests were not
weapon development tests; in fact, the bombs used were of the same design as
the one dropped on Nagasaki, 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 Material and Inspection Divi-
sion, headed by the Director of Ship Material (DSM), and the second was the
Instrumentation Division, headed by the Technical Director.

EFFECTS ON MILITARY EQUIPMENT

The Ship Material and Inspection Division was responsible for determining
weapon effects on military equipment. The organization of the Ship Material
and Inspection Division contained both Army and Navy elements (see Figure 13).
Responsibilities included preparing the ships, aircraft, equipment, supplies,
and animals for each test and determining the exact cause and extent of damage.
Decontaminating ships and materlal after the second test also became a respon-
sibility of this group. Duties included distinguishing between damage caused
by the direct effects of the explosion and damage caused by indirect effects
such as fires and flooding. Table 4 shows the exposures recelved by personnel
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, aircraft, and equipment and included
conditioning, loading, instrumenting, and preparing specific equipment, and
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Figure 13. Organization of Ship Material and Inspection Division,
Operation CROSSROADS (source: Reference C.9.206).
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Table 4. Ship Material and Inspection Division recorded personnel
exposures, CROSSROADS.

Exposure Ranges (R)

No. of No. of

Persons Persons High
tlement Listed Badged 0 0.001-0.5 0.5-1 (R)
Office of the
Director 3 9 3 5 1 0.590
Army Group 322 1 1 6 0.310
Bureau of
Aeronautics Group 15 11 2 9 0.230
Bureau of Ships
Group 113 55 12 40 3 0.650
Bureau of Ordnance
Group 116 68 20 48 0.420
Medical Group
Damage Control
Safety Section 17 11 5 6 0.220
Medical Research 1117 7 44 21 0.340
Section
Electronics Group a1 56 23 32 1 0.600
Note:

aData taken from Reynolds Electrical and Engineering Company exposure
1st. Since personnel were not badged all 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, mooring, 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 gquidance to boarding 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, aircraft., and equipment. Most of
the equipment was packed and shipped to continental U.S. 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 Ground Group

The exposure of Army equipment was a mission of Commander. Army Ground
Group., Under his command were englneer. signal, ordnance. chemical warfare,
quartermaster., and air units. Personnel from these units were berthed on USS
wharton (AP-7). They exposed a wide variety of equipment on both tests rang-
Ing from emmunitlon, radar., trucks, petroleum, and tanks., to fleld stoves,
clothing, and medical equipment. Flgure 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 Blkini Atoll to provide a better range of effects. Members of the Army
Ground Group were evacuated from the Bikin! Lagoon on Wharton the day before
each test and planned to return the afternoon of each test day. Inspection of
equipment after ABLE began on 2 July and was completed by 12 July. The heavy
concentration of radioactivity in the lagoon after BRKER slowed inspection
efforts. Inspections were not begun until 30 July and were net completed until
10 August. Items on USS Nevada (BB-36) and the concrete drydock. ARDC-13. re-
malned too contaminated to be inspected. The doydock was fimally scuttled with

all equipment.

Englneer equipment was exposed on three attack transports (APAs). Signal
equipment was exposed aboard ships and on neacby Islands. Several different
items of ordnance equipment were on the decks of four target battleships and
on four tank landing ships and one oll barge. Chemical equlpment was exposed

Figure 14, Armored vehicles and other Army equipment aboard USS Saratoga
(CY-3), ready for exposure to atom bomb, CROSSROADS.
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only on shot ABLE. Sample kits of food and clothing were stored in normal
storage spaces aboard Nevada, USS Arkansas (BB-33)., USS Carteret (APA-70), and
Saratoga. Test lots of over 150 items of food and clothing were exposed on the
decks of 11 target vessels. Field equipment, lubricants, and fuels were exposed
on four tank landing craft and on the concrete drydock, ARDC-13.

Alrcraft parts were placed on the decks of target ships. Several types of
wing panels made of various materials were secured to the decks. In addition,
wing tanks, stabilizers., a P-47 fuselage, an altimeter, and several fire ex-
tinguishers were exposed. No aircraft parts were exposed on BAKER test (Refer-
ence C€.9.208, p. 7.10).

Bureau of Aeronautics Group

The Navy Bureau of Reronautics (BuBer) Group was responsible for provid-
ing, exposing, and inspecting Navy aircraft and aeronautical equipment. It
also provided speclal instruments to be placed in the Navy F6F alrcraft drones
to determine radiation intensities and blast effects. Velocity and acceleration
gauges were installed 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 reaction to the
detonations were removed from the alrcraft after they landed at Rol 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 responsible for preparing target ships (and certain 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 Beach, California; San Fran-
cisco, California; Mare Island, Vallejo, California: Bremerton, Washington;
and Pearl Harbor, Hawail. 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 aboard 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 repalrs 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 categories:
hull, ship stability. machinery. electrical. electronics equipment. and mea-
surement of any change in magnetic fields within the ship. Inspection of ships
after BAKER was hampered by radioactivity on the ships and in the lagoon. Five
attack transports, one destroyer, two infantry landing craft, and four sub-
marines 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 except for short visits and were towed to Kwajalein during August
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and September. By 26 September, Bikini 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 C.9.208, pp. 3.51 and 7.5). The disposition of the target fleet is
summarized in Chapter 9.

Bureau of Ordnance Group

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

Its personnel left Bikinil Lagoon the day before each shot and reentered
after each shot. Inspection of equipment after ABLE shot was easily and quickly
accomplished, but high levels of radioactivity after BAKER severely restricted
activities (Reference C.9.208, pp. 3.52 and 7.10).

Medical Group

The Medical Group was comprised of two sections: Damage Control Safety
Section and Medical Research Section. Personnel of the Damage Control Safety
Sectlon were to reboard target ships with the initial boarding party and eval-
uate and reduce nonradlological hazards to boarding parties. Hazards that had
to be addressed included falling objects, slippery decks, weak ladders. drown-
ing, fires, steam, electrical shock, chemlcal hazards, and ammunition hazards.
The personnel trained extensively, and in turn trained members of designated
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 Medical Research Section was responsible for the biological research
program, which involved exposing animals, seeds, bacteria, and medical and
dental materials, and for studylng the resulting damage and injury. Principal
animals used were plgs, goats, guinea pigs, rats., and mice.

For ABLE, the animals and other biological samples were placed on USS
Geneva (APA-86), USS Niagara (APR-87), USS LST-133, LCI-327, and LCI-329. Goats
in exposure position are shown in Figure 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 per-
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 radiation tolerances prohibited the personnel from continuing to
work on Catron. On 29 July. animals and samples remaining on Catron and on
Briscoe were recovered. On 30 July, animals and samples on Gasconade were re-
covered (Reference C.9.206, pp. VI-B-12 and VI-D-30 through D-44; Reference
C.9.208, pp. 3.54 and 25.3).
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Figure 15. Goats in exposure position on target ship deck
during CROSSROADS.

Electronics Group

This group and the 013D Electronics Group in the Technical Director's
organization (see the section on Muclear weapon Phenomena below) were one and
the same. They performed a dual function in working for both the DSM and the
Technical Director.

As planned initlally in January 1946, this group's primary responsibilicy
was to determine the damage to electronic equipment aboard ships after exposure
to each detonation. After a serles of meetings in Februacy 1946, the group's
responsibilities were significantly expanded. It took over electronlc equipment
responsibilities from BuRer and the RArmy Signal Corps, It assumed Full respon-
sibility for execution of electronics instrumentation projects as specified in
the Instrumentation Plan (Annex G, Op Plam 1-46) and the Cemmunications and
Electronic Plan (Annex C, Op Plan 1-46)., It carried out most of the studles
assoclated with the electromagnetic propagation program and provided support
to wave motion. blast pressure, shock, drone boal. and telemetering projects.
As a result of all these added responsibilities, the size of the group was
expanded and llaison officers from several other groups were assigned. Also
because of these added responsibilities, the group became accountable to the
Technical Director. although it maintained close liaison with the D3M.
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Specific projects 1included preparation and 1inspection of shipboard elec-
tronic equipment:; provision of technical communications for the flagship USS
Mount McKinley (AGC-7), press ships, and instrumentation ships; electromagnetic
propagation studies and provision of sonobuoys for pressure recording; telem-
etering technical data from certain target ships:; television recording of
wave motlon and wave helights; 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 shipboard
electronic equipment that had to be prepared and inspected included radios,
radiosondes, radars, Identification 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 designated as an electronics repair ship for this group. Group
personnel were evacuated from Bikinl 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 August 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
Repalr Unit also remained behind aboard Wharton and Haven to repalr and main-
tain 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 alrcraft. In addition to its
several missions as TG 1.5, this group carried out blast and radiation experi-
ments using B-17 drone and B-29 and F-13 aircraft. The drones were equipped
with flight analyzers that recorded acceleration, airspeed, and overpressure.
Some data were telemetered by a television arrangement. Upon landing at Enewe-
tak., the instrumentation was removed for analysis. The drones were monitored
for radiation and inspected for damage. The B-29 and F-13 aircraft had similar
instrumentation except for the television system. Additional information on TG
1.5 is found in Chapter 8.

Table 4 is a tabulation of badging and exposures of personnel in the vari-
ous groups of the Ship Material and Inspection Division. Since personnel were
not badged all the time, these figures should be recognized as a partial
statement of potential total exposure for these groups. Dose reconstruction
techniques, discussed 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 Technical
Director, who headed the Instrumentation Divislon. The Instrumentation Division
was responsible for measuring and recording weapon diagnostic data (blast,
heat, radiatlion, etc.). The plan to measure and record the weapons' effects
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was broken down into numbered programs, categorized and described in Table 5.
For control reasons, the Technical Director set up an administrative organiza-
tion (see Figure 16) and a functional organization (Figure 17). The admini-
strative organization was used for personnel assignments. Personnel rosters
were maintalned using this organizational breakdown. The functional organiza-
tion was used for grouping experimental projects. Table 5 and the functional
organization in Figqure 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

II 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
Woods Hole Oceanographic Institution

Iv Propagation of Electromagnetic Navy Bureau of Ships
Waves Army Air Forces
Los Alamos Laboratory
National Bureau of Standards
Federal Communications Commission

' Radiological Safety Los Alamos Laboratory
VI Radiometry Army Air Forces
Navy Bureau of Ordnance
VII Radiation Measurements Los Alamos Laboratory
VIII Remote Measurements U.S. Geodetic Survey

Carnegie Institute

National Bureau of Standards
Naval Research Laboratory
David Taylor Model Basin
U.S. Weather Bureau

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

Source: References €.9.209 and C.9.210.
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TECHNICAL DIRECTOR

013A
AIR BLAST GROUP 013H
LOS ALAMOS GROUP
GAMMA TIMING
0138 FAST NEUTRONS
WAVE MOTION AND RADIOCHEMISTRY
OCEA(';“&?SPAP”Y RADIATION-TIME
PHOTOGRAPHY
CONDENSER GAUGES
013C TIME SIGNALS
BUREAU OF SHIPS PHENOMENOLOGY
INSTRUMENTATION
GROUP
0134
013D REMOTE MEASUREMENTS
ELECTRONICS GROUP GROUP
013E 013K
RADIOLOGICAL SAFETY TECHNICAL PHOTOGRAPHY
GROUP GROUP
013F 0131
ARMY AIR FORCES
BOMB&§§S§“°N INSTRUMENTATION
GROUP
013G
BUREAU OF ORDNANCE
INSTRUMENTATION GROUP
AIR BLAST
UNDERWATER PRESSURE
PRESSURE-TIME
RADIOMETRY

Figure 16. Instrumentation Division (administrative organization), CROSSROADS
(source: Reference C.9.210, N 138A).
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TECHNICAL DIRECTOR

i Vi
BOMB OPERATION GROUP RADIOMETRY SECTION
" Vil
BLAST PRESSURE RADIATION MEASUREMENTS
AND SHOCK SECTION SECTION
1] Vil
WAVE MOTION AND REMOTE MEASUREMENTS
OCEANOGRAPHY SECTION SECTION
v X
ELECTROMAGNETIC TECHNICAL PHOTOGRAPHY
PROPAGATION SECTION SECTION

A

RADIOLOGICAL SAFETY
SECTION

Figure 17. Instrumentation 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
personnel were not present in the Blkini area and had no one badged during
CROSSROADS. The highest exposures recorded were for personnel in the Radlolog-
ical Safety Group. These personnel monitored the contaminated ships and other
areas to determine dangerous radiation levels. The accumulated high individual
exposure in this group was 3.720 R. This monltor was badged six days.*

* Since personnel were not badged all the time, these figures reflect only a
part of the total potential exposure. Dose reconstruction 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.d

Exposure Ranges (R)

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

Office of the
Director 3 1 1 0.050
Air Blast Group 9 3 1 2 0.120
Wave Motion and
Oceanography Group 93 30 19 n 0.180
BuShips Instrumentation
Group 58 36 3 21 6 0.990
Electronics GroupP a1 56 23 32 1 0.600
Radiological Safety
Group 436 316 88 13 33 1 1 3.720
Bomb Operation Group 70 3 3 0
Bureau of Ordmance
Instrumentation Group 208 4] 24 23 0.470
Los Alamos
Laboratory Group 70 12 6 6 0.330
Tech Photo Group 36 9 6 2 1 0.820
Army Air Forces Instru-
mentation Group€ 1 0
Notes:

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

partial statement of potential exposure for these groups.

bSame as the Electronics Group in Ship Materjal and Inspection Division.
“Personnel almost entirely supplied by Army Air Group, Task Group 1.5.
Sources: References C.13.4 and B.0.17.
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The nine programs managed by the Instrumentation Division are discussed in
the following paragraphs. Where appropriate, individual projects within each
program are discussed.

Program I -- Bomb Preparation

Agency:
Los Alamos Laboratory

Operations: The bomb for ABLE was prepared at Kwajalein and loaded onto
the B-29 drop aircraft at Kwajalein airfield. The bomb for BAKER was pre-
pared on Kwajalein and on medium landing ship LSM-60 in Bikinl Lagoon. It
was placed in a waterproof calsson and lowered 90 feet (27 meters) under
the LSM.

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 in this program were not required for
reentry operations so they should not have been exposed to significant
amounts of radiation. According to exposure records only three individuals
were badged (see Table 6).

Program II -- Blast, Pressure, and Shock

Agenciesg: Los Alamos Laboratory
Navy Bureau of Ordnance (BuOrd)
Navy Bureau of Ships (BuShips)
Army Air Force
Navy Air Group
Air Blast Group (013Rn)

Operations: This program had 28 projects, some with several subprojects
(see Appendix C). Except for Project II-12, which measured fireball growth
using cameras, all these projects were associated with pressure, blast,
and shock measurements. A variety of self-recording airblast gauges were
placed on Bikinli islands., in the lagoon, on target ships, and on alrcraft
aloft 1n the area above the target area. Condenser gauges were dropped
from two B-29 ailrcraft just before each detonation and they transmitted
readings to recorders in the two B-29 ailrcraft. Water-shock gauges were
also used. All B-29, F-13, and B-17 alrcraft participating in either shot
carried instrumentation also.

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