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FACT SHEET

SANDSTONE was a three-detonation nuclear weapon test series held at Ene-
wetak Atoll, the Atomic Energy Commission's (AEC) Pacific Proving Ground
(PPG), in the spring of 1948. Located in the Central Pacific Ocean, the PPG
consisted principally of Enewetak* and Bikini atolls in the northwestern
Marshall Islands.

Assigned Local Yield
Name Date Location (KT)4

X-RAY 15 April 200-foot (6l-meter) tower on Enjebi Isliand 37
YOKE 1 May 200-foot (61-meter) tower on Aomon Island 49
ZEBRA 15 May 200-foot (61-meter) tower on Runit Island 18

Note:

aOne kiloton equals the approximate energy release of a one-thousand-
ton TNT explosion.

HISTORICAL BACKGROUND

Operation SANDSTONE was the second test series to be held in the Marshall
Islands, but 1t differed from the first series (CROSSROADS in 1946) in that it
was primarily an AEC scientific test serles with the armed forces serving in a
supporting role. Its purpose was to proof-test improved-design atomic weapons,
whereas the purpose of CROSSROADS was to test nuclear weapons effects on ships.

The weapons were tested at Enewetak by a joint military and civilian
organization designated Joint Task Force 7 (JTF 7). This was a military organi-
zation in form, but contained military, civil service, and contractor person-
nel of the Department of Defense (DOD) and the AEC. The commander of this force
was the appointed representative of the AEC and reported to both the Joint
Chiefs of staff and the Commander in Chief, Pacific.

Peak DOD numerical strength at SANDSTONE was approximately as follows:

Uniformed military 9,890
DOD civilians 350
DOD contractors 126

10,366

* Formerly Eniwetok. A better understanding of the Marshall Islands language
has permitted a more accurate transliteration of Marshall Island names into
English language spelling.



Numerous technical experiments were carried out in conjunction with each
of the three detonations. These experiments measured the yield and efficiency
of the devices and attempted to gauge military effects of the explosions. DOD
personnel participated in this test operation as individuals whose duty sta-
tions werec at the AEC weapon design and development laboratories, as units
performing separate experiments, and as units performing various support roles.

An extensive radiological safety (radsafe) program with the following
objectives was instituted:

1. Keeping personnel radiation exposure at the lowest possi-
ble level consistent with medical knowledge of radiation
effects and the importance of the test series

2. Avolding inadvertent contamination of populated islands
or transient shipping.

This program established an organization to provide radsafe expertise and ser-
vices to commanders of the separate components of the task force, who were
responsible for personnel safety within their commands. Personnel were trained
in radiological safety. Standards governing permissible exposure were estab-
lished. The standards were 0.1 roentgen (R) per 24-hour perlod and a maximum
exposure of 3 R for certaln approved specific missions. Film badges were issued
to persons likely to be exposed to radiation, as well as a representative group
of the task force. An extensive weather forecasting group was established to
predict wind directions and areas of potentlal fallout. Personnel were evacu-
ated from danger areas before each detonatlion. Reentry to radioactive areas
was restricted to personnel required to retrieve important data, and their
radiation exposures were monitored.

TEST OPERATIONS AND EXPOSURES

Each of the SANDSTONE tower shots produced fallout; however, none of the
inhabited islands in the area received appreciable fallout. Kwajaleln received
measureable fallout on 3 May., two days after the YOKE shot. The estimated dose
from fallout for persons who were on Kwajaleln for the entire test series was
calculated to be 0.075 R.

Most task force personnel were on Kwajalein or aboard ships. The remainder
were on Enewetak and stayed there for the three shots. The temporary camps on
the northern and eastern islands of the atoll near the detonation sites were
abandoned and dismantled before the shots. Task force ships evacuated the la-
goon, except for USS Albemarle (AV-5), USS Mount McKinley (AGC-7), USS Curtiss
(AV-4), and USS Bairoko (CVE-115), which remained in the lagoon near the base
islands on the southern side of the atoll.

Highest DOD exposures for both the Army (6.050 R) and the Navy (5.140 R)
were accrued by radiation monitors from the Joint Radiological Safety Group.
Only eleven personnel (0.6 percent of those badged) received exposures in ex-
cess of the imposed standards of 3 R. In fact, radiation exposure for badged
JIF 7 personnel at SANDSTONE averaged less than 0.25 R, and approximately 65
percent had zero exposures. Recorded SANDSTONE exposures are summarized in the
table on the following page.



SANDSTONE Joint Task Force 7 Personnel Exposures

Exposure Ranges
(roentgens)

Number Over  High
Badged 0 0.001-1 1-2 2 (R)
Army 327 168 141 10 8 6.050
% of Total 51 43 3 3
Navy 973 130 233 8 2 5.140
% of Total 75 24 1T <1
Air Force 350 195 144 8 3 3.060
% of Total 56 4] 2 1
Marines 112 102 9 1 0 1.040
% of Total 91 8 <1 0
Non-DOD Participants 119 18 83 6 12 17.0
% of Total 15 10 5 10
Totals 1,881 1,213 610 33 25 17.0
% of Total 65 32 2 1







PREFACE

Between 1945 and 1962, the U.S. Atomic Energy Commission (AEC) conducted
235 atmospheric nuclear weapon tests 1n the United States and in the Pacific
and Atlantic oceans. In all, about 220,000 Department of Defense (DOD) parti-
cipants, both military and civilian, were present at the tests. Of these, ap-
proximately 142,000 participated in the Pacific test series and approximately
another 4,000 in the single Atlantic test serles.

In 1977, 15 years after the last aboveground nuclear weapon test, the Cen-
ter 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 belleve 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 ionlzling radiation among the military and ci-
vilian personnel who participated in the atmospheric testing 15 to 32 vyears
earlier. In early 1978, the DOD also organized a Nuclear Test Personnel Review
(NTPR) to:

® Identify DOD personnel who had taken part in the atmos-
pheric nuclear weapon tests

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

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

This report on Operation SANDSTONE is one of many volumes that are the
product of the NTPR. The 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 concerning various aspects of each of the
tests. Reports of the NTPR provide a public record of the activities and asso-
ciated radiation exposure of DOD personnel for interested former participants
and for use in public health research and Federal policy studies.

Information from which this report was compiled was primarily extracted
from planning and after-action reports of Joint Task Force 7 (JTF 7) and its
subordinate organizations. Documents were desired that accurately placed
personnel at the test sites so that their degree of exposure to the ionizing
radiation resulting from the tests could be assessed. The search for this in-
formation was undertaken in archives and libraries of the Federal Government,
in special collections supported by the Federal Government, and by discussion
or review with participants.
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For SANDSTONE, the most important archival source is the National Archives
and Record Center, Modern Military Branch, Washington, D.C. The Naval Archives
at the Washington Navy Yard also was helpful, as was the collection housed in
the Alr Force Weapons Laboratory Technical Library at Kirtland Air Force Base,
Albuquerque, New Mexico. Other archives searched were the Department of Energy
archives at Germantown, Maryland, its Nevada Operations Office archives at Las
Vegas, and archives of the Test Division of Los Alamos National Laboratory.

JTF 7 exposure records and an additional file of exposure-related documents
(microfilmed by the Reynolds Electrical and Engineering Company, Inc., support
contractor for the Department of Energy/Nevada Operations) have also been very
useful.

The work was performed under RDTSE RMSS B350079464 US9 QAXMK 506-09 H2590D
for the Defense Nuclear Agency by personnel from Kaman Tempo. Guidance was
provided by Mr. Kenneth W. Kaye of the Defense Nuclear Agency.
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CHAPTER 1
OVERVIEW

INTRODUCTION
Purpose

SANDSTONE was a test series in which three nuclear fission devices were
detonated at the Atomic Energy Commission's (AEC) Pacific Proving Ground (PPG)
at Enewetak Atoll* in the spring of 1948. Table 1 lists the detonations.

Table 1. SANDSTONE detonations, Enewetak, 1948.

Assigned Local Yield
Name Date Locattion (KT)4
X-RAY 15 April 200-foot (61-meter) tower on Enjebi Island 37
YOKE 1 May 200-foot (b61-meter) tower on Aomon Island 49
ZEBRA 15 May 200-foot (61-meter) tower on Runit Island 18

Note:

aOne kiloton equals the approximate energy release of a one-thousand-
ton TNT explosion. :

This report documents the participation of Department of Defense (DOD)
personnel who were active in the test series. Its purpose is to bring together
the available information about the atmospheric nuclear test serles pertinent
to the radiation exposure of DOD personnel, both uniformed and civilian em-
ployees. The report explains the reasons why DOD personnel were present at
these tests, lists the DOD organizations represented, and describes their
activities. It discusses the potential radiation exposure involved in these
activities and the measures taken for the protection of DOD personnel. It
presents the exposures recorded by the participating DOD units.

Historical Background

Operation SANDSTONE was primarily conducted to proof-test new weapon de-
signs. Interest in weapon effects experiments in these tests was definitely
secondary. A proof-test had not been conducted since the TRINITY test in July
1945, in which the design of the weapon used for the Nagasaki attack was

* A better understanding of the Marshall Islands language has permitted a more
accurate transliteration of Marshall Islands names into English language
spelling. These newer transliterations are used in this report with few ex-
ceptions. Appendix C lists the names and their variant spellings.
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proven. Operation CROSSROADS was conducted in 1946, chiefly to test the effects
of nuclear detonations on Navy ships.

When the President approved the preliminary SANDSTONE test program on
27 June 1947, the United States apparently had only 13 nuclear weapons in its
stockpile. One year later, in spite of heavy emphasis on increased production
of fissionable material, the number of weapons was only about 50, far short of
the number (estimated at as high as 200) that military planners calculated
would be required in a war with the Soviet Union. The more efficient weapon
designs proof-tested at SANDSTONE, coupled with the higher production rates of
fissionable material, allowed the great expansion in the U.S. stockpile evident
by the end of 1949 (Reference D.1).

Meetings were held on 9 July at Los Alamos, New Mexico, to define test re-
sponsibilities for SANDSTONE. Los Alamos Scientific Laboratory (LASL), the
organization that had developed the wartime atomic weapons and the AREC organi-
zation that did research and laboratory development of new nuclear weapon de-
signs, was to provide technical leadership and the military services were to
provide supplies and support. Potential test sites in the Marshall Islands
were visited in September 1947, and a site was selected on 11 October 1947
(Reference A.8, pp. 140 and 141).

Enewetak Atoll was selected because it was large enough for three shots,
and the steady trade winds would carry fallout from the shots over the open
ocean to the west. These trade winds, and their orientation with respect to
Enewetak Island (the major island of the atoll), made a permanent major air-
field possible. This was undoubtedly a factor that made Enewetak more desir-
able than Bikini Atoll, which had been used for Operation CROSSROADS (Reference
A.5). Figure 1 shows the location of the Marshalls in the Central Pacific and
Figure 2 is a map of Enewetak Atoll.

Although inhabited by about 140 people, the dri-Enewetak and the dri-
Enjebi, who lived on the 1slands of Bijire and RAomon, Enewetak Atoll was far
removed from other inhabited islands. Bijire housed the dri-Enjebi, the people
whose normal home was Enjebil in the northern islands of the atoll, and Aomon
was occupied by the dri-Enewetak, whose normal home was Enewetak Island on the
southern side of the atoll. Both of these islands had been the scene of fierce
fighting during World War II and later were major military operating areas,
requiring the population's removal. In 1946, these people were moved to Meck
Island at Kwajaleln Atoll for a short time when Enewetak was considered a pos-
sible site for the CROSSROADS test series (References A.9 and A.10).

Ujelang Atoll, 124 nmi (230 km) southwest of Enewetak, was selected as the
future home for this group of people, and construction of cisterns, water
catchments, latrines, tent frames, and other buildings was bequn by a Navy
construction battalion group on 22 November 1947. Ujelang had been without
permanent inhabitants from the time it had been abandoned in the late nine-
teenth century by the survivors of a typhoon that swept the atoll.

On 2 December 1947, the United States notified the United Nations Security

Council that it was closing Enewetak Atoll in order to conduct necessary ex-
periments relating to nuclear fission. The land area of Enewetak Atoll, its

18
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lagoon, and the waters within 3 miles (5 km) of its seaward sides constituted
the test area. These islands were part of the Trust Territory of the Pacific
Islands, a strategic area trusteeship of the United Nations, administered by

the United States. The U.S. agency in charge of the test area itself was the
AEC.

On 3 December 1947, military authorities met with the dri-Enewetak and
dri-Enjebl to explain the proposed move. Chiefs and members of the councils
visited Ujelang on the following day and agreed to move upon their return to
Enewetak on 5 December. The move of the people and their belongings was com-
pleted by 20 December by USS LST-857 (References A.9 and A.10). The number of
people moved is given in contemporary sources as 142, but recent a authorita-
tive work cites 136 (Reference A.10).

Report Organization

Subsequent sections of this overview chapter discuss the form of experi-
mental nuclear weapon test programs with emphasis on the potential radiation
exposure of particlpating DOD personnel. The experimental activities are con-
sidered first without particular reference to geographic location of the test-
ing and are then related to the geographic limitations on such activities at
the PPG. The portion of the experimental program of heaviest DOD participation
is emphasized. The chapter concludes with a description of Joint Task Force 7
(JTF 7), the organization that conducted SANDSTONE, and indicates how the DOD
elements within JTF 7 functioned.

Chapter 2 is concerned with the‘}adiological safety (radsafe) aspects of
the tests. This chapter documents procedures, training, and equipment used to

protect participants from radiation exposure potential inherent 1n test opera-
tions.

Chapter 3 focuses on the role of the DOD in the experimental program of

SANDSTONE In general, leading to a discussion of DOD operations for the test
events in Chapter 4.

Chapters 5 through 8 report participation by the Army, Navy, Air Force and
Marine Corps. Chapter 9 summarizes participation of other government agencies
and contractors. A listing of participating units and a statistical character-
ization of their personnel exposures are included in these chapters. Personnel
exposures are dlscussed in Chapter 10.

NUCLEAR TESTS AND RADIATION EXPOSURES

Nuclear testing before 1961 usually consisted of the unconfined detonation
of nuclear devices (usually not weapons) in the atmosphere. Devices might be
placed on a platform or a barge on the surface, placed atop a tower, supported
by a balloon, dropped from an ailrplane, flown on a rocket, or shot from a can-
non. A few were detonated underwater or buried in the earth in underground
tunnels or shafts. SANDSTONE was the first operation in the Pacific to detonate
nuclear devices on towers.

In theory, personnel could be exposed either by the radiation emitted at
the time of explosion and for about 1 minute thereafter -- usually referred to
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as 1initlal radiation -- or the radiation emitted later (residual radiation).
Initial radiation is part of the violent nuclear explosion process itself: to
be close enough for initial radiation exposure would place an unprotected ob-
server within the area swept by lethal blast and thermal effects.

The neutron component of 1nitial radiation has the property of altering
certain nonradioactive materials so that they become radioactive. This process,
called activation, works on sodium, silicon, calcium, manganese, and iron, as
well as other common materials. Activation products thus formed are added to
the inventory of the radloactive products produced in the nuclear detonation
process and contribute to the possibility of personnel exposure as residual
radiation.

The potential for personnel exposure to residual radiation was much greater
than the potential for exposure to initial radiation. In the nuclear explosion
process, fissioning atoms of the heavy elements, uranium and plutonium, split
into lighter elements, releasing energy. These lighter atoms are themselves
radiocactive and decay., forming another generation of descendants from the orig-
inal fission products. This process 1is rapid immediately after the explosion
but slows later and continues for years at very low levels of radioactivity.

Overall radloactivity 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 exposure rate of 1 roentgen per hour (R/hr) at 1 hour
after detonation would be expected to be about 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
an explosion, 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 activation products, along with unfissioned uranium
or plutonium from the device, are the components of the radioactive material
in the debris cloud., and this cloud and its fallout are the primary sources of
potential exposure to residual radiation.

In a nuclear airburst In which the central core of intensely hot material,
or fireball, does not touch the surface, weapon residues (including the fission
products, activation products resulting from neutron interaction with device
materials, and unfissioned uranium and/or plutonium) are vaporized. These va-
pors condense as the fireball rises and cools, and the particles formed by
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 material then depends on winds and weather. If the
detonation is small, cloud stabillization altitude will be in the lower atmos-
phere and the material will act like dust and return to the Earth's surface in
a matter of weeks. Essentially all debris from detonations with yields equiva-
lent to kilotons of TNT will be down within 2 months (Reference A.6). Areas in
which this fallout material will be deposited will appear on maps as bands
following the wind's direction. Larger detonations (yields equivalent to mega-
tons of TNT) will have cloud stabilization altitudes in the stratosphere
(above about 10 miles [16 km] in the tropics); radioactive material from such
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altitudes will not return to Earth for many months and its distribution will
be much wider. Thus, airbursts contribute little potential for radiation expo-
sure of personnel at the testing area, although some residual and short-lived
radiocactivity might come from activated surface materials under the burst if
burst altitude is sufficiently low for neutrons to reach the surface.

Surface and near-surface bursts pose larger potential radiation exposure
problems. These detonations create more radloactive debris because more mate-
rial 1is available for activation within range of neutrons generated by the
explosion. In such detonations the extreme heat vaporizes device materials and
activated earth materials as well., These materials cool in the presence of
additional material gouged out of the burst crater. This extra material causes
the particles formed as the fireball cools to be larger in size, with radio-
activity embedded in them or coating their surfaces. The rising cloud will lift
these particles to altitudes that depend on particle size and shape and the
power of the rising air currents in the cloud, which in turn depend on yield
of the detonation. The largest particles will fall back iInto the crater or very
near the burst area with the next largest falling nearby. It has been estimated
that as much as 80 percent of the radloactive debris from a land-surface burst
falls out within the first day following the burst (Reference A.6).

Detonations on the surface of seawater generate particles consisting mainly
of salt and water drops that are smaller and lighter than fallout particles
from a land detonation. As a consequence, water-surface bursts produce less
early fallout than similar weapons detonated on land. Large-yield surface
bursts in the PPG over relatively shallow lagoon waters or on small areas of
truly dry land probably formed a complex combination of land-surface- and
water-surface-burst particle-size characteristics.

Detonations on towers may be considered as low alrbursts or ground bursts,
depending upon the relative height of the detonation and its yield. A larger
burst will create more fallout than a smaller burst on equal-height towers, not
only because of the additional fisslon products and weapon debris, but also be-
cause it will pull up more earth materials, or even form a crater. In addition,
materials of the tower itself provide a source of easily activated materials.
Particles of the tower material may also act as centers on which debris vapors
may condense to form the larger particles that lead to heavier early fallout.
Devices that fission uranium or plutonium inefficiently will cause more of
these radioactive components of the device residue to be dispersed.

EXPERIMENTAL PROGRAM

Central to the test series was the experimental program. This program and
its requirements dictated the form of the test organization and the detail of
personnel participation. SANDSTONE's experimental program Incorporated two
aspects, the most important of which was the development of the weapons them-
selves; the second aspect was measuring effects of the detonations on equipment
and structures.

These two aspects serve as a rough measure of the differentiation of inter-

est between the major particlpants: the AEC interest in weapon development,
and the DOD interest in military applications of the effects of the explosions.
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The several parts of the weapon development and the effects studies each had
particular features that led to the possibility of radiation exposure.

Weapon Diagnostic Experiments

LASL was responsible for conducting experiments designed to measure the
output of the nuclear devices, specifically radiation, blast, and yield. In
testing devices, weapon designers are interested in two classes of measure-
ments: the total energy release of the device, and the rate of release. Total
energy release measurements are called yleld measurements, and the rate of
release measurements are called diagnostic measurements.

YTELD MEASUREMENTS. Device yield usually was determined by several methods,
two of which involved photo-optical techniques. Growth of the intensely hot
and radlating mass of device debris and air that constitute the nuclear fire-
ball varies with 1ts yield. Very-high-speed cameras were therefore used to
record this growth, and film records subsequently analyzed to infer vyield.
Duration and intensity of the energy pulse in the optical-thermal spectral
region also vary with yield; thus, light detectors coupled to recorders were
also used to derive yileld.

In addition, yield may be determined by collecting and analyzing radio-
activity of a representative sample of the device debris. Inferences are then
drawn regarding the yield, based on knowledge of the materials in the device.

Construction, instrumentation placement, and data recovery for the photo-
optical yield determinations usually did not require personnel to be in areas
with a high potential for exposure to radiation. Cameras and light detectors
need only a clear field of view of the burst point and enough breadth of view
to encompass the fireball. Camera placement did not involve personnel activi-
ties at times and places of high radiation levels. Film recovery generally did
not involve high exposure potential, as the photo stations were usually at
ranges and in directions not heavily contaminated by fallout.

Sampling of device debris, however, necessitated exposure to higher levels
of radioacivity. The technique used in most atmospheric tests was to fly air-
craft with collectors directly through portions of the radiocactive (or mush-
room) cloud. although for some shots rockets and drone aircraft were used.
About 90 percent of the fission debris was usually considered to be in the
upper portion of the radioactive cloud (Reference A.6).

For SANDSTONE, cloud debris was collected by eight unmanned B-17 drone
alrcraft. The drones picked up significant amounts of radioactive material on
their surfaces, posing potential radiation exposure to ground crews involved
in decontamination. Samples collected were radiologically "hot" and required
special handling as they were taken from the alrcraft and prepared for shipment
to laboratories for analysis.

DIAGNOSTIC MEASUREMENTS. The detonation of a nuclear device is a progres-
sive release of increasing amounts of nuclear radiation, some of which directly
escapes the device. The rest of the radiant energy interacts with the associ-
ated material of the device itself and is converted into differing forms of
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radiation and into the kinetic energy of the remaining materials in a small
fraction of a second. The intensely hot core then reradiates, heating the sur-
rounding air and creating a shock wave that propagates outward from the burst

point.

Weapon dlagnosticians used sophisticated techniques to follow the processes
that occur during the device detonatlon. Detectors and collectors were run up
to, and sometimes inside, the device case so that the radiation being sampled
could be directly channeled some distance away and be recorded by instrumenta-
tion designed to survive the ensuing blast. To enhance its transport, radiation
was conducted through pipes (often evacuated or filled with special gases)
from the device to stations where recording instrumentation was located or
where the information could be retransmitted to a survivable recording station.

Radiation measurements are based upon the effects that result from the
interaction of the radiation with matter. Fluorescence 1is one such effect.
Materials that fluoresce with radiation exposure were placed in view of cameras
or light detectors to provide a record of the variation of fluorescent inten-
sity with time, thereby providing an indirect measurement of the radiation
environment.

Other methods of detecting radiation involve the shielding (attenuation)
properties of earth materials, water, and other substances. These materials
are also used to baffle or collimate radiation to ensure that radilation is
directed toward the detecting instrument.

Radiofrequency energy produced by the detonation can be detected by radio
receivers and, with the addition of filtering and processing circuitry, can
also provide information about the energy flow from the explosion. Such mea-
surements permit remote placement of receiving and recording instruments.

The potential for radlation exposure of personnel associated with weapon
diagnostic experiments depended upon the proxlimity of the measurement or data
recovery point to surface zero and the time lapse between the detonation and
the data collection.

The primary radiation exposure potential In the vicinity of surface zero
is from fission products and materials made radioactive by neutron activation
of device and earth materials. Thus, the distance from surface zero is a prin-
cipal factor 1n assessing exposure to persons engaged in the experimental
program.

Since radiation decays with time, the time lapse between the detonation
and exposure is a critical factor in dose assessment. Primary recording media
for weapon diagnostic experiments were photographic films from oscilloscope,
streak, or framing cameras located in survivable bunkers near the detonation
point. Because radiation fogs film in time, these films and other time-
sensitive data were removed from the bunkers by hellcopter-borne personnel
within hours of the detonation to minimize damage by fogging. This recovery
constituted the main potential for exposure of weapon diagnostics participants.
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Service Tests

These experiments were designed to measure the effects of detonations on
equipment and structures. They were requested by the military services, ap-
proved by the AEC, and conducted by a variety of task force organizations.

The potential for radiation exposure of personnel responsible for recovery
depended in general upon the proximity of the instruments to the device and
the elapsed time between detonation and instrument recovery. If the recovery
was not time-sensitive, the exposure was very low.

OCEANIC TESTING OPERATIONS

Nuclear test operations in the Pacific posed problems in logistics and in
the management of radioactive contamination because of the limited land area
and the remoteness of Enewetak Atoll,.

Marshall Islands Setting

The Marshall Islands are in the easternmost part of the area known as Mi-
cronesia ("tiny islands"). The Marshalls are spread over 770 thousand miZ (2
million km?) of the Earth's surface, but the tota) land area is only about
70 mi2 (180 km2). Two parallel chains form the islands: Ratak (or Sunrise)
to the east, and Ralik (or Sunset) to the west; Enewetak is in the Ralik chailn
at its northern extreme (Figures 1 and 2).

A typical atoll, Enewetak is a coral cap set on truncated, submerged vol-
canic peaks that rise to considerable heights from the ocean floor. Coral and
sand have gradually built up narrow islands into a ring-like formation with
open ocean on the outside and a relatively sheltered lagoon on the inside.
Enewetak has three passages, Southwest Passage, Wide Entrance, and Deep En-
trance, that permit access to its lagoon from the sea. All the islands are
low-1lying, with elevations seldom over 20 feet (6 meters) above high tide.

During nuclear testing, the more populated, support-oriented sections were
the south and southeast areas of the atoll where the larger islands are lo-
cated. Devices were detonated on the northern islands and over the northern
reefs. The western sections of the atoll were not involved in test activities
except for limited use as instrumentation sites.

Elliptically shaped, Enewetak Atoll is approximately 550 nmi (about 1,020
km) southwest of Wake Island and 2,380 nmi (4,410 km) southwest of Honolulu.
It encloses a lagoon 17 by 23 miles (27 by 37 km) and has a total land area of
2.75 mi2 (7.12 km?), with elevations averaging 10 feet (3 meters) above
mean sea level. The support section of Enewetak (Enewetak, Parry, and Japtan
islands) constitutes about 34 percent of the atoll's land surface. The string
of islands from Runit to Bokoluo, the detonation area, constitutes about 32
percent. The various names used for the islands of the atoll are listed in
Appendix C, "Island Synonyms."

The climate of Enewetak Atoll is tropical marine, generally warm and humid.
Temperature changes are slight, ranging from 70° to 90°F (21° to 32°C).
Rainfall is moderate, and prolonged droughts may occur. North of Enewetak is

26



open ocean for over a thousand miles, with the only inhabited island being
Wake. East of Enewetak are several atolls including Bikini, Rongelap, Rongerik,
Ailinginae, and Utirik. Rongelap, the nearest inhabited atoll, is a little over
260 nmi (about 480 km) from Enewetak. Storms are infrequent, although typhoons
occur; nevertheless, both wind and sea are contlnuous erosional agents. Al-
though possible at any time, most tropical storms occur from September to
December. Much cumulus cloud cover exists in the area.

The Enewetak region incorporates three basic wind systems. The northeast
trade winds extend from the surface to 25,000 or 30,000 feet (7.6 or 9.1 km),
the 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 the Krakatoa easterlies from
the tropopause into the stratosphere. These systems are all basically east-to-
west or west-to-east currents. Day-to-day changes reflect the relatively small
north-south components, which are markedly variable. Greatest variation occurs
in the upper westerlies, particularly during late summer and fall.

The steady northeast trade winds in the lower levels cause the 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 1slands, and is moved by the
winds to the southwest again. The lagoon waters moving in this closed loop
also mix with those of the open ocean, resulting in a flushing action. Flushing
is rapid and has two major routes. The first is directly through the eastern
reefs to the western reefs; the second is in through Deep Entrance between
Japtan and Parry and out Wide Entrance west of Enewetak Island. These two
routes also function to keep the waters of the northern part of the lagoon
separate from the southern waters.

The 1slands of Enewetak Atoll had been used for growing coconuts from the
time of their German possession in the nineteenth century, but during the 1944
assault and capture of the atoll by American forces, the coconut stands had
been destroyed on the islands of Enjebl, Enewetak, and Parry. On those islands
on which the coconut stands had not been destroyed, the lack of normal care
was evident (Figure 3) as the low-growing native shrubbery advanced.

After the fighting, an airstrip was built on Enewetak Island, but little
attempt was made to clear battle debris (Reference A.10). Facllitles and
structures on the islands were in poor condition in the fall of 1947. In addi-
tion, surplus American property purchased by the Chinese had to be removed
from the island. Many of the islands had short piers that were in poor repair.
Airstrips had to be built and submarine cable laid. The overall construction
plan for the proving ground required three test-firing sites, a 200-foot
(6l-meter) tower on each site, and instrument stations. Photographic towers
also had to be erected and a control station built.

By Christmas 1947, construction was progressing on schedule, and the re-

habilitation of living and messing facilities at Enewetak was well underway. A
causeway between Aomon and Bijire was constructed by a private company.
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Figure 3. Aerial view of Ananij Island, Enewetak Atoll, in 1948.
Instrument tower 15 visible.

Special Problems in Testing in the Marshalls

The remoteness of Enewetak Atoll posed significant logistics problems in
procuring and transporting personnel, materlals, and supplies to the test site.
Speclal securlty arrangements were also required for transport of the nuclear
devices from laboratories in the United States to the test area. Radioactive
cloud samples had to be expeditiously transported back to several U.S. labora-
tories for analysis.

The limited land area at Enewetak Atoll was also a problem. The two inhab-
ited islands at the southern end -- Enewetak and Parry -- were overcrowded
during testing. Bulldings on Enewetak and Parry were originally constructed to
accommodate approximately 2,100 men. Aerial views of these base Islands are
shown in Figures 4 and 5.

Lack of a land bridge to the northern islands required a major effort to
transport men and materiel to the test islands. Navy landing craft were used
extensively for this task.

Testing at Enewetak, however, also had some advantages besides the large
open ocean area that surrounds the atoll. Separation between the northern and
southern islands created a natural safety barrier from the detonations. The
separate i1slands also made control of personnel movement easier.
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Figure 4. Enewetak Island, 1948, showing upwind (northeast) end of runway
with junk revetments and B-17 samplers in foreground.

Figure 5. Parry Island, 1948. Joint Task Force 7 ships are in the
lagoon in the background.

29



JOINT TASK FORCE 7

On 18 October 1947, JTF 7 was activated and assigned the code name,
"Switchman." Incorporated into 1its organization were elements of the four
military services, other government agencies including the AEC, and civilian
organizations under contract. The AEC, charged with responsibility for nuclear
enerqgy development by the Atomlic Energy Act of 1946, designated Commander JTF
7 (CJITF 7) as 1its representative. JTF 7 was also subordinate to the Joint
Chiefs of Staff (JCS). These relationships are illustrated in Figure 6.

The resulting organization, though complex, worked well enough, as it con-
formed with the realities of the situation. The realities were that the tests
were being conducted to develop nuclear weapons, an activity limited by law to
a civilian agency. the AREC. The tests were mainly being conducted in an area
that came under the jurisdiction of the AEC (in the sense that the AEC was the
U.S. government agency primarily responsible for the islands that were included
in the test area). Furthermore, the territory was remote from the United States
and required special supply and security arrangements appropriate to military
operations. Finally, the organization for which the weapons were being devel-
oped was the U.S. military establishment. The mission of the task force was
to, “construct a proving ground, under the scilentific direction of the RAEC,
and conduct proof testing of atomic weapons on the Enewetak Atoll" (Reference
C.5, p. 2-6). Any military service tests or experiments were to be conducted
on a noninterference basis.

The Armed Forces Special Weapons Project (AFSWP) was the tri-service mili-
tary organization formed to manage the receipt, storage, safety, security, and
inspection of atomic weapons, 1if and when the military was required to use
them. It was most interested in participating in the SANDSTONE tests and coor-
dinated with LASL early in the planning. AFSWP was to provide military person-
nel to be inteqrated into Task Group (TG) 7.1 (AEC Proving Ground Group), and
116 personnel were assigned to this organization.

The armed services furnished personnel, equipment, and services necessary
to ensure security, proper operation, and logistic support. The joint task
force was divided into functional and service-branch oriented task groups.

The test director of TG 7.1 was responsible to the AEC for direction of
technical test activities and policies. All military experiments were under
his direction. TG 7.2 (Army Task Group) was commanded by an Army general offi-
cer who was also Commander, Enewetak Atoll. He was responsible for construction
and security on the atoll as well as billeting, transportation, sanitation,
recreation, medical facilities, and utilities malntenance for all units. TG
7.3 (Naval Task Group), commanded by a Navy flag officer, was responsible for
the operational control of all TG 7.3 units, augmenting alr-sea rescue by
avallable aircraft and ships as required, offshore patrol of a circular area
from the center of Enewetak Atoll commensurate with available aircraft and
surface craft, operation of a boat pool, ship security, helicopter operations
except when attached to the Air Force, and laylng of submarine cable. TG 7.4
(Air Task Group) commanded by an RAir Force general officer, was responsible
for all air operations, meteorological services, Interisland alr transporta-
tion, air-sea rescue, and aerial photography. TG 7.5 (Joint Security Group)
was responsible for advising appropriate commanders relative to security
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control measures, for safeguarding classified information, for security of the
instrumentation islands, and for providing couriers. TG 7.6 (Joint Radiological
Safety Group) was responsible for the operational detection and determination
of intensities and types of radioactivity. This group furnished monitors to
accompany all parties returning to an area of possible radioactivity. TG 7.7
(Kwajalein Island Group) was responsible for billeting, transportation, sani-
tation, recreation, medical facilities, and utilities maintenance for all JTF
7 units on Kwajalein, for the military securlty of the island, and for con-
struction on Kwajalein. A radsafe officer from the staff of CJTF 7 was assigned
to TG 7.7 to determine radiological exposure potential for all personnel, in-
cluding precautlons necessary to protect personnel against exposure and detec-
tion and determination of intensities and types of radioactivity. TG 7.8
(Observer Escort Group) was responsible for escorting observers in the test
area. Thirty spaces each were allocated to the REC and the armed forces for
observers.

During peak manning periods the Army provided approximately 2,124 personnel
for SANDSTONE, the Navy 5,850, the Air Force 1,800, and AFSWP 116. Approxi-
mately 350 nonservice civilians from LASL, DOD, and various other contractor
organizations participated. The Navy provided a total of 28 Navy ships, 11
small craft, 6 helicopters, 6 patrol seaplanes, 3 large land-based patrol air-

craft, and 2 small aircraft. The Air Force supported SANDSTONE operations with
over 60 other ailrcraft.

Joint Task Force 7 Headquarters

Figure 7 shows the organization of Hq JTF 7. CJTF 7 had three principal
deputies, one of whom was the Test Director and in charge of TG 7.1. The joint
staff and the comptroller were patterned after other military organizations.
During test operations, Hg JTF 7 was located on USS Mount McKinley (AGC-7);
some staff members were also on USS Albemarle (AV-5), USS Curtiss (AV-4), and
USS Bairoko (CVE-115). Total strength of Hq JTF 7 during April and May was

approximately 175 personnel, with approximately 96 stationed on Mount McKinley
(Reference C.5, p. 3-A9).

Task Group 7.1 (Atomic Energy Commission Proving Ground Group)

Figure 8 shows the organization of TG 7.1, which was the heart of the task
force. It was responsible for preparing and firing the three nuclear devices,
preparing and conducting all experimental programs, and operating and main-
taining all atoll base facilities except those on Enewetak Island, which were
manned by TG 7.2. TG 7.1 contained both scientific and military civilian pet-
sonnel. Subordinate task units are discussed subsequently. In the forward
area, TG 7.1 was composed of 283 personnel from LASL; AFSWP; Naval Research
Laboratory; Naval Ordnance Laboratory; Argonne National Laboratory; Edgerton,
Germeshausen & Grier, Inc.; Aberdeen Proving Ground; AEC; Navy Bureau of Per-
sonnel; David Taylor Model Basin; and the Military Liaison Committee. Table 2
lists task group strength fiqures.

TASK UNIT 7.1.1 (SCIENTIFIC). Task Unit (TU) 7.1.1 was staffed primarily

with sclentists from LASL who were assisted by military personnel as well as
scientists from other AEC installations and outside agencies. Its nucleus of
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Figure 7. Organization of Headquarters, Joint Task Force 7, SANDSTONE.
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Figure 8. Organization of Task Group 7.1, Operation SANDSTONE.
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Table 2. Task Group 7.1 personnel strength, SANDSTONE.

Number of

Agency Personnel
Los Alamos Scientific Laboratory 117
Armed Forces Special Weapons Project 116
Naval Research Laboratory 23
Naval Ordnance Laboratory 20
Argonne National Laboratory 6
Edgerton, Germeshausen & Grier, Inc. 12
Aberdeen Proving Ground, Army 8
Atomic Energy Commission 12
Bureau of Personnel, Department of the Navy 6
David Taylor Model Basin, Navy 2

Military Liaison Committee, Atomic Energy

Commission 1
Total 283

Source: Reference C.5, p. 1-24.

LASL personnel was assigned to LASL's newly created J-Division, and personnel
from other divisions were also transferred to J-Division (Reference C.5, p.
1-24).

The mission of the scientific task unit was to provide equipment and per-
sonnel and to prepare detailed plans for and to conduct the scilentific and
technical phases of the proof-tests. It fired the devices and made necessary
observations. TU 7.1.1 was divided into Measurements Section, Firing and
Engineering Branch, and Services Section.

Measurements Section. The responsibilities of this section were divided
into four phases: (1) planning experiments, (2) preparing an experiments hand-
book, (3) consulting with experimenters at Enewetak, and (4) interpreting re-
sults of the experiments. The nucleus of the group consisted of three civilians
from LASL. This section included J-~1 through J-8, which conducted experiments
in theoretical physics, radlochemistry, neutron measurements, neutron genera-

tion, gamma-ray spectrum, gamma-ray appearance, technical photography, and
blast.

Firing and Engineering Branch. An assistant Sclentific Director was re-
sponsible for the englneering and firing work. He selected a staff of engineers
from sandia Branch of LASL to carry out his duties. This branch was responsible
for the following activities:
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Weapon assembly and handling

Ships' modifications and installations
Engineering

Communications liaison

Firing circuitry liaison

Construction liaison

Industrial safety.

Services Section. Services Section included J-14 through J-16 -- Logistics,
Administration, and Circuits and Maps. Logistics (J-14) was a service group in
charge of procurement, shipping, and property control.

J-15 (Administration) was primarily concerned with personnel matters,
including employment of personnel at LASL, preparation of all personnel under
the Sclentific Director for overseas travel, arrangements for travel to and
from the test area, and multiple problems arising from maintaining personnel
at the forward base. Other minor responsibilities included provision of office
space, equipment and services, housing at LASL, and similar functions overseas.

J-16 (Circuits and Maps) was responsible for preparing maps and plans
indicating the location of all experimental installations and underground
cables and wires. This group was also responsible for coordinating cable-laying
during the construction period (Reference C.40, pp. 33, 115, 129).

Task Group 7.2 (Army)

Most Army personnel in JTF 7 were assigned to TG 7.2. The group was acti-
vated on 15 October 1947. CTG 7.2 was also Atoll Commander for JTF 7. Figure 9
shows the TG 7.2 organization. Table 3 lists units involved and enumerates the
personnel at Enewetak. This task group was engaged in construction throughout
the atoll and operated base facilitles at Enewetak Island and the atoll.

During the operational shot phase, TG 7.2 personnel provided the following
services for all units ashore on the atoll:

e Construction
e Maintenance of ordnance wheeled vehicles
® Atoll ground defense and general security
e Operation of transient billeting
e Bakery and messing
® Repair and maintenance services for utilities and
facilities
'@ Operation and maintenance of off-island radio
communications
Transportation
Counterintelligence
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Table 3. Task Group 7.2 operating strength at Enewetak, SANDSTONE.

Unit Strength
1220th Provisional Engineer Battalion 26 officers
(1217th, 1218th Composite Service 2 warrant officers
Platoons; Hq & Hq Detachment, 18th 468 enlisted men

Engineer Construction Company;
1219th Signal Service Platoon with
attached Composite Signal Detachment)

2nd Engineer Special Brigade 49 officers
(532nd EB&SR, Hq & Hq Company D, 4 warrant officers
Company E, and Medical Detachment) 566 enlisted men
461st Transportation Amphibious Truck Company 1 officer
26 enlisted men
Hg B854th Transportation Port Company B8 officers
272 enlisted men
Naval Shore Base Detachment, with Navy T officers
Signal Team 110 enlisted men
Photo Team No. 7 2 officers
4 enlisted men
401st CIC Detachment 2 officers

50 enlisted men

Sources: Personnel Rosters TG 7.2, 31 March 1948; SANDSTONE
Reports 3 and 4)

Sanitation
Operation of port and port headquarters
Special services (recreation) facilities

Medical and dental services

Financial services.

Task Group 7.3 {Navy)

The Navy task group provided support at Enewetak Atoll for the sclentific
programs and carried out surface and air operations in and around the atoll.
The main tasks of TG 7.3 were to:

Deliver nuclear components to Enewetak Atoll
Provide mobile facilities for devices at the test site

e Conduct surface and air security measures in the Enewetak
Danger Area
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Provide intra-atoll water transport
Plan for evacuation of all personnel from the atoll

e Transport personnel and scientific and naval equipment to
and from the atoll

Provide living accommodations for task group personnel
Lay cable
Provide offshore patrol.

In order to carry out these tasks, TG 7.3 was organized into eight functional
task units.

Most of the naval vessels stayed at Enewetak during the test series except
for the destroyers, which routinely were on survelllance patrols of the area.
The flagship, Mount McKinley, was anchored off Parry Island for all three
shots. USS Comstock (LSD-19) was the mother ship for the boat pool, which pro-
vided water transportation for all task units during SANDSTONE. Most TG 7.3
personnel remained on board ships except for those involved in scientific
operations. Table 4 provides the personnel strength for TG 7.3.

Task Group 7.4 {(Air force)

The SANDSTONE TG 7.4 mission was local air transport, cloud sampling,
weather data, communications, search and rescue, and photographic support.
Specific missions were to:

® Provide and operate aircraft for experimental programs and
cloud sampling operations

Provide and operate aircraft to gather weather data

Provide and operate weather observation posts at Enewetak,
Rongerik, Majuro, Kwajalein, and Wake

® Provide and operate JTF 7 Weather Central on Mount McKinley

e Provide and operate llalson-type alrcraft for intra-atoll
transportation at Enewetak

® Provide and operate aircraft for search and rescue opera-
tions within 300 nmi (556 km) of Enewetak

e Provide photographic coverage of Operation SANDSTONE.

Air Force personnel in SANDSTONE were in many task force organizations in
addition to manning TG 7.4. Within Hg JTF 7, there were 55 Air Force personnel,
22 on the JTF 7 staff and 33 working for Commander Alr Forces. Commander Air
Forces was also a deputy to the task force commander and had his own staff and
command authority for TG 7.4. TG 7.4 was organized as shown in Figure 10.
Table 5 shows GF 7.4 personnel distributed by task unit.

Providing and operating alrcraft in support of SANDSTONE was the primary

function of TG 7.4. Table 6 shows types and numbers of aircraft used at SAND-
STONE by TG 7.3 and TG 7.4.
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Table 4.

7

1

1

7

Task Group 7.3 organization and

personnel strength, SANDSTONE.

Task Unit/Designation Strength
.3.1 - tlagship USS Mouni McKinley (AGC-7) 5i8
3.2 -- Main Naval lask Unit, Enewetak
USS Pickaway (APA-222) 290
USS Warrick (AKA-89) 167
USS Curtiss (AV-4) 555
USS Yancey (AKA-93) 148
USS_Albemarle (AV.-5) 5317
USS LST 45 66
USS LST-219 60
USS LST-611 53
.3.3 .. Off -Shore Patrol
USS Gardiners Bay (AVP-39) 213
USS Henry W. Tucker (DOR-875) 233
USS Rogers (DOR-876) 234
USS Perkins (DOR-877) 223
USS Spangler (Df -696) 135
USS George (DE-697) 141
USS Raby (DE -698) 143
USS Marsh (Dt -699) 138
USS_ Currier (Dt-700) 136
Patrol Squadron (MS) 6 Detachment 153
Developmental Squadron 4 Detachment 54
AVR #C-26638 6
AVR #C-26653 6
.3.4 .- Helicopter Unit
USS Bairoko (CVE-115) with 4 KO3S and 110
2 H1L helicopters
.3.5 -- Services Unit
USS Arequipa (AF-31) 76
USS Pasig (AW-3) 164
Y0G-64 N
YW-944
.3.6 .- Cable Unit
LSM-250 61
LSM-378 43
Naval Signal Unit No. 1 54
.3.7 -- Boat Pool Unit
USS Comstock (LSD-19) 252
USS Askari (ARL-30) 164
LCI-549 18
LCI(L)-1054 21
LCI{L)-1090 2)
LC1-4724
LCT-4948
LC1-11944
LCT-13454
Various small boats: 4 LCTs, 2 AVRs, 28 LCMs

32 LCVPs, 1 LCPR, 6 LCPLs, 2 PPBs, 2 50-foot Mis,

2 35-foot MBs, 1 MW8.

7.3.8 -- Evacuation and Reentry Unit

Units from other task units as assigned

Total

5,984

Note:
3No data available.

Sources:

Reference C.4, p. XVII-34.

Data from CNO OP 981-1D Aug 82 and
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Table 5. Task Group 7.4 SANDSTONE personnel distribution

(26 January 1948).

Unit Command Officers Airmen Civilians Totals
Hq JTF 7 Mixed 17 5 - 222
Commander Air
Forces, JTF 7 SAC 12 10 -- 224
TU 7.4 APG 66 518 -- 584
TU 7.4.2 APG 105 376 - 481
TU 7.4.3 APG 43 102 19 164
TU 7.4.4 ATC 47 185 - 232
TU 7.4.5 ATC 13 20 - 33
TU 7.4.6 ATC 4 109 -~ 113
TU 7.4.7 ATC 12 35 - 47
TU 7.4.9 Mixed 2 1 - 13
Notes:

aU.S. Air Force strength only, does not include other services.

SAC -- Strategic Air Command
APG -- Air Proving Ground
ATC -- Air Transport Command

Source: Reference C.5, p. 3-A-12.
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Table 6.

SANDSTONE aircraft.

Type Quantity Task Unit Mission
PBM-5 6 7.3.3 0ffshore air patrol
PB-1W (B-17G) 3 7.3.3 Offshore air patrol
DB-17G 12 71.4.2 Drone controllers
0B-17G 12 1.4.2 Drone samplers
C-54 2 71.4.3 Photography
F-13° 3 7.4.3 Photography
WB-29 8 7.4.4 Weather reconnaissance
SB-17 2 7.4.5 Search and rescue
0A-10 2 7.4.5 Search and rescue
HO3S 4 7.4.5 Search and rescueb
HTL 2 7.4.5 Search and rescueb
PBM-5 2 7.4.5 Search and rescueb
C-54 11 71.4.7 Interatoll transport

and sample return
C-47 3 71.4.17 Interatoll transport
L-4 2 7.4 Liaison
L-5 1N 7.4. Liatson
Notes:

4An F-13 was a

B-29 modified for photography.

bNavy supplied two PBM seaplanes for search and rescue on shot
days only and four HO3S and two HTL helicopters. The helicop-
ters were used for scientific support on shot days and for
high-priority interisland transportation on nonshot days.

Sources: Reference C.3, pp. VIII-5, 26, 32, 60; Reference C.4,

pp. XVII-35).

TASK UNIT 7.4.1 (HEADQUARTERS AND SERVICE UNIT). This unit formed Hq TG 7.4
and provided TG 7.4 aircraft with supply and maintenance support. It also per-
formed most of the base housekeeping services for Alr Force units on Kwajalein,
where it was stationed.

TASK UNIT 7.4.2 (DRONE UNIT).

unit operated 24 B-l7s,
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This unit was made up of 460 men from the lst
Experimental Guided Missiles Group at Eglin Field, Florida. Men from this task
12 of which were drone control aircraft and 12 were
unmanned cloud sampling aircraft. Contaminated drones were landed at Enewetak,
where the radiocactive cloud sample filters were removed by LASL personnel. The



drones were decontaminated at Enewetak and then returned to Kwajalein where
the unit was stationed.

TASK UNIT 7.4.3 (PHOTOGRAPHY UNIT). This unit had separate suborganizations
to accomplish its diverse missions. Aerial photography was done by the 31llth
Air Division using C-54s and F-13s. Documentary photography was done by seven
teams on various ships and attached to various task groups. Tower photography
was done by another team. A film processing laboratory was also set up on
board Curtiss. Additional personnel for TU 7.4.3 came from Lookout Mountain
Laboratory, LASL, Army, Navy, and Marine Corps.

TASK UNIT 7.4.4 (WEATHER UNIT). This unit was composed of two separate
groups that collected weather data. Weather reconnaissance was done by the
514th Weather Reconnalissance Squadron operating eight WB-29s out of Kwajalein.
These aircraft were also used to track the radloactive cloud after each shot
for up to 5 days. For cloud-tracking operatlons a monitor from TG 7.6 was
aboard each aircraft. Cloud-tracking alrcraft always returned with exterior
contamination, requiring monitoring and personnel decontamination operations
(Reference C.43, p. 91). The second group was the weather reporting portion of
the task unit. Two persons were stationed aboard Mount McKinley. One of these
was in charge of JTF 7 Weather Central. Weather reports from several other
atolls were furnished daily to Weather Central.

TASK UNIT 7.4.5 (BAIR RESCUE UNIT). This task unit was made up of personnel
of the 5th Air Rescue Squadron from MacDill AFB, Florida, who flew two OA-10
and two SB-17 rescue alrcraft. They were stationed at Kwajalein but were at
Enewetak on shot days. The Navy provided six helicopters from Bairoko and two
PBMs on shot days.

TASK UNIT 7.4.6 (AIRWAYS AND AIR COMMUNICATIONS SERVICE [AACS] UNIT). This
unit was responsible for TG 7.4 communications and for airbase navigational
alds at Enewetak and Kwajalein. The 7lst AACS Group, Hickam Field, Hawaii,
provided 27 men; 86 more came from several units in the United States.

TASK UNIT 7.4.7 (INTERISLAND TRANSPORT UNIT). This unit operated 11 C-54
and 3 C-47 aircraft from the Kwajalein Air Base, ferried personnel and equip-
ment to and from Enewetak, and conducted aerial radiological surveys of ground-
level radiation at shot sites. The C-54s also flew radioactive cloud samples
and exposed film to the United States. This task unit, which consisted of 47
men, also borrowed personnel and aircraft from the 1535th Air Force Base Unit,
which was permanently stationed on Kwajalein.

TASK UNIT 7.4.8. This unit was used only to control the movement of TG 7.4
personnel to and from the PPG.

TASK UNIT 7.4.9 (LIAISON UNIT). This unit operated 13 fixed-wing light air-
craft and 6 helicopters to transport men and equipment to the various islands
of Enewetak Atoll. Thirteen Air Force personnel were assigned to this unit
along with Navy pllots who flew the helicopters off Bairoko.
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Task Group 7.5 (Joint Security Group)
The missions assigned to TG 7.5 were:
e Travel control (air and water)
Protection of technical installations
Security survey of the atoll

Dissemination of security information

Establishment and implementation of security clearances in
the forward area.

In addition, TG 7.5 personnel guarded the drones when they landed at Enewetak.
Five TG 7.5 courier teams escorted the radioactive cloud sample filters and
film back to the United States. Approximately 30 AFSWP personnel from the 38th
Engineer Battallon were sent to TG 7.5 as special guards (Reference C.5, p.
5-1). On 24 January 1948, two officers and thirty-three enlisted mllitary
police arrived to strengthen units on Enjebi, Aomon, Runit, and Parry.

Task Group 7.6 (Joint Radiological Safety Group)

On 29 February 1948, TG 7.6 was divided into the following units for oper-
ational purposes (Reference C.35, p. 37):

e TU 7.6.1 Air Monitor Unit (based on Kwajalein)
e TU 7.6.2 Staff Unit

e TU 7.6.3 Operations Unit

e TU 7.6.4 Laboratory Unit

e TU 7.6.5 Radiological Records Unit

e TU 7.6.6 Technical Measurements Unit

e TU 7.6.7 Monitor Unit

e TU 7.6.8 Advisory Unit

e TU 7.6.9 Rear Echelon Unit,

The primary responsibility of the Alir Monitor Unit was to ensure the radio-
logical safety of TG 7.4 and also to obtain, compile, and evaluate data likely
to be of value to the AEC or DOD. It consisted of 24 Air Force officers (Ref-
erence C.35, p. 86).

The Staff Unit administered services such as communications, logistics,
historical records, photographic lialson, and athletics. It was also concerned
with personnel morale. This unit consisted of six officers and eight enlisted
men.

The Operations Unit supported CJTF 7 and CTG 7.6 planning and radsafe
operations. It maintained current Information on all radicactive areas and on
the location of all monitors and parties engaged in radiological operations.
It controlled operations of all radsafe missions. The unit consisted of seven
officers.
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The Laboratory Unit performed all laboratory work required to support
radsafe operations including: repair and calibration of instruments; develop-
ing, reading, and calibrating personnel film badges; measurement of decay
rates of radiocactive samples; and determination of the radiation exposure
potential from radioactive materials. It also prepared comparative records of
instrument performance. The unit consisted of two officers, eight enlisted
men, and two civilians.

The Radiological Records Unit calculated exposures of all personnel who
entered radioactive areas and submitted its findings. It prepared all necessary
reports concerning exposures and overexposures and made recommendations to CTG
7.6. The unit also established a medical review board to consider and comment
on all findings of radiological overexposure. It consisted of one officer, one
enlisted man, and one civilian.

The Technical Measurements Unit supervised and coordinated all technical
measurement projects assigned to TG 7.6. It consisted of five officers, four
enlisted men, and two civilians.

The Monitor Unit provided monitors and equipment for all radsafe missions,
including decontamination operations. This unit consisted of nine Army offi-
cers, twelve Navy officers, one Pubic Health Service officer, and four Army
enlisted men.

The Advisory Unit acted in an advisory capacity to the task force radsafe
officer on medical and technical matters. It consisted of three civilians.

The Rear Echelon Unit consisted of one officer. He maintained liaison with
supporting activities in the continental United States.

TG 7.6 arrived on Enewetak Atoll by 16 March 1948. In addition to its
radsafe duties, TG 7.6 also conducted several experiments, which are described
in Chapter 3 (References C.35 and B.6.1).

Task Group 7.7 (Kwajalein Island Command)

A permanent garrison of Army, Navy, and Rir Force personnel existed on
Kwajalein Island at the time of SANDSTONE. Most of TG 7.4 was stationed on
Kwajalein. Commander Navy Base Kwajalein was designated as CTG 7.7 to facili-
tate integration of Kwajalein into the planning and operation of SANDSTONE. He
was responsible for billeting, transportation, sanitation, recreation, medical
facilitles, and utilities maintenance for all task force units ashore on
Kwajalein. He was also responsible for military security and all construction
at Kwajalein. TU 7.7.3 was the Joint Control and Liaison Office. TU 7.7.4 was
the Aviation Engineer Unit (926th Aviation Engineer Battalion) and did all
construction in preparation for TG 7.4.

The Kwajalein Island Command had two Air Force units assigned to assist
during SANDSTONE. One, the 1535th Air Force Base Unit, supplied personnel and
aircraft for TU 7.4.7. The other was the 31-8 Air Weather Service Detach-
ment, which had 23 men on Kwajalein to support SANDSTONE with alr weather
information.
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Task Group 7.8 (Observer Escort Group)

TG 7.8 was organized to escort official observers and was assisted by per-
sonnel and facilities of TG 7.2. TG 7.2 arranged for observers' accommodations,
transportation, and activities ashore. Five or six officers of TG 7.2 were
assigned to observer parties to provide information (Reference C.3, p. VI,

C-8-9).
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CHAPTER 2
RADIOLOGICAL SAFETY

Radiological safety (radsafe) for Operation SANDSTONE was defined as a
command responsibility in Joint Task Force 7 Fleld Order 1. One task group., TG
7.6, was glven primary responsibility for ensuring the health and safety of
the task force in the face of potential exposure to radioactivity (Reference
C.43, Appendix B-1). Activities of TG 7.6 had the following objectives (Refer-
ence C.43, Appendix B, Annex A):

1. Inform Commander Joint Task Force 7 (CJTF 7) regarding
safe employment of personnel in radioactive areas

2. Inform CJTF 7 about radiological hazards that might cause
injury or sickness

3. Prepare Instructions outlining precautions necessary to
protect personnel from radiation exposure

4. Reevaluate the hazards of radioactive areas as radiologi-
cal work progressed

5. RAdvise the Task Force Surgeon on diagnosis and treatment
of 1llness or injury resulting from, or associated with,
exposure to radioactivity,

The radsafe plan for TG 7.6 was derived primarily from the Joint Task Force
Field Orders. It detailed the application of safety criteria during operations
and included procedures for training, installing equipment aboard task force
ships, monitoring, and decontaminating personnel and equipment.

ORGANTZATION AND RESPONSIBILITIES

Overall organlzation planning and authority for radiological safety rested
with CJTF 7. The commander's staff, specifically the Staff Radiological Safety
Officer, was responsible for radsafe planning. The Staff Radiological Safety
Officer coordinated radsafe information during shot operations and maintained
liaison with the Commander-in-Chlef of the Pacific (CINCPAC) regarding radio-
logical contamlnation outside the Pacific Proving Ground (PPG) (Reference C.43,
p. 4). Elements of control exlisted at all command levels, and operational
control was implemented through normal command channels. For example, party
leaders in radicactive areas were responsible for the radiological safety of
their personnel.

CTG 7.6 exercised control of a functional group composed of Army, Navy,
Air Force, U.S. Public Health Service (USPHS), and various civilian personnel.
Carrying out the safety policy within a separate activity allowed coordination
of effort without impeding the overall operatlion (Reference C.43, p. 4). CTG
7.6 performed the following tasks (Reference C.43, Appendix B-1):

1. Organization and command of a joint radsafe group composed
of radsafe monitors and supporting personnel
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2. Support of all operations in radiocactive areas by supply-
ing radiological monitors and equipment

3. Promulgation of radsafe regulations and reporting their
infractions

4. Detection and determination of the intensity and types of
radioactivity encountered in all radioactive areas

5. oOrganization and supervision of personnel decontamination
as necessary.

TG 7.6 was divided into the task units shown in Figure ll. Descriptions of
major functions of the task units follow.

TASK GROUP 7 6
JOINT RADIOLOGICAL SAFETY GROUP

|

TASK UNIT 7.6.1 TASK UNIT76.4 TASK UNIT 7.6.7
AIR MONITOR UNIT LABORATORY UNIT MONITOR UNIT
24 MILITARY TOMILITARY 2 CIVILIANS 25 MILITARY 1 USPHS
TASK UNIT 7.6.2 TASK UNIT 765 TASK UNIT 768
STAFF UNIT RADIOLOGICAL RECORDS UNIT ADVISORY UNIT
14 MILITARY 2MILITARY 1 CIVILIAN 3 CIVILIANS
TASK UNIT76.3 TASK UNIT 766 TASK UNIT 769
OPERATIONS UNIT TECHNICAL MEASUREMENTS UNIT REAR ECHELON
7 MILITARY 9MILITARY 2 CIVILIANS 1 OFFICER

Figure 11. Task Group 7.6 {(Joint Radiological Safety Group),
Operation SANDSTONE.

Task Unit 7.6.1 (Air Monitoring Unit)

Task Unit (TU) 7.6.1 was composed of 24 Air Force officer monitors. It
operated from Kwajalein Atoll, supporting the mission of Commander Air Forces,
JTF 7, and had responsibities for instrument repair, calibration, and photome-
try (Reference C.43, Appendix B-2).

During the period from 1 November to 15 December 1947, personnel require-
ments for the radsafe group were estimated at 50 officers, 17 enlisted men,
and 5 civilians. Ten officers were air monitors, whose chief duty was to advise
airborne crews about radicactive intensities at shot time, indicate paths of
least intensity for entry and exit, distribute film badges to aircrews before
takeoff, and collect film badges upon completion of the mission (Reference
C.43, p. 7). About 22 January 1948, planners realized that the number of air
monitors needed had been underestimated. As a result, nine officers of the
Medical Service Corps, USAF, were added (Reference C.43, p. 8).
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On 17 March personnel from TU 7.6.1 departed for Kwajalein from Enewetak
to begin operations with TG 7.4 (Reference C.43, p. 50). Projects undertaken
immediately included publication of operational memoranda, assignment of moni-
tors to mission aircraft, indoctrination and ground training of monitors for
flying operations, construction of personnel decontamination and instrument
calibration facilities, orientation and indoctrination of TG 7.4 personnel,
evaluation of instrument performance at high altitudes, photographic documenta-
tion, detailed operational planning for shot days, and monitoring indoctrina-
tion flights (Reference C.43, pp. 86-87).

A TU 7.6.1 alr monitor was aboard each manned aircraft in the test area on
shot days to prevent aircraft from entering areas where the radiation inten-
sity exceeded 0.100 R/hr. Radiation detection equipment used by air monitors
is listed in Table 7. The unit monitored drone aircraft after landing and
engaged 1n decontamination operations at Enewetak. It also participated in
aircraft monitoring and personnel decontamination operations on Kwajalein,
including cloud-tracking operations until H+108. TU 7.6.1 personnel also re-
paired and calibrated instruments, prepared medical exposure records, and
complled mission reports (Reference C.43, pp. 87-88).

Each monitor averaged two training flights with his assigned crew before
the X-RAY rehearsal. These practice flights permitted monitors to develop
radsafe procedures that minimized interference with the primary mission.
Instrument performance data were accumulated and analyzed. As a result of
these data, instrumentation procedures were changed for better operations
(Reference C.43, p. 88).

By the day of the X-RAY rehearsal, the unit had mapped out radsafe proce-
dures aboard aircraft, completed operational plans for test days, and was
plotting radiological exclusion (radex) areas daily. In addition, the personnel
decontamination center at Kwajalein for TG 7.4 and TG 7.6 was being readied
for operation. TU 7.6.1 also indoctrinated TG 7.4 personnel (Reference C.43,
pp. 88-89).

The radiological procedure aboard aircraft during the X-RAY rehearsal and
X-RAY test consisted of the following (Reference C.43, p. 90):
e At H-30 minutes instruments were turned on

e At H-5 minutes cabin heaters were shut off and all crew-
members turned on 100 percent oxygen

e At H-10 seconds all crewmembers adjusted high-density
goggles

e After detonation, goggles were removed to observe burst
phenomena and monitor instruments

e After leaving the area the 1interior of aircraft was
monitored

e Upon landing the crew and the aircraft exterior were
monitored.
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Table 7. Radiological safety equipment distribution, SANDSTONE.

Party
Group Equipment Monitor  Member

Scientific Film badge

Group Dosimeters
Protective clothing
Gas masksd

> > X X

Air Group Ion-chamber survey instrument

Geiger-Mueller counter

1 or 2 proteximeters

1 pocket dosimeter (0.2 R)

1 or 2 high-range dosimeter(s) (10 R or 50 R)
1 casualty film badge

F11m badge

Disaster Group Casualty film badge
Film badge ’
Pocket dosimeter (0.2 R)
Pocket dosimeter (10 R)
Pocket dosimeter {50 R)
Gas mask, hood
High-range ion survey meter
Alpha meter

DO D DK DK D DK D DK DC > DC K > XX > X > X

Zero Day Ashore Film badges

Group 0.2 R pocket dosimeter
10 R pocket dosimeterd
Casualty film badged

Enewetak, Geiger-Mueller counter

Parry, Ujelang lon chamber instrument
0.2 R pocket dosimeter
F1lm badgesb

> > > XX

> 2 D > > > X XX

Notes:

aUrgent work. The casualty film badges originally were planned to contain
high-range film (above 10 R}, but there is no evidence that they were used.
The high-range film may have been incorporated in the normal film badge.

Parry and Enewetak personnel only.
Source: Reference C.43, Annex J-3 to Field Order 1.

Task Untt 7.6.2 (Staff Unit)

The Staff Unit of TG 7.6 was established by Special Order Number 2 to
administer services to the task group. The kinds of services ranged from com-
munications to athletic programs (Reference C.43, p. Appendix B-2). Six offi-
cers and eight enlisted men were assigned to this task unit on 29 February
1648 (Reference C.43, Appendix B, Annex I, Part II-1).
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Task Unit 7.6.3 (Operations Unit)

The Operations Unit, composed of seven officers, supported CJTF 7 and CTG
7.6 planning and radsafe operations. It maintained current information on
location of all monitors and parties engaged in radiological operations. It
also maintained current information on all radicactive areas and controlled
operations of all radsafe misslons (Reference C.43, p. Appendix B-2). The
plotting room located on the flag bridge of USS Mount McKinley (AGC-7) was
used and maintained only for shot days unless otherwise directed by the JTF 7
Radsafe Officer. Data were recorded on a chart of the atoll and on detailed
maps of each island involved in the test. The unit also maintalned current air
and surface radex area information. The Radsafe Center on Mount McKinley fur-
nished systematic information to the plotting room and the JTF 7 Radsafe Offi-
cer. The Radsafe Center communicated directly with monitors in the field on
test days.

Task Unit 7.6.4 (Laboratory Unit)

TU 7.6.4, established by Special Order 2, was composed of two civilians,
two officers., and eight enlisted men (Reference C.43, Appendix B, Annex I,
Part II-2). This unit performed all laboratory work required to support radsafe
operations, 1including repair and calibration of instruments; development,
reading, and calibration of personnel film badges; and measurements of the
decay rates of radiocactive samples (Reference C.43, Appendix B-2). Laboratories
were established on Enewetak (specifically for crater sample recovery) and
aboard USS Bairoko (CVE-115). These laboratories plotted isointensity lines
(or contours) and monitored biological samples (Reference C.43, p. 60). All
samples were brought to the instrument issue area, never directly to the lab-
oratory (Reference C.43, Appendix B, Annex C-1&2).

TU 7.6.4 was responsible for maintaining an adequate stock of health phys-
ics survey Instruments:; for the repair, servicing, and calibration of the
instruments: and for an evaluation of the various types of health physics sur-
vey instruments. It processed and read the photographic personnel film badges.
Laboratory facilitles were also made available to TU 7.6.6 (Technical Measure-
ments Unit) for any measurements necessary 1n connection with its projects
(Reference C.43, Appendix B, Annex C-1).

The Laboratory Unit maintained a stock of callbrated ionization chamber
and Geiger-Mueller (GM) survey instruments and pocket dosimeters in the after
ready room of Bairoko for reentry surveys. Instruments were issued on the
hangar deck of Balroko upon recommendation of the Operations Officer and were
returned there after use. Photographic film badges were issued to each party
in sufficient numbers to badge all members. Instruments were checked for con-
tamination (Reference C.43, Appendix B, BAnnex C). Film badges and pocket
dosimeters were returned to the issue room where they were processed, read,
and recorded on forms supplied by the Radlological Records Unit. Records were
kept on repalr and replacement of each survey instrument. In addition, a series
of tests was conducted on the various instruments, and the monitors were sur-
veyed to evaluate instrument design features.
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Task Unit 7.6.5 (Radiological Records Unit)

This unit was composed of a civilian, an officer, and an enlisted man
(Reference C.43, Special Order 2). TU 7.6.5 calculated and recorded the expo-
sures for all personnel who entered radiocactive areas and prepared regular
exposure reports as well as special reports of any overexposures. The Radio-
logical Record Unit's Medical Review Board considered and commented on all
overexposures (Reference C.43, Appendix B-2). All pocket dosimeters and film
badges were read and the results recorded when work in radioactive areas was
completed. CTG 7.6 sent the results to CJTF 7, with coples to the Test Director
and Scientific Director. The report gave the names of all individuals receiving
exposures exceeding 0.1 R on any day of operations and indicated total accumu-
lated radlation received by the individuals to date (Reference C.43, Appendix
B, Annex A).

Task Unit 7.6.6 (Technical Measurements Unit)

The Technical Measurements Unit was composed of 11 men, including civilians
and military. The unit supervised all technical measurement projects assigned
to CTG 7.6 (Reference C.43, Appendix B-2). Projects were suggested by the Armed
Forces Special Weapons Project (AFSWP), Navy Bureau of Medicine and Surgery
(BuMed), Navy Bureau of Ships (BuShips), Navy Bureau of Reronautics, and Army
Chemical Corps. These projects, discussed further in Chapter 3, involved stud-
les of nuclear and optical radiation effects of nuclear detonations (Reference
C.43, Appendix B, p. G-1-2).

Task Unit 7.6.7 (Monitor Unit)

The monlitor unit, composed of 26 officers, provided monitors and equipment
for all radsafe missions. It also decontaminated personnel as necessary.

Because of the number of operations using monitors and the necessity for
locating each member of TG 7.6, a detailed operation schedule for each day
throughout the test periods was prepared. Each radsafe party was given a num-
ber, its time of movement noted, monitors' names given, type of transportation
cited, and a brief summary of the specific mission stated. Mission priority
was also designated as routine or urgent. A rough draft of the schedule was
thoroughly studied, and shortly before X-RAY it was mimeographed in final form
and distributed to all personnel concerned. Beginning 2 days after X-RAY
(X-RAY D+2), a schedule was published each night for the following day. A new,
abbreviated schedule gave the radsafe party number, a brief description of the
mission, names of the monitors, type and number of instruments involved, num-
ber of film badges provided, and times of issue and departure. Monitor assign-
ments were requlated in accordance with previous exposure (Reference C.43, pp.
56-56a) .

The baslic plans for YOKE and ZEBRA operations followed the same pattern as
X-RAY. Radsafe activities were a repetition of those of X-RAY. Whenever possi-
ble, however, personnel were reassigned from one group to another, so broad
experience in varlous aspects of radiological safety could be gained (Reference
C.43, pp. 62, 64).
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Task Unit 7.6.8 (Advisory Unit)

This unit was established by Special Order 2 to advise the task force
Radsafe Officer on medical and technical matters. TU 7.6.8 was staffed by
three civilians (Reference C.43, Appendixes B-1 and B-2).

Task Unit 7.6.9 (Rear Echelon Unit)

The Rear Echelon Unit maintained liaison with supporting activities in the
United States. It was established by Special Order 2 (Reference C.43, Appendix
B-2) and consisted of one officer based in Washington, D.C., who was affiliated
with AFSWP (Reference C.43, Appen- dix B, RAnnex I, Part II-3).

TRAINING

Considerable staffing problems had to be resolved before assembling the
necessary TG 7.6 "primary duty" technicians, most of whom were military per-
sonnel affiliated with AFSWP or the Atomic Energy Commlission (AEC) and were

graduates of the radsafe schools at Treasure Island (Navy) and Edgewood Arsenal
(Army) (Reference C.43, p. 5).

Before CROSSROADS, a special JTF 1 Radiological Safety School was estab-
lished by the Navy. One of the lessons learned by the Navy from CROSSROADS was
that a full radlological safety program was required. Accordingly. in October
1946, the Chief of Naval Operations directed that such a program be established
with the least practicable delay (Reference B.3.0.1). The Bureau of Naval Per-
sonnel Special Committee outlined the goals of a radsafe training program on 3
December 1246. The basic premises (Reference B.3.0.2) in instituting the Navy's
training program were:

1. Navy damage control procedures should be able to handle
multiple effects of atomic bombs

2. Shore establishments were the most important target of an
atomic attack

3. The Navy's radsafe training program should supplement
courses given at the damage control schools

4. Personnel should be trained at several levels of qualifi-
cation

5. Instruments for the classes should be provided through a
BuShips development program

6. The primary source of basic radioclogical information
should come from the Radiological Safety Manual Project
of the Joint CROSSROADS Committee.

Among the training programs were a nuclear physics correspondence course
(functioning by 20 December 1946 at New York, New Orleans, San Francisco, and
Great Lakes naval installations); the Radiological Safety Officer and Meter
Operator Training Program (a 6-week course at the damage control schools to
qualify radiological safety officers); the Radiological Safety Engineer Train-
ing Program (being formulated at the U.S. Navy Postgraduate School from the
Postgraduate Physics-Electronics—-Radar Group for a limited number of officers):
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and the radiological safety courses at damage control schools (Reference
B.3.0.2).

Of these five, the last was among the most important. Two courses were set
up to cover radiological safety at damage control schools in Philadelphia,
Pennsylvania, and Treasure Island, California. Instructors selected had thor-
ough knowledge of physics, radiological decontamination, and had instructional
experience. In instructing radiological meter operators, at least one ensign
or lieutenant, three chief petty officers and one electronics technician were
assigned per fifty students (Reference B.3.0.2).

Of the two damage control schools, the one at Treasure Island was perceived
as better suited for setting up a radiological safety course, partially because
the nearby Hunters Point and Mare Island Naval Shipyards had been used in the
decontamination work following CROSSROADS. Furthermore, use of radiological
experts from the University of California at Berkeley could be arranged. All
instructors participating in the Phlladelphia Radsafe Training School assisted
in establishing the first courses at Treasure Island. This ensured that the
courses at Philadelphia would be similar.

The target date for the opening of the radsafe course was established as
1 March. All instructors were to be present at the Treasure Island Damage Con-
trol School on 1 February to prepare all of its officers and instructors and

to have all instructional materials on hand before the opening date (Reference
B.3.0.2).

The Radlological Safety School actually opened on 17 March 1947 with 40
officers (24 Navy and Marine Corps., 15 Army, and 1 USPHS). The most serious
problem associated with the first class in the radsafe training program was in
the selection of attendees. After the first day, it was apparent that many
students were unable to handle even rudimentary mathematical concepts. A volun-
tary, supplementary course designed to facilitate mathematics training did not
completely eliminate the problem. Significantly, fifteen people, more than one-
third of the class, regularly attended the extra sessions. As a result of the
lack of mathematically sophisticated students, restriction of future classes
to individuals who had the equivalent of Naval Academy training, or at least
to those who had had at least one college course in sclience or mathematics,
was recommended (Reference B.3.0.3).

The Army implemented a similar program. The Joint Radiological Safety
Training Committee authorized the program. The committee (Reference B.2) deter-
mined the:

1. Types of radsafe billets required by the armed services

2. Types and ranks or rates of personnel required to fill
the billets

3. Types of tralning required to fill each billet and ap-
proximate length of training periods

4. Types and numbers of instructors required per hundred
students and their availability
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5. Training organization required and recommended relation-
ship between such an organization and the War and Navy
Departments and the Joint Chiefs of Staff (JCS).

Edgewood Arsenal was a desirable location to provide radsafe training on
the East Coast, and the Chemical Corps recommended beginning the first class
about 8 September 1947. AFSWP determined student qualifications, curricula,
length and nature of courses, and types, numbers and availablility of instruc-
tors (Reference B.2).

Criteria were established to ensure the quality of instruction. Six weeks
appeared to be the optimum training period. If the course were extended to
eight weeks, as had been suggested, augmenting the material presented or de-
creasing the tempo of presentation would be required. Additionally, further
increase in material would have required the students to have greater mathema-
tical knowledge.

A joint indoctrination lecture-syllabus was prepared and offered to the
schools for inclusion in their curricula. The Jolnt Radiological Safety Train-
ing Committee recommended that it be closely coordinated with indoctrination
lectures, primarily on radiological safety, plus movies and one demonstration
(Reference B.6.2).

The proposed radsafe indoctrination course (Reference B.6.2, Encl. A)
given in the schools was to include the following material:

® Security lecture using the Army, Navy Screen Magazine #86
"What is Radsafe?"

Atomic energy film/types of radiation lecture
CROSSROADS film/atomic bomb explosion phenomena lecture
Biological effects lecture (blast and radiation)
Instruments lecture/demonstration

Radsafe film/decontamination lecture

Organization and training lecture

Tactical and strategic implications lecture.

On 29 February 1948 Bairoko departed Long Beach, California, with TG 7.6
embarked, for Pearl Harbor and Enewetak. On the day of embarkation, further
indoctrination of TG 7.6 personnel began. CTG 7.6 gave two orientation lectures
in which all aspects of the mission were covered. Immediately upon sailing for
Pearl Harbor, detailed operational planning and a comprehensive study of ex-
pected problems began (Reference C.43, p. 35, 36).

The School Director at the Radiological Safety School, Treasure Island,
California, had been designated the School Officer for TG 7.6. He outlined a
schedule of classes to be conducted en route to the test site. These classes
began on 1 March and were conducted daily. In addition to scheduled lectures,
a dally afternoon period was established for calibration of the various instru-
ments used in monitoring operations (Reference C.43, p. 39). Figure 12 shows
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Figure 12. Monitors calibrating Victoreen Model 247A instruments
on board USS Balroko (CVE-115) before SANDSTONE as
the instructor observes.

monitors calibrating Victoreen Model 247A instruments on the Bairoko deck as
the Instructor observes.

Physical conditioning was deemed advisable, particularly for monitors, who
would be involved in strenuous operational activitles. Accordingly. a period
of physical training was scheduled each afterncon (Reference C.43., p. 39).

SAFETY CRITERIA

Radsafe criteria in general followed the standards set forth by the
National Committee on Radiation Protection: 0.1 R per day; 0.5 B per week.
Operational rules for radiologlcal sltuations were disseminated throughout
JTF 7 as Annex J to JTF 7 Fleld Order 1.

Radiation Safety Standards

The permissible radiolegical exposure was established at 0.1 R per 24-hour
period. In the event that anyone exceeded 3 R (total). he would be denled ac-
cess to radicactive areas for 30 days and was not to be further exposed unless
specifically cleared by CJTF 7 on advice from the Radsafe Officer.

ARll individuals scheduled to enter radioactive areas or to work with radio-
active materlals received a complete physical examination, including chest
X-ray. blood count, and urinalysis, before leaving the United States.
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Radiation Exposure Waivers

Absolute adherence to the radiological standards prescribed for routine
laboratory or industrial use was recognized as unrealistic for the special
conditions of a fleld test (Reference C.43, Appendix B, BRnnex A). A definition
of overexposure, standard operating procedures for exposures, and rest periods
required after overexposures were established by the JTF 7 Staff Radsafe Offi-
cer and TG 7.6 staff. The basic formula of 0.1 R per 24-hour period was set as
the maximum, except for certain specific missions where exposures of 3 R were
permitted. All missions involving 3 R exposure were to be approved by the Test
Scientific Director and the Staff Radsafe Officer. No exposure over 3 R would
be permitted unless approved by CJTF 7 (Reference C.43, p. 9).

Radiation exposure records were maintained by the Radiological Records
Unit (TU 7.6.5). TG 7.6 and the task force Medical Officer exchanged medical
data required for evaluating an individual's radiation health record.

The Medical Review Board considered an individual's medical file, his group
exposure record, and his radiation exposure record and rendered decisions on
his availability for future work in radicactive areas. An individual was re-
ported to the board if he received over 0.1 R per 24-hour period or approached
the authorized limit of 3 R. Personnel receiving 3 R had the data included on
thelir medical charts, along with the expected date they could resume activity
in a radioactive area. The board also maintained records on any instrument
suspected of giving an erroneous reading and evidence of such was entered on a
group exposure record for future evaluation as well as for medical-legal pur-
poses (Reference C.43, Appendix B, Annex H).

Radiation Exposure Records

In recording exposures, JTF 7 used a definition of "overexposure" that
requires a note of explanation. Exposures of 0.1 R or less per day were not
considered overexposures. Exposures greater than 0.1 R/day were considered
overexposures, and if a man's cumulated total reached 3.0 R he was withdrawn
from activity that would involve the possibility of additional exposure for a
period of 30 days. This overexposure cumulation, however, could be lessened by
0.1 R for each day the man received no exposure. For example, 1f an individual
recelved 0.1 R per day for four days, his overexposure was zero. If on the
fifth day he received 2.4 R, his overexposure was 2.3 R. If on the sixth day
his exposure was 0.8 R, his overexposure for that day was 0.7 R. The 0.7 R was
added to the 2.3 R of day five for a total overexposure of 3 R, the prescribed
limit for overexposure, and he was not permitted any activities involving the
potential presence of radloactivity for 30 days to allow him to recover from
his overexposure at a rate of 0.1 R per day. Had he only received 0.2 R on the
sixth day instead of 0.8 R, his overexposure would have been 0.1 R for that
day. which would have been added to the fifth day's reading of 2.3 R for an
exposure total of 2.4 R. If he then received no radiation exposure for S days,
his total overexposure would then drop to 1.9 R on the basis of a recovery
factor of 0.1 R per day. If however, he received 0.1 R each day, the total
overexposure would remain 2.4 R until the day of no overexposure. This over-
exposure total was kept on a radiation exposure record (Reference C.43, Appen-
dix B, Annex H).
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Group Exposure Record

The group exposure record included names of all individuals assigned to
each work party, the organization to which they belonged, the general nature
of the mission, and the times of departure and return. The monitor collected
film badges and other instruments and entered film badge and pocket dosimeter
numbers issued for each man on the form. He also entered pocket dosimeter read-
ings opposite the man's name after the mission. If any members of the party
required decontamination or if any unusual event relating to safety occurred,
the monitor entered the remarks on the group exposure record. He also entered
any appropriate remarks concerning the instruments. He returned the form to
the instrument 1issue desk immediately upon return to Bairoko. The record was
then sent to the Radlological Records Unit (TU 7.6.5) for entry of the film
badge readings. This unit dispatched the completed record to the Medical Review
Board if an overexposure was indicated. When the review was completed, the
group exposure record was returned to TU 7.6.5. After exposures were tran-
scribed from the group exposure record, the record was then filed (Reference
C.43, Appendix B, Annex H).

RADIOLOGICAL SAFETY INSTRUMENTATION

The major radsafe instruments were the 247-A ion chamber and the 263-A
Geiger-Mueller (GM) instruments manufactured by Victoreen Instrument Company.
On 22 September 1947, a group of radsafe specialists recommended to the JTF 7
radsafe advisors that the following instruments be procured: 150 GM counters
(from a varliety of manufacturers), 100 ion-chamber survey instruments, 600
direct-reading dosimeters (pocket electrometers), and 900 direct-reading
dosimeters (vacuum-tube integration) (Reference C.43, p. 10-11). Table 7 lists

radsafe equipment for all task force groups expected to be exposed to
radiation.

The quantities of survey instruments recommended included allowances for
only six aircraft. If more aircraft were to be involved it was recommended
that the following quantities and types of Instruments be procured for each
alrcraft: one ion-chamber survey meter, two GM survey meters, and one protexi-
meter (Reference C.43, p. 13). During the test series, each alr group monitor
was furnished with an ion-chamber survey instrument, one GM counter, one or
two proteximeters, one 0.2 R pocket dosimeter, one or two high-range pocket
dosimeters (10 R or 50 R), and one casualty badge (a film badge capable of

registering high- or casualty-range exposures) (Reference C.43, Appendix B,
Annex B-2).

In addition to recommendations made by the instruments committee, others
suggested the addition of 40 alpha-measuring instruments, 20 additional (un-
modified) Rauland-Zeus Alpha-Beta-Gamma meters, and 20 AEC-designed Pluto
meters (Reference C.43, p. 13). AEC was responsible for procuring the radsafe
instruments and spare parts (Reference C.43, p. 13).

Among the instruments avallable for the technical measurements portion
were film badges, crystal dosimeters, activation samples, filter collect