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CASTLE, BRAVO thermonuclear detonation, 1 March 1954,




FACT SHEET

CASTLE was a six-detonation nuclear weapon test series (see table)
held at the Atomic Energy Commission's (AEC) Pacific Proving Ground (PPG)
in Spring 1954. The PPG consisted principally of Enewetak* and Bikini

atolls in the northwestern Marshall Islands in the Central Pacific Ocean.

Assigned

Date Name Location Magnitude
| 1 March  BRAVO  Bikini; sandspit off Nam Island 15 MT?
§ 27 March ROMEO Bikini; barge in BRAVO crater 11 MT
7 April KOON Bikini; surface of Eneman Island 110 KT

26 April UNION Bikini; barge in Tagoon off Iroij Island 6.9 MT

5 May YANKEE ~ Bikini; barge in UNION crater 13.5 MT

14 May NECTAR  Enewetak; barge in MIKEP crater 1.69 MT

Notes:

3one kiloton equals the approximate energy release of the explosion of
1 one thousand tons of TNT; one megaton equals the approximate energy
j release of the explosion of one million tons of TNT.

b 10.4-MT IVY series detonation in 1952.

| HISTORICAL BACKGROUND

The CASTLE series was held to test large-yield thermonuclear, or hy-
drogen, devices. Work on this class of devices had progressed through the
GREENHOUSE, GEORGE experimental shot in 1951 and the IVY, MIKE shot of
1952. MIKE was the first device that generated a substantial explosive

energy from the fusion, or joining, of hydrogen atoms. These explosive

* The spelling of Marshall Island place names has changed in recent years
in order to more accurately render the sounds of the Marshall Island
names using English spelling.




devices were developed by the AEC, the civilian agency authorized to per-

form this activity by the Atomic Energy Act of 1946.

The devices were tested at the PPG by a joint military and civilian
organization, designated as Joint Task Force 7 (JTF 7). This was a mili-
tary organization in form, but was populated by military, civil service,
and contractor personnel of the Department of Defense (DOD) and AEC. The
commander of this force was the appointed representative of the AEC and
reported also to the Joint Chiefs of Staff (JCS) and the Commander in
Chief, Pacific (CINCPAC). The peak DOD numerical strength at CASTLE was

approximately as follows:

Uniformed military 9,800
DOD civil servants 250
DOD contractors 60
Total personnel 10,110

Numerous technical experiments were carried out in conjunction with
each of the six detonations. These experiments measured the power and
efficiency of the devices and attempted to gauge the military effects of
the explosions. DOD personnel participated in this test operation as
individuals whose duty stations were at the AEC design laboratories, as
units performing separate experiments, and as units performing various
support roles. The CASTLE operations placed almost all of the Navy sup-
port group at Bikini, where its ships provided living space for personnel
who were evacuated from the islands for the first test and then could not

return to live there because of the potential radiation exposure.

An extensive radiological safety program was instituted whose objec-
tives were:
1. Maintenance of personnel radiation exposure at the
lowest possible level consistent with medical knowl-

edge of radiation effects and the importance of the
test series.

2. Avoidance of inadvertent contamination of populated
islands or transient shipping.
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' The program established an organization to provide radiological safety
(radsafe) expertise and services to the separate components of the task
force who were responsible for personnel safety within their commands.

Personnel were trained in radiological safety, and standards governing

maximum permissible exposures (MPE) were established. Film badges were
provided to a large portion of the participating personnel. Persons
likely to be exposed to radiation were badged as well as a representative
group of the remainder. An extensive weather forecasting group was estab-
lished in order to predict wind directions and areas of potential fallout.
Personnel were evacuated from danger areas before each detonation and re-
entry to contaminated areas was restricted to the personnel required to
retrieve important data. The amount of radiation exposure for these per-

sonnel was monitored.

TEST OPERATIONS AND EXPOSURES

The first event of this series, designated BRAVO, had a yield of 15 MT
and was the largest device ever detonated in atmospheric nuclear testing
by the U.S. Government. Significantly exceeding its expected yield, BRAVO,
detonated at Bikini Atoll, released large quantities of radiocactive mate-
rials into the atmosphere, which were caught up in winds that spread the
particles over a much larger area than anticipated. This resulted in the
contamination and exposure of some individuals either stationed or resid-
ing on distant atolls or aboard various vessels. Acute radiation effects

were observed among some of these people.

A limited number of JTF 7 personnel received radiation exposures con-
siderably in excess of the initially established CASTLE MPE. This opera-
tional limit was established at 3.9 roentgens (R) gamma within any 13-week
period of the operation. 1In particular, three members of the U.S. Navy
Bikini Boat Pool had heavily exposed badges with readings from 85 to 95 R,
and 28 Army and Air Force personnel had film badge exposures that read as
high as 78 R. All these men were medically evaluated at Kwajalein. Sub-

sequently, follow-up on 29 of them was done at Tripler Hospital in Hawaii.




The results of these medical observations were reported as "essentially

negative" or "generally negative."

BRAVO fallout on some Navy ships also resulted in additional personnel
who had exposures approaching or exceeding the CASTLE MPE of 3.9 R. To
allow for operational completion of the remaining CASTLE shots, it became
necessary to issue a number of waiver authorizations permitting exposures
of as much as 7.8 R. In a limited number of cases, even this level was

exceeded.

As a result of BRAVO, 21 individuals on the USS Philip (DDE-498) and
16 on the USS Bairoko (CVE-115) sustained small skin lesions resembling
burns that were definitely classified as beta burns. The affected person-
nel received radiological contamination while on the weather deck or sta-
tioned near ventilation blowers. These all healed without complications.

The USS Patapsco (AOG-1), a Navy gasoline tanker, which was approximately

180-195 nautical miles (333-360 kilometers) northeast of BRAVO's ground
zero at the time of detonation, received fallout as it returned to Pearl
Harbor. Exposure estimates as high as 18 R are possible, assuming an
individual was on deck 24 hours a day with the ship retaining 100 percent
of all fallout radiocactivity and using the highest reading from radiation
surveys. For an individual who spent only 8 hours a day on deck and 16
hours a day inside, and assuming that the storm conditions washed off 50

percent of the activity en route, the estimated dose is 3.3 R.

The other five CASTLE detonations, though extremely important as
weapon tests, did not produce significant, unexpected personnel radiation

exposures.

While small numbers of personnel at CASTLE did receive exposures in
excess of imposed standards, by far the largest portion did not. In fact,
the radiation exposure for JTF 7 personnel at CASTLE averaged about
1.7 R. The recorded CASTLE exposures are summarized in the table on the

following page.




CASTLE Exposures

Exposure Range (R)

No. of High
Persons Dose Zero?@ 0.001- 1.001- 3.001- 5.001- Over Recorded
Service Badged Unavail Exposure 1.000 3.000 5.000 10.00 10.0 (R)
Army 1,503 8 27 1,276 121 60 8 3 78¢
>1%b 2% 85% 8% 4% >1% >1%
Navy 6,255 35 113 3,544 1,945 453 157 8 96
>1% 2% 57% 31% 7% 3% >1%
Air Force 844 15 12 494 208 59 25 31 52d
2% 1% 58% 25% 7% 3% 4%
Marine 193 2 13 67 78 29 4 0 5.510
Corps 1% 7% 35% 40% 15% 2% 0%
Other 2,175 170 86 1,221 323 292 81 2 27.825
Govt 8% 4% 56% 15% 13% 4% >1%
Contractor R S - — —_
Totals 10,970 230 251 6,602 2,675 893 275 44 96
% of Total 2% 2% 60% 24% 8% 3% >1%
Notes:

47ero doses were not recorded in the Consolidated List of CASTLE Radiological Exposures
for many units.

bPer‘cent of total service personnel in each group.

“Three unbadged Army personnel on Rongerik Island originally were assigned a dose of
98 R, which was taken from a badge mounted on a tent pole.

dThe high value comes from badges worn by Air Force personnel on Rongerik. The U.S.
Air Force has assigned an estimated total dose of 86 R to each member of its Rongerik
group.




PREFACE

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

series.

In 1977, 15 years after the last aboveground nuclear weapon test, the
Center for Disease Control (CDC) of the U.S. Department of Health and Human
Services 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 Admin-
istration (VA) has received a number of claims for medical benefits from
former military personnel who believe their health may have been affected

by their participation in the weapon testing program.

In late 1977, the DOD began a study that provided data to both the CDC
and the VA on potential exposures to ionizing radiation among the military
and civilian personnel who participated in the atmospheric testing 15 to
30 years earlier. 1In early 1978, the DOD also organized a Nuclear Test
Personnel Review (NTPR) to:

® Identify DOD personnel who had taken part in the
atmospheric nuclear weapon tests

® Determine the extent of the participants' exposure to
ionizing radiation

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



This report on Operation CASTLE is one of many volumes that are the

product of the NTPR. The DOD Defense Nuclear Agency (DNA), whose Director
is the executive agent of the NTPR program, prepared the reports, which
are based on the military and technical documents reporting various aspects
of each of the tests. The reports of the NTPR provide a public record of
the activities and associated radiation exposure risks of DOD personnel
for interested former participants and for use in public health research

and Federal policy studies.

The information from which this report was compiled was primarily ex-
tracted from planning and after-action reports of Joint Task Force 7
(JTF 7) and its subordinate organizations. What was desired were docu-
ments 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 information was undertaken in
archives and libraries of the Federal Government, in special collections
supported by the Federal Government, and, where reasonable, by discussion

or review with participants.

For CASTLE, the most important archival source is the Modern Military
Branch of the National Archives in Washington. The Naval Archives at the
Washington Navy Yard also was helpful, as was the collection of documents
assembled by the Air Force Weapons Laboratory (AFWL) Historian, the col-
lection now being housed in the AFWL Technical Library at Kirtland Air
Force Base, Albuquerque, New Mexico. Other archives searched were the
Department of Energy archives at Germantown, Maryland, its Nevada Opera-
tions Office archives at Las Vegas, and the archives of the Test Division

of the Los Alamos Scientific Laboratory (LASL).

JTF 7 exposure records were retrieved from the archives, and an addi-
tional file of exposure-related documents that had been microfilmed by the

Reynolds Electrical and Engineering Company, Inc. was also useful.

The major gap in information sources is in primary documentation of

personnel movement in areas of potential radiation exposure. This has
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been compensated for, where possible, with inferences drawn from secondary

sources and the exposure records themselves.

The work was performed under RDT&E RMSS B350079464 U99 QAXMK 506-09
H2590D for the Defense Nuclear Agency by personnel from Kaman Tempo (for-
merly General Electric--TEMPO) and R.F. Cross Associates as subcontractor.
Personnel contributing research, editing, and graphics and not listed on
the DD-1473 form include:

S. Bruce-Henderson, Kaman Tempo, Santa Barbara
F.R. Gladeck, Kaman Tempo, Alexandria
J.H. Hallowell, Kaman Tempo, Santa Barbara
F.W. McMullan, Kaman Tempo, Albuquerque
R.H. Miller, Kaman Tempo, Albuquerque
R.E. Pozega, Kaman Tempo, Albuquerque
W.E. Rogers, Kaman Tempo, Santa Barbara
C.F. Shelton, Kaman Tempo, Alexandria
P. Sturman, Kaman Tempo, Alexandria
B.L. Treloar, Kaman Tempo, Santa Barbara
L. Berkhouse, R.F. Cross Associates
S. Davis, R.F. Cross Associates
P. Dean, R.F. Cross Associates
M.K. Doyle, R.F. Cross Associates
C.B. Jones, R.F. Cross Associates.
Guidance was provided by the Biomedical Advisor of the Defense Nuclear

Agency, Dr. Edwin T. Still, and Mr. Kenneth W. Kaye of his office.
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CHAPTER 1
OVERVIEW

INTRODUCTION
Purpose

CASTLE was a test series in which six nuclear fusion devices were
detonated at the Atomic Energy Commission's (AEC) Pacific Proving Ground
(PPG) at Enewetak and Bikini atolls in the spring of 1954. Table 1 lists

the detonations.

Table 1. CASTLE detonations, 1954,

Assigned ~

Date Name Location - Magnitude
1 March BRAVO  Bikini; sandspit off Nam Island 15 MT?
27 March  ROMEO Bikini; barge in BRAVO crater 11 MT
7 April  KOON Bikini; surface of Eneman Island 110 KT
26 April UNION Bikini; barge in lagoon off Iroij Island 6.9 MT
5 May YANKEE ~ Bikini; barge in UNION crater 13.5 MT
14 May NECTAR  Enewetak; barge in MIKEP crater 1.69 MT

Notes:

30ne kiloton equals the approximate energy release of the explosion of one
thousand tons of TNT; one megaton equals the approximate energy release of
the explosion of one million tons of TNT.

b10.4 MT, IVY series detonation in 1952.

This report documents the participation of Department of Defense (DOD)
personnel who were active in this test series. Its purpose is to bring
together the available information about this atmospheric nuclear test
series pertinent to the exposure of DOD personnel, both uniformed and ci-

vilian employees. The report attempts to explain the reasons that DOD
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personnel wére present at these tests, lists the DOD organizations repre-
sented, and describes their activities. It discusses the potential radia-
tion exposure involved in these activities and the measures taken for the
protection of personnel from these participating DOD organizations. It
presents the exposures recorded by the participating DOD units. The in-

formation is limited to these points.

Historical Background

CASTLE was the culmination in the development of the super, or hydro-
gen, bomb that began in 1950. Fusion, or thermonuclear, reactions had
been used in 1952 to generate a very powerful detonation of the MIKE de-
vice in Operation IVY, but MIKE was not a deliverable nuclear weapon. In
BRAVO, the first test of the CASTLE series, a device more powerful than
MIKE was exploded that, although not a weapon, was capable of delivery by

an aircraft (Reference 1).

The BRAVO detonation also generated a cloud of device debris and coral
particles that brought unexpected heavy exposures of ionizing radiation to
some of the U.S. servicemen aiding in the conduct of the tests, to foreign
fishermen, and to Marshall Islands residents. Radiation injuries resulted

to some in the latter groups.

CASTLE also was the first Pacific test in which the University of Cal-
ifornia Radiation Laboratory (UCRL) at Livermore provided a nuclear device
for testing, detonated as the KOON event of the series. All previous nu-
clear test devices had been designed at the Los Alamos Scientific Labora-

tory - (LASL) , New Mexico.

Report Organization

Subsequent sections of this overview chapter discuss the form of ex-
perimental nuclear weapon test programs with the emphasis on the potential
radiation exposure of participating DOD personnel. The experimental ac-
tivities are considered first without particular reference to the geo-

graphic location of the testing, and are then related to the geographic
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limitations on such activities at the Pacific Proving Ground (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 Operation CASTLE, and indicates how the DOD

elements within JTF 7 functioned.

Chapter 2 is concerned with the radiological safety (radsafe) aspects
of the tests. This chapter documents the procedures, training, and equip-
ment used to protect participants from the radiation exposure inherent in

the test operations.

Chapter 3 focuses on the role of the DOD in the experimental program
of CASTLE in general, leading to a discussion of the DOD operations for
the test events in particular in Chapters 4 and 5. Chapter 4 discusses

the BRAVO detonation, and Chapter 5 presents the detonations following
BRAVO.

Chapters 6 through 9 report participation by the Army, Navy, Air Force,
and Marine Corps, respectively. Chapter 10 summarizes the participation
of other government agencies and contractors. A listing of participating
units and a statistical characterization of their personnel exposures are
included in these chapters. The personnel exposures are discussed in
Chapter 11.

Appendixes include: A -- Radsafe-related documents prepared for
CASTLE; B -- Glossary of Terms, Abbreviations, Acronyms, and Units;

C -- Island Synonyms; and D ——- Index of Participating Organizations.

NUCLEAR TESTS AND RADIATION EXPOSURES

Nuclear testing before 1963 usually consisted of the unconfined deto-
nation of nuclear devices (usually not weapons) in the atmosphere. The
devices might be placed on a platform or a barge on the surface, placed

atop a tower, supported by a balloon, dropped from an airplane, or flown
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on a rocket. On occasion, devices were detonated underwater or buried in
the earth.

In theory, personnel could be exposed either by the radiation emitted

at the time of explosion and for about 1 minute thereafter -- usually re-

ferred to as initial radiation -- or the radiation emitted later (residual
radiation). 1In practice, however, there was no involuntary direct expo- 1
sure of personnel to initial radiation during testing. This is part of

the violent nuclear explosion process itself; close enough proximity for ;
initial radiation exposure would place an observer within the area swept

by lethal blast and heat waves. {

The neutron component of initial radiation did indirectly contribute
to the possibility of personnel exposure. Neutrons are emitted in large 1
amounts by nuclear weapon explosions. They have the property of altering
certain nonradiocactive materials so that they become radiocactive. This
process, called activation, works on some forms of sodium, silicon, cal-
cium, manganese, and iron, as well as other common materials. The activa-

tion products thus formed were added to the inventory of the radioactive

products formed in the explosion process. The radiation emitted by this

inventory is referred to as residual radiation.

The potential for personnel exposure to residual radiation was much
more of a real problem. 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 radioactive and de-
cay, forming another generation of descendants from the original fissions.
This process is rapid immediately after the explosion but slows later and

continues for years at very low levels of radioactivity.

The overall radioactivity of all the fission products formed decays at
a rate that is closely approximated by a rule that states that for each
sevenfold increase in time the intensity of the radiation will decrease by

a factor of ten. Thus, a radiation rate of 1 roentgen per hour (R/hr) at
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1 hour after the burst would be expected to be 0.1 R/hr after 7 hours and
0.01 R/hr after 49 hours. This rule seems to be valid for about 6 months
following an explosion, after which the observed decay is somewhat faster
than that predicted by this relationship. The activation products, in

general, decay at a faster rate than the fission products.

Fission products and the activation products, along with unfissioned
uranium or plutonium from the device, are the components of the radioactive
material in the fallout cloud, and this cloud is the primary source of po-

tential exposure to residual radiation.

In a nuclear airburst in which the central core of intensely hot ma-
terial, or fireball, does not touch the surface, the bomb residues (includ-
ing the fission products, the activation products resulting from neutron
interaction with device materials, and unfissioned uranium and/or pluto-
nium) are vaporized. These vapors condense as the fireball rises and
cools, and the particles formed by the condensation are small and smoke-
like. They are carried up with the cloud to the altitude at which its
rise stops, usually called the cloud stabilization altitude. The spread
of this material then depends on the winds and weather. If the burst size
is small, the cloud stabilization altitude will be in the lower atmosphere
and the material will act like dust and return to the Earth's surface in a
matter of weeks. Essentially all debris from bursts with yields equiva-
lent to kilotons of TNT will be down within 2 months (Reference 2). The
areas in which this fallout material will be deposited will appear on maps
as bands following the wind's direction. Larger bursts (yields equivalent
to megatons of TNT) will have cloud stabilization altitudes in the strato-
sphere (above about 10 miles [16 km] in the tropics); the radioactive ma-
terial from such altitudes will not return to Earth for many months and
its distribution will be much wider. Thus, airbursts contribute little
potential for radiation exposure to personnel at the testing area, although
there may be some residual and short-lived radiation coming from activated
surface materials under the burst if the burst altitude is sufficiently low

for neutrons to reach the surface.
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Surface and near-surface bursts pose larger potential radiation expo-
sure problems. These bursts create more radicactive debris because more
material is available for activation within range of the neutrons gener-
ated by the explosion. In such explosions, 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 radioactivity embedded in them or coating their
surfaces. The rising cloud will lift these particles to altitudes that
will depend on the particle size and shape and the power of the rising air
currents in the cloud, which in turn depend on the energy of the burst.
The largest particles will fall back into 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 radioactive debris from a land-surface

burst falls out within the first day following the burst (Reference 2).

Bursts on the surface of seawater generate particles consisting mainly
of salt and water drops that are smaller and lighter than the fallout par-
ticles from a land burst. As a consequence, water-surface bursts produce
less early fallout than similar weapons detonated on land. The large-yield
surface bursts in the PPG over relatively shallow lagoon waters or on very
little truly dry land probably formed a complex combination of land-surface-

and water-surface-burst particle-size characteristics.

Several surface detonations at the PPG were of such a large size that
they formed underwater craters. These craters retained a fraction of the
weapon's radioactive debris and activated materials. The water that over-
lay these craters acted as a shield to protect surface operations from the
radiation from this material, but it also provided a means for the material
to move from the craters into the general circulation system of the lagoon
waters. The craters were subject to washing and silt plumes were observed
to come from them for long periods after the shots; it is reported that
plumes from the MIKE crater were visible a year after the detonation (Ref-

erence 3, p. 207).
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Detonations on towers may be considered as low airbursts or ground
bursts, depending upon the relative height of the detonation and its yieild.
A larger burst will create more fallout than a smaller burst on an equal
height tower not only because of the additional fission products and weapon
debris, but also because it will pull up more Earth materials, or even form
a crater. In addition, the materials of the tower itself provide a source
of easily activated materials. The particles of the tower material may
also act as centers for the debris vapors to condense on 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. Like most of the preceding nuclear test
series, CASTLE's experimental program incorporated two aspects, the most
important of which was the development of the weapons themselves; the sec-
ondary experiments involved the measurement of the explosive and radiation

effects.

These two aspects can serve as a rough measure of differentiation of
interest between the major participants: the AEC interest in weapon de-
velopment, and the DOD interest in the military application of the effects
of the explosions. The several parts of the weapon development and the
effects studies each had particular features that led to the possibility

of radiation exposure.

Weapon Development

In testing devices, weapon designers are interested in two classes of
measurements: the total energy release, or equivalent explosive yield, of
the device, and the rate of release. The total energy release measure-
ments are called yield measurements, and the rate of release measurements

are called diagnostic measurements.
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YIELD MEASUREMENTS. Device yield is usually determined by several
methods, two of which involve photo-optical techniques. Growth of the in-
tensely hot and radiating mass of device debris and air that constitute
the nuclear fireball varies with its yield. Cameras were therefore used
to record this growth, and film records subsequently analyzed to infer
yield. The duration and the intensity of the energy pulse in the optical—‘
thermal spectral region also vary with yield; thus, light detectors cou-

pled to recorders were also used to derive yield.

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

device.

The construction, instrumentation placement, and data recovery for the
photo-optical yield determinations did not usually 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 at times and places of heavy contamination. 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.

The sampling of device debris, however, necessitated much closer con-
tact with higher levels of radicactivity. The technique used in CASTLE
and most atmospheric tests was to fly aircraft with c