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FACT SHEET

HARDTACK was the designation given to the atmospheric nuclear weapon tests
conducted by the United States in the Paclific Ocean and 1in Nevada in 1958.
Operation HARDTACK I was a serles of 35 tests, all but two of which were deto-
nated at Enewetak* and Bikini atolls in the Marshall Islands, the Atomic Energy
Commission's (AEC) "Enliwetok Proving Ground" (EPG). The other two were detona-
tions at 42 and 76 km above Johnstom Island, which lies about 700 nmi (1,296
km) west-southwest of the Hawalian Islands.

The tests were conducted by a Joint military and civilian organization,
designated Joint Task Force 7 (JTF ¥). JTF 7 was a military organization 1n
form but was made up of military personnel, Federal civilian employees. and
contractors of the Department of Defense (DOD) and the 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).

TEST OPERATIONS

During HARDTACK the United States fired as many nuclear devices (35) as
had been fired in all prior Pacific Ocean tests. Not only was the total number
of shots 1n HARDTACK large, but the varlety of types was great; land- and
water-surface events, underwater detonations., and balloon- and rocket-borne
high-altitude tests were conducted. The following page of this fact sheet
lists the names, dates, and locations of the shots.

In a sense, HARDTACK was divided into three parts. The first was aimed at
the development of nuclear weapons, continuing the type of testing that had
taken place at Enewetak and Bikini during the early and mid-1950s. In these
tests, the AEC weapon development laboratories (Los Alamos Scientific Labor-
atory and the University of Calit‘orfﬁ& Radiation Laboratory) detonated thelr
experimental devices, with the DOD providing support and conducting experiments
that did not interfere with the AEC activitiles.

The second part, sponsored by DOD, consisted of the underwater test shots,
WAHOO and UMBRELLA. the first in the open ocean and the second within the la-
goon at Enewetak. The purpose of these tests was to improve the understanding
of the effects of underwater expldéBions on Navy ships and material. These
tests could be considered as a corntinuation of BAKER test of the CROSSROADS
series at Bikini 1in 1946 and the WIGWAM test 500 nmil (927 km) off the U.S.
west coast in 1955.

* Pormerly Eniwetok. 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.. -



HARDTACK I detonations, 1958.

Local Assigned
Date Name Location Type Burst

28 April YUCCA Between Enewetak and Bikin? High Altitude (balloon)
6 May CACTUSA Enewetak Surface

12 May FIR Bikin1 Barge

12 May BUTTERNUT Enewetak Barge

13 May KOAD Enewetak Sur face

16 May WAHOO Enewetak, 1n ocean Underwater

21 May HOLLY Enewetak Barge

22 May NUTMEG Bikini Barge

26 May YELLOWWOOD Enewetak Barge
27 May MAGNOLIA Enewetak Barge

30 May TOBACCO Enewetak Barge
31 May SYCAMORE Bikini Barge

3 June ROSE Enewetak Barge

9 June UMBRELLA Enewetak, lagoon Underwater

17 June MAPLE Bikini Barge

15 June ASPEN Bikin4 Barge

15 June WALNUT Enewetak Barge

18 June LINDEN Enewetak Barge

28 June REDWOOD Bikini Barge

28 June ELDER Enewetak Barge

29 June 0AKC Enewetak Barge

29 June HICKORY Bikini Barge

2 July SEQUOIA Enewetak Barge

3 July CEDAR Bikini Barge

6 July DOGWOOD Enewetak Barge

12 July POPLAR Bikin1 Barge

14 July SCAEVOLAY  Enewetak Barge

18 July PISONIA Enewetak Barge

22 July JUNIPER Bikini Barge
23 July OLIVE Enewetak Barge
27 July PINE Enewetak Barge

31 July TEAK® Johnston Island area High Altitude (rocket)
6 August QUINCE Enewetak Surface

11 August ORANGE® Johnston Island area High Altitude (rocket)
18 August FIG Enewetak Surface

Notes: Yields have not been announced except as noted below.
%18 k.

b1.37 MT.

‘8.9 MT.

dLou.

e
Megaton range.




The third part, also sponsored By DOD, addressed a military problem that
was newer: nuclear weapons in air ‘afd ballistic missile defense. The HARDTACK
tests directed toward this problem’ consisted of three high-altitude shots, two
of which (TERK and ORANGE) were [0 ‘et borne and were conducted at Johnston
Island. The third of these high-alt gude tests, YUCCA, was carried aloft by a
balloon over the ocean between Bniﬁk and Bikini. These high-altitude tests
used device placement techniques and data-recording operations that were new
to nuclear weapons testing.

Central to the test series wcl fﬁo experimental program. This program and

personnel participation. HARDTACK®
pects, the first of which was thi

Unlike earlier nuclear test serli
each aspect were in large part se

These two aspects can serve
terest between the major partici

rough measure of differentiation of in-
“the AEC interest in weapon development,
application of the effects of the explo-
sions. The several parts of the weapon development and effects studies each
had particular features that led ‘&8 the possibility of radiation exposure.

RADIOLOGICAL SAFETY

For Operation HARDTACK, CJTF T Was directed to "assume overall responsi-
bility for the radiological safe f Task Force personnel and of populated
islands." To carry out this respo;ﬁi%ilty. the JTF 7 Operation Plan further
directed that a Fallout Plotting Center be set up and that the capability be
established to keep the task force and CINCPAC informed of the fallout situa-
tion at all times. including the announcement of safe reentry times. Fallout
stations were to be set up and teéhiital assistance given to personnel in the
Trust Territory of the Pacific IsIanﬂs Monitors and courlers were to be pro-

In addition, the Operation Plan ,;pecified that task group commanders es-—
tablish radiation safety (radsafe) units within the task groups with adequate
speclal clothing and radiac instrumentation. Task groups were also to provide

a roster of their personnel for film bBadge preparation.

The radsafe program for Operatidli HARDTACK was divided into two parts: on-
site and offsite. Onsite radsafe attivVities were conducted by the various task
groups, with the scientific task group given the responsibility for all radsafe
functions associated with diagnosticéiexperimntal programs and for dosimetry
and other technical services to tﬁiﬂtire task force. The operation of the
offsite program and the coordinati of the onsite activitles were conducted
by the Radsafe Office of Hq JTF 7. =%

RADIATION SAFETY STANDARDS

A maximum permissible exposure. ) for personnel was set at 3.75 roent-
gens (R) (gamma only) per consecutive 13-week period with a maximum of 5 R for




the operation. Exceptions were made for emergency and other tactical situa-
tions. The operation was defined as the period from 15 days before the first
ready date to 15 days after the last shot. A special MPE of 10 R was author-
ized for crewmembers of air-sampling aircraft. In the event of operational
error or emergency, an additional exposure of 10 R would be accepted. Any expo-—
sure in excess of 20 R total would be considered as an overexposure for alrcrew
samplers. ‘

The limit of 3.75 R per l13-week period was slightly greater than the Na-
tional Council on Radiation Protection and Measurements and the International
Commission on Radiation Protection limit of 3 R per 1l3-week period in effect
at that time. The limit of 5 R for the operation 1is equivalent to the exposure
currently permitted per year by Federal guidelines for radiation workers.
Appropriate remarks were to be included in the medical records of personnel
who exceeded the 3.75 and 5 R limits. Military personnel were to be advised
that they should not be exposed to further radiation until sufficient time
elapsed to bring their average radiation exposure down to 0.3 R/week. Civilian
personnel in this category were to be informed that limitations on further
radiation exposure were to be determined by the laboratory or agency having
administrative Jjurisdiction over such personnel.

A film badge program provided an exposure-indicating device to all JTF 7
personnel to maintain complete exposure information on everyone entering the
EPG during the operation. The commander of the scientific task group assigned
overall badging responsibility to a special task unit. Beginning 1 April 1958,
film badges were 1issued to all individuals upon their arrival at the EPG with
instructions that the badge be worn at all times and turned in on recall. upon
exit from any contaminated area, or upon departure from the EPG.

SUMMARY OF TASK FORCE EXPOSURES

The table on the following page documents the numbers and percent of task
force personnel who received exposures 1in various categories. These data are
based on the latest data avallable and may be added to as research 1is com—
pleted. Of the some 19,600 1individuals badged at HARDTACK, 99 percent had
exposures that did not exceed the current Federal guidelines of 5 R per yvear.
The highest recorded exposure for the serles was 12.41 R. The overall joint
task force mean exposure was 0.87 R.

During the conduct of the series only one incident occurred of an exposure
of a large group of JTF 7 personnel to significantly elevated radiation levels.
This happened on 14 May when the base islands (Enewetak and Parry) at Enewetak
Atoll received fallout from a test shot that had been detonated at Bikini two
days before. This fallout episode. which lasted about 60 hours., couid have
contributed as much as 1.2 to 1.5 R total dose to personnel on Enewetak Atoll
depending upon the island on which they lived and their work activities. How-

ever, since nearly all personnel wore film badges, this fallout exposure is
reflected in the film badge doses.

There was one known incident cf offsite fallout. Two Japanese research
vessels operating outside the danger area set up around the EPG detected an
increase in radiation after shot POPLAR. An investigation by the JTF 7 Staff



Summary of HARDTACK I Exposures

Exposure Ranges {(roentgens)

No. of - High
Persons 0.001- 1.000- 3.000- 65.000- Over Recorded
Badged 0 0.999 2.999 4,999 9.999 10 (R)
Army 1,574 136 371 1,011 54 2 0 6.63
% of Total 9 24 64 3 <1 0
Navy 8,704 1,024 6,637 1,029 12 2 0 5.96
% of Total 12 76 12 <] <1 0
Air Force 3,795 598 1,281 1,730 106 73 7 12.41
% of Total 16 34 45 3 2 <1
Marine Corps 219 24 151 43 1 0 0 3.23
% of Total n 69 20 <1 0 0
Other Military 179 33 49 95 2 0 0 3.59
% of Total 19 217 53 1 0 0
DOD Contractors 113 10 59 41 3 0 0 4.05
% of Total 9 52 36 3 0 0
Other Participants 5,067 1,050 1,623 2,266 126 2 0 5.26
% of Total 21 32 45 2 <1 0
Total Partictpants 19,651 2,875 10,171 6,215 304 79 7 12.41
% of Total 15 52 31 1 <1 <1

Surgeon revealed that this exposure was small, amounting to, at most, 0.085 R
for the crew, and even thils figure did not reflect the decontamination proce-
dures that were used to lower the contamination.

The detonations during HARDTACK I, including those at Johnston Island, did
not expose the Hawaiian Islands to fallout.






PREFACE

Between 1945 and 1962, the U.S. Atomic Energy Commission (AEC) conducted
235 atmospherlc nuclear weapon tests at sites in the United States and 1n the
Pacific and Atlantic oceans. In all, about 220,000 Department of Defense (DOD)
participants, both mllitary and civilian, were present at the tests. Of these,
approximately 142,000 participated in the Pacific test serles 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 leukemla cases than would normally be expected among about
3,200 soldlers who had been present at shot SMOKY, a test of the 1957 PLUMBBOB
serles. Since that 1initilal 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 thelr 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 potentlal exposures to 1lonizing radiation among the military and
civilian personnel who participated in the atmospherlic testing 15 to 32 years
earlier. In early 1978, the DOD also organized a Nuclear Test Personnel Review
(NTPR) to:

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

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

o Provide public disclosure of 1nformatlion concerning par-
ticipation by DOD personnel 1in the atmospherlic nuclear
weapon tests.

This report on Operation HARDTACK Phase I 1s 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 military and technical documents reporting various aspects of each of
the tests. Reports of the NTPR provide a public record of the activities and
assoclated radiation exposures of DOD personnel for interested former partici-
pants 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 that accurately placed personnel at the
test sites were desired so that thelr degree of exposure to the ilonizing radi-
ation resulting from the tests could be assessed. The search for this informa-
tion was undertaken in archives and libraries of the Federal Government, 1n
speclal collections supported by the Federal Government, and, where reason-
able, by discussion or review with participants.

7



For HARDTACK, the most important archival source 1s the Washington National
Records Center (WNRC) 1in Suitland, Maryland. The Naval Archives at the Wash-
ington Navy Yard also were helpful, as was the collection of documents assem—
bled by the Alr Force Weapons Laboratory (AFWL) Historlan, the collection now
being housed in the AFWL Technical Library at Kirtland Air Force Base, Albu-
querque, New Mexico. Other archives searched were the Department of Energy
(DOE) archives at Germantown, Maryland., 1ts Nevada Operations Office (DOE/NV)

archives at las Vegas., and archives of the Test Division of the lLos Alamos
National Laboratory.

JTF 7 exposure records were retrieved from the WNRC, and an additional
file of exposure-related documents that had been microfilmed by the Reynolds

Electrical and Engineering Company, Inc., support contractor for DOE/NV was
also useful.

Primary documentation of personnel movement 1n areas of potential radia-
tion exposure 1s sparse. This has been compensated for, where possible, with
inferences drawn from secondary sources and the exposure records themselves.

The work was performed under RDT&E RMSS B350079464 U99 QMXMK 506-09 H2590D
for the Defense Nuclear Agency by perscnnel from Kaman Tempo and R.F. Cross
Assoclates as subcontractor. Guldance was provided by Mr. Kenneth W. Kaye of
the Defense Nuclear Agency Blomedical Effects Directorate.
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CHAPTER 1
OVERVIEW

INTRODUCTION
Purpose

HARDTACK was the operation designation for U.S. nuclear testing in both
the Pacific and in Nevada 1in 1958. Phase I was an atmospheric test serles in
which 35 nuclear devices were detonated at the Atomic Energy Commission's (AEC)
Eniwetok Proving Ground (EPG)* at Enewetak! and Bikini atolls in the spring
and summer of 1958. HARDTACK Phase II was conducted in Nevada. HARDTACK Phase I
is the subject of this report, and Table 1 lists the detonations. Phase I 1is
subsequently referred to simply as HARDTACK throughout this report.

This report documents the participation of Department of Defense (DOD)
personnel who were active in this test serles. The report's purpose 1s to bring
together the avallable information about this atmospheric nuclear test series
pertinent to the exposure of DOD personnel, both uniformed and civilian em-
ployees. The report explains the reasons why DOD personnel were present at
these tests, 1lists the DOD organizations represented, and describes their
activities. It discusses the potentlal radiation exposure 1involved 1in these
activities and the measures taken for the protection of DOD personnel. It pre-
sents the exposures recorded by the participating DOD units.

Historical Perspective

During HARDTACK the United States fired 35 nuclear devices, which was as
many as had been fired in all prilor Pacific Ocean tests. Not only was the
total number of shots in HARDTACK large, but the varlety of types was dgreat;
land- and water-surface events, underwater detonations, and balloon- and
rocket-borne high-altitude tests were conducted.

With each nuclear explosion there was a release of some radioactive mate-
rial into the atmosphere and, as a result of the increasing number of nuclear
tests, concern was growing about the health effects of radioactive fallout. In
some cases thils concern became direct opposition to the conduct of the tests.
Concern and opposition to nuclear weapon testing was also growing on purely
political grounds.

* Before 1958, the EPG was called the Pacific Proving Ground (PPG).

T a better understanding of the Marshall Islands language has permitted a more
accurate transliteration of Marshall Island names 1into English language
spelling. These newer transliterations are used in this report with few ex-
ceptions. Appendix C lists the names and their variant spelling.
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Table 1. HARDTACK Phase I detonations, 1958.
Local Assigned Type
Date Name Location Burst
28 April YUCCA Between Enewetak and Bikini High Altitude
6 May CACTUSA Enewetak Surface
12 May FIR Bikini Barge
12 May BUTTERNUT Enewetak Barge
13 May KOAD Enewetak Surface
16 May WAHOO Enewetak Underwater
21 May HOLLY Enewetak Barge
22 May NUTMEG Bikini Barge
26 May YELLOWWOOD Enewetak Barge
27 May MAGNOLIA Enewetak Barge
30 May TOBACCO Enewetak Barge
31 May SYCAMORE Bikin1 Barge
3 June ROSE Enewetak Barge
9 June UMBRELLA Enewetak Underwater
11 June MAPLE Bikin1 Barge
15 June ASPEN Bikini Barge
15 June WALNUT Enewetak Barge
18 June LINDEN Enewetak Barge
28 June REDWOOD Bikini Barge
28 June ELDER Enewetak Barge
29 June 0AKC Enewetak Barge
29 June HICKORY Bikini Barge
2 July SEQUOIA Enewetak Barge
3 July CEDAR Bikini Barge
6 July DDGWOOD Enewetak Barge
12 July POPLAR Bikini Barge
14 July SCAEVOLAY Enewetak Barge
18 July PISONIA Enewetak Barge
22 July JUNIPER Bik1in1 Barge
23 July OLIVE Enewetak Barge
27 July PINE Enewetak Barge
31 July TEAK® Johnston Island area High Altitude
6 August QUINCE Enewetak Surface
11 August ORANGE® Johnston Island area High Altitude
18 August FIG Enewetak Surface
Notes: Yilelds have not been announced except as noted below.
%18 KT.
b1.37 MT.
‘8.9 M-
dLow.

eHegaton range.
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By 1958 the U.S.-U.S.8.R. antagonism had lessened somewhat from its peak
during the earlier "cold-war" years, and there was a political sentiment that
nuclear weapon tests were in large part a variety of saber-rattling that tended
to enhance the international tensions that could lead to nuclear war. There was
also sentiment that the ending of the tests by the United States with, or even
without, a compensating and expected cessation of testing by the U.S.S.R. could
be a first step on the way to general disarmament.

On the other hand, the predominant opinion in the Unlted States was that
the weapons being developed were vital to 1its interests and were the only
counterwelght the United States possessed to offset the superior manpower of
the U.S.8.R. This opinion considered the low probability of adverse health
effects resulting from the tests as a small, aimost inconsequential, price to
pay for national or, indeed, international survival. Some felt that without
the deterrence provided by the massive retaliatory power of the United States
in the form of nuclear weapons, the U.S.S.R. would perceive the Western world
as weak and would surely attack, initiating a nuclear war in which neither
side could expect victory in any conventional sense.

A drive to continue testing also resided within the testing community 1it-
self. The development of nuclear weapons up to this time had been primarily of
large-yield, strategic weapons that fit with the established U.S. policy of
"massive retaliation.” In 1958, some weapon designers felt that with more test-
ing, smaller and more efficient and radiologically “clean" weapons could be
developed. This development would enhance flexibility in the military support
of U.S. foreign policy, and the “cleanness" of the test explosions would also
make testing operations themselves less contaminating and thus more acceptable
to world opinion.

The debate over testing was conducted at the highest levels within the
U.S. Government. The U.S.S.R. had just completed an atmospheric test series in
the spring of 1958 and it was clear that the Russians, having already had their
turn, were likely now to make some propaganda ploy by renouncing nuclear test-
ing. knowing that the United States was about to begin the HARDTACK serles.

Arguments for the continuation of the planning and execution of HARDTACK
prevalled but with what was, perhaps, a concession to world opinion -- the
addition of a shot to demonstrate the radilological cleanness of the U.S. weap-—
ons being tested. In April, an invitation was extended to the member nations
of the United Nations Scientific Committee on the Effects of Atomic Radiation
to observe this demonstration. The shot was basically intended to demonstrate
that a low proportion of the total yield was developed by the fission process:
its proof, however, required the use and understanding of scientific instru-
ments that determine both the total yleld and fission contribution. Therefore.
the invitation was for each member nation to send one sclentist and one press
representative. The activities planned are discussed in somewhat more detail
subsequently (see "Task Unit 7.1.7." page 55).

The United States cancelled this event on 26 July since the earliest the
test could have been conducted was 25 August and it could have been delayed
even more. This late date would have interfered with the observer scientists
attending the "Second Atoms for Peace" conference on September 1 in Geneva.
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The United States offered to substitute "laboratory devices" at some indefinite
future date for the cancelled test. At the time of the cancellation only three
(Belgium, Sweden and France) of fourteen nations had agreed to send representa-
tives. The "Eastern bloc" nations (U.S.S.R. and Czechoslovakia) and India had
declined, and eight had not replied.

Report Organization

Subsequent sections of thils overview chapter discuss the form of experi-
mental nuclear weapon test programs with emphasis on the potential radiation
exposure of participating DOD personnel. The experimental activities are con-
sidered first without particular reference to the geographic location of the
testing., and are then related to the geographic limitations on such activities
at the EPG and Johnston Island. The portion of the experimental program in
which DOD participated most heavily 1s emphasized.

The chapter concludes with a description of Joint Task Force 7 (JTF 7).
the organization that conducted Operation HARDTACK., and indicates how the DOD
elements within JTF 7 functioned.

Chapter 2 1is concerned with the radiological safety (radsafe) aspects of
the tests. This chapter documents the procedures, training, and equipment used

to protect participants from the radiation exposure potential inherent in the
test operations.

Chapter 3 focuses on the role of the DOD in the experimental program of
HARDTACK 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 weapon
development phase, and Chapter 5 presents the DOD phases of HARDTACK, first
the underwater tests, followed by the high-altitude shots.

Chapters 6 through 9 report participation by the Army, Navy, Alr Force,
and Marlne Corps, respectively. Chapter 10 summarizes the participation of
other government agencies and contractors. A 1listing of participating units
and a statistical characterization of theilr personnel exposures are 1included
in these chapters. The personnel exposures are discussed in Chapter 1ll.

NUCLEAR TESTS AND RADIATION EXPOSURES

Nuclear testing before 1961 usually consisted of the unconfined detonation
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, sup-
ported by a balloon, dropped from an airplane, or flown on a rocket. On occa-
slon., devices were detonated underwater or burled 1n the earth or 1in under-
ground tunnels and shafts.

In theory., personnel could be exposed either by the radiation emitted at
the time of exploslion and for about 1 minute thereafter —-- usually referred to
as 1nitlal radiation -- or the radiation emitted later (residual radiation).
Initial radiation 1s part of the violent nuclear explosion process itself:; to
be close enough for 1initial radilation exposure would place an observer within
the area swept by lethal blast and thermal effects.
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The neutron component of 1initial radiation did indirectly contribute to
the possibility of personnel exposure. Neutrons are emitted in large numbers
by nuclear weapon explosions. They have the property of altering certain non-
radiocactive materlals so that they become radioactive. Thils process, called
activation, works on some 1sotopes of sodium, silicon, calcium, manganese, and
iron, as well as other common materials. Activation products thus formed are
added to the inventory of the radioactive products formed in the explosion
process. The radiation emitted by thils 1inventory more than 1 minute after
detonation is referred to 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, fissloning atoms of the heavy elements, uranium and plutonium, split
into lighter elements, releasing energy. These lighter atoms are themselves
radioactive and decay, forming another generation of descendants from the ori-
ginal fission products. This process 1is rapid immedlately after the explosion
but slows later and continues for years at very low levels of radiocactivity.

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

Fission products and the activation products, along with unfissioned ura-
nium or plutonium from the device, are the components of the radioactive ma-
terial in the debris cloud, and this cloud and its fallout are the primary
sources of the potential exposure to radiation.

In a nuclear airburst in which the central core of intensely hot material,
or fireball, does not touch the surface, the bomb residues (including the fis-
sion products., the activation products resulting from neutron interaction with
device materials, and unfissioned uranium and/or plutonium) are vaporized.
These vapors condense as the fireball rises and cools, and the particles formed
by the condensation are small and smoke-like. They are carried up with the
cloud to the altitude at which its rise stops, usually called the cloud stabil-
lization altitude. Spread of this material then depends on the winds and wea-
ther. If the detonation is small, the cloud stabllization 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 detonations
with yields equivalent to killotons of TNT will be down within 2 months (Refer-
ence A.l). Areas in which this fallout material will be deposited will appear
on maps as bands following the wind's direction. Larger detonations (ylelds
equivalent to megatons of TNT) will have cloud stabilization altitudes in the
stratosphere (above about 10 miles [16 km] in the tropics): the radioactive
material 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
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some residual and short-lived radiation coming from activated surface materials
under the burst if the burst altitude 1s sufficlently low for neutrons to reach
the surface.

Surface and near-surface bursts pose larger potential radiation exposure
problems. These detonations create more radioactive debris because more mate-
rial is available for activation within range of the neutrons generated by the
explosion. In such explosions, the extreme heat vaporizes device materials and
activated earth materlals as well. These materilals cool 1in the presence of
additional material gouged out of the burst crater. This extra materlal 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
11ft 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 de-
pend on the yield of the detonation. 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 A.1).

Bursts on the surface of seawater generate particles consisting mainly of
salt and water drops that are smaller and lighter than the fallout particles
from a land-surface burst. As a consequence, water-surface bursts produce less
early fallout than simllar weapons detonated on land. Large-yleld surface
bursts in the EPG over relatively shallow lagoon waters or on the 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 EPG were of such a large size that they
formed underwater craters. These craters retailned a fraction of the devices'
radiocactive debris and activated materilals. Water that overlay these craters
shielded surface operations from the radiation from this residual material,
but 1t also moved material from the craters into the general circulation sys-
tem of the lagoon waters. Craters were subject to washing and silt plumes were
observed to come from them for long periods after the shots: it 1is reported
that plumes from the MIKE crater (the first shot of the IVY Serles, 1952) were
visible a year after the detonation (Reference A.7).

Detonations on towers may be considered as low airbursts or ground bursts,
depending upon whether the fireball touches the ground. A larger burst will
create more fallout than a smaller burst on equal-height towers, not only be-
cause of the additional fission products and weapon debris, but also because
it will pull up more earth materlals, or even form a crater. In addition., the
materials of the tower 1itself provide a source of easily activated materials.
Particles of the tower materlal 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.

Underwater nuclear detonations are muffled by the great mass of water that
surrounds them. Initial nuclear radiation 1s absorbed by the water surrounding
the device and the intense heat vaporizes the water near the burst, forming a
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bubble beneath the surface of the water that expands as the energy released in
the explosion works against the mass of water. This expansion continues until
the energy 1s expended, at which point the bubble begins to collapse as 1t
rises toward the surface. Depending upon the depth of the burst and the size
of the bubble (which 1in turn depends on the yleld, or total energy released,
of the explosion), the bubble may break the surface of the water near its fully
expanded size or smaller. Some radioactive products are vented into the air as
the bubble breaks the surface, but most of the device debris remains trapped
in the volume of water that collapses on the bubble. This volume of water 1is
usually referred to as the radioactive pool and was the primary source of po-
tential radiation exposure for 1individuals participating in the tests. Wwhen
the burst 1s close enough to the bottom, an underwater crater may be formed,
and the material excavated from 1t will be radioactive and contribute to the
residual radiation inventory.

When a detonation takes place high above the Earth's surface, the very thin
air absorbs the 1initial radiation only slightly. Thus, radiation can travel
great distances at very high altitudes. Downward toward the Earth's surface,
however. the air becomes progressively more dense and the 1initial radiation
from a high-altitude burst 1is attenuated and absorbed long before it reaches
the surface of the Earth. For a burst above the atmosphere, the altitudes at
which the radiations are virtually stopped are: 35 to 55 miles (56 to 88 km)
for X-rays: 15 miles (24 km) for neutrons and gammas; and 35 miles (56 km) for
beta particles.

The possibility of exposure from early fallout during a high-altitude burst
is also virtually nonexistent. In a high-altitude detonation, the device debris
is dispersed into the stratosphere or higher. This 1s above the height where
weather, which might bring the radioactive device debris to Earth, 1s formed.
Consequently. there 1s no likelihood that the suspended material will descend
quickly enough to expose personnel 1in the vicinity of the surface zero. Such
device material remains in the upper atmosphere about 6 months. During this
period, and by the time they descend to Earth, most of the radionuclides pro-
duced by the detonation will have decayed to low levels, with two notable ex-
ceptions. Isotopes of strontium and cesium, 90gr and 137cg, take longer to
decay than the time required for their deposition. The major radiological con-
cern about a high-altitude burst arises from the radiation from these 1iso-
topes in the delayed failout.

EXPERIMENTAL PROGRAM

Central to the test serles was the experimental program. This program and
its requirements dictated the form of the test organization and the detall of
personnel participation. HARDTACK's experimental program incorporated two as-
pects, the first of which was the development of the weapons themselves, and
the second involved measurement of the explosive and radiation effects. Unlike
earlier nuclear test series. the HARDTACK test operations supporting each as-
pect were in large part separate.

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

est between the major participants: the AEC interest in weapon development, and
the DOD interest in the military application 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 Development

In testing devices, weapon designers are interested in two classes of mea-
surements: the total enerqgy release of the device, and the rate of release.
Total energy release measurements are called yield measurements, and the rate
of release measurements are called dilagnostic measurements.

YIELD MEASUREMENTS. Device yield 1s usually determined by several methods,
two of which 1involve photo-optical techniques. Growth of the intensely hot and
radiating mass of device debris and air that constitutes the nuclear fireball
varies with 1its yleld. Very-high-speed cameras were therefore used to record
this growth, and fillm records subsequently analyzed to infer yleld. 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 yield.

In addition, yvield may be determined by collecting and analyzing a repre-
sentative sample of the device debris. Inferences are then drawn regarding the
vield, based on knowledge of the materials in the device.

Construction., instrumentation placement, and data recovery for the photo-
optical yield determinations did not usually require personnel to be 1n areas
with a 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 activities
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 1in directions not heavily contaminated by fallout.

Sampling of device debris, however. necessitated much closer contact with
higher levels of radioactivity. The technique used in HARDTACK and most atmo-
spheric tests was to fly aircraft with collectors directly through portions of
the radioactive (or mushroom) cloud, although on some HARDTACK shots rockets
were used in an attempt to collect samples. About 90 percent of the fission
debris was usually considered to be in the upper portion of the mushroom cloud
(Reference A.l). Several alrcraft were used to obtain a representative sample.
Alrcrews were exposed to the radiation emitted by the radioactive particles in
the cloud as they flew through. Ailrcraft flying these sampling missions picked
up significant amounts of radioactive material on theilr surfaces, posing addi-
tional and continuing radiation exposures to the alrcrews as they returned to
base, as well as to decontamination ground crews. Samples collected were radio-
logically "hot" and required special handling as they were taken from the

alrcraft and prepared for shipment to laboratories 1in the United States for
analysis.

DIAGNOSTIC MEASUREMENTS. The explosion of a nuclear device 1s a progressive
release of increasing amounts of nuclear radiation, some of which directly es-
capes the device. The rest of the radiant energy interacts with the assoclated
material of the device itself and 1s converted into differing forms of radia-
tion and into the kinetic energy of the remaining materials in a small fraction
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of a second. The intensely hot core then reradiates, heating the surrounding
air and creating a shock wave that propagates outward from the burst point.

Weapon diagnosticians used sophisticated techniques to follow the processes
that occurred during the device explosion. Detectors and collectors were run
up to, and sometimes 1inside, the device case so that the radiation being sam-
pled could be directly channeled some distance away and there be recorded by
instrumentation designed to survive the ensuing blast. To enhance its trans-—-
port, radiation was conducted through pipes (often evacuated or filled with
speclal gases) from the device to stations where recording instrumentation was
located or where the information could be retransmitted to a survivable record-
ing station.

Radiation measurements are based upon the effects that result from the
interaction of the radiation with matter. Fluorescence 1s one such effect.
Materlals that fluoresce with radiation exposure were placed 1in view of cam-
eras or light detectors to provide a record of the varlation of fluorescent
intensity with time. thereby providing an indirect measurement of the radiation
environment.

Other methods of detecting radiation 1involve the shielding (attenuation)
properties of earth materials, water, and other substances. These materlals
are also used to baffle or collimate radiation to ensure that radiation 1s
directed toward the detecting instrument.

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

Preshot preparation included the hazards normally assoclated with heavy
construction, and some exposures of workers to reslidual radlation remalning
from previous tests.

The potential for radiation exposure of personnel assoclated with weapon
diagnostic experiments depended upon the proximity 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 1s from fission* products and ma-
terials made radioactive by neutron activation of device and earth materials
in the vicinity of surface zero. Thus, the distance from surface zero 1s a
principal factor 1n assessing exposure to persons engaged in the experimental

program.

Since radioactive material decays with time, the time lapse between the
explosion and exposure is a critical factor in dose assessment. Primary record-
ing media for these experiments were photographic films from oscilloscope,

* RAlthough the HARDTACK devices were mainly thermonuclear, or fusion, de-
vices, a significant portion of thelr energy release resulted from fission
processes.
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streak, or framing cameras located in survivable bunkers near the detonation
point. Because radlation fogs film in time, these films and other time-
sensitive data were removed from the bunkers by helicopter-borne personnel
within hours of the detonation to minimize damage by fogging. This recovery
constituted the main potential for exposure of weapon dlagnostics participants.

Effects Experiments

Effects experiments were intended to acquire urgently needed military data
that could not be obtained from the smaller yield tests at the Nevada Test
Site. These experiments may be classed into two general kinds. The first class
of measurements was made to document the hostile environment created by the
nuclear detonation. The second class of effects experiments documented the re-
sponse of systems to the hostile environment; these measurements are termed
systems response experiments.

ENVIRONMENTAL MEASUREMENTS. The purpose of environmental measurements was
to gain a comprehensive view of the hostile environment created by a nuclear
detonation to allow military planners to design survivable military hardware
and systems and train personnel to survive. Examples of environmental measure-
nments include static (crushing) and dynamic (blast wind) air pressures in the
blast wave, heat generated by the detonation, and fallout radiation. Measure-
ment techniques employed for HARDTACK varied with the effect being measured,
but usually measuring devices or gauges were placed at a varlety of ranges
from surface zero and their neasurement recorded in some way. A wide variety
of gauges and data-recording techniques was used. In some cases, measurements
were similar to those being made by the weapon designers. but at greater dis-
tances or longer after the detonation, which simplified the recording of the
data, although the recovery problems were by no means trivial.

HARDTACK, with test shots conducted both deep underwater and well above
the stratosphere, required a varlety of techniques to document the environment
affected by the bursts.

Rugged, self-recording gauges had been developed for blast and thermal
radiation measurements by 1958 so that complete loss of data from a project
would not occur 1f instrument recovery were delayed., for example, by heavy
fallout. For nuclear radiation measurements. however, prompt data recovery was
still desirable as the gauges used might be thin folls of some material that
would be made radioactive by the burst-time neutrons; hence early observation
was necessary before the information contained in the induced radiation pat-
tern decayed away.

The potential for radiation exposure of personnel responsible for environ-
mental measurements in general depended on the proximity of the instruments to
the device and the time that elapsed between detonation and instrument recov-
ery, as was the case for weapon development experimentation: the nearer 1in
space or time to the detonation., the greater the potential for exposure.

SYSTEMS RESPONSE EXPERIMENTS. To document the response of systems to the

hostile environment, military hardware (such as aircraft or naval mines) was
exposed to the effects of nuclear detonations,
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Techniques used for the systems response experiments were conceptually sim-
ple: exposure of the system of interest and observation of i1ts response. Actual
conduct of the experiments was far more complex. The level of the threat to
which the system was exposed almost always required documentation so that the
response could be properly understood, necessitating an environmental experl-
ment along with the systems response experiment. It was often not enough to
know whether the system survived, but rather the response of the component
parts and their interactions was required, entailing the placement of sophis-
ticated instrumentation and recording devices.

While the potential radiological exposure for these systems response ex-
periments was governed primarily by the closeness of personnel 1in space or
time, an additional problem arose. Often, when the subject of the exposure
itself was recovered for closer examination. it could be contaminated by device
debris or even be radloactive because of the activating effects of the device's
neutron output.

OCEANIC TESTING OPERATIONS

Implications of oceanic testing have only incidentally been remarked upon.
These are now discussed, especially as they relate to DOD operations during
HARDTACK.

Marshall Islands Setting

The Marshall Islands are in the easternmost part of the area known as Mi-
cronesia ("tiny 1slands"). The Marshalls are spread over 770 thousand mi2 (2
million kmz) of the Earth's surface but the total land area 1s only about 70
mi12 (180 kmz). Two parallel chains form the islands: Ratak (or Sunrise) to
the east, and Rallk (or Sunset) to the west; both Enewetak and Bikinil are in
the Ralilk chain at 1i1ts northern extreme. Figure 1 shows these islands in the
Central Pacific. Figure 2 i1s a map of Enewetak Atoll, and Figure 3 is a map of
Bikini Atoll.

Typical atolls, Enewetak and Bilkini are coral caps set on truncated, sub-
merged volcanic peaks that rise to considerable heights from the ocean floor.
Coral and sand have gradually bullt up narrow islands into a ring-like forma-
tion with open ocean on the outside and a relatively sheltered lagoon on the
inside. Both atolls have two passages, a wide one and a deep one, that permit
access to their lagoons from the sea. Enewetak also has a third. All the 1s-
lands are low-lying, 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 atolls where the larger islands exist.
Devices were detonated on the northern islands and over the northern reefs.
The western sections of the atolls were not involved in test activities except
for limited use as instrumentation sites.

Elliptically shaped. Enewetak 1s approximately 550 nmi (1,020 km) southwest

of Wake Island and 2,380 nmi (4,410 km) southwest of Honolulu. It encloses a
lagoon 23 miles (37 km) in diameter and has a total land area of 2.75 m12
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Figure 3. Bikini Atol1, 1958, showing pre-HARDTACK detonation sites.

(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 1slands
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, "Is-

land Synonyms. "

Bikini is 189 nmi (350 km) east of Enewetak. Its islands consist of about
2.7 mi2 (7 km2) of surface area and encircle a lagoon that 1is 25 miles
(40.2 km) long and 15 miles (24.1 km) wide, with a maximum depth of about 200
feet (61 meters). The land area 1s concentrated in the eastern islands, from
Blkini to Eneu 1islands, which form about 53 percent of the land total, with 24
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percent taken up by the southern section of Enidrik to Aerokoj. The detonation
area in the north occuples about 19 percent of the land area.

The climate of Enewetak and Bikini 1is tropical marine, generally warm and
humid. Temperature changes are slight, ranging from 70° to 90°F (21° to
329C). Rainfall 1s moderate, and prolonged droughts may occur. North of both
atolls 1s open ocean for a thousand miles. with the only inhabited island being
Wake. Storms are infrequent, although typhoons occur: nevertheless, both wind
and sea are continuous erosional agents. Although possible at any time, most
tropical storms occur from September to December. Cumulus clouds are abundant
in the area.

The Enewetak-Bikinl region incorporates three basic wind systems. Northeast
trade winds extend from the surface to 25,000 to 30,000 feet (7.6 to 9.1 km),
the upper westerlles 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 up 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 1n the upper westerliles, particularly durlng late summer and fall.

The steady northeast trade winds 1n the lower levels cause the water at
the surface of the lagoons to flow from northeast to southwest, where it sinks
to the bottom and returns along the lower levels of the lagoons, rises to the
surface along the eastern arc of the reefs and 1slands, and 1s moved by the
winds to the southwest again. Lagoon waters moving in this closed loop also
mix with those of the open ocean., resulting in a flushing actilon.

At Bikinl, ocean water flows in over the northern and eastern reefs and
flows out through the western portion of Eneu Channel. The water exchanges over
the western reefs with the tides, ocean water flowing 1n and mixing with flood
and lagoon water flowing out with the lows. The net rate of flushing of Bikini
waters 1s such that half of the lagoon waters are replaced by ocean water in
22 days and the original volume will account for only 10 percent of the lagoon
volume after 2-1/2 months.

At Enewetak, the flushing 1s more rapid and has two major routes. The first
1s directly through the eastern reefs to the western reefs: the second 1s
through Deep Entrance between Japtan and Parry and out Wide Entrance west of
Enewetak. These two routes also function to keep the waters of the northern
part of the lagoon separate from the southern waters.

The land areas of Enewetak and Bikini atolls, their lagoons, and the waters
within 3 miles (4.8 km) of their seaward sides constituted the EPG. These 1is-
lands are 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 1n charge of the EPG 1tself was the AEC.

The Test Division of the AEC Division of Military Applications, Albuquerque
Operations Office, administered the test site through 1its Enewetak Branch Of-
fice, which supervised engineering, construction, maintenance. operation, and
management activities performed by 1ts contractor, Holmes & Narver, Inc. (H&N).
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PHYSICAL CONDITIONS IN 1958. Enewetak had been the site of nuclear testing
since 1948: the 1islands in the southeast quadrant served as the base for the
task forces, and the islands from north through east-northeast were used for
the tests themselves. The principal base islands were Enewetak, which bordered
Wide Entrance, and Parry, northeast of Enewetak, which bordered Deep Entrance.
These two islands, accounting for about 30 percent of the atoll's land area.
had been densely populated periodically during prior testing periods, serving
as the home and working facilities for JTF 7 and its predecessors.

During the decade that nuclear testing had been conducted, the base islands
had become increasingly built up, with permanent buildings replacing tents and
more sophisticated structures replacing simple ones.

Parry Island was used as the Joint task force headquarters as well as the
headquarters and living area for the sclentific groups. A compound had been
set aslide for device assembly work on 1ts southern end with sheltered and se-
cure work areas and access to a barge slip so that final assembly of test de-
vices could take place on the test barges themselves. Parry also had a piler
extending into deep water to directly offload ocean—-going vessels.

Enewetak Island was primarily covered with an airfield and 1its support
buildings and equipment. This airfield was large enough to support B-52 oper-
ations. Shops, warehouses, and barracks occupled most of the rest of the
island's area. Figures 4 through 7 show the base islands as they were in 1958.

Japtan, the third major island in the base area, lay Just across Deep
Entrance from Parry and still contalned a considerable stand of coconut palms,
pandanus, scaevola, and other tropical vegetation. It was the site of a radio-
receilver station and was used as a recreational area. The islands on the west-
ern side of the atoll had been less disturbed and were also covered with vege-
tation. Figure 8 1llustrates the typical growth.

The northern and northeastern arc of the islands had been used as the loca-
tion of the tests themselves and had been extensively graded. They had also
been connected by causeways constructed of fill borrowed from the islands or
dredged from the shallow reefs that surrounded them. This fill material was
held in place by timber and sheet-steel bulkheads. In 1951, the islands from
Eleleron to Lojwa had been linked by causeway, and by 1952 causeways had been
built between Eluklab, Dridrilbwij, Bokaidrikdrik, and Boken.

By 1958, the test activities had changed the surface features of these
shot 1slands. Eluklab had been completely eliminated in the MIKE test in 1952
and most of Eleleron was removed 1n 1956 by the MOHAWK test (Reference A.8).
Figure 9 suggests the appearance of these northern islands. Specific prepara-
tions for HARDTACK included the replacement of the causeway between Bokaldrik-
drik and Boken that had been destroyed by the cratering action of the SEMINOLE
test in 1956, which also carried away a portion of Boken. These causeways were
built to provide support for long pipe runs and subsurface conduits used in
weapon development tests and dry-land access to shot points from advance camps.

In October 1952, H&N, acting as the resident contractor for the AEC, began
construction of a camp on Eneman Island on the southern perimeter of Bikini.
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radiation exposure to personnel. The degree of the potential exposure depended
on the time that had elapsed since the test and the nature and size of the test
itself. From the previous discussion concerning the types of detonations it can
be inferred that the closer the burst point 1s to the surface, the greater the
radiological problem posed for personnel on the surface. As the burst height
increases there 1is less opportunity for the device debris to mix with the sur-
face material and be deposited there. In the case of the large surface bursts
at the EPG, which formed craters that filled with water, however, the surface
was shielded by the blanket of seawater from the crater's radloactivity. Even
in these cases, some of the crater's radioactivity left the crater through
underwater currents that carried out radioactive silt.

Cleanup of the shot sites and the surrounding areas 1is not well documented.
Generally speaking, the policy regarding these "hot" areas was to leave them
alone and control personnel access. However, as the 1sland areas were quite
small, such a conservative approach had limits. Positive cleanup activitiles in
the form of grading and covering "hot" areas are mentioned 1n preparation for
GREENHOUSE (1951) and CASTLE (1954) at Enewetak 1in the base support contrac-
tor's report (Reference D.2).

Apparently, some collection and burilal of concrete contaminated with alpha-
emitting materials had also begun before HARDTACK, although 1t 1s not mentioned
in the base support contractor's report for HARDTACK. Investigators for a
defense-related program at Enewetak report (Reference D.3) that 1in 1972 they
found five 20- x 20-foot (6.1- x 6.l-meter) concrete slabs covering 4-foot
(l.2-meter) deep crypts on Aomon bearing the following notice and date:

ALPHA RADIATION

DO NOT EXCAVATE
THIS 3 INCH THICK CONCRETE SLAB COVERS
PLUTONIUM CONTAMINATED CONCRETE DEBRIS
AEC APR 11 1957

The KICKAPOO test 1in 1956 was held at Aomon and did spread alpha-emitting con-
tamination. Whether these crypts contalined only material from ARomon, or from
other islands as well, 1s not stated in the source.

Results of a radiological survey of the 1islands of Enewetak Atoll, con-
ducted in March 1958 by H&N, are shown 1n Table 2. For reference, comparable
information following the HARDTACK tests 1s also shown 1n the table.

Bikini was the location of the first postwar nuclear detonation. In July
1946, the CROSSROADS tests were conducted 1in the lagoon. Two 23-KT devices
were detonated: one airburst over a target fleet, and the second burst under-
water in the lagoon about 2 nmi (3.7 km) west of Bikini Island.

When testing returned to Bikini in 1954, the use of barges as the shot
point was begun and thus, with one notable exception, no radloactive surface
zero areas were developed. Two large underwater craters were formed in 1954 and
these were used as subsequent surface zeros for detonations fired from barges.
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Table 2. Enewetak Atol1 gamma backgrounds (R/hr), 1958.

Preoperational Postoperational
(31 March) (31 August)
Island High Average High Average
Bokoluo 0.0004 0.0002 0.105 0.040
Bokombako 0.0006 0.0003 0.090 0.060
Kirunu 0.0004 0.0003 0.120 0.040
Lou} 0.0003 0.0002 0.100 0.040
Bokinwotme 0.0006 0.0002 0.030 0.012
Bokaidrikdrik 0.004 0.003 0.030 0.014
Boken 0.008 0.004 0.008 0.004
Enjebt 0.0002 0.0001 0.010 0.002
M1j}ikadrek 0.0002 0.0002 0.002 0.002
Kidrinen 0.0002 0.0001 0.002 0.002
Bokenelab 0.0002 0.0001 0.002 0.002
Dridrilbwi} 0.007 0.003 a a
Ae} 0.0005 0.0002 0.002 0.002
Lujor 0.110b 0.005 0.002 0.002
Eleleron 0.400P 0.003 0.100P 0.002
Aomon 0.0012 0.0002 0.0002 0.0002
Bijire 0.0001 0.0001 0.0002 0.0002
Lojwa 0.0001 0.0001 0.0002 0.0002
Alembel 0.0002 0.0001 0.001 0.001
Billae 0.0001 0.0001 0.001 0.001
Runit 0.002 0.0007 0.800 0.005
Munjor 0 0 0.0002 0.0002
Inedrail 0 0 0.0002 0.0002
Jinedrol 0 0 0.0002 0.0002
Anani}) 0 0 0.0002 0.0002
Japtan 0 0 0.0002 0.0002
Parry 0 0 0.0002 0.0001
Enewetak 0 0 0.0001 0.0001
Ikuren 0 0 0.0001 0.0001
Mut 0 0 0.0001 0.0001
Ribewon 0 0 0.0001 0.0001
Biken 0 0 0.016 0.012
Unibor 0 0 0.080¢ 0.030d
Drekatimon 0 0 0.150¢ 0.150¢
Notes:
aDr‘ldr‘l’lbw‘lj was destroyed by KOA detonation.
bHetaI.

cA'Ipha contamination also present (50,000 counts per minute).
d
Alpha contamination also present (10,000 counts per minuie).

Source: Reference C.5.3.
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The exception was the site of the KOON test in 1954 on the western end of
Eneman Island. This device did not develop its expected yleld and thus may have
deposited fissionable alpha-emitting material near the shot point. In 1956, the
ZUNI test was conducted on the surface at about the same place. ZUNI destroyed
the western end of Eneman, distributing the remains over the lagoon waters and
the northern islands. Figure 1l is an aerial view of this area. The ZUNI crater
lip also contained device debris and in 1958 the JTF 7 radsafe officer observed
that the radiation readings on Eneman varied with the tides. At low tide, when
more of the lip was exposed, the reading was higher than during high tide when
the seawater covered more of the lip (Reference C.1.1685). Figure 12 shows this
crater lip in 1958.

The results of radiological surveys of Bikinl in 1958 are shown in Table 3.

Johnston Island

Johnston Island 1s about 1,500 nmi (2,778 km) east and 350 nmi (648 km)
north of Enewetak. Johnston Island 1is about 3,000 feet (915 meters) long and
600 feet (183 meters) wide: the smaller Sand Island lies nearby. Both are sur-
rounded by a reef that forms a half-circle with a 7.5-mile (12-km) diameter.
The islands lie within a mile of each other on the northern, semicircular por-
tion of the reef. Figure 13 1s a map showing both 1slands and the surrounding
reef. An inset shows the Johnston Island facilitles. The collective area of
Johnston and Sand 1islands in 1958 was only 320 acres (129 hectares), most of
which was Johnston Island. Almost all of the Johnston Island surface area was
covered with runway, taxi strip, and bulldings and other structures directly
supporting the airfield operation. Figure 14 shows Johnston Island in 1958,

Johnston Island has been a possession of the United States since the ac-
quisition of Hawaiil 1in the 19th century. It was used as a base during Wworld
War II. In 1958 1t was an Alr Force base, but was only used for an emergency
landing field and as a base for the operation of navigation aids. Earlier in
the decade 1t had been a regular stop for Military Alr Transport Service (MATS)
trans-Pacific flights. It was manned by about 100 men in 1958.

The weather at Johnston Isiand is similar to that of the Marshalls except
it 1s somewhat drier and has less frequent cloud cover. The wind system there
is also similar, with trade winds from the east from the surface to about
20,000 feet (6.1 km) altitude, winds from the west from 20,000 to 50,000 feet
(6.1 to 15.2 km) altitude, and winds from the east up to the stratosphere.

Special Problems in Oceanic Testing

The Marshalls offered a large uninhabited area for test activities and for
the favorable disposition of the test debris 1f the winds were in the right
direction. However, the area was almost all water, offering little dry space
to place shot towers, instrumentation shelters, test structures, or places to
live. At Enewetak Atoll the total land area 1s only about 1,800 acres (about
730 hectares), and the prime acreage in the southeastern quadrant (about one-
third of the total) housed that part of the task force not based on ships. The
land area of Enewetak Island, the largest of the atoll, 1s only about 320 acres
(about 130 hectares), and about half of this was occupled by an airstrip and
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Table 3. Bikini Atol1 gamma backgrounds (R/hr), 1958.
Preoperational Postoperational
(31 March) (31 August)

Island High Average High Average
Bokbata 0.004 0.003 3.500 2.000
Nam 0.0028 0.002 0.180 0.100
Iro1} 0.015 0.001 0.036 0.030
0drik 0.001 0.0004 0.100 0.020
Lomi 11k 0.001 0.0005 1.000 1.000
Aomen 0.0006 0.0004 0.015 0.010
Bikin1 0.0004 0.0002 0.0005 0.0003
Bokonfuaaku 0.0002 0.0002 0.0005 0.0003
Jedrol 0.0001 0.0000 0.00025 0.00025
Enlairo 0.0002 0.0002 0.00025 0.00025
Rochikarai 0 0 0.00025 0.00025
Ionchebt 0.0001 0.0001 0.00025 0.00025
Eneu 0 0 0.00025 0.00025
Aeroko} 0.0002 0.0002 0.0005 0.0005
Aerokojlol 0.0002 0.0002 0.0005 0.0005
Bikdrin 0.0002 0.0002 0.0005 0.0005
Lele 0.0002 0.0002 0.0005 0.0005
Eneman 0.0005 0.0002 1.000 0.250
Enidrik 0.0003 0.0002 0.140 0.080
Luko) 0.0002 0.0002 0.800 0.600
Jelete 0.0006 0.0004 1.000 0.600
Adrikan 0.0006 0.0005 0.360 0.300
Oroken 0.0008 0.0004 0.300 0.260
Bokaetoktok 0.0008 0.0003 0.300 0.250
Bokdrolul 0.0008 0.0006 0.280 0.240
Source: Reference C.5.3.
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Figure 17. Organization of Joint Task Force 7.

service-branch oriented units, each of which reported to CJTF 7 through their
separate task group commanders.

Task Group 7.1 (Scientific)
Functions of the scientific task group were to (Reference C.1.1682):
1. Position, arm, and detonate the nuclear test devices

2. Conduct for each explosion the experiments needed to meet
the technical requirements determined by appropriate
authority within the AEC and DOD.

With this charter. the scientific task group was the center of the opera-
tional effort, as it had been iIn all previous test serlies held at the EPG. The
organization included seven task units (see Figure 18) with personnel from the
AEC laboratories that provided the nuclear devices., from the DOD organizations
interested in weapon effects, and from various contractors. All components of
the joint task force functioned to support TG 7.1 work in one way or another.

Most TG 7.1 personnel were stationed on Enewetak Atoll, with Bikini Atoll
and Johnston Island used as forward working areas for units participating in
shots fired at these locations. A few project personnel for Task Unit 7.1.3
(TU 7.1.3) and TU 7.1.4 were stationed at Rongelap, Kwajalein. and Wotho
atolls, and Kusale and Wake 1islands. Peak population of TG 7.1 in the EPG was
1,333, reached on 24 April 1958 when 946 men were at Enewetak Atoll and 387
were at Bikini Atoll, although because of personnel movements both atolls had
higher numbers of personnel at different dates. Peak task group population at
Enewetak was 1,038, reached 8 May, and at Bikinl was 490, reached on 14 April.
The peak population at Johnston Island was 378 on 31 July. A total of 2,171
men were badged as members of TG 7.1, but the report of CTG 7.1 stated that a
total of 2,665 individuals "participated in the operation” (Reference C.1.1682,
PP- 11-72).
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Figure 18. Organization of Task Group 7.1, HARDTACK.

TASK UNIT 7.1.1 -- LASL PROGRAMS. This unit conducted the diagnostic mea-
surements on the LASL-developed nuclear devices. All the LASL devices were
detonated on Enewetak Atoll and TU 7.1.1 was based on Parry Island (Refer-
ence B.0.1, Annex O, p. O0-2). The Consolidated List of Exposures (Reference
C.1.6.3), a compilation of fiim badge readings for HARDTACK participants, shows
264 men badged as part of the task unit, 235 from LASL, and 29 from the Naval
Research Laboratory (NRL).

TASK UNIT 7.1.2 -- UCRL PROGRAMS. TU 7.1.2 was organized to make dilagnostic
measurements for the tests of the UCRL-developed nuclear devices. Originally,
all the UCRL shots were to be conducted on Bikini Atoll; however, bad weather
slowed the pace of testing at Bikini, and five of the fifteen UCRL shots were
transferred to Enewetak Atoll. The Consolidated List shows men from the follow-
ing organizations badged as members of this task unit:

UCRL 386
Sandia Corp
Unidentified

395
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Plans called for three military to be included, but apparently they were not
unless the "Unidentified" were military.

TASK UNIT 7.1.3 -- DOD PROGRAMS. The mission of TU 7.1.3 was to conduct
weapon effects experiments. Its most concentrated efforts were on shots YUCCA,
UMBRELLA, WAHOO, TEAK, and ORANGE. Many projects were also active on the sur-
face HARDTACK shots, CACTUS, KOA, QUINCE, and FIG. One or more of the project
teams participated on 18 other shots.

The organization was divided into three major components. One component,
including the task unit headquarters, was on Parry Island, and forward area
commands were located at Bikinil Atoll and Johnston Island. Until 30 June, most
TU 7.1.3 personnel were based at Enewetak Atoll. The contingent at Bikini Atoll
was reduced to one officer and one enlisted man after YUCCA because only one
project was active there following the mid-April decision to move the launch
site for the TEAK and ORANGE missile shots to Johnston Island. Most of the TU
7.1.3 personnel from Bikinl were sent to Johnston Island, where, augmented by
some men from the Enewetak contingent, they carried out task unit projects for
TEAK and ORANGE. After 1 July. Johnston Island was the major focus of DOD
HARDTACK activities.

The Consolldated List shows 841 men badged as members of TU 7.1.3 from some
40 organizations, representing both government and private 1industry. Strength
of the task unit at the EPG peaked at 665 men on 12 April. After 1 July, staff
and project personnel were sharply reduced in the EPG, leaving only those par-
ticipating in the QUINCE and FIG shots. Task unit staff began arriving at John-
ston Island on 1 June, with the largest buildup of personnel in early July. A
task unit staff of 31 and about 230 project personnel helped support the two
Johnston Island tests (Reference C.1.1682, p. 120). The task unit also had a
small number of men on Wotho, Kwajalein, and Rongelap atolls, and Kusaie and
Wake islands.

TASK UNIT 7.1.4 -- SANDIA ACTIVITIES. Manned entirely by Sandia Corporation
personnel, TU 7.1.4 conducted Programs 32 and 34. In Program 32, instrumented
rockets were used to measure various phenomena and effects resulting from the
TEAK and ORANGE explosions. Project personnel photographed the two detonations.
Sandia also provided the missile warheads and helped evaluate the fuzing and
firing systems.

Sandia provided assorted services through Program 34, mostly to elements
of TG 7.1. including (1) diagnostic telemetry for many shots, (2) the nuclear
devices and various supporting systems for YUCCA, UMBRELLA, and WAHOO, (3) mi-
crobarographic measurements of blast waves on most shots, (4) measurements of
radiation effects on nuclear weapon components, and (5) measurement of radia-
tion during the QUINCE and FIG shots (Reference C.1.1682, pp. 13, 20-21).

One hundred seventy-seven Sandia employees were badged as members of TU
7.1.4. During January and February 1958, task unit staff elements arrived at
the EPG. Personnel working on Program 32 arrived in March. By April most of
the personnel working on Project 34 had arrived. The task unit's first person-
nel peak was reached in April, when 111 men were at the EPG. The second peak
occurred in July with 123 perscnnel on hand (Reference C.1.1682, p. 121). Task
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force planning also called for small contingents to be stationed on Kwajalein
and Rongelap (Reference B.0.l, Annex O, p. 0-2).

TASK UNIT 7.1.5 -- EDGERTON, GERMESHAUSEN & GRIER (EG&G) ACTIVITIES. This
task unit provided systems for arming, monitoring, and firing the nuclear de-
vices and timing signals for the experimental programs; performed technical
photography of all detonatlons; and measured reaction historles of 19 shots.
EG&G installed a total of seven firing systems: three each on Eneu and Parry,.
and one on USS Boxer (CvsS-21). One of the systems on Eneu Island was moved to
Johnston Island when the TEARK and ORANGE mlsslile launches were transferred
there from Bikini Island.

The CTG 7.1 report states that 320 EG&G men served with TU 7.1.5 in the
forward area (Reference C.1.1682, p. 124). The cConsolidated List, however,
shows only 229 badged personnel. One man from an unidentiflied organization also
served with TU 7.1.5. EG&G techniclians began 1installing equipment in early
February, and a peak force of 149 was working 1in the field on about 1 May.

TASK UNIT 7.1.6 -- RADIATION SAFETY. This task unit was the major radsafe
organization for the joint task force. Because intensive testing was conducted
at both Bilkini and Enewetak atolls, the task unlt had to malntaln extensive
radsafe services at both locations. When shots TEAK and ORANGE were moved to
Johnston Island, the task unit performed radsafe services there also. Chapter 2
treats the activities of TU 7.1.6 in detall.

The armed forces supplled most of the task unlit personnel. The planned
strengths were Army, 95; Navy, B; and Ailr Force, 12. Most service personnel
were members of the Army lst Radiological Safety Support Unit (lst RSSU) sta-
tioned at Fort McClellan, Alabama. Four LASL men and three UCRL men were at-—
tached as advisors (Reference C.1.1682, p. 127). Totals of personnel for TU
7.1.6 as derived from issued film badges vary somewhat from this. According to
the Consolidated List, 94 men were drawn from the 1lst RSSU, 20 from LASL, and
1l from an unidentified organization.

TASK UNIT 7.1.7 -- UNITED NATIONS SHOT. CTG 7.1 reported that this unit
"bore little resemblance to the other task units" (Reference C.1.1682, p. 124).
Its function was to conduct a shot for observers invited by the United States
to demonstrate that the United States could design nuclear weapons that were
radiologically "clean:" that 1s, weapons in which a low proportion of their
vields were generated by fission. Such weapons would therefore spread less
radlologically active fisslon products than devices fired during prior testing.

To be convincing, the demonstration required that the observers be given
access to the data on the total yield and the fisslion yleld of the device. Fur-
ther, the ways in which these ylields were measured or derived also had to be
demonstrated., which required scientifically trained observers in order to
understand the methods and the measurements.

Observers were to be a scientist and a press representative from each of
the 14 member nations of the UN Committee to Study the Effects of Atomic Radia-
tion. The plan called for a week's orientation at the University of California
in Berkeley, during which the nature of the measurements to be taken would be
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discussed and presumably understood by the scientific observers. The group
would then proceed to the EPG to observe test preparations, the shot, and the
debris sampling. The group would then return to Berkeley for another week de-
voted to the analysis of the data collected leading to the proof of cleanness.

Although the demonstration was cancelled on 26 July, preparations had been
made at Enewetak for the test, which was to have been called PINYON. A barge
and a backup had been prepared by H&N. These barges were modifications of the
usual kind used, having, among other additions, periscopes so that observers
on the deck of the barge could inspect the bottoms of the barges., undoubtedly
to convince them that no substitutions were being made underwater. The test
device and 1its backup were flown from Kirtland AFB to EPG on 4 July. These
were returned on 5 August, a few days after the announcement of the test
cancellation.

Task Group 7.2 (Army)

TG 7.2 was the permanent garrison force in the EPG; 1ts lineage dated back
to the inception of nuclear weapon tests at Enewetak in 1948.

TG 7.2 was the representative of CINCPAC at Enewetak between test opera-
tions and was responsible for internal military security and ground defense
for the atoll. The HARDTACK tasks were as follows (Reference C.2):

1. Provide for the ground security of Enewetak and Bikini
atolls

2. Prevent unauthorized entry into the exclusion area

Provide for the general surveillance of Enewetak and
Bikinl atolls to prevent removal of significant samples
from shot islands by unauthorized persons and unauthorized
photography and trespassing

4. Deny entry of uncleared personnel into Enewetak and Bikini
atolls

5. Provide and operate the overall military communications
system for handling all forward area task force interatoll
and long-haul traffic (exclusive of air operations, air
weather. 1internal naval communications, and the TG 7.1
interatoll radio circuit)

6. Operate all base faclilities at Enewetak Island, except
those specifically allocated to CTG 7.4 and CTG 7.5

7. Provide monitoring and decontamination services

8. Conduct emergency postshot evacuation of all personnel
based on Enewetak Atoll on order of CJTF 7

9. Provilde logistic support for those elements of JTF 7 based
on Enewetak Island augmented by TG 7.4

10. Provide hospital facllities for all shore-based military
personnel and emergency medical treatment for civilian
personnel on Enewetak Island.
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The task group was organized into three detachments, as shown in Figure 19.

ADMINISTRATIVE DETACHMENT. Personnel of this detachment supported the
Chaplain, the Provost Marshal, and the Finance, Information, and Postal Sec-—
tion. Its scheduled strength was 50 officers and 482 enlisted men during the
operational period. The detachment headquarters scheduled strength was 2 offi-
cers and 7 enlisted men during the operational perlod.

OPERATIONS DETACHMENT. Duties of this detachment were administrative and
logistic support for assigned personnel, including laundry, medical, dental,
commissary, engineering, depot, gear loft, truck motor pool, and maintenance
support. Its scheduled strength was 25 officers and 379 enlisted men and 1its
headquarters strength was 2 officers and 7 enlisted men.

1st PROVISIONAL MILITARY POLICE COMPANY. Thils detachment consisted of 8
officers and 133 enlisted men during the operational period who began arriving
in increments durlng February 1958. This unit was responsible for maintaining
security at all sites at Enewetak and Bikini atolls. JTF 7 maintailned opera-
tional control of this unit; however, for administrative and logistic support
the unit was attached to TG 7.2.

Three additional groups, otherwise unconnected with HARDTACK, reported to
TG 7.2. The U.S. Coast Guard (USCG) operated a Loran Station on Enewetak, with
a 10- man contingent, as a navigational aid for trans-Paciflc commerce. One

JOINT TASK FORCE 7
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[ I l
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Figure 19. Organtzation of Task Group 7.2, HARDTACK.
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civilian from the American Red Cross was assigned as field director to TG 7.2.
The Army-Air Force Exchanges System had a representative who was also assigned
to TG 7.2 (Reference B.0.1l).

The operations plan had called upon TG 7.2 to operate a boat pool for sup-
port of Enewetak operations. However, no other evidence of TG 7.2 operating
such a pool has been discovered, and it 1s likely that small boat support at
Enewetak was provided by TG 7.5 or possibly TG 7.3.

The locations of the personnel of TG 7.2 are given in Table 4.

Table 4. Task Group 7.2 scheduled population at Eniwetok Proving Ground,
HARDTACK, 1958.

Operational Strength

Enlisted Operational
Un1t Officers Men Civillans Location
Administrative Detachment 50 482 0 Enewe tak
Operations Detachment 25 379 0 Enewetak
1st Provisional MP Company,
720th MP Battalion 2 39 0 Eneu
Aerokojlol
1 13 o Eneman
Aeroko)
0 14 0 Bikin1
3 49 0 Parry
1 9 0 Enjebi
1 9 0 Runit
USCG Loran Station 1 9 0 Enewetak
American Red Cross 0 0 1 Enewetak
Army-Air Force Exchanges
System (0] (0] 1 Enewetak
Total B4 1,003 2

Source: Reference B.0.1.
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Task Group 7.3 (Navy)

TG 7.3's major mission, according to TG 7.3 Op Plan 1-58 (Reference B.3.1l),
was naval support of JTF 7. including an evacuation capability. This broad
assignment encompassed the occean transportation of JTF 7 personnel, equipment,
supplies, and nuclear devices. In addition, TG 7.3 was responsible for ensuring
the security of the EPG and protecting it from foreign intrusion, as well as
assistance with search and rescue (SAR) missions. In effect, any task or Jjob
that involved interatoll, intra-atoll, and deep-sea operations also involved
TG 7.3. The intra-atoll marine transport responsibility was shared with TG 7.5.

The broad support mission of TG 7.3 included more than 30 distinct tasks.
Among these, the major tasks were:

1. Maintain security of the danger area

2. Provide air support for radsafe reconnaissance and barrier
patrols

3. Maintain a shipboard capability for emergency evacuation
of Enewetak Atcll and off-atoll stations

4. Assist CTG 7.4 in SAR missions

S. Provide shipboard facilities at Bikinil for preshot evacu-
ation of personnel, boats, and other craft and hellcopters

6. Provide an afloat air operations center (AOC) at Bikinl

7. Furnish interatoll water transportation for speclal wea-
pons, devices, shot barges, and other craft

8. Provide intra-atoll helicopter transportation at Bikini
9. Provide ship-to-shore transportation at both atolls

10. Provide weather information and data to JTF 7 Weather Cen-
tral at designated times

11. Furnish Marine Corps security gquards for weapons and
devices

12. Conduct all diving operations in the EPG
13. Furnish platforms afloat for scientific projects

14. Conduct postshct reccvery operaticns to retrieve objects
from the water for diagnostic and effects measurements

15. Conduct marine salvage operations.

The units assigned to TG 7.3 by March 1958 totalled 52 ships, 33 fixed-wing
ailrcraft, 15 helicopters, 38 small craft, and 13 service craft. Available rec-
ords on the number of participating Navy personnel conflict. The final report
of CJTF 7 (Reference C.0.1) gave the peak Navy personnel strength as 6,487 (599
officers and 5,888 enlisted men) out of a total of 10,233 military personnel
and 4,239 civilians. The final report of CTG 7.3 (Reference C.3.1) set the Navy
peak strength at 6,822, and the number of participating Navy personnel present
throughout the operational phase totaled 9,178.
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CTG 7.3, during the actual test phase of HARDTACK. organized his staff into
seven divisions., two of which (the Technical Director [N-6] and the Special
Projects Division) were primarily responsible for activities connected with
shots WAHOO and UMBRELLA. Ship movement and harbor control at Bikini and Ene-
wetak were exercised by the Senior Officer Present Afloat (Administration)
(SOPA [Admin]) at each atoll.

Figure 20 shows the planned nine operational task units and one preopera-
tional testing unit of the TG 7.3 organization (Reference C.3.l1). Because of
the complexity of operations. however, and the hectic pace of events. the
figure does not reflect how it was actually organized during the operational
phase. TG 7.3 organization varied from shot to shot, depending on the require-
ments for the individual shots and the ships present.

TG 7.3 task units and their supporting task elements were established to
conduct all of the Navy's important missions during HARDTACK, including support
for scientific projects, helicopter 1ift, surface and air security., radiologi-
cal reconnaissance flights following shots, and both interatoll and intra-atoll
surface transportation. As 1in past operations, Navy ships were also assigned
to evacuate personnel during high-yield detonations.

Most TG 7.3 personnel and ships were concentrated in three task units at
Enewetak: TU 7.3.1, the Technical Coordinating Unit; TU 7.3.2, the Enewetak
Operating Unit; and TU 7.3.3, the Surface Weather Reconnaissance and Security
Unit. Ships at Enewetak were: six fleet ocean tugs, two salvage ships, one sub-
marine rescue ship, all target ships, one repair ship, three destroyers, one
dock landing ship (LSD), and an attack transport. Fuel requirements at Enewetak
were largely handled by the oill storage barge, YO0S-32. The large number of na-
val vessels grew out of the demand for mooring the target arrays for the under-
water shots. The repair ship was stationed at Enewetak to make it available to
the greatest number of ships. The attack transport was for emergency evacuation
from Enewetak Atoll, as well as sea-based decontamination facilities.

For most of the time, the forces at Bikinl were Boxer, USS Cacapon (RO-52).
one assigned destroyer. and USNS Fred C. Ainsworth (T-AP-18l1). Plans were also
made that one dock landing ship, USS Belle Grove (LSD-2), be stationed at Bi-
kini, but the requirements for preparing the site at Johnston Island for TEAK
and ORANGE necessitated reassignment of Belle Grove to support the buildup of
that location. TU 7.3.9, the Bikini Evacuation Unit, absorbed all ships that
happened to be at Bikinil when a shot was detonated. TU 7.3.5 (whose official
composition was "As Assigned”) served as the organizational component activated
for special operations., such as required for shots YUCCA, WAHOO, UMBRELLA.
TEARK, and ORANGE. Some of the task units were composed of several task elements
that had specific operational responsibilities (Reference C.3.1).

Although this organizational scheme originally was designed to cover all
of the Navy's responsibilities during HARDTACK, actual naval operations during
the test series were conducted quite differently. The changing nature of
HARDTACK, caused by the addition and deletion of several shots and projects,
tended to erode this organizational structure. As a result, "there was a more
or less natural division of forces" (Reference C.3.1) and the task group orga-
nization during the operation was quite fluid, with the composition and duties
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of task units and elements changing frequently. An example of the changing or-
ganizational structure 1is TU 7.3.5, which began the operation designated as
"Naval Station Unit, Kwajalein." then evolved into a miscellaneous unit that
operated "As Assigned.," and finished 1ts participation in HARDTACK as the
"Johnston Island Unit." CTG 7.3 recognized the changes in his staff's plans
for HARDTACK when the actual operations got underway. He wrote in his final
report that organization would have been greatly simplified by having task
units based upon location; that 1s, Enewetak, Bikini, and Kwajalein, with an
added unit to handle the test preparations for the underwater shots.

Table 5 lists the naval elements involved and their functions.

Task Group 7.4 (Air Force)

The Alr Force support group was made up of three subordinate units: the
Test Alrcraft Unit (TAU), the Test Base Unit (TBU), and the Test Services Unit
(TSU) (see Figure 21). The primary mission of TG 7.4 was to support and control
the alrcraft necessary to collect and record data required by the test program
and as directed by CJTF 7. CTG 7.4 exercised operational control of all air-
craft alrborne 1n the Enewetak Alr Control Area. The missions of the task group
included the following:

Provide airbase facilities at Enewetak and Bikini
2. Provide an interatoll air transportation facility

3. Provide a helicopter and liaison aircraft interisland air
transportation facility at Enewetak and Bikini atolls
(Marine Helicopter Transport Squadron [Light] 361, HMR([L]-
361, took over the Bikini functions as the series began)

4. Provide weather reconnaissance and forecasting service

5. Provide SAR facllities within the Air Control Area of the
EPG

6. Augment tactical and administrative communications
7. Operate aircraft control system on Enewetak Island

8. Provide ailrcraft for resupply of weather and project
islands

9. Supervise operation of a fileld maintenance system and
supply activities on Enewetak.

In addition to the primary misslons of TG 7.4, 1ts subordinate units also
had specific tasks assigned to them.

TEST AIRCRAFT UNIT. The Commander, TAU, exercised control over all TAU
aircraft and administered personnel assigned or attached to the TAU. The tasks
of the TAU included:

l. Supervise the general and specialized crew brilefings for
ailrcraft crews involved in the test operation

2. Prepare takeoff schedules and position times for all air-
craft flying on shot and rehearsal days
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Table 5. Task Group 7.3 component functions and complements, Operation
HARDTACK, April to August 1958.

Unit z?mﬁiﬁa Function/Comments

USS De Haven (DD-727) 244 Weather, SAR; scientific projects

USS Elkhorn (AOG-7) 93 Supplted petroleum, o%1 and lubricants (POL)

USS Epperson (DDE-719) 244 Johnston Island scientific prolects

Fullam (DD-474)b Target ship for shots WAHOO and UMBRELLA

USS Grasp (ARS-24) 81 Positioned, moored, decontaminated, salvaged target ships;
scientific projects

UsS Hitchitt (ATF-103)¢€ 85 Scientific project 4.1, shot TEAK only.

USS Hooper Island 400 Spectal services to target ships, evacuation ship, decontaminated

(ARG-17) Bonita (SSK-3)

Howor th (DD-592)b Target ship for shots WAHOO and UMBRELLA

uss Joyce (DER-317) 160 SAR, sclentific project

USS Karin (AF-33) 93 Transportation, logistic support

Killen (0[)-543)b Target ship for shot WAHOO and UMBRELLA

USS Lansing (DER-388) 191 SAR; scientific projects

USS Lawrence County 135 Provided diesel fuel, berthed and messed JTF 7 personnel, scien-

(LST-887) tific project

USS Magoffin (APA-199) KLY Transportation of personnel, decontamination center

USS Mansfield (DD-728) 256 Weather observations, SAR assignments, flagship Commander
Destroyer Squadron Nine

USS Merapi (AF-38) 90 Transportation and logistic support

USS Moctobd (ATF-105) 68 Positioned, moored, and salvaged target arrays; water collection

USS Monticello (LSD-35) 301 Transport of LCUs, shot devices; operational support to Boat Pool
Oetachment; nosecone recovery

SS Michael Moran (EC-2)b Target ship for shots WAHOO and UMBRELLA

USS Munsee (ATF-107) 64 Moored sctentific project vessels

USS Navarro (APA-215) 315 Transportation, evacuation capability, decontamination center

USS Nemasket (A0G-10) 82 Fuel carrier

Notes:

a
Number of men is the greatest of CTG 7.3 fFinal Report (Reference C.3.1) or Ship Roster, or number
badged on Consolidated List (Reference C.1.6.3).

bFu]]am, Howorth, and Killen were not in commission status, hence are not 1dentified as United States
Ships (USS). They had been withdrawn from the Reserve fleet Group, Long Beach, California, for
HARDTACK. Michael Moran was a moth-balled Liberty ship until removed from the Maritime Administra-
tion Reserve Fleet at Suisun Bay, California, for use in HARDTACK.

c
Ship's complement figure from Dictonary of American Naval Fighting Ships.

(continued)
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Table 5.

Task Group 7.3 component functions and complements, Operation

HARDTACK, April1 to August 1958 (continued).

Number
Unit of Mend Function/Comments

Commander, Destroyer 13 Weather observations, assigned destroyers' tasks, administrative

Squadron One functions

Commander, Destroyer 14 Relieved Commander Destroyer Squadron One on 16 May

Squadron Nine

CTG 7.3 and staff 88 Handled surface ships, submarines, and Navy aircraft

USNS Fred C. Ainsworth 195 Hotel ship, command post TG 7.5, floating administration and

(T-AP-181) communications center

USS Arikara (ATF-98) 70 Positioned, moored, decontaminated, and salvaged target arrays,;
collected water samples

USS Belle Grove (LSD-2) 286 Transported LCUs between Pear1 Harbor, Johnston Island, Enewetak,
Bikin}

uUSS Benner (ODR-807) 268 Weather observation; search and rescue (SAR); nosecone recovery,
Air Operations Center, Bikini; acted as Senior Officer Present
Afloat (Administration) Bilkini

USS Bolster (ARS-38) 85 Moored, positioned and salvaged target arrays, recovered instru-
ments for scientific project

Bonita (SSK-3)b 51 Target vessel for sclentific projects

USS Boxer (CVS-21) 1,100 Command ship, CJTF 7, CT6 7.3, CTG 7.1, CTG 7.4, and Alr Opera-
tions Center; involved in scientific projects; launched YUCCA
balloon; carried nuclear devices

57 U.S. Marine Corps detachment; nuclear device security

Marine Helicopter Transport

Squadron (Light) 361

USS Cacapon (A0-52)

USS Chanticleer (ASR-7)

USS Chowanoc (ATF-100)

USS Cogswell (DD-651)
USS Collett (DD-730)
USS Comstock (LSD-19)

UsSsS lJohn R.
(0D-88S)

Craig

USS Cree (ATF-84)

168

220

101

68

237

263

233

62

Ship-to-shore helicopter service

Supplied fuel and aviation gasoline at Bikini, Enewetak,
Island

Johnston

Mooring and diving activities

Positioned, retrieved target ships; moored YCs;
scientific projects

involved in

Johnston Island scientific projects
Security patrols, weather, SAR, oceanographic observations
Preoperational phase: ferried LCUs between Blkini and Enewetak

Surface security, weather, SAR; sclentific project

Moored, salvaged target arrays

Note:

a
Number of men is the greatest of CTG 7.3 Final Report (Reference C.3.1) or Ship Roster, or number
badged on Consolidated List (Reference 1.6.3).

b
Bonfita‘'s Navy status was

States Ship (USS).

*out of commission,

in service;" hence, 1t is not ldentified as a United

(continued)
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Table 5. Task Group 7.3 component functions and complements, Operation
HARDTACK, April to August 1958 (continued).

Number
Unit of Mend Function/Comments
USS Orleck (DD-BB6) 245 Weather, SAR, antisubmarine watches, nosecone recovery
USS Floyd B. Parks 237 Surface security patrols, weather observattons, SAR
(00-884)
USS Perkins (ODR-877) 235 Weather observations, surface security patrols, SAR, escort for
YUCCA balloon launch ship
USS Rehoboth (AGS-50) 164 Oceanographic surveys, scientific projects
USS Renville (APA-227) 330 floating radsafe decontamination center
USS Safequard (ARS-25) 72 Recovered radioactive nosecones from TEAK, ORANGE shots

USS_Silverstein (DE-S:N)b 222 Postoperational: collected water samples to measure radloactivity
USS Sterlet (SS-392) 83 Target submarine for shot WAHOO

USNS T-LST-618 52 Moved heavy construction equipment and material; emergency
evacuation ship; rollup of weather Yslands

USNS T-LST-664 47 Transported heavy construction equipment; emergency evacuation
ship; rollup of weather islands

USS Takelma (ATF-113) 81 Positioned, recovered, decontaminated target arrays; la'd moors;
scientific projlects

USS Ti1llamook (ATA-192) 38 Towed YOGN-115 and YB-11 to Pear1 Harbor from Johnston Island
USS Tombigbee (A0G-11) 78 Supplied various fuels

USS Tortuga (LSD-26)b 326 Preoperational: shuttled men, material between Enewetak, Bikini
Bikini Boat Pool Element 227 Boat Pool support at Bikini, interatoll 1ifts

TG 7.3 Boat Pool Oetachment 209 Supported movement of project personnel and equipment to and from
underwater target arrays

Special ProjJects Unit 164 Prepared target vessels, brought ships to £EPG, moored target
vessels

Explosive Ordnance 6 Laid four mine flelds for scientific project 6.7, conducted

Disposal Unit 1 diving operations

Mine Detall Augmenting

Unit 0302 15 Support for mine project in UMBRELLA, recovered mines

Patrol Squadron 22 154 Detected, warned, and escorted unauthorized craft out of the
danger area; collected scientific data; radiological surveys;

Patrol Squadron 28 378 SAR; nosecone recovery

Kwajalein Naval Air Station 22 Transported VIP observers to the EPG

VA-10, Detachment A 20

VM-3, Detachment A 13 Supporte: Air Force operations at Johnston Island recovering
VW-1, Detachment A 13 hosecone

Notes:

a
Number of men s the greatest of CTG 7.3 Final Report (Reference C.3.1) or Ship Roster, or number
badged on Consolidated List (Reference C.1.6.3).

b
Ships's complement figure from Dictonary of American Naval Fighting Ships.
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TASK FORCE 7

TASK GROUP 7.4

1

I

]

FLYING SAFETY OFFICER

FLIGHT SURGEON
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Figure 21. Organization of Task Group 7.4, HARDTACK.
3.

Assist TG 7.1 in preparing cloud samples for shipment

4. Provide radiological monitors for special flights partici-
pating in test array
5. Provide an air evacuation capability using all aircraft

assigned and attached to the TAU.

The TAU was subdivided into seven elements that carried out these assigned
tasks.

Cloud Sampling Element. The 4926th Test Squadron (Sampling), Air Force
Special Weapons Center (AFSWC)., Kirtland AFB, augmented by personnel from the
4025th Strategic Reconnaissance Squadron of the 4080th Strategic Reconnaissance
Wing, Strategic Ailr Command (SAC), made up the cloud sampling element. This
element operated and maintained ten AFSWC B-57B aircraft and six SAC B-57D air-
craft. Its mission was to collect the particulate and gaseous samples required
by the AEC laboratories and Hq USAF. In addition, 1t also performed aircraft
and personnel decontamination, provided radsafe devices, established radsafe
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procedures, and maintalned master records of radiation exposures for sampler
crews and personnel connected with removal of cloud samples from alrcraft.

Alr Force Effects Element. This element was manned, trained, and equipped
by Wright Alr Development Center (WADC). It provided, operated, and maintained
one B-52 aircraft.

Navy Effects Element. This element was manned, trained, and equipped by
Naval Air Speclal Weapons Facility (NASWF). It operated and maintained two
F4-Js, two A4Ds., and one P2V aircraft in support of Navy Bureau of Aeronautics
projects.

SAC _Indirect Bomb Damage Assessment (IBDA) Element. This element was man-
ned, trained., and equipped by SAC and operated from Anderson AFB, Guam. A SAC
liaison officer attached to the TAU coordinated 1its activities and participa-
tion. The IBDA element operated B-47 ailrcraft under the operational control of
TG 7.4 when in the Enewetak Alr Control Area.

High-Altitude Shot Aircraft Element. The 4928th Test Squadron (Atomic),
Kirtland AFB, a subordinate unit of the 4925th Test Group and of AFSWC. was
the specific unit involved with the high-altitude shot aircraft element. This
element was manned, trained, and equipped by AFSWC. It maintained and operated
two RB-36 alrcraft to support technical projects during YUCCA, TEAK, and
ORANGE .

Ionosphere Element. The 224th Operations Group from L.G. Hanscom Fleld
manned the aircraft for the Alr Force Cambridge Research Center (AFCRC). This
element was manned, trained, and equipped by AFCRC. It operated one C-97 air-
craft in support of lonospheric studies.

Hg USAF Element. This element was manned, trained, and equipped by Hq USAF
and performed test detection studies.

TEST BASE UNIT. The TBU was manned, tralned, and equipped by AFSWC, using
the resources of the 4951st Support Squadron (Test) at Enewetak and the 4952nd
Support Squadron, Kirtland AFB (personnel augmentation only). Two C-54s, elght
L-20s, and three L-19s (on loan from the Army) were assigned to the 495lst.
Pacific Alr Forces (PacAF) provided three C-54 alrcraft and supporting person-
nel of the interatoll airlift facility operated by the TBU. PacAF also provided
a Hellcopter Element composed of 15 aircraft and supporting personnel that were
attached to the TBU. The primary areas of responsibility of the TBU were to:

1. Operate airbase facilitlies at Enewetak and Bikini, includ-
ing supply, POL., crash rescue, firefighting. refueling,
base operatlions, and interatoll alr freight terminals

2. Operate an interatoll airlift system servicing Enewetak,
Bikini, and other islands and atolls, with aerial photo
C-54 aircraft assigned to the TSU assisting when required

3. Operate an interisland airlift system at Enewetak

4. Operate a helicopter and lialson alrcraft interisland air-
1ift system at Bikini (helicopter missions to be performed
by HMR[L]-361)
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5. Establish and operate a field maintenance system augmented
by maintenance personnel from other units and elements of
the task group

6. Maintain an air evacuation capability, using all aircraft
assigned and attached to the TBU

7. Provide helicopters as required to the Commander TSU for
SAR alert

8. Provide various support functions at Enewetak Island.

TEST SERVICES UNIT. The TSU and its assigned elements were manned, trained,
and equipped by the Military Alr Transport Service (MATS). The tasks assigned
to the TSU were to:

1. Provide weather., communications, SAR, photographic. and
alr transport support

2. Provide maintenance personnel to augment the fleld main-
tenance system

3. Provide an air evacuation capabllity using all alrcraft
assigned or attached to the TSU

4. Coordinate with the TBU in scheduling Hq TG 7.4 and JTF 7
rated personnel for flying TSU aircraft to maintain
proficiency.

The elements of the TSU that carrlied out 1its missions are described below.

Search _and Rescue Element. The SAR Element operated and maintained seven
amphibious SA-16 aircraft for air rescue and weather- and project-island re-
supply support missions.

Weather Reporting Element. The Weather Reporting Element operated the Ene-
wetak Weather Station. maintained rawinsonde and surface observation stations

at the weather 1islands and furnished personnel and equipment for four surface
and two weather balloon observations daily at the radsafe stations at Ujelang,
Wotho, and Rongelap atolls. Aircrew preshot weather briefings were prepared
and presented to TG 7.4 ailrcrews by brilefing officers of the Enewetak Weather
Station.

Weather Reconnaissance Element. The Weather Reconnalssance Element operated
and maintained ten WB-50 aircraft for weather and typhoon reconnalssance, low-
altitude particulate sampling., and postshot cloud tracking, as required. The
WB-50s functioned as backup sampler control aircraft.

Communications Element. The Communications Element provided Alrways and
Alr Communications Service and navigational aids to the joint task force as
required. It manned and operated weather/radsafe communications stations at
Utirik, Tarawa. Kapingamarangi, Ujelang, Wotho, and Rongelap atolls, and Nauru
and Kusale 1islands.

Weather Central Element. The Weather Central Element., under the operational
control of Hq JTF 7. supported the task force with weather forecasts and other
special weather data.
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MATS Terminal Element. The MATS Terminal Element administered and operated
of the MATS terminal at Enewetak and provided limited maintenance for transient
MATS aircraft.

Technical Photography Element. The Technical Photography Element comprised
two RB-50 alrcraft, supporting personnel, photographers, and photographic
equipment to support the technical photography requirements of CJTF 7.

Aerial Photogqraphy Element. The Aerial Photography Element comprised three
C-54 ailrcraft and supporting personnel and supported the TBU airlift effort as
directed by CTG 7.4.

Documentary Photography Element. The Documentary Photography Element (Look-
out Mountain Laboratory) comprised personnel and equipment to support the doc-
umentary photography requirements of JTF 7. It also assisted with technical
photography as directed.

Task Group 7.5 (Base Support)

TG 7.5 was an organizational convenlence to integrate the civilian con-
tractor (H&N) that operated the EPG for the AEC into the militarily structured
joint task force. H&N was directed in the EPG by the AEC Albuquerque Operations
Office, which provided the commander for TG 7.5 during the periods of testing,
when H&N became TG 7.5.

H&N had acted as the AEC Architect-Engineer—Construction-Management con-
tractor at the EPG since the GREENHOUSE test serles 1n 1951. H&N activities
were continuous durilng these years. There were only a relatively few months
that H&N had fewer than 1,000 employees at the EPG:; the average from 1953 to
1958 was much higher (Reference C.5.2). H&N functions were to build and main-
tain the scientific stations required by the tests as well as the required
support facilities for housing, transportation, supply., recreation, communica-
tions, etc. In some of these areas. the activities supplemented and comple-
mented military activities, especlally those support functions that had been
provided by TG 7.2 on Enewetak Island. But the scope of the activities of
TG 7.2, the continuing military presence in the EPG. had been shrinking over
the years as H&N progressively took over 1ts functions, such as stevedoring
and construction. Finally. during HARDTACK, H&N even provided the personnel
for the Consolidated Mess Hall on Enewetak, replacing the Army and Alr Force
enlisted personnel who had been assigned mess hall dutles.

Peak TG 7.5 population during HARDTACK was 3,158 on 9 April 1958. Most of
the TG 7.5 personnel were on Parry (1,858) and Eneu (643). The rest were 1in
the camps on Enjebl and Runit 1slands at Enewetak Atoll and Bikinl, Aerok]jlol,
and RAomen 1islands at Bikini Atoll. After Johnston Island was 1ncluded 1in
HARDTACK operations, a contingent of about 800 worked there. H&N was also
responsible for construction of weather stations at various 1slands in the
Marshalls.
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CHAPTER 2
RADIOLOGICAL SAFETY

Radiological safety (radsafe) matters for all military and civilian task
force personnel in HARDTACK was a command responsibility: that 1is, commanders
at all levels were responsible for their own men under directives from higher
command. This basic concept had been followed in the previous test series.
However, each task group was also assigned radsafe duties for the benefit of
the task group as a whole.

The discussion of radiological safety for HARDTACK in this chapter is as
follows:

® The organization of the radsafe program and the assigned
responsibilities of the various commands are described

® Criteria and standards for limiting personnel exposure to
ionizing radiation are given and discussed, and the dosim-
etry program 1s described

® Plans and preparations are discussed. 1including personnel
training, onsite facilitles, radiac instruments, and prep-
arations at Johnston Island

® Offsite and onsite radiation monitoring and control are
discussed, including offsite manned and unmanned monitor-—
ing stations, cloud tracking, marine surveys, onsite radio-
logical exclusion (radex) areas, general monitoring and
control procedures, and fallout protection measures

® Preshot radsafe activities of weather monitoring and pre-
diction, fallout prediction, danger area surveys., and per-
sonnel evacuation procedures are discussed

® Postshot radsafe activities are described, 1including re-
entry and recovery., cloud sampling., radiochemical samples,
and decontamination.

ORGANIZATION AND RESPONSIBILITIES

HARDTACK radiological safety and organization is defined in Annex K of JTF
7 Op Plan 1-58 (reproduced in Appendix A of this report). Commander Joint Task
Force 7 (CJTF 7) was to "assume overall responsibility for the radiological
safety of task force personnel and of populated islands."” To carry out this
responsibility. the JTF 7 operation plan further directed the establishment of
a Fallout Plotting Center (FOPC) and a capabillity to keep the task force and
the Commander in Chilef, Pacific (CINCPAC) informed of the fallout situation at
all times. including the announcement of safe reentry times. Fallout stations
were to be set up and technical assistance glven to personnel 1in the Trust
Territory of the Pacific Islands. Monitors and courlers were to be provided
for radiocactive sample centers (see Appendix A).
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In addition, the operation plan directed task group commanders to establish
radsafe units within the task groups with adequate special clothing and radiac
instrumentation. The task groups were also to provide a roster of their per-
sonnel for film badge preparation (Appendix A).

The radsafe program for Operation HARDTACK was divided into two parts: on-
site and offsite. Onsite radsafe activities were conducted by the various task
groups, with Task Group (TG) 7.1 given the responsibility for all radsafe func-
tions associated with diagnostic experimental programs and for dosimetry and
other technical services to the entire task force. Operation of the offsite
program and the coordination of the onsite activities were conducted by the
Radsafe Office of Hq JTF 7.

Radsafe Office

Radiological safety regqgulations were appended to the JTF 7 Radsafe Annex
(see Appendix A). These regulations called for establishing a Radsafe Office
and a Radsafe Center. The Radsafe Office consisted of the task force Radsafe
Section, the Fallout Prediction Unit (FOPU), and the FOPC. It was the task
force agency responsible for offsite radsafe programs and maintaining displays
of radiological conditions. It disseminated information on the air and surface
radex areas based on information generated by the FOPU. These predictions are
presented in Chapters 4 and 5 of this report. Location of the office was at
JTF 7 Headquarters on Parry Island, Enewetak.

Radsafe Center

The Radsafe Center's activities were focused on the shot atoll. The center
provided information on the radiological situation for scientific working par-
ties. set up checkpoints, and controlled reentry operations. At Bikini, 1t was
located in Building 196 on Eneu Island except when the atoll was evacuated,
when 1t moved to USS Boxer (CVS-21). At Enewetak, 1t was in Building 323 on
Parry Island.

Task Group 7.1 (Scientific)

Although onsite radiological safety was a command responsibility, TG 7.1
was charged with the major onsite recovery operation functions. The JTF 7 op-
eration plan (see Appendix A) specified that CTG 7.1 conduct the initial post-
shot radsafe and damage survey and prepare situation maps. CTG 7.1 was also to
perform all monitoring associated with scilentific missions, except aerial mon-
itoring and monitoring the aircraft used to collect samples.

CTG 7.1 was to provide laboratory services and technical assistance to all
task groups, including film badges. radsafe equipment, recording of exposures,
and radiochemical analysis. TG 7.1 technical personnel were to assist task
group commanders 1n the inspection of radiologically contaminated 1items, and
maintain close liaison with CTG 7.5 on all radsafe matters of mutual interest.

CTG 7.1 directed Task Unit (TU) 7.1.6 to provide the necessary radsafe

support for onsite operations. The radsafe missions of TU 7.1.6 were to (Ref-
erence C.1.1685)
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® Perform all ground and aerial monitoring services associ-
ated with the scientific mission except those in conjunc-
tion with aircraft and airborne collection of scientific
data; assist TG 7.5 radsafe organization during the opera-
tional phase

® Provide all laboratory and technical assistance to all
task groups

® Provide all official personnel dosimetry services

Issue and maintain monitoring instruments and protective
clothing as required

® Supply decontamination facilities for personnel, vehicles,
and equipment.

The organization is shown 1in Figure 22. Because both atolls were being
used for testing at the same time, independent radsafe organizations were es-
tablished at Bikini and Enewetak, with overall control maintained by CTU 7.1.6.
The organization at each atoll was similar, varying only in the number of per-
sonnel assigned to the various sections. Each organization contained the fol-
lowing seven sections (Reference C.1.1685):

® Dosimetry and Records Section for maintaining personnel
dosimetry records

® Plotting and Briefing Section for conducting all radiolog-
ical surveys and briefing all personnel going into radex
areas

® Monitor Section for providing all monitoring services and
manning checkpoints

® Supply Section for providing radsafe supplies and laundry
services using the laundry facilities furnished by TG 7.5

® Decontamination Section for operating facilities for per-
sonnel and equipment decontamination

® Instrument Repalr Section for maintaining radsafe instru-
ments

® Laboratory section for determining the amount of radio-
activity in soll, water, air, and food samples.

Radsafe functions, with the exception of staff and supervisory functions
and those assigned to TU 7.1.6, were performed as an additional duty by per-
sonnel of the various task groups. Since TU 7.1.6 was designated the major
radsafe unit for onsite operations and given the responsibility for centralized
and highly technical services, 1t was necessary to obtain trained technicians.
Personnel for manning TU 7.1.6 were obtained from the services, mostly from
the 1lst Radiological Safety Support Unit (RSSU), an Army Chemical Corps unit
stationed at Ft. McClellan, Alabama. Advisors were furnished by the Atomic
Energy Commission (AEC) laboratories. The following 1s a breakdown of the

total personnel in TU 7.1.6 as given by CTU 7.1.6 in his report (Reference
C.1.1685):
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® Army -- 95 officers and enlisted men

® Navy -- 8 officers and enlisted men

® Alr Force -- 12 officers and enlisted men

® Los Alamos Scientific Laboratory (LASL) -- 4 civilian
health physicists

® University of California Radiation Laboratory (UCRL) -- 3

civilian health physicists.

Total personnel for TU 7.1.6 as derived from 1issued film badges differs
slightly from this.

At the start of the operation, TU 7.1.6 Enewetak organizational strength
was 55; that at Bikini, 45. The total, a reduction of 15 from the number used
during Operation REDWING, was further reduced to 78 by mid-operation, a direct
result of acquiring equipment that greatly reduced the manual processes in-
volved 1n reading personnel fillm badges and posting the results (Reference
C.1.1685).

Task Group 7.2 (Army)

Radiological duties of TG 7.2 were not as extensive as those of the other
task groups. CTG 7.2 was responsible for maintaining a fallout plot displaying
radiation intensitles on Enewetak Island. TG 7.2 also had a contaminated cloth-
ing laundry facility for itself and TG 7.4 on Enewetak Island. TG 7.2 selected
and trained ground monitor teams and decontamination personnel and established
storage areas for miscellaneous contaminated equipment on Enewetak.

Task Group 7.3 (Navy)

TG 7.3 was responsible for emergency evacuation capability of all task
force personnel as well as shipboard space for a TG 7.1 radsafe operations cen-
ter (Reference B.0.l1). TG 7.3 decontaminated aircraft at Bikini, and its ships
gathered weather information for fallout prediction. It was responsible for
radiological safety of embarked task force personnel during periods the joint
task force was afloat. TG 7.3 provided monitors., decontamination crews, and
decontamination facilities aboard each ship within the task group as well as
monitors on each TG 7.3 multiengine aircraft. It equipped all vessels likely
to be in the fallout area with water-spray (washdown) equipment and collected
lagoon water samples, when and as directed. Through Marine Helicopter Transport
Squadron (Light) 361 (HMR[L]-36l1), TG 7.3 provided helicopter service for ra-
diological surveys and postshot recovery operations at Bikini, although the
monitors were furnished by TG 7.1. Patrol Squadron 28 (VP-28), with a four-
plane detachment from Patrol Squadron 22 (VP-22) flew radiological reconnais-
sance missions in the vicinity of the task force fleet and shot atoll and
postshot radiological surveys of the northern Marshall Islands.

CTG 7.3 designated Boxer as the command center for afloat activities and
directed that Boxer provide TG 7.1 with office space and space and facilities
for personnel decontamination (Reference B.0.l, Annex G). Facilities for TG 7.3
radiac instrument repair and issue were another requirement. Space, facilitles,
and assistance were provided for the shipbocard decontamination of HMR(L)-361
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helicopters and facilities feor the shipboard decontamination of all other air-
craft at Bikini Atoll on an emergency basis.

The planned scientific program for the two underwater shots (WAHOO and
UMBRELLA) required speclial radsafe considerations for early recovery of sclen-
tific data from contaminated ships. In addition, the whole target array would
have to be moved after the first shot and repaired for the second underwater
shot. Finally, all mooring hardware would have to be picked up and, when re-
quired, decontaminated. To assist thils program, a special unit composed of
1l officer and 200 enlisted men was established as the Radiological Safety and
Decontamination Unit for TG 7.3.

Task Group 7.4 (Air Force)

TG 7.4 had extensive radsafe responsibilities. TG 7.4 conducted weather
reconnaissance flights and manned and supplied weather and radsafe monitoring
stations at Utirik, Tarawa, Kapingamarangi, Ujelang, Wotho, and Rongelap
atolls, and Nauru and Kusale 1islands.

TG 7.4 also flew cloud-sampling and cloud-tracking missions. It was respon-—
sible for removal of the samples collected and placement of samples on special
sample-return aircraft for shipment to laboratories in the United States. This
sample packaging and shipment required special controls and monitoring and
created significant radiation hazards to TG 7.4 personnel. In fact, persons in
this operation were authorized a speclial radiation exposure limit of 10 R dur-
ing HARDTACK because their exposures were accumulating rapidly. TG 7.4 also
operated alrcraft and personnel decontamination centers on Enewetak Island for
its aircraft and personnel. A radsafe monitor was required on each multiengine
ailrcraft. TG 7.4 was responsible for helicopter and liaison flights for radlo-
logical surveys and postshot recovery operations at Enewetak Atoll. Monitors
for these flights were furnished by TG 7.1.

The TG 7.4 Nuclear Research Officer (NRO) was established as the focal
peint for TG 7.4 radiological safety (Reference B.4.2, Annex B, Appendix 5).
He was to advise CTG 7.4 on radsafe matters and monitor TG 7.4 radsafe opera-
tions, which were divided among the Test Ailrcraft Unit (TAU), the Test Base
Unit (TBU), and the Test Services Unit (TSU). The TAU flew the B-57 cloud-
sampling alrcraft, accomplished all monitoring on Enewetak airfield. removed,
packaged, and shipped radioactive samples to laboratories in the United States,
operated the aircraft and personnel decontamination centers at Enewetak. and
controlled film badge 1issue within TG 7.4. The TBU assisted in decontamination
operations, provided aircraft and crews to accomplish radiation surveys and
postshot data-recovery operations at Enewetak, and maintained duty rosters (of
all TG 7.4 personnel) for decontamination crews and for radiation monitoring
teams. The TSU provided cloud-tracking aircraft for postshot radsafe fallout
information and supported Project 2.88 with WB-50 cloud-sampling aircraft.

The TSU was to traln an adequate number of personnel from each 1sland
weather station as radiological monitors and provide and maintain a minimum of
two AN/PDR~39 and three AN/PDR-27C radiac instruments for each weather station
(Reference B.4.2, Tab A).
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Task Group 7.5 (Base Support)

The radsafe personnel of the AEC and 1ts contractor, Holmes & Narver., Inc.
(H&N), functioned as an independent radsafe organization for TG 7.5. This dif-
fered from previous operations, in which the AEC and 1its contract radsafe per-
sonnel were integrated into TU 7.1.6. Figure 23 1is an organization chart of
TG 7.5 radsafe functions.

The CTG 7.5 Radsafe Advisor was responsible for staff direction on all TG
7.5 radsafe policles. The AEC Radsafe Officer was responsible to the TG 7.5
Deputy Commander for supervising the radsafe operations and recommending pro-
tection measures. The H&N Radsafe Officer functioned as the Operations Officer
and provided the necessary support. During periods when neither the Radsafe
Advisor nor the Assistant Chief of Staff was at Eniwetok Proving Ground (EPG),
the AEC Radsafe Assistant acted for the latter.

CTG 7.5 was directed to operate (1) decontamination facllities on Parry
and Eneu 1slands for TG 7.1 and TG 7.5 equipment, (2) radsafe facilitiles on
barges, and (3) laundries for contaminated clothing 1in support of all task
force elements, except for such services performed by TG 7.3 on certain ves-
sels and by TG 7.2 at the TG 7.2 laundry on Enewetak Island (Reference B.0.1l).

AGREEMENTS TASK GROUP 7.5
TASKGROUP71 F——————— | RADIOLOGICAL SAFETY ADVISE

TASK GROUP 7.5

DEPUTY
TASK UNIT 7.1.6 OPERATIONAL LIAISON ATOMIC ENERGY COMMISSION
RADIOLOGICALSAFETY Y — — — — — —— —] RADIOLOGICAL SAFETY OFFICER

T

I

I

| ATOMIC ENERGY COMMISSION
| RADIOLOGICAL SAFETY ASSISTANT
|

l

I

I

RADIOLOGICAL SAFETY
L OPERATIONAL COORDINATION OPERATIONS AND SUPPORT

————————————— HOLMES & NARVER, INC.

Figure 23. Radiological safety organization of Task Group 7.5
HARDTACK.
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CTG 7.5 relinquished to CTG 7.1 the operational control of the radsafe
facilities that were operated during nontest perlods by H&N on 1 April 1958,
while maintaining close liaison with CTG 7.1 on mutual radsafe matters during
the operational phase. H&N continued to provide radsafe monitors to support
TG 7.5 Operational control returned to CTG 7.5 on 3 September 1958, 16 days
after the last detonation of the test serles (Reference C.5.3).

PERSONNEL EXPOSURE STANOARDS

The radsafe regulations (see Appendix A) established standards that had
the concurrence of the Surgeons General of the U.S. Army and U.S. Air Force:
Chief, Bureau of Medicine and Surgery, U.S. Navy: and the Director, Division
of Biology and Medicine, AEC. The regulations established Maximum Permissible
Exposure (MPE) standards for 1individuals and Maximum Permissible Limit (MPL)
exposure rates for contaminated personnel, ciothing, equipment., land areas,
etc. Parts of the regulations that pertain to MPE and MPL standards are as
follows (Reference B.0.l):

The Maximum Permissible Exposures (MPE's) and Maximum Per-
missible Limits (MPL's) as stated herein are applicable to a
fleld experimental test of nuclear devices 1n peacetime
whereln numbers of personnel engaged in these tests have been
previously exposed or will be continuously exposed to poten-—
tial radiation hazards. It may become necessary from a study
of personnel records to reduce the MPE for certain individuals
who have recently been over-exposed to radiation.

Due to the speclal nature of fleld tests 1t 1s considered
that a policy of strict adherence to the radiological stan-
dards prescribed for routine work is not realistic. The regqu-
lations set forth herein have been designated as a reasonable
and safe compromise considering conservation of personnel ex-
posures, the international import of the test and cost aspects
of operational delays chargeable to excessive radilological
precautions. In all cases other than emergencles or tactical
situations the ultimate criteria will be limited by the MPE's
for personnel. Special 1instances may arise such as 1in the
case of an air-sea rescue within the RADEX in which operations
will be carried out without regard to the MPE's and MPL's
prescribed herein.

Thus, as 1n previous operations, MPE and MPL standards could be exceeded 1f
dictated by an emergency or tactical situation.

Maximum Permissible Exposure Standards

MPE standards established the radiation exposure limits for personnel. Ba-
sically, the limit was set at 3.75 roentgens (R) (gamma only) per consecutive
13-week period with a maximum of 5 R for the operation., with exceptions for
emergency and other tactical situations. The operation was defined as the pe-
riod from 15 days before the first ready date to 15 days after the last shot.
A speclal MPE of 10 R was authorized for crewmembers of air-sampling aircraft.
In the event of operational error or emergency, an additional exposure of 10 R
would be accepted. Any exposure 1n excess of 20 R total would be considered as
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an overexposure for alrcrew samplers. Partway through the operation, sample-
recovery personnel had their authorized exposures change from 5 R to 10 R. At
the same time aircraft maintenance personnel had thelr maximum exposure ralsed
from 5 R to 8 R.

The 1limit of 3.75 R per l13-week period was slightly greater than the Na-
tional Committee on Radlation Protection and Measurements (NCRP) and the Inter-
national Commission on Radiological Protection (ICRP) limit of 3 R per 13-week
period in effect at that time. The MPE was conslidered a safe compromise, weigh-
ing the factors of conservation of personnel exposures, the international im-
port of the test, and the cost aspects of operational delays chargeable to
excessive radiological precautions. The 1limit of 5 R for the operation 1s
equlvalent to the yearly exposure currently permitted by Federal guidelines
for radiation workers. Appropriate remarks were to be included in the medical
records of personnel who exceeded the 3.75- and 5-R limits. Military personnel
were to be advised that they should not be exposed further to radiation until
sufficient time elapsed to bring their average radiation exposure down to 0.3
R per week. Civilian personnel in this category were to be informed that lim-
itations on further radiation exposure were to be as determined by the labora-
tory or agency having administrative jurisdiction over such personnel.

Personnel whose previous radiation exposure was in excess of an age-
prorated exposure (defined as five times the persons age on 1 February 1958 in
excess of age 18) would under no circumstances be allowed to receive a total
exposure from the operation 1in excess of 5 R. Regulations further limited
cumulative exposure to no more than 50 R by the 30th birthday of any person,
whereas the ICRP age-prorated exposure would have permitted 60 R at that age.

Authorization for 1individual exposures 1n excess of the established MPEs
could be granted only by CJTF 7, and only in specific cases Jjustified by oper-
ational requirements.

Before the establishment of the MPE, there was some debate regarding expo-
sure limits in the correspondence among HARDTACK participants. It was suggested
that the MPE for sampler aircraft crewmembers be established at 20 R, but this
was rejected and the standard was set at 10 R with an additional 10 R for an
emergency or accident allowance. A recommendation that personnel associated
with recovery operations from the WAHOO and UMBRELLA underwater shots be per-
mitted up to 5 R per shot and 10 R for the operation, based on the need for
prompt recovery operations and the expectation of relatively high radiation
levels, was not adopted. As 1t turned out, radiation exposure levels were
considerably lower than expected. Concern was expressed because some of the
planned sampler aircraft crewmembers may have had significant radiation expo-
sure during PLUMBBOB (at the Nevada Test Site, 1957) and perhaps from earlier
operations. The inclusion of a lifetime exposure limit addressed this concern.
The task force phillosophy was to use greater numbers of personnel to keep 1in-
dividual exposures within the established MPE.

Commanders employed thelr own criteria and measures to prevent exceeding
the MPE standards for assigned personnel. For example, for priority early re-
covery of experiments from Howorth (DD-592), a noncommissioned target ship
exposed during UMBRELLA, CTG 7.1 stated that reentry personnel could be exposed
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to 4 R/hr on board Howorth for not more than 40 minutes (Reference B.l.5,
UMBRELLA-S). Surface units were instructed to back off if a fileld greater than
4 R/hr was detected. In interlior shipboard spaces, protective breathing equip-
ment was to be used following UMBRELLR if monitoring indicated airborne activ-
ity exposure rates in excess of 1 R/hr (Reference B.3.3, 27-58).

HARDTACK shots were planned in a sequence that put the shots 1likely to
produce the most fallout toward the end of the test series. REDWING had taught
planners that such a sequence minimized the possibilitles of critical personnel
becoming overexposed to radiation early in the operation. In addition, this
sequencing would put fewer personnel at risk because of the reduced number of
test participants toward the end of the series. For example, midway through
the operation the number of ships was only half the peak number during the
early part of the operation. For similar reasons, 1t was desirable for comman-
ders to spread out the exposure of their personnel. CTG 7.3 instructed that
every effort be made to limit the total exposure of TG 7.3 personnel to 2 R
during UMBRELLA recovery missions to allow for subsequent exposures. Ships and
aircraft were not to enter any radiation field 1in excess of 4 R/hr, except
under special circumstances, and any stay times were to be calculated to keep
exposures below 2 R (Reference B.3.3, 27-58).

Maximum Permissible Limits

MPLs for contamination on the skin, clothing, or equipment were estab-
lished as criteria for decontamination levels tc be met or as levels that
required restriction of activity or other measures to protect personnel. All
readings of surface contamination were to be made with geiger counters, with
tube walls not substantially 1in excess of 30 mg/cm2 with shileld open unless
otherwise specified, and the surface of the probe was to be held 1 to 2 inches
(2.5 to 5 cm) from the surface under observation unless otherwise specified.
For operational purposes, the MPLs were not considered applicable to spotty
contamination, provided such areas could be effectively 1solated from person-
nel (Reference B.0.1l, Appendix 1 to Annex J). The MPLs established are sum-
marized in Regulation 20 (Appendix A).

Personnel Dosimetry

A fi1lm badge program was used to maintaln complete exposure information on
all JTF 7 personnel entering the EPG during the operation. CTG 7.1 assigned
overall badging responsibility to CTU 7.1.6. Beginning 1 April 1958, film
badges were 1issued to all individuals upon their arrival at the EPG. Badges
were worn at all times and turned in upon recall by TU 7.1.6, upon exit from
any contaminated area, or upon departure from the EPG. The badge was a DuPont
559 film packet (502 and 834 film components) dipped in ceresin wax and then
packaged in a rigid polyvinyl chloride case. The wax dip and the polyvinyl made
the film packet moisture-resistant to allow wearing it for several months, if
necessary, without deterioriation. As the operation progressed, test badges
were recalled and processed to check the overall efficlency of the packaging.
Badges were 1n use for as long as 6 months with no significant failure ob-
served. Types of badges to be used by divers were pressure-tested to the equiv-
alent of a depth of 300 feet (about 90 meters) to ensure they would not leak
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(Reference B.3.4). During the operation, 62,000 badges were 1issued and pro-
cessed and their readings recorded. Records were maintained on nearly 20,000
individuals.

Self-reading pocket dosimeters, Bendix Model 611, 0- to 5-R range. were
also used to obtain quick informatlon on the exposure of an 1individual while
in a contaminated area.

To simplify recording the exposure information, each man was assigned an
8-digit 1identification number that coded individual personal data. The first
four digits identified the individual's task group, task unit, and permanent
home station or laboratory. The last four digits were used as an individual ID
number within task units. It was necessary to decode these 8-digit numbers to
prepare the summaries of the organizations' exposures presented in Chapters 3
and 6 through 10. Decoding was done using several documents that were physi-
cally separate from the list on which the individual exposure records were
cumulated. Auxiliary documents generally proved adequate, but other documents
were consulted to resolve what appeared to be incomplete or incorrect codes.
Codes and theilr meanings as currently understood are presented in Appendix B.

To facilitate issuance of film badges, all personnel in Hq JTF 7, TG 7.1.
TG 7.5. and certain units of other task groups (such as cloud-sampling crews
of TG 7.4) were 1issued cards. They were similar to credit cards and showed the
individual's full name and the 8-digit ID number. Use of these eliminated fill-
ing out cards by hand, thus expediting the 1issuance of badges. All the infor-
mation on 1ssued badges was keypunched on cards and stored on magnetic tapes
by an IBM-704 computer at Parry.

All exposed film badges were developed using the standard techniques
employed at LASL. The films were calibrated on a "constant time, variable dis-
tance" range, and the calibration curves were checked for accuracy approxi-
mately every 2 weeks. Density of the exposed film was read with the Eberline
Film Badge Evaluation and Recording System, FS-3, in conjunction with an IBM-
526 Summary Punch. The FS-3 was developed by the Eberline Instrument Corpora-
tion, Santa Fe, New Mexico, 1n close cooperation with TU 7.1.6. The punched
IBM cards from the FS-3 were then used to post the individual's records on the
IBM-704.

Identical film-processing stations were established at Enewetak and Bikini
atolls for 1issuing, receiving., and processing film badges. Data records from
Bikini were forwarded by data transmission equipment to Enewetak, where the
data from both atolls were consolidated and stored on magnetic tape by the
IBM-704. This method of computation and record-posting proved convenient since
the dailly exposure reports and cumulative exposure cards were prepared simul-
taneously with the posting of the new information to the computer tapes for
storage. Updated total exposure information compiled by the computer was then
transmitted back to Bikini by the same data link, where a duplicate file was
maintained for daily use.

The computer was used to extract and print the complete exposure reports

at the end of the operation, which eliminated the many hours of typing previ-
ously required and possible transcription errors in preparing these reports.
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The resulting Consolidated List of Exposures (Radiological Safety Regulation
22a; see Appendix A) for all task force personnel was to be sent to the Chief,
Armed Forces Special Weapons Project (AFSWP), and to the Director, Division of
Biology and Medicine., REC. A consolidated list of personnel in each task group
was to be forwarded to each task group commander. Each task group commander
was then to forward the 1individual records to each man's unit of permanent
assignment for inclusion in the appropriate health records. although research
has indicated that individual records were not always 1included in the flles.
Records of 1individuals exposed in excess of the regulations were to be noted
so that they would not be exposed further to 1ionizing radiation until their
average exposures were down to 0.3 R per week.

This new method of operation proved very satisfactory. It reduced the num-
ber of personnel employed in the Dosimetry and Records Section from 40 during
Operation REDWING (1956) to a maximum of 16 during HARDTACK and considerably
reduced human errors from manual operations (Reference C.1.1685).

PLANS AND PREPARATIONS

Training
Radsafe requlations directed that two levels of training -- basic 1indoc-
trination and technical -- be conducted, but allowed each task group to vary

the scope of instruction according to the group's operational requirements.
Basic indoctrination included nontechnical instruction in radsafe measures and
techniques that was to be given to all task force personnel to encourage effi-
cient performance of duties within the established MPE limits. Technical train-
ing was required for most personnel who staffed the task force radsafe organi-
zations and performed the monitoring and other technical operations, such as
decontamination and instrument repair. Technical instruction was to be obtained
through existing service courses and at training sessions established at the
task group level.

TASK GROUP 7.1. Training of TU 7.1.6 personnel was carried out in several
places. Most of the lst RSSU personnel were trained at Ft. McClellan, Alabama,
using instructors within the unit. Approximately 50 men of the lst RSSU par-
ticipated as trainees in the 1957 Operation PLUMBBOB at the Nevada Test Site
with the Reynolds Electrical and Engineering Company Radsafe Division. Instru-
ment repair personnel were trained at the Navy facility at Treasure Island,
San Francisco, California, and at LASL. Four Navy hospital corpsmen who pro-
vided most of the laboratory services were trained by LASL Health Division
personnel.

Scientific project personnel in TG 7.1 and contractor personnel in TG 7.5
were trained as monitors for recovery and construction missions. Four-day
courses were given in schools at Parry and Eneu 1slands for thils purpose. The
schools were in session for approximately 7 weeks. Personnel from TG 7.3 and
TG 7.4 were also trained at the schools (Reference C.1.1685).

TASK GROUP 7.2. No specific references are avallable regarding TG 7.2
radsafe training.
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TASK GROUP 7.3. Each commanding officer was responsible for ensuring that
his ship was equipped and its crew tralned in accordance with existing fleet
instructions covering radiological safety. Beyond thls, the staff of TG 7.3
established a radsafe training program using established naval schools ashore.
All ships and units were advised of the recommended courses ashore and were
encouraged to send representatives to take these courses. For example, Boxer
personnel attended the following courses before deployment:

® ABC (Atomic, Biological, and Chemical) Defense (5 officers

for 2 weeks)

® Atomic Defense Monitoring and Radiac Instrumentation (8 of-
ficers for S5 weeks)

C-425 Practical Atomic Defense (91 enlisted men for 5 days)

C-426 Atomic Defense Monitoring and Radiac Instruments (75
enlisted men for 5 days).

All Boxer personnel also received 3 hours of 1ndoctrination aboard ship 1in
(1) nuclear radiation effects on personnel, (2) general effects of atomic wea-
pons and Lasic defensive measures, and (3) equipment and decontaminatilion pro-
cedures. All men received a copy of "Is Radiatlion Dangerous to You?" and a
number of radiology-related movies were shown (Reference C.3.3.9).

The existing programs of the naval tralning schools 1n shipboard radio-
logical safety and decontamination were judged by the Schools Command, Treasure
Island, to be elther inadequate or unreallstic for training the 200-man TG 7.3
Radiological Safety and Decontamination Unit that had been formed for decon-
tamination of the target ships exposed during the underwater shots. No previous
test operation had employed a Radiological Safety and Decontamination Unit
composed only of military perscnnel. Accordingly, the Naval Radiological De-
fense Laboratory (NRDL) devised a speclal 4-week training course attended by
the Officer-in—Charge and all 17 petty officers of the unit, who in turn pre-
sented the same tralning program to all of the enlisted personnel of the unit
(Reference C.3.3.30).

TASK GROUP 7.4. During early planning., the TG 7.4 Nuclear Research Officer
(NRO) directed that (Reference B.4.4):

l. Each multiengine aircraft participating in D-day and D+l
missions have a qualified radsafe monitor aboard

2. Each element furnish two radiological monlitors for each
50 personnel to be assigned to emergency fallout survey
teams

3. Monitors complete an approved monitoring training program
before the operation.

Qualifications of previously trained monitors would be subject to the approval
of the NRO: others would be trained in the course given by TU 7.1.6.

For broad-based information., all TG 7.4 personnel were to be brilefed on
general and specific radiological problems assoclated with the operation. A
special 1l-day training course for Air Force and Army officers was held 1in
Aprill 1958 to prepare these personnel to serve as sample-return project offil-
cers (Reference C.4.3, p. 346).
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By April 1958, almost all members of the 4926th Squadron had experience in
sampling procedures during nuclear tests. A tralning program included radsafe
courses. Because qualified ailrcrew observers were lacking in the 4926th, other
personnel in TG 7.4 recelved radsafe training to increase the pool of trained
observers and thereby lessen radiation exposure ¢f any single individual. The
4926th also supervised similar training for the Strategic Air Command B-57D
crews at Laughlin AFB (Reference C.4.1, pp. 73-74).

TASK GROUP 7.5. Before Operation HARDTARCK, a course to train radsafe moni-
tors was conducted by the H&N Radsafe Officer with the help of the AEC Radsafe

Assistant.

Onsite Decontamination Facilities

Personnel decontamination facilitles operated by TU 7.1.6 were located
across the street from the radsafe bulldings on Parry Island, as they had been
during the previous series at Enewetak Atoll. These facilities consisted of
"clean" and "hot" change areas and showers. A heavilly used personnel decontam-—
ination station was also established on Runit for QUINCE and FIG. An equipment
decontamination station was also established on Parry Island. An AN/MDQ-1
radiochemistry laboratory traller obtalined from the U.S. Army Signal Corps was
parked near the radsafe bullding. TG 7.4 also operated both personnel and air-
craft decontamination facilitles on Enewetak Island.

For Bikinl operations, a radsafe center was established aboard Boxer. Its
decontamination facllitiles, however. were never used because the camp at Eneu
Island was not significantly contaminated. An H&N barge was also equlipped as a
complete radsafe center, to be used 1in the event that afloat operations were
required: but only the laundry faclilitles of the barge were used. Personnel
and equipment decontamination facllities that duplicated those on Enewetak
were established on Eneu adj]acent to the radsafe bullding. An AN/MDQ-1 radio-
chemistry traller was parked near the TG 7.1 administrative compound (Refer-
ence C.1.1685).

Decontamination and processing facllitles were established afloat for the
WAHOO and UMBRELLA underwater shots at Enewetak Atoll. Before the operation,
NRDL proposed to Navy Bureau of Ships, which in turn proposed to Chief of Naval
Operations (CNO), that a complete radsafe center afloat be established aboard
an attack transport ship for WAHOO and UMBRELLA. It was belleved that an afloat
radsafe center would enhance early-time data recovery, which was considered
critical, and increase the efficiency of the recovery operations by being
closer than shore-based radsafe facilitles.

In a letter to CJTF 7, CTG 7.3 did not concur with thils proposal. He felt
that data recovery was an activity of TG 7.1 and that the appropriate unit of
TG 7.1 could oversee the radiological safety of the persons conducting them.
Also, TG 7.3 planning was based on the premise that the target fleet would be
decontaminated within Enewetak Lagoon with the technical and logistic support
of established TG 7.1 radsafe facilitles ashore.

Based on a conference among interested parties at AFSWP on 16 May 1957,
CNO rejected the concept of a complete radsafe center afloat, reasoning that
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the responsibilities for radiological safety within the existing command struc-
ture were well established and advance logistic planning had already been com-
pleted (Reference B.3.9). An afloat radsafe support unit was desirable, but
this could consist of a component of TG 7.1 radsafe personnel aboard an LSD or
APA, the faclilities of which were considered appropriate for decontamination
needs. Thus. TG 7.1 remained as the formal focal point for radiological safety
of the experimental units for the underwater shots. The assigned radsafe unit,
TU 7.1.6, however, requested that TG 7.3 supply two men to handle the techni-
cal and organizational problems that might arise in decontaminating the target
ships because personnel knowledgeable in ship decontamination were not availl-
able within TU 7.1.6.

Johnston Island Preparations

For Johnston Island shots, all radsafe facilities were afloat. Because of
the high altitudes planned for the detonations at Johnston Island, radsafe
planning there was limited to provisions for a launch mishap or premature det-
onation. Eleven TU 7.1.6 LASL and UCRL personnel were formed into a six-man
team to be stationed on Boxer and a five~man backup team to be stationed at
Hickam Field, Oahu, Hawail. All personnel were well trained in the handling of
alpha contamination, should an accident occur. Necessary decontamination equip-
ment and radiac instruments were loaded aboard Boxer before it departed the
EPG for Johnston Island (Reference C.1.1685).

Barring an accident, only TG 7.3 personnel of units directly involved in
the recovery of instrumented rocket nosecones would be exposed to radioactive
materials; thus, only personnel of those units were issued film badges for the
Johnston Island operations (Reference B.3.3, 38-58 (J.I.]).

For TEAK, a WB-50 radiation sampler aircraft was on standby at Hickam
Fleld, 1n case of an accident. For ORANGE, this same aircraft was airborne
near Johnston Island.

RADIATION MONITORING AND CONTROL

Both onsite and offsite programs were developed for radiation monitoring
and control. The Radsafe Center was responsible for the onsite program at Ene-
wetak and Bikini atolls, and Johnston Island; the Radsafe Office was responsi-
ble for the offsite program at other locations,

Offsite Radsafe Programs

The offsite radsafe program was designed to protect persons in populated
areas outside the EPG against radiation exposure. to obtain a complete record
of radiocactivity introduced by the tests in nearby populated areas., to assure
that all reasonable radiation safeguards were employed, and to obtain data for
investigating reports of incidents attributed to radloactivity from the tests.
To do this, the task force operated an offsite program consisting of manned
radsafe stations, radiation monitoring stations, and cloud tracking.

MANNED RADSAFE STATIONS. The task force, through a contract with the U.S.
Public Health Service (USPHS). established fully equipped radsafe stations at
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Rongelap, Ujelang, Utirik, and Wotho. These stations were operated by USPHS
radiation health personnel (Reference C.1.1685).

Radsafe operations at four other temporary land-based JTF 7 weather sta-
tiongs on Tarawa, Nauru, Kapingamarangl, and Kusale 1slands were controlled by
CTG 7.4. They were charged with immediately reporting any significant radiation
intensities that were measured. AN/PDR-27C and AN/PDR-39 radiac instruments
were used and were exchanged biweekly, or as required. Also, each 1sland had
an automonitor (automatic radiation-recording device). All station personnel
wore film badges that were exchanged once -- in mid-June 1958 (Reference
C.4.2.2, pp. 355-363).

After a large-yleld Enewetak shot or any Bikinl shot, the manned radsafe
stations were to check automonitor readings and periodically monitor the island
and its facllities using the AN/PDR-27Cs to determine any significant increase
over background. Station personnel were to submit a radiation level report to
CJTF 7 every 12 hours (6 hours for Rongelap), starting at H+6,* for levels
greater than 0.005 R/hr, but were to report immedlately any abrupt increase in
radiation levels or any radiation level increases above 0.010 R/hr and each
0.010 R/hr increment.

Personnel at these sites were instructed to stay indoors for protection if
the radiation level rose above 0.010 R/hr and no instructions had been recelved
from CIJTF 7 or CTG 7.4. If severe late fallout (at H+12 or later) of 5 R/hr or
greater was encountered, the island weather station commander was directed to
have all personnel 1mmerse themselves in the lagoon up to their necks and
periodically duck thelr heads to rinse off any fallout particles.

All eight island weather stations were directed to conduct daily radiation
surveys beginning on the day before the first shot and to report any unusual
increases at once.

MONITORING STATIONS. In cooperation with the U.S. Weather Bureau, the U.S.
Coast Guard, the Alr Force Weather Service. the Hawallan Sea Frontier, and the
Hawaiian Territorial Health Department, a total of 15 radiation monitoring
stations, 1n addition to the manned statlions, were established at existing
weather and USPHS 1installations throughout the Pacific area. These statlons
were equipped with continuous background recorders and standard military radiac
instruments. Arrangements were made for station personnel to log instrument
readings and to report the results through weather or routine radio channels.
In addition, any significant reading above background was to be reported
promptly to CJTF 7. The network equipment was installed and serviced by USPHS
personnel attached to Hq JTF 7 (Reference C.1.1685).

CLOUD TRACKING. In addition to preshot survelllance of the danger area.
Navy P2V aircraft based at Kwajalein tracked nuclear clouds on all events

* The convention used throughout this report 1s that an expression such as
"H+6" means H-hour (the detonation time) plus 6 hours. Similarly, "H-6"
means 6 hours before the detonation. This convention 1s used in the same
manner for D-day (the day of detonation).
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expected to produce radioactive fallout. The aircraft reported to Air Opera-
tions Control (AOC) at either Enewetak or Bikini at shot time and were con-
trolled by the Radsafe Office via telephone contact with the AOC. For shots
where 1t was necessary to obtain information at altitudes and ranges beyond
the capabilities of the P2Vs, the TG 7.4 Weather Reconnaissance Squadron of
WB-50s was employed. The number of tracking flights required depended mainly
upon the fission magnitude of the shot and the stability of the existing wind
field (Reference C.1.6.2).

The JTF 7 Operations Plan 1-58 Radiological Safety Requlations specified
that cloud-tracking aircraft were to turn back when radiation intensities 1in
excess of 3 R/hr were encountered. The operation plan also directed TG 7.3 and
TG 7.4 aircraft on other established flights between Enewetak and Bikini within
24 hours following any shot to report any radiation encountered.

Clouds were tracked by radar during the first 30 minutes after detonation
to obtain reliable and useful information on cloud size, height, and general
movements. Both ground and shipboard radars were used, and the information was
telephoned to Hq JTF 7 (Reference C.1.6.2).

MARINE SURVEYS. Program 40 (Radiobiological Survey) was related to radio-
logical safety. Objectives of the program were to determine the amounts and
distribution of radioisotopes 1in seawater, soil, plants, and animals at the
EPG, in the northern Marshalls, eastern Carolines, and other islands westward
to the Palaus. Pretest surveys were done at Enewetak and Rongelap atolls. Post-—
shot measurements were made and samples collected at the weather stations on
Ponape and Kusaie 1islands and Tarawa, Ujelang, Utirik, Kapingamarangi, and
Wotho atolls, and tuna catches unloaded in Japan were sampled (Reference
C.1.1682).

USS Collett (DD-730) conducted a postoperational radiological survey of
the waters of the EPG danger area prior to disestablishment of the danger area
by the AEC (Reference C.3.4.12). Samples of water at five depths down to 328
feet (100 meters) and of plankton were to be obtained every 50 nmi (93 km)
along a 2,225-nmi (4,121 km) track. USS Silverstein (DD-534) conducted similar
postoperational sampling mission of ten points in the waters between the EPG
and Guam (Reference C.3.4.40).

A number of other steps were taken to assure the safety of the task force,
native populations, and transient surface and air traffic. For example, an
emergency evacuation capability was constantly maintained. As far as can be
determined from existing monitoring data and investigations of reported inci-
dents, no significant fallout occurred on populated offsite areas or to tran-
sient surface craft and aircraft as a result of Operation HARDTACK (Reference
C.1.6.2).

Onsite Monitoring and Control

RADIOLOGICAL EXCLUSION AREAS. The JTF 7 Radsafe Office was responsible for
designating both air and surface radex areas. Preshot radex forecasts were
revised based on the results of aerial and ground surveys. Lagoon water samples
were also taken. All atoll and lagoon areas at or near a detonation site were
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considered contaminated until cleared for operations by the Radsafe Office.
Entry control procedures were managed by the Radsafe Office. Entry to and exit
from radex areas was only through established checkpoints. Personnel were not
permitted beyond a radsafe checkpoint without an access pass, issued by the TU
7.1.6 Plotting and Briefing Officer, that stated the purpose and precise loca-
tion of the entry. All vehicles used in radex areas were checked through estab-
lished decontamination stations.

Surface radex areas were divided into two categories requiring different
levels of protection and control:

® Full radex -- an area in which the gamma radiation inten-
sity exceeded 0.1 R/hr

@ Limited radex -- an area in which the gamma radiation in-
tensity was between 0.0l and 0.1 R/hr.

Radex areas were not strictly defined for alpha contamination. Apparently.
however, areas in which the alpha count by a survey meter with a probe area of
55 cm? exceeded 10,000 counts per minute (CPM) were conslidered full radex
areas, and those in which the actlivity was between 1,000 and 10,000 CPM were
considered limited radex areas (Reference C.5.3).

A full radex area required parties to be accompanied by certified monitors
and all persons to wear full protective clothing. In a limited radex area, CTU
7.1.6 determined the kind of clothing to be worn. The function of the clothing
was to prevent the radioactive contaminants from directly contacting the
wearer, thus making decontamination easier and preventing the spread of the
contaminants. Full protective fileld clothing 1s shown 1n use in Figure 24. Pro-
tective clothing to shield the wearer from contaminated washdown water 1s shown
in Figure 25 and protective clothing worn by crewmen while recovering a radio-
active object 1s shown in Figure 26.

Radsafe monitors kept work party leaders in radex areas advised of radia-
tion intensities at all times. The party leader was expected to follow such
advice and adhere to the established exposure limits.

Alr radex areas were not to be entered by alrcraft unless a tactical or
emergency situation arose, in which case tactical exposure allowances applied.
All multiengine aircraft were required to have a monitor capable of calculat-
ing allowable exposures.

RADIAC INSTRUMENTS. Electronic equipment utilized during the operation in-
cluded portable survey instruments, alr-sampling equipment, exposure-recording
instruments, background monitoring detectors with recorder units, varlous types
of test equipment, and radiation analysis instrumentation. Table 6 lists some
of the types and distribution of radiac equipment and instrumentation for the
major portion of the operation. Other equipment was avallable:; for example,
Boxer reported having PDR-T1B instruments aboard and HMR(L)-361 reported having
PDR-10B instruments. Since all ships are reported to have arrived at the EPG
fully equipped with radiac equipment, they too would have had equipment not
accounted for in Table 6. The discussion 1in Reference C.5.3 indicates that, in
general, overall equipment performance was adequate.
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Table 6. Selected 11st of radiac equipment and instrumentation,

HARDTACK.

Number Available

Manufacturer Model Type Enewetak Bikini
Tracerlab, Inc. AN/PDR-39 Gamma survey meter 122 80
Tracerlab, Inc. AN/PDR-39 modified Gamma survey meter 4 2

to 500 R
Admiral Corp. AN/PDR-27C Beta gamma survey meter 356 4
Tracerlab, Inc. AN/PDR-18 Gamma scintillation survey 12 8
meter
Chatham Electronics cov-700 Beta gamma survey meter 60 40
Instrumentation assembled and AN/MDQ-1 Radiochemistry traitler 1 1
fnstalled by Kewaunee Mfg Co.
Designed by Los Alamos Cumulative dosage alarm 5 5
Scientific Laboratory instrument dosimeter
Victoreen Instrument Co. Thyac Alpha scintillation survey 3 1
modified by LASL
Beckman Instrument Co. MX -5 Beta gamma survey meter 21 2
Eberl1ine Instrument Co. PAC-3-G Alpha proportional survey meter 3 3
Eber1ine Instrument Co. AM-1 Beta gamma continuous air 1 2
monitor
Health and Safety Lab, Atomic TN-4D Offsite gamma background 33 2
Energy Commission, recorder monitor
portion manufactured by
Evershed and Vignoles Ltd.)
Eber1ine Instrument Co. FS-11 Fi1m badge densitometer 2 1
Eberiine Instrument Co. FD-2 Densitometer 1 1
Jordan Instrument Co. PRAM-5 Gamma aerial survey instrument 2 1
Riggs Electronics UW-1 Gamma underwater instrument 4 2

Source: Reference C.5.3.




TG 7.2 Operations Plan 1-58 specified the use of the AN/PDR-18 gamma survey
meter for TG 7.2 field and area surveys (Reference B.2). NRDL recommended that
AN/PDR-27F and AN/PDR-18 Navy allowance gamma and beta radiacs and the "cutle
ple" and Berkeley Model 2750, or equivalent, industrial monitoring radiacs be
used for area and personnel monitoring and surveying (Referencg B.3.5). The
basic instrument used for the onsite aerial survey was the AN/PDR-39 gamma
survey meter modified to read up to 500 R/hr. The instrument built by Jordan
Instrument Co. (PRAM-5) that worked so well in Operation REDWING was never
used because it could not be made to operate properly (Reference C.1.1685).

GENERAL PROCEDURES. The Operations Section of the Radsafe Center was re-
sponsible for conducting all radiological surveys on Enewetak Atoll, most of
which were made by H-19 helicopters. H-21 helicopters were not used for surveys
because of their lack of radiation shielding. In contrast to the H-19, where
the pillot compartment was located above the engine. which provided shielding,
the H-21 pllot compartment was a plastic bubble on the nose of the helicopter
(Reference C.1.1685). Crewmembers 1n the passenger compartment of the H-19,
however, were not shielded by the engine.

Normal aerial surveys included a preentry survey from H+l to H+4, a de-
talled survey of the entire shot atoll from H+6 to H+8, and detailed surveys
on the mornings of D+1, D+2, and D+3. Additional surveys were made as required.
when necessary, data were radioed to the Radsafe Center from the survey heli-
copter. Plotting and briefing stations were maintained at the Radsafe Center
and the J-3 office. Ground surveys of islands in the atoll were conducted when
required (Reference C.1.168S5).

The helicopter survey technique called for the pilot either to land the
alrcraft at a survey spot so that a ground reading could be obtained or to
make a slow pass over the spot at an altitude of 25 feet (7.6 meters). Readings
taken at 25 feet (7.6 meters) were doubled to approximate a ground reading.
The doubling factor was experimentally determined and checked at various times
during the operation. Experience indicated that any reading taken from an alti-
tude of S50 feet (15.2 meters) or higher was difficult to correct to true ground
values because of asymmetry in the radiation fields and the topography of the
various islands (Reference C.1.1685).

Oon Bikini Atoll, as on Enewetak Atoll, the Operations Section of the
Radsafe Center was responsible for all surveys. These surveys usually were
conducted by helicopter., but ground vehicle surveys were carried out when
required. Regqular surveys were conducted on a schedule similar to that at Ene-
wetak. On shots that required evacuation of the atoll, the preentry aerilal
surveys were launched from Boxer at sea. In these cases, the survey party first
flew to Eneu to monitor the island and the ship anchorage for reentry and then
proceeded with the remainder of the survey. Two crews usually surveyed simul-
taneously, one covering the southern half of the atoll, the other covering the
northern half (Reference C.1.1685).

For the WAHOO and UMBRELLA underwater shots, monitoring was done from the
surface units after an 1initial survey by air. Monitors on each surface unit
were to continuously monitor the water, their unit, and target ships and en-
sure that their ship did not proceed into areas with readings exceeding 4 R/hr
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unless specifically instructed to do so. Monitors were also to calculate stay
times so as to limit the exposure of any person to less than 2 R. These moni-
toring operations did not include actual boarding of the target ships. The
primary purpose was to determine the general radiation intensities in the vi-
cinity of and alongside the target ships. Recovery parties were allowed to
proceed, based on this information, with the party monitor determining the
radiation situation aboard ship (Reference B.3.3, 27-58, UMBRELLA).

Monitoring and control procedures for land surveys were developed before
the operation. For example, the TG 7.2 QOperations Plan 1-58 (Reference B.2)
contains detailed procedures for monitoring land areas. A monitoring team was
to comprise three men: a survey meter man, a recorder, and a radioman. If sig-
nificant fallout was suspected, a rapid spot check survey was to be made at
certain predetermined locations. Otherwise, a detailed routine survey was to
be performed. Results of the surveys were to be reported to the TG 7.2 Radsafe
Officer who would consolidate the readings on a ground intensity map of the
area and plot the 0.01-R/hr 1sodose line indicating a radex area. Radex areas
were to be marked with standard markers or placed under guard.

During the survey, the recorder and radioman were to advance 1in single
file behind the survey meter man. Surveys of the ground were to be made with
the probe at arms length so that all readings would be at about the same height
above ground. Readings of vertical surfaces were to be made at a distance of
6 inches (15 cm). If an area 1n excess of 0.03 R/hr (a "hot spot") was discov-
ered, the location and intensity were to be immediately radioed to the Radsafe
Officer.

Teams were dJglven further 1instruction regarding protective clothing and
personnel and equipment decontamination procedures.

Use of barges for zero points required underwater radiation-measuring in-
struments for divers working on signal cables and mooring devices. Six speclal
meters manufactured by the Isotopes Speclalties Company, Burbank, Californila,
were used. They were designed to withstand pressures encountered at depths of
100 feet (30.5 meters). These meters were hand~carried by SCUBA divers and
proved to be easy to handle and read while under water (Reference C.1.1685).

CTG 7.3 promulgated radsafe measures for diving operations (Reference
B.3.6). Divers were directed not to enter water having radioactivity exceeding
0.1 R/hr at the surface nor to remain in any underwater location where radio-
activity exceeded 1 R/hr. In any proposed diving area, radioactivity was to be
measured at the water surface, at a depth of 15 feet (4.6 meters), at mid-
depth, at the bottom, and at the expected principal working depth. Each diver
was to carry a speclal diving badge in addition to his regular badge. Divers
were not permitted to enter the water with an incompletely healed wound that
was open to the water. Underwater wounds and foreign objects in the eye were
to be treated. To avoid radiation intake to the body. divers were cautioned
not to swallow water.

Water samples from swimming areas and from the lagoons, where water was

distilled for ships, were periodically taken and tested for contamination.
No significant radioactivity was found in any of the ships' water samples

92






Most commanders expressed satisfaction with the washdown systems and radsafe
equipment aboard their ships.

Target ships for the underwater shots were also equipped with washdown
systems to reduce contamination and expedite reentry. Also, as part of sclen-
tific study, the ships were instrumented with film badges and gamma-intensity-
time recorders.

HMR(L)-361 taped a double layer of barrier paper to the decks of its heli-
copters on reentry missions and instructed crew and passengers to don "bootles"
when entering from a radex area to minimize interlor contamination (Reference
B.3.8). Interior contamination of P2V aircraft cloud-sampling and -tracking
ailrcraft was reduced by sealing air intake vents to the extent possible.

PRESHOT RADIOLOGICAL SAFETY

Before each shot, weather predictlions were used to establish the danger
area that might recelive significant fallout. The danger area was searched to
ensure clearance of all non-task-force ships, and task force personnel and
equipment were evacuated as necessary.

Weather

Weather forecasting was an important part of the radsafe program because
of the strong influence of wind speeds and directions on fallout patterns. In
a 28 February 1958 letter to CINCPAC, CJTF 7 stated:

The impact of fallout on populated islands will be one of the
major factors in making a decision to shoot, and will be con-
sidered in 1ts relatlion to forecast winds and other meteoro-
logical conditions.

The JTF 7 Operations Plan 1-58 established weather responsibilities among Hgq
JTF 7, TG 7.3, and TG 7.4 (Reference B.0.1).

JTF 7 Weather Central was located in Hq JTF 7 on Parry Island and was
tasked with collecting all observable data and performing all analysis and
prediction work. Analyses and presentations, in finished chart form, were to
be transmitted to the Enewetak weather station and to the command ship via
facsimile. The Radsafe Office, which was responsible for designating air and
surface radex areas before shot time and for predicting and displaying fallout,
was also located in Hq JTF 7. and presumably was closely associated with Wea-
ther Central.

The task force also established weather forecasting and observation sta-
tions on Enewetak Island and aboard Boxer. Boxer was responsible for maintain-
ing technical control and coordinating the weather observation program afloat
and the security patrol ailrcraft observational program. CTG 7.4 was given
operational control of the Enewetak station. CJTF 7 maintained operational
control over Boxer station as well as Weather Central. Both Boxer and Enewetak
stations were responsible for plotting, displayling, and interpreting weather
information provided by Weather Central. Boxer station provided operational
forecasts and other weather services in support of waterborne operations, and
the Enewetak station provided the same in support of air operations.
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Weather information was to be obtained from JTF 7 Weather Central at Parry
Island and the forecasting offices and observation stations at Enewetak Island
and Kwajalein Naval Air Station. Weather observation stations were temporarily
established by TG 7.4 at Tarawa, Kapingamarangi, Utirik, Wotho, Ujelang, and
Rongelap atolls and Nauru and Kusale islands as well as on TG 7.3 weather units
afloat. Speclal winds-aloft and surface observations were made from TG 7.3 de-
stroyers. WB-50s based at Enewetak Island and TG 7.3 security patrol aircraft
based at Kwajalein made weather observations. U.S. Weather Bureau observations
from stations at Majuro Atoll and Ponape, Wake, and Truk islands were used, as
were routine Pacific Ocean area weather broadcasts.

CJTF 7 provided special rawinsonde (radar wind sounding) balloons to all
JTF 7 weather stations, U.S. Weather Bureau stations, Kwajalein Naval Air Sta-
tion, and TG 7.3 ships to make wind observations to support the operation.
CJTF 7 also provided winds alocft sounding projectile (WASP) rockets for special
wind observations by TG 7.3 destroyers. The rockets would explcde at predeter-—
mined altitudes and release metallic foll strips (window) that would be carried
by the wind and tracked by destroyer-based radar equipment.

At the beginning of the operation, CJTF 7 established five destroyer sta-
tions. Geographic coordinates of the weather stations and thelr locations with
respect to the atolls were:

Alpha 260 nml1 (482 km) from Enewetak bearing 262°
Bravo 225 nmi (417 km) from Enewetak bearing 325o
Charlie 200 nmi (370 km) from Bikini bearing 10o
Delta 50 nmi (93 km) from Bikini bearing 139°
Echo 50 nmi (93 km) from Enewetak bearing 130°.

As the operation progressed, CJTF 7 and CTG 7.3 agreed to maintain one de-
stroyer at Station Bravo, one at Bikinl to supplement Boxer's D-1 observations,
and a third at Enewetak (Reference C.3.l1). The other four weather stations were
used as needed. Another major change in procedure was made very early in the
test serles. As originally planned, the destroyer at Station Bravo would retire
to a point south of the east-west centerline between Bikinil and Enewetak on
the night before a detonation as a precaution against unexpected fallout. This
procedure, however, resulted in a lack of critical weather information imme-
diately before shot time when it was most needed. During a conference between
representatives of CJTF 7 and CTG 7.3 following YUCCA, it was decided to main-
tain the destroyer at Station Bravo at shot time and, if necessary., for up to
30 hours after the detonation. The JTF 7 FOPU would 1inform the destroyer of
the best evasive courses to steer if fallout came near the ship. This new pro-
cedure was instituted on 30 April, six days before the second HARDTACK detona-
tion, CACTUS, at Enewetak.

Weather observation capabilities were specified in the JTF 7 Operations
Plan 1-58 (Reference B.0.l) as follows:

@ Bikini shipborne facilities -- minimum of eight surface,
four rawinsonde, and one radiosonde dally, increasing to
one rawlinsonde every 2 hours and one radiosonde every
6 hours immediately preceding Bikinl shot times
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® Destroyers -- eight surface observations daily and, when
directed, special winds-aloft measurements comprised of:
high-altitude rawinsonde observations to 150,000 feet
(45.7 km) via WASP rockets, and medium-altitude observa-
tions to 35,000 feet (10.7 km) via the WASP rawinsonde
balloons

® Kwajalein Naval Air Station -- eight surface and four
rawinsonde observations daily

® WB-50 -- two 12-hour weather missions daily. increasing to
three or, 1f necessary. four misslions daily 2 days before
each shot

® Enewetak station -~ hourly surface observations and four
rawinsonde observations daily 1increasing to twelve dally
when directed

® Temporary task force weather observation stations at
Tarawa, Nauru, and Kapingamarangi -- eight surface obser-
vations dally and two rawinsonde observations daily, in-
creasing to five dailly when directed: at Kusale and Utirik
-- eight surface observations daily and four rawinsonde
observations dally, increasing to eight dailly when di-
rected; and at Wotho, Ujelang, and Rongelap -- four sur-
face observations and two pibal observations dally.

Fallout Prediction

The FOPU was established as part of the Radsafe Office to forecast radsafe
informatlion (fallout plot and air and surface radex areas) for each shot. No
information has been found that describes the forecasting techniques used by
the FOPU:; however, many of the resultant predicted patterns are shown in the
Operation HARDTACK Radioloqical Safety Final Report (Reference C.1.6.2) and
are reproduced in Chapters 4 and 5 as appropriate.

Danger Area

The danger area for radioactive fallout was established a few days before
each shot date, based on weather forecasts. CTG 7.3 established a 16-plane P2V
squadron, comprised of Patrol Squadron 28 (VP-28) and four aircraft from Patrol
Squadron 22 (VP-22), to search the danger area and these tracked the radio-
active clouds in the postshot period.

Typically, on D-3 and D-2, CJTF 7 informed CTG 7.3 of the sectors to be
searched on D-2 and D-1, respectively., based on the predicted fallout pattern.
The Deputy CTG 7.3 aboard Boxer directed the security patrols and informed
VP-28 at Kwajalein of the specific sector to be searched. Since the patrols
were not conducted during a 10- to 1l2-hour period before each shot. the search
zone was enlarged by 120 nmi (222 km) 1n all directions, allowing the patrol
squadron to warn ships that might come into the danger area before the shot.
Because of the 1rregqular shapes of the forecast fallout patterns, a circular
arc search pattern was employed to provide complete coverage to compensate for
possible changes in wind patterns. Alrcraft were assigned different radii from
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the atoll to ensure as complete search coverage as possible. This procedure
also facilitated readjusting search areas during the search, particularly 1if
time was short. The AOC was located aboard Boxer, or, in Boxer's absence, on
the radar picket destroyer, USS Benner (DDR-807), which relayed the flight
control patterns through the squadron base radio at Kwajalein.

During the later phases of the operation, when Boxer departed the EPG for
Johnston Island, survelllance searches and radsafe flights were controlled
from an air plot established in the Air Force weather communications facility
on Parry Island. Although the air plot was physically integrated with the Air
Force communications facility, it was controlled and directed by TG 7.3 (Ref-
erence C.3.1).

Personnel Evacuation

For shots at Enewetak or Bikinl atolls, personnel were sight-mustered,
typically at 1800 on D-1. All personnel in forecast land danger areas were
reported to the atoll muster officer. For Enewetak events, these danger areas
usually were all 1islands of Enewetak except Parry and Enewetak; for Bikinl
events, they included all 1islands of Bikini except Eneu. For some Bikinl shots,
however, the atoll was completely evacuated. When all personnel were out of
the danger area, the completed muster was submitted to CJTF 7 by the task group
muster officer. For complete evacuation of Bikini Atoll, all personnel were
mustered as they boarded the ships. A relatively large number of personnel
manned stations at Johnston Island for TEAK and ORANGE. These personnel were
mustered at each of these stations, and the muster officer reported when all
task group personnel were 1in safe locations. Those who were evacuated from
Johnston Island were mustered aboard ships (Reference C.1.1682).

LCUs were the primary ship-to-shore evacuation vehicle. H-19 helicopters
were used to evacuate priority personnel and late evacuees. For complete evac-—
uation of Bikinl, most evacuees were taken aboard Boxer and USNS Fred C.
Ainsworth (T-AP-18l1). When Boxer was at Johnston Island, USS Monticello
(LSD-35) was substituted. At Johnston Island, Boxer was the primary ship for
evacuees.

TG 7.3 and TG 7.5 maintained a capability to evacuate all personnel 1in the
event of severe fallout or other emergency.

POSTSHOT RADIOLOGICAL SAFETY
Reentry and Recovery
Procedures for reentry into radioactive areas were summarized as follows:

@ Entry into a full radex area will require full protective
clothing and a qualified monitor toc accompany the party

® Entry into a limited radex area will require such protec-
tive clothing and monitoring support as deemed necessary
by the TU 7.1.6 Plotting and Briefing Section

® Entry of personnel into full and limited radex areas will
require access permits 1ssued to party monitors or party
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leaders by the TU 7.1.6 Plotting and Briefing Section at
the Radsafe Center signifying that all radsafe procedures
have been complied with

® Recovery and construction parties will be allowed to enter
radiocactive areas as necessary, but depending upon the
current radiological situation (actual control of early
entry on D-day will be exercised by J-3, TG 7.1).

Checkpoints for control of entry 1into radioactive areas would be estab-
lished by TU 7.1.6 as required. Normally. checkpoints would be maintained by
the Air Dispatcher's Office and at the marine landing. Personnel departing for
radex areas were required to have access permits before passing the check-
points. Upon return from a radex area, personnel and equipment would be moni-
tored at the checkpoints. Personnel or equipment found to be contaminated above
the established MPLs would be directed to the appropriate decontamination sta-
tion. All personnel were to proceed to the Radsafe Center to exchange film
badges upon return from a radex area.

Task unit commanders could request continuing radex area access permits
for personnel in their task units, which allowed frequent entry to and exit
from radex areas without obtaining separate permits for each entry and exit.
All requests for continuing access permits were to be approved by CTU 7.1.6
and could be withdrawn at any time, depending on the radiological situation.
Continuing access permits were not valld for more than one event or when cer-
tain individual cumulative exposures were reached.

TU 7.1.6 trained monitors for the various projects as required. If possi-
ble. projects were to provide their own monitors for entry into radex areas:
otherwise, arrangements could be made with TU 7.1.6 to supply monitors. Party
monitors, and any others deemed necessary, were briefed by the TU 7.1.6 Plot-
ting and Brlefing Section before receipt of an access permit. Monitors assigned
to individuals or groups working in radex areas or with contaminated equipment
during recovery operations kept the recovery party leader advised of radiation
intensities at all times. Since the party leader was responsible for the radio-
logical safety of all members of his party, he was expected to accept the mon-
itor's advice and act accordingly. It was the responsibility of both the leader
and the members of the recovery party to adhere to the established exposure
limits. When eating or working in any radex area, sensible sanitary precautions
were to be taken (Reference B.1.6).

Cloud Sampling

Manned aircraft collected air and particulate samples from radiocactive
clouds of all shots except the high-altitude shots, TEAK and ORANGE, to support
scientific Projects 11.2, 21.2, and 2.8b. While the cloud-sampling operations
were not in themselves radsafe-oriented, the real-time radiation measurements
contributed to tracking of the cloud, and special radsafe procedures were es—
tablished to ensure safety during recovery of the collected samples. Unmanned
rockets also were used to collect cloud samples.

TG 7.4 was responsible for collecting cloud samples by manned aircraft.
B-57 aircraft collected particulate matter on filter-paper assemblies mounted
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in the nose of the wingtip fuel tanks. These same aircraft collected gas sam-
ples from collection units mounted on each side of the fuselage near the tail
of the plane. Intake ailr, filtered to remove particulates, was pumped 1into
bottles aboard the aircraft. WB-50 aircraft were also used to support Project
2.8b by collecting particulate samples at low altitudes on filter paper assem-
blies mounted on top of the ailrcraft.

The MPE for these aircrews was 10 R gamma, plus an additional 10 R in the
event of operational accident or emergency. Exposure in excess of 20 R would
be considered an overexposure.

Procedures for removal of the particulate samples from the wingtip collec-
tors of the B-57 were standardized and are described in detail in Reference
C.4.4 (pp. 220-225). They were similar to those of previous operations, but
with some modifications. Two towed trailers 1n tandem were used during sample
removal to carry tools and sample containers. The samples were stored aboard
another towed trailer.

Three people were directly engaged in particulate sample removals. A fourth
person served as overall supervisor to ensure compliance with sample-removal
procedures. Alr Force operating procedures called for wearing a standard fa-
tigue uniform without booties, and leather palm gloves. The trailers and per-
sonnel were brought to between 25 and 50 feet (7.6 and 15 meters) from the
front of the ailrcraft. The minimum standoff distance of 25 feet (7.6 meters)
was chosen based upon a possible radlation exposure rate of 0.5 R/hr from the
filter paper. which frequently had intensitles of 100 R/hr at a distance of
1 foot (0.3 meter). The first person advanced to the pod, cut the filter-
retaining wire with a long-handled tool (which appears 1in photographs to be
about 4 feet (1.2 meters] long), obtained long-handled tongs from the tool
traller, and returned to hils original position beyond 25 feet (7.6 meters)
from the aircraft. The second person advanced to the pod, inserted a hook at
the end of a 9-foot (2.7-meter) pole into a ring on the filter assembly., and
removed the assembly. The first person was ready to assist with the long-
handled tongs if needed. The second person carefully carried the assembly at
the end of the pole and deposited 1t into a shielded "cave" on the second tan-
dem traller. The first person removed the safety holding wire from the assem-
bly with a long-handled tool, and the second person spread the holder so that
the third person could insert a long-handled paper-rolling tool. Person number
three rolled the paper, while the others stoocd well clear, and inserted the
rolled paper into a shlelded "pig" in front of the cave. The first person
measured the radiation intensity in the pilg using a long-handled probe and
recorded the readings. Then persons number one and two lifted the pig (which
closed shut automatically as 1t was lifted) from the traller using a long-
handled tool, carried the pig to the third traller, and stored it in a section
of a shielded box. Each wingtip filter paper was removed 1n this manner (Ref-
erence C.4.4).

Alir Force ground crews from the TAU Nuclear Applications Section recovered
the samples. Their cumulative radiation exposure rose as HARDTACK progressed.
To avold the loss of these key personnel, CTG 7.4 requested that their author-
ized exposure be increased from 5 R to 10 R:; his request was approved (Refer-
ence C.4.2, p. 136).
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No details on removal of the samples from the WB-50 aircraft that supported
Project 2.8b are available. but presumably the procedures were similar to those
for recovering the wingtlp samples from the B-57 aircraft.

Details on removal of the gas bottles are not available, but the radiation
exposure potential for personnel probably was significantly less than for par-
ticulate sample removal. In Operation REDWING (1956), recovery time for the
gas bottles was typically less than 2 minutes because of the quick-disconnect
couplings used.

Radiochemical Samples

Radiochemistry laboratory trailers were located on both Enewetak and Bikini
atolls. These facilities did not perform detailed radiochemistry studies; they
were for onsite support such as checking potable water and swimming areas to
ensure task group personnel safety. For other radiochemistry studies, samples
were collected and shipped to LASL and UCRL in the United States by Military
Air Transport Service (MATS) aircraft. JTF 7 Operations Plan 1-58 specified
that transportation of radioactive material to and from the forward area be in
accordance with AEC requlations for escorted shipment of such material (Refer-
ence B.0.1).

Radioactive samples in each sample-return flight were accompanied to their
destination by a sample-return officer who also acted as aircraft radsafe mon-
itor. Before departure, each sample-return officer was given a survey instru-
ment, fllm badges, and a TG 7.4 course of instruction. He would 1ssue, and
record 1ssuance of, badges to the alrcrew and any passengers and collect the
badges as they deplaned.

Radioactive samples to be shipped were to be properly packaged and marked
and stored aboard the ailrcraft in a way that minimized personnel exposure.
After the samples were loaded, TG 7.4 radsafe personnel and the sample-return
officer would 1inspect and monitor the aircraft and, based on radiation read-
ings, mark an isolation area on the floor. The CTG 7.4 criterion was 0.02 R/hr,
but the isolation area was marked more stringently at 0.01 R/hr (Reference
C.4.1, pp. 136-139). All personnel aboard the plane were to be made aware that
the cargo was radioactive and that they were to remain outside the isolation
area.

Decontamination

Radiological decontamination of personnel, equipment, alrcraft, ships, and
land areas was required during HARDTACK. In general, decontamination was re-
quired when the contamination exceeded the established MPLs.

PERSONNEL. Personnel decontamination was required when radiation levels
exceeded 0.007 R/hr (beta plus gamma) or 500 CPM alpha (55-cm? probe) for
outer clothing or 0.001 R/hr (gamma) or 180 CPM alpha (55-cm? probe) on skin
or underclothing (See Appendix A).

All personnel returning from radex areas were monitored at the checkpoints.
If contaminated, they were processed through the personnel decontamination
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station adjacent to the Radsafe Center. Their protective clothing was deposited
into receptacles in the contaminated side of the decontamination center. After
showering, they were monitored again, and if found uncontaminated, proceeded
to the clean side of the decontamination center to dress (Reference C.5.3).

Approximately 6,200 individuals were processed through Enewetak Atoll
checkpoints, of which 860 were processed through the personnel decontamination
station on Parry Island. H&N provided laundry services for the protective
clothing. Identical decontamination facilities were located on Eneu Island,
and 1,200 people were processed through the facility for Bikini operations.
Laundry facilities were provided aboard an H&N barge. For WAHOO and UMBRELLA,
decontamination facilities were established afloat.

For shots QUINCE and FIG, it was necessary to establish a personnel decon-
tamination station on Runit. Traffic through this decontamination station was
very heavy, and it was necessary to move the laundry barge from Bikini to han-
dle the laundry load. Much of the clothing was disposed of because 1t was too
difficult to reduce the alpha contamination to acceptable levels. Respirators
and full face masks were cleaned for reuse but in many cases bootles, surgeon
caps and gowns, and coveralls were disposed of (Reference C.1.1685).

EQUIPMENT. Equipment and vehicle contamination MPLs were 0.007 R/hr (gamma
plus beta) or 500 CPM fixed alpha (55-cm? probe). (When no change in alpha
contamination level could be observed by checking the swipe of a 100-cm2
area, 1t was referred to as fixed alpha.) Respilratory protective devices were
maintained below a contamination level of 0.001 R/hr (beta plus gamma) or 100
CPM alpha (55-cm2 probe).

The equipment decontamination station on Parry Island processed 800 1items,
including 56 vehicles and 9 helicopters. Numerous pleces of small equipment
were cleaned for the various projects and for H&N. For Bikinl operations, an
equipment decontamination station that duplicated the Enewetak facllitles was
located adjacent to the radsafe bullding. One hundred and five vehicles and
pleces of heavy construction equipment were decontaminated as well as numerous
pPleces of project and H&N equipment. Four alircraft required decontamination
(Reference C.1.1685).

Normal procedure called for all heavy equipment returning from shot islands
to be monitored upon removal from boats and taken to the decontamination sta-
tion 1f necessary. Versene and citric acid were the common decontaminating
agents employed, and a steam generator was used to provide hot solutilons for
the necessary washing. In a few Iinstances, when steam and chemical cleaning
falled. sandblasting was used to reduce the radloactive contamination to the
permissible level. Materlals that could not be decontaminated were placed 1in
barrels, which were filled with concrete and dumped at sea (Reference C.5.3).
when equipment was not needed immedlately, 1t was held in an isolated parking
area before decontamination to allow natural decay to reduce radloactivity
levels (Reference C.1.1685).

AIRCRAFT. In HARDTACK, as 1in previous operations. contaminated ailrcraft

were parked 1in 1solation areas and, 1f time permitted, allowed to stand to
permit radioactivity to decay. When necessary, alrcraft were washed with high-
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pressure water hoses and chemicals. A general procedure for handling contami-
nated alrcraft was (Reference C.4.4, pp. 233-235) as follows:

1. Returning aircraft (air sampling., cloud tracking, and
ground survey) were taxied by the flight crew to the end
of the runway and parked adjacent to the aircraft decon-
tamination area

2. Flight crews deplaned according to standard operating
procedures established by decontamination personnel

3. A cursory survey of each incoming aircraft was made to
determine the extent and degree of contamination; 1f the
average contamination level was above 0.02 R/hr., and 1f
time allowed, the aircraft radiocactivity was allowed to
decay to this level

4. Prior to decontamination, the alrcraft was towed to the
designated washing area., which was selected so as to avoid
secondary contamination of other aircraft or personnel

5. A detalled exterior survey of ailrcraft was made before
any decontamination operation and the results recorded on
appropriate forms or sketches showing beta plus gamma and
gamma readings: the same survey was made and recorded for
each crew position.

when monitoring. intensity readings were taken approximately 1 inch (2.5
cm) from the aircraft surface being monitored. Instrument probes were fitted
with l-inch (2.5-cm) wire offsets to aid in standardization of readings and to
minimize the time devoted to each reading.

The techniques were time consuming and required great care. The first wash-
ing was done with decontamination trucks using 1 pound (0.45 kg) of detergent
for each 100 gallons (379 1liters) of water. The monitoring procedures were
repeated. The second washing (1f required) consisted of a mixture of one part
"gunk" and three parts kerosene followed by a water and detergent rinse. Moni-
toring procedures were again repeated. If time permitted, and 1if required, a
final washing used water and detergent.

During application of the decontamination agents, precautions were taken
to avold spreading contamination. The runoff area was monitored and, 1f neces-
sary, outlined and marked as a contaminated area.

All personnel entering the aircraft decontamination area were processed
first through the personnel decontamination center and issued hats., gloves,
coveralls, and shoes. When departing the aircraft decontamination area., per-
sonnel were reprocessed through the personnel decontamination center according
to the standard procedures.

As HARDTACK progressed, the radiation exposures of alircraft maintenance
personnel rapidly approached the MPE limits. CTG 7.4 requested, and was
granted, permission to change the allowable exposure limit of maintenance per-
sonnel from S R to 8 R for the operation (Reference C.4.1, p. 36).
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NAVAL AIRCRAFT AND SHIPS. Radsafe preparations were extensive for the naval
ailrcraft of VP-28. A radsafe officer and his assistants were designated on
October 21, 1957, and the squadron began collecting radsafe supplies and equip-
ment and sending officers and men to courses and lectures. A 20-man decontami-
nation team, plus 6 officers and 1 petty officer, was established. Ventilating
ailr ducts in the aircraft were sealed to prevent internal contamination, and
100 percent oxygen was recommended for breathing in contaminated areas. Flight
crews, decontamination teams, and radiac repalr teams were issued film badges
and protective gear. Aircraft decontamination was done with fresh water. The
June VP-28 Op Phase Report (Reference C.3.3.29) states that:

The stubborn places [on aircraft] to decontaminate are the
engines and radar dome. The aircraft have been returning in
the evening and have parked until the next morning before
decontamination procedures were 1initiated. . . . Maintenance
personnel were warned. Dosimeters were 1ssued to personnel
working on the engine and they were monitored when they were
finished.

Returning aircraft were instructed to fly through rain clouds when possi-
ble. By this method one aircraft reduced its 1inside intensity reading from
0.09 to 0.002 R/hr.

Some task force ships were significantly contaminated once following FIR
and KOR when the fallout clouds of these two shots intermingled. Oon this occa-
sion the washdown systems were employed with satisfactory results. Extent of
this contamination and the ships involved are discussed in Chapter 4.

A special decontamination unit was organized and trained to decontaminate
the target ships for WAHOO and UMBRELLA. No particular difficulties were en-
countered; the unit carried out 1its tasks well (Reference C.3.l1). Since the
contamination levels were considerably less than those expected, a large num-
ber of decontamination personnel was not necessary.

Decontamination of task force ships followed practices of earlier nuclear
tests. The standard technique was the operation of a ship's washdown equipment
during the period of fallout so that the contaminants would not have a chance
to adhere to the ship's structure. followed up by monitoring of the ship to
indicate places requlring high-pressure water-hosing and brushing.

In actuating washdown systems 1n response to instrument readings indicating
the presence of radioactivity, units were warned to first check that the read-
ings did not 1increase in the superstructure, which would indicate that the
radiocactive material was in the seawater surrounding the ship. Use of the wash-
down system was not appropriate under these circumstances, as it used the sea-
water and would thus worsen the situation it was meant to alleviate (Reference
B.3.3, 15-18 [WAHOO] and 27-58 [UMBRELLA]).

The use of high-pressure hosing also required that care be exercised to
keep personnel and nearby ships upwind so that the resulting spray would not
come 1in contact with decontamination personnel or other ships. Decontamination
of a task force ship remained the responsibility of its own crew, but technical
assistance was always avalilable from the TG 7.3 Decontamination Unit. The
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offlcer-in-charge of this unit was always avallable during shot operations at
the APA decontamination center and could be contacted by a special radio link
(Reference B.3.3, 15-58 [WAHOO] and 27-58 [UMBRELLA]).

LAND AREAS. A large area on Runit Island was heavily contaminated with
alpha from QUINCE. Since the same area had to be used for FIG, 1t was neces-
sary to partially decontaminate the land area. This 1is further described 1n
Chapter 4.

MACK PHOTO TOWER. The Mack Photo Tower on Unibor in Enewetak Lagoon was
subjected to radiocactive fallout from several shots during the operation, and
several attempts were made to decrease its radiation intensity.

On 16 May 1958, the tower had gamma radiation levels up to 5 R/hr. Using a
firetruck on an LCU, the fire department attempted to lower the radiation level
to a permissible level by hosing down the tower. However. the radiation level
could not be reduced to less than 1 R/hr. On 22 May. the tower was hosed down
again, but the east side of the tower still showed gamma readings of 1 R/hr.
Oon 1 June, the tower was washed down with water and scrubbed with brushes, and
the maximum reading on the east side was 0.45 R/hr.

To protect the tower from further fallout, a disposable canvas cover was
placed over the top cab of the tower and a tent over the generators on the
lower platform. On subsequent shots, the gamma intensitlies were reduced some-
what; however, SCAEVOLA contaminated both the lower and upper cabs with alpha-
emitting material. At the close of the operation, the tower was again washed
down, and the radiation intensities were 0.08 R/hr (gamma) and 50,000 CPM
alpha (55-cm? probe) (Reference C.5.3).
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CHAPTER 3
DOD EXPERIMENTAL PARTICIPATION

The experimental program for Operation HARDTACK focused on testing nuclear
weapons developed by the Los Alamos Sclientific Laboratory (LASL) and the Uni-
versity of California Radliation Laboratory at Livermore (UCRL). Interest 1in
effects experiments was high, however, and the Department of Defense (DOD)
sponsored five HARDTACK shots that were primarily concerned with effects exper-
iments. Within the Joint Task Force 7 (JTF 7) organization this experimental
program was managed and supervised by the scientific task group (Task Group
[(TG] 7.1). The DOD contributed both to weapon development and to effects exper-
iments, with most of the participation in the effects experiments.

TG 7.1 was subdivided into task units that conducted thelr respective pro-
grams. Each of the Atomic Energy Commission (AEC) weapon development labora-
tories had a task unit that conducted 1ts own experiments, with support for
these experiments provided by additional task units.

Experiments for LASL were conducted by Task Unit (TU) 7.1.1, and TU 7.1.2
conducted the experiments for UCRL. TU 7.1.3 conducted weapon effects tests
for the DOD. TU 7.1.4, TU 7.1.5, and TU 7.1.6 provided support services for
both weapon development laboratories and for TG 7.1 as a whole. The predicted
operational strength of DOD personnel participation is given in Table 7.

WEAPON DEVELOPMENT EXPERIMENTS

DOD participation in HARDTACK weapon development experiments included cloud
sampler aircraft and aircrews for TU 7.1.1 and TU 7.1.2, staffing one TU 7.1.1
project by the Naval Research Laboratory (NRL), and performing many other sup-
port activities such as aircraft and ship patrols, security, instrumentation
placement and recovery. and radioactive sample return.

Projects 11.2 and 21.2 -- Aircraft Sampling

Agencies: 4926th Squadron. Kirtland AFB

4025th Strategic Reconnaissance Squadron, Strategic Air
Command (SAC)

Operations: Two-place B-57Bs from the 4926th and single-place SAC B-57Ds
from the 4025th penetrated detonation clouds to collect weapon debris sam-
ples for analysis by LASL and UCRL. In the 33 events that cloud sampling
was attempted, samplers flew 240 missions and logged 1.635 flying hours
(Reference C.4.3, pp. 189-190). Shot-by-shot sampling for HARDTACK 1s given
in Table 8. The B-57D was new to nuclear testing and allowed sampling at
higher altitudes. Figure 28 shows a B-57D in flight and a close-up view of
the collection filter fitted behind the nose of the wingtip pod. The poten-
tial for radiation exposure was high for both aircraft crews and ground
crews handling the aircraft.
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Table 7. Task Group 7.1 operational strength at Eniwetok Proving Ground,

1958.
Military
Enlisted Operational
Unit Officers Men Civillan Location
Hq Task Group 7.1 31 A 39 Parry and Hawaii
Task Unit 1 (Los Alamos 1 16 169 Parry
Scientific Laboratory)
Task Unit 2 (University of 3 192 Parry
California Radiation Laboratory)
Task Unit 3 (Department of Defense) 68 141 458 Parry
7 1 Kusale
1 2 14 Wotho
3 2 Kwajalein
1 5 Rongelap
4 Wake
Task Unit 4 97 Parry
(Sandia Corporation) 2 Kwajalein
2 Rongelap
Task Unit 5 (Edgerton, 166 Parry
Germeshausen & Grier)
Task Unit 6 (Radiological Safety) 24 76 3 Parry
Task Unit 7 (United Nations Shot} - -— -—
Program 40 3 Parry
(Radiological Survey)?@ 2 Rongelap
2 Kwajalein
Total 129 323 1,154

Note:

aConducted by the Laboratory of Radlation Biology, University of Washington.
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Table 8. HARDTACK B-57 cloud sampler missions.

Number of
Afrcraft Alt1tude
Ma x Ymum Minimum

Shot B-578 B-570 (feet) (km) (feet) (km)
YUCCA ? ? -- -- - -
CACTUS 4 ] 13,800 4.21 10,000 3.05
FIR 3 3 48,000 14.63 8,0002 2.448
BUTTERNUT 5 3 27,500 8.38 15,000 4.47
KOA 4 2 49,000 14.93 5,0002 1.522
WAHOO 2 0 3,000 0.91 1,400 0.43
HOLLY 2 2 12,000 3.66 4,000 1.22
NUTMEG 6 0 18,000 5.49 6,000 1.83
YELLOWWOOD 4 2 45,000 13.72 8,0002 2.442
MAGNOLIA 4 0 38,000 11.58 14,000 4.27
TOBACCO 4 0 18,000 5.49 9,000 2.74
SYCAMORE 5 ] 43,500 13.26 2,700 0.82
ROSE 4 0 15,000 4.57 4,500 1.37
UMBRELLA 2 0 850 0.26 300 0.09
MAPLE 4 2 47,000 14.32 12,0002 3.662
ASPEN 5 1 52,000 15.85 15,000 4.57
WALNUT 4 2 46,000 14.02 3,0002 0.914
LINDEN 4 0 17,000 5.18 5,000 1.52
REDWOOD 4 1 49,000 14.93 9,5002 2.902
ELDER 3 2 49,500 15.09 5,0002 1.52d
0AK 4 4 52,500 16.00 5,000 1.522
HICKORY 4 0 23,000 7.01 9,000 2.74
SEQUOIA 4 0 13,500 4.11 8,500 2.59
CEDAR 3 3 49,000 14.93 10,0002 3.052
DOGWOOD 3 4 51,000 15.54 9,0002 2.742
POPLAR 2 4 50,000 15.24 2,0002 o0.612
SCAEVOLA 1 0 1,500 0.46 1,500 0.46
PISONIA 3 2 48,000 14.63 3,0002 0.912
JUNIPER 4 1 47,000 14.32 14,000 4.27
OLIVE 4 2 50,000 15.24 8,0002 2.442
PINE 4 2 52,500 16.00 8,0008 2,444
QUINCE 1 0 800 0.24 400 0.12
FIG 2 4,500 1.37 3,900 1.19
Note:

a
Base of cloud (top of stem).
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Table 9. HARDTACK personnel exposure, Department of Defense scientific
experiments.

No. of Exposure Ranges (R)a
Persons
Element Badged 0 0.001-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 5-10 10-1§

WEAPON DEVELOPMENT EXPERIMENTS

Aircraft Sampler
Crews 49 1 3 2 1 3 2 1 2 1 27 6

Project 18.1 29 i 9 2 1} 1

Total Weapon Develop-
ment Experiments 18 18 12 4 1 4 2 1 2 1 27 6

EFFECTS EXPERIMENTS

Project 1.1 26 0 0 1 15 9 1
1.2 7 0 [} 3 4
1.3 2 2
1.4 1 1
1.5 2 2
1.6 2 1 1
1.7 16 2 1 1] 4 7 2
1.8 9 1 0 5
1.9 2 1 1
1.10 2 1 1
1.1 3 1 2
1.12 4 1 1 1 1
1.13 4 3 1

Program 1 Total ao 2 2 14 kK] 12 3 4 7 3

Project 2.1 4 3 1
2.2 9 2 1 6
2.3 18 2 12 3 1
2.4 5 1 2 1 1
2.4a 4 1 1 1 1
2.6 6 4 2
2.7 Shared personnel with Project 2.6
2.8 14 2 2 / 2 7 1
2.10 1 1
2.14 2 2

Program 2 Total 63 6 8 5 29 s s 2 1 1 1
Note:
aBas‘lc Maximum Permissible Exposure (MPE) -- 5 R for the operation. Special MPE for air samplers was 10 R.

(continued)
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Table

9. HARDTACK personnel exposure, Department of Defense scientific
experiments (continued).

a
No. of Exposure Ranges (R)
Persons
£ lement Badged [4] 0.001-0.5 0.5-1 1-1.5 1.5.2 2-2.5 2.5-3 3-4 4-5 5-10 10-15
Project 3.2 4 2 2
3.3 12 6 5 1
3.4 4 4
3.5 Shared personnel with Project 3.3
3.6 3 1 1 1
3.7 1 1
3.8 10 1 8 1
Program 3 Total 34 6 8 13 2 3 1 1
Project 4.1 1 1
Project 5.1 1 1
5.2 6 1 1 2 1 1
5.3 5 1 1 1 2
Program 5 Total 12 1 2 3 4 1 1
Project 6.3 2 2
6.3a 1 1
6.5 3 1 1 1
6.6 3 2 1
6.7 2 2
6.8 K] 3
6.9 4 2 2
6.10 3 3
6.12 2 1 1
Program 6 Total 23 6 4 5 s 2 1
Project 8.1 4 1 3
8.2 4 1 3
8.4 3 K]
8.6 7 1 3 2 1
8.7 6 4 1 1
Program 8 Total 24 s 7 4 4 3 1
Project 9.1d 1 1
9.2a s 3 2
9.2b 4 4
Program 9 Total 10 8 2
Total Effects
Experiments 247 27 29 40 87 27 11 7 15 5 2
TOTAL ALL PERSONNEL
DDD EXPERIMENTS 325 45 41 44 88 29 13 8 17 6 29 6
Note:
aBas1c Maximum Permissible Exposure (MPE) —- 5 R for the operation. Spectal MPE for air samplers was 10 R.

Source: Consplidated List of Exposures {Reference £.1.6.3).
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EFFECTS EXPERIMENTS

TU 7.1.3, activated at the Eniwetok Proving Ground (EPG) on 15 March 1958,
was organized to conduct weapon effects tests under the operational control of
CTG 7.1, and the technical direction of Chief, Armed Forces Special Weapons
Project (AFSWP). The staff for Operation HARDTACK was furnished by Field Com-
mand, AFSWP, with a small number of personnel from Headquarters, AFSWP, and
from varlous armed services upon request from the Chief, AFSWP. Project per-—
sonnel came from some 27 different organizations and participating agencies.
The peak strength of TU 7.1.3 was reached on 12 Aprill 1958 when 665 personnel
assigned to 1t were 1n the EPG. Altogether, approximately 700 personnel par-
ticipated in TU 7.1.3 effects experiments in HARDTACK.

The following tasks were assigned to TU 7.1.3:

1. Design and carry out experiments to determine the mili-
tary effects of nuclear detonatlions as required by DOD

2. Review and approve construction and support requirements
of the mllitary effects program

3. Coordinate the operations assoclated with the firing of

the DOD devices to assure optimum results for the special
effects studiles

4. Prepare technical reports of the military effects pro-
grams.

The effects experiments of TU 7.1.3 were conducted by projects that were
grouped together into programs. These programs and their projects are discussed
below; information on project operations pertinent to radlological exposures
is emphasized. Detalls of the various projects were documented in weapons test
reports, which are referenced in the project descriptions. Actual exposure
information, drawn from the Consolidated List of Exposures (Reference C.1.6.3).
i1s provided 1in Table 9 for those badged personnel who have been 1identifiled as
having participated in TU 7.1.3 project activity.

Program 1 -- Blast and Shock Measurements

The blast and shock program was designed to document information on shock
parameters in the propagation of the blast wave 1incident on and through the
media of air, ground. and water. Thls program was composed of 13 projects.

Project 1.1 -- Underwater Pressure Measurements

Agencles: Naval Ordnance Laboratory (NOL)
Army Waterways Experiment Station (WES)

Operations: Self-contained gauges were suspended on lines from unmanned,
moored target ships at various depths and distances from surface zero of
the underwater shots, WAHOO and UMBRELLA. The target ships were three non-
commissioned destroyers (Fullam (DD-474], Howorth [DD-592], and Killen
[(DD-593])), a tug (USS Chowanac [ATF-100]))., miscellaneous units (88 Michael
E. Moran (EC-2), LCM-22, LCM-52, YC-1l, YFNB-12), and barges 17, 21, and
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55. Operations required retrieval of the gauges after the shots. Project
personnel were in the target-vessel area on the day following WAHOO but
could not complete thelr activity due to the "level of radiocactivity." One
day after UMBRELLA, project personnel recovered gauges 1in the target area
also.

Shots: WAHOO, UMBRELLA.
Staffing: The project report identifies 22 NOL and 4 WES personnel: their
exposures are given in Table 9. Most exposures were less than 1.5 R and

only one was in the 2 to 2.5 R range.

Project Report: Reference C.1.1606.

Project 1.2 -- Air Blast Measurements
Agency: Naval Ordnance Laboratory (NOL)

Operations: The objective was to determine airblast overpressures for the
two underwater shots. Tethered balloons (Figure 29), surface stations, and
rockets were used for instrument locations. The surface stations were on
target ships. The rockets were fired remotely from Mut Island for WAHOO
and UMBRELLA, and from Howorth for UMBRELLA only. The gauges on the bal-
loons and the rockets were self-recording and required retrieval. The sur-
face stations had both self-recording gauges and gauges that telemetered
the information to a remote recording site.

Balloon recovery was not permitted until the day following the shots.
Rocket recovery "commenced immediately after the [UMBRELLA] shot."” Three
LCMs, one LCU, and one DUKW, which arrived in the "probable impact area by
H+1 hour," searched for the rockets, assisted by an L-20 and an H-21. The
area the surface vessels were in 1s not clear, but presumably they would
have been radiologically cleared. The position of the rockets at burst time
appears to have been about 4,000 feet (1.2 km) northeast of the burst.
Their parachute-borne descent was affected by the low-altitude winds. An
LCU used by the project as a photo station about 20,000 feet (6.1 km) east-
northeast of the surface zero was probably the LCU used in rocket-recovery
operations. Other ships involved in controlling the search were USS Lansing
(DER-388), some 30,000 feet (9.1 km) east-northeast of surface zero, and
UsSs Joyce (DER-317), about 30,000 feet (9.1 km) north-northwest.

Shots: WAHOO. UMBRELLA.

Staffing: Seven civilians from NOL can be 1identified as participants in
the field portion of the project. Their exposures are dgiven in Table 9.

Project Report: Reference C.1.1607.

Project 1.3 —-- Surface Phenomena Measurements
Agency: Naval Ordnance Laboratory (NOL)
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Shots: WAHOO, UMBRELLA.

staffing: The project report identifies five NOL civilians as participants
but only two appear on the Consolidated List. One of these two is the proj-
ect officer, who was also project officer for Project 1.1. Probably the
only field activity that project personnel undertook involved placement
and retrieval of the temperature and humidity sensors on the target array.

Project Report: Reference C.1.1608.

Project 1.4 -- Land Crater Measurements

Agencies: Army Engineer Research & Development Laboratories
Holmes & Narver, Inc. (H&N)

Operations: The objective of this project was to measure physical charac-
teristics of the apparent crater and lip from those shots detonated close
to the ground or water surface. Physical characteristics of the craters
were measured by photogrammetric techniques, lead-line soundings., and sur-
veys. An RB-50 aircraft, probably from the 1371st Photo Mapping Squadron,
equipped with a camera was used to make the mapping runs. Surveys were
done by H&N. Pre- and postshot ground survey measurements were made on
radii from surface zero out to 500 feet (152 meters) for CACTUS and from
surface zero to 2,500 feet (762 meters) for KOA. A postshot survey of sur-
face zero was made for FIG. Detalled crater measurements of CACTUS and KOA
could not be made until radiation levels were low enough to permit safe
reentry of survey crews. A boat was used for surveys of shot KOA (on D+4)
and the underwater craters formed by the barge events. Some survey activity
was not attempted until 1959 because of the KOA crater radioactivity.

Shots: CACTUS, BUTTERNUT. KOAR, HOLLY, YELLOWWOOD, LINDEN, OAK, FIG.

staffing: The project officer 1s identified 1n the project report; his
exposure 1s recorded on the Consolidated List as 2.38 R.

Proiect Report: Reference C.1.1609.

Project 1.5 -- Free Field Pressure Measurements
Agency: Navy Electronics Laboratory (NEL)

Operations: Like Project 1.1, instrumentation for this project was strung
on underwater lines from the target ships. Data were telemetered from one
of the strings of instruments or were recorded at the surface on the tar-
get ships.

Recovery of the recorded data required "selected project personnel" to
go via LCM to the target barges and the target Killen, but "because of ra-
diation levels encountered" they were turned back until the next day. As
the project participated in only this one event, the exposures accrued for
the serles must have been only 1in these operations.
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Shot: WAHOO.

staffing: Four NEL civilians are 1identified in the project report, but
only two appear on the Consolidated List. Thelr badges registered between
0.5 and 1 R.

Project Report: Reference C.1.1610.

Project 1.6 -- Water Wave Measurements
Agency: Scripps Institution of Oceanography (SIO)

Operations: Objectives were to study wave deneratlion mechanisms for the
two underwater shots and to examine terminal effects of these waves by
inundation studies. Instrumentation consisted of various types of under-
water pressure-time recorders, shipboard-mounted inclinometers, cameras,
and on-shore 1inundation gauges. For shot WAHOO, deep—moored, unmanned,
floating instrument statlions (coracles) were used.

Exposure was primarily assoclated with recovery of instrumentation. A
close-1in, submerged recorder was recovered the day after UMBRELLA. Two
others were recovered after 400 dives during the following 2 weeks.

Shots: WAHOO. UMBRELLA.

staffing: Three SIO men are identified in the project report, but only two
are on the Consolidated List. The higher reading was between 2 and 2.5 R.

Project Report: Reference C.1.1611.

Project 1.7 —-— Alr Blast Measurements for Surface Shots
Agency: Ballistic Research Laboratorles

Operations: Thils project obtained airblast measurements for the surface
bursts CACTUS, KOA, FIG, and QUINCE. The project also supplied alirblast
instrumentation for several structures experiments. Operations 1involved
placement and recovery of blast gauges near the surface zeroes. Instrument
locations are summarized in Table 10. The radiation exposure potentlal was
high because of the large number of Iinstruments required to be recovered
and replaced near surface zero locations. More than half of the project
personnel were exposed to more than 2 R and three equalled or exceeded the
3.75 R quarterly limit.

Shots: CACTUS, FIR, BUTTERNUT, KOA, HOLLY, NUTMEG, YELLOWWOOD, MAGNOLIA,
TOBACCO, SYCAMORE, ROSE, MAPLE, ASPEN, WALNUT, ELDER., POPLAR, TERK. QUINCE,
ORANGE, FIG.

staffing: Project personnel included 24 people, 4 of whom were Army. Only
sixteen are on the Consolidated List.

Project Report: Reference C.1.1612.
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Table 10. Location of Project 1.7 and Project-1.7-related experiments,

HARDTACK.
Distance to Distance to
Instrument Ground Zero Instrument Ground Zero
Shot Locations (feet) (km) Shot Locations (feet) (km)
CACTUS Runit 470-7,860 0.14-2.40 MAGNOLIA Billae 19,313 5.89
Billae 14,170 4.32 Anani) 29,677 9.05
Bijire 25,000 7.62 Parry 107,725 32.83
Anani) 35,598 10.85
Parry 56,406 17.19 TOBACCO Enjeb? 3,996-6,394 1.22-1.95
Bi1jire 37,893 11.55
FIR Nam 5,715-5,826 1.74-1.78 Bi1lae 45,668 13.92
Run1t 64,832 19.76
BUTTERNUT B8Y1lae 19,500 5.96 Parry 107,927 32.90
Anani) 29,704 9.05 Enewetak 120,000 36.58
Bijire 29,910 9.12
Parry 51,037 15.56 SYCAMORE Nam 5,715-5,826 1.74-1.178
Bokoluo 80,062 24 .40 Aeroko) 83,446 25.43
Eneu 121,991 37.18
KOA Bokaidrikdrik 1,550-3,358 0.47-1.02
Boken 3,751-6,024 ©1.14-1.84 ROSE B11lae 19,550 5.96
Bokoluo 20,931 6.38 Bijire 29,910 9.12
Bijire 47,542 14.49 Parry 51,037 15.56
Billae 55,237 16.84 Enewetak 69,081 21.06
Runit 74,132 22.60
Anani) 100,496 30.63 MAPLE Aeroko] 19,550 5.96
Parry 115,929 35.34 Eneu 82,977 25.29
HOLLY B111lae 19,125 5.83 ASPEN Nam 5,715-5,826 1.74-1.78
Anani) 29,684 9.05
Parry 51,847 15.80 WALNUT Enjebd 5,995-8,254 1.83-2.52
NUTMEG Eneman 638 0.19 ELDER Enjebt 3,996 1.22
Aeroko) 14,075 4.29
Eneu 68,054 20.74 POPLAR Nam 5,715 1.74
YELLOWWOOD Enjebd §,995-8,254 1.83-2.52 QUINCE Runtt 40-700 0.012-0.21
Bij1e 38,940 11.87
Billae 46,418 14,158 FIG Runit 40-700 0.012-0.21
Runit 65,293 19.90
Anani) 91,967 28.03
Parry 107,725 32.83
Project 1.8 -- Structural and Ground Motion
Agency: Stanford Research Institute

Operations: The objective of this project was to measure ground motion pro-
duced by nuclear detonations. Instrumentation was buried at various ranges
and depths. For CACTUS the records were recovered on D+1 and the control
station equipment was recovered on D+3. KOA recovery occurred on D+3. Data
and equipment recovery involved work at close-in instrument sites. An in-
strument recovery operation at a KOARA site on Boken left steel canisters
behind as they were radioactive as a result of neutron activation.

Shots: CACTUS, KOA.
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staffing: The project party consisted of nine people, two arriving on
13 March and seven on 19 March 1958.

Prolect Report: Reference C.1.1613.

Project 1.9 -- Underground Loading Under High Yilelds

Agencles: Alr Force Special Weapons Center
University of Illinoils

Operations: The objJective of thls project was to study the transmission of
airblast—-induced pressure through soll and the loading produced on buried
structures. Forty-three drums were buried at depths ranging from 0 to 20
feet (6.1 meters) to measure pressure about 3,000 feet (about 914 meters)
from KOA surface zero and 600 feet (183 meters) from CACTUS surface zero.
Data recovery was scheduled for D+3 at 0900. Four personnel (two H&N and
two TG 7.1) were to depart Parry Island in a helicopter for Runit Island
and remaln there for 2 hours for retrleval according to documents (Refer-
ence B.l.5). However, since the drums were essentlally self-recording
gauges, a hurried recovery was probably not necessary. and actual recovery
operations were delayed untill conslderable radioactive decay had occurred.
Figure 30 1s a photograph of the recovery operations on 21 July, more than
1 month after the shot.

Shots: CACTUS, KOA.

staffing: Three men, an Air Force officer and two civilians from the
University of Illinols, are 1identifled by the project report. The Alr
Force officer 1s not on the Consolidated List, but the two civillans are,

with exposures of 0.57 and 1.93 R.

Prolect Report: Reference C.1.1614.

ProjJect 1.10 -- Blast Overpressure Measurements
Agency: Alr Force Cambridge Research Center (AFCRC)

Operations: The objective of this project was to measure blast overpres-
sures resulting from the YUCCA detonation. Flve canisters were suspended
from the YUCCA balloon by a nylon line.

Shot: YUCCA.
Staffing: only the project officer, an Alr Force Officer, and one civilian
from AFCRC are identifled as project personnel. They were badged and their

exposures are given on Table 9.

Project Report: Reference C.l1.1615.
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Project 1.12 -- Shock Spectra Studies

Agencies: Alr Force Ballistic Missile Division
TRW--Space Technologles Laboratory

Operations: The objective of this project was to measure directly the dis-
placement shock-spectra near the ground surface of air-induced and ground-
transmitted ground shocks produced by the blast waves from surface-burst
detonations. Self-contained mechanical gauges were 1installed at ground
level from 625 to 965 feet (191 to 294 meters) from CACTUS surface zero on
Runit, and from 3,100 feet to 4,450 feet (0.95 to 1.36 km) from KOA sur-
face zero on Boken. Some records were not recovered until October 1958 by
Project 3.2 personnel. Recovery of heavy instruments from close-in sites
required some exposure. One person from this project exceeded the 3.75 R
quarterly MPE.

Shots: CACTUS, KOA.

Staffing: Four civilians identified in the project report are also noted
on the Consolidated List.

Project Report: Reference C.1.1617.

Project 1.13 ——- Characteristics of Ocean and Bottom for Shots WAHOO
and UMBRELLA, including UMBRELLA Crater

Agencies: Office of Naval Research (ONR)
Navy Hydrographic Office (HO)
University of Washington

Operations: The objectives of this project were to conduct a preoperational
oceanographic, hydrographic, and seismic survey of the sites for shots
WAHOO and UMBRELLA:; to provide environmental data in support of other sci-
entific projects: and to determine the magnitude of the UMBRELLA crater.
Navy interest 1in underwater cratering was to determine whether such a
weapon could be used to block ship channels and make harbors inoperative.
The preoperational work was completed in September and October 1957.

The operational phase of the work conducted in May and June 1958 in-
cluded oceanographic work by USS Rehoboth (AGS-50) in support of either
Project 1.13 or Project 40.]1 (Radiological Survey). Personnel from ONR,
HO, and the University of Washington participated in the operational por-
tion. A TG 7.3 LCM equipped with an echo sounder surveyed the UMBRELLA
crater on D+3.

Preshot survey activities should have resulted in no exposure. Project
activity that could have led to exposure was the postshot (D+3) UMBRELLA
crater survey. LCM-37 1is noted as having made the preshot survey "Jjust
prior to shot time," and presumably was the craft used to do the postshot
survey.
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Shots: WAHOO, UMBRELLA.

staffing: One ONR civilian and three HO civililans are 1identified in the
project report and are on the Consolidated List. Thelr exposures are given
in Table 9.

Project Report: Reference C.1.1618.

Program 2 -- Nuclear Radiation and Effects

This program had four major objectives: (l) to determine the gross radlo-

logical hazards resulting from underwater bursts, (2) to collect neutron energy
spectrum data, (3) to measure radiation in the nuclear cloud, and (4) to deter-
mine the prompt neutron and gamma radiation and fallout contamination (Refer-
ence C.1.1682).

Project 2.1 —- Shipboard Radiation Vulnerability

Agencles: Naval Radlological Defense Laboratory (NRDL)
Task Element 7.3.1.5 (Target Decontamination Element)

Operations: The objectives were to determine the gamma radiation dose and
dose rate histories on and in the three target-array destroyers and in the
water adjacent to the ships. Target-array ships were equipped with operat-
ing washdown systems and were Iinstrumented with film badges and gamma-
intensity-time recorders. Badges were supplied and processed by TU 7.1.6.
Personnel of the TG 7.3 Radiological Safety and Decontamination Unilt, act-
ing as TE 7.3.1.5, assisted in the installation of project instrumentation
and 1ts recovery.

Recovery of the gamma instrumentation and film badges exposed person-
nel to radiation. The project report does not state how soon personnel
recovered the instruments and badges. but shows badge values for 24 hours.
indicating D+l reentry. Detaills of reentry to Howorth, one of the three
target ships, are given under Projiect 2.2.

Shots: WAHOO, UMBRELLA.

Staffing: Four NRDL civilians are identified in the project report; their
exposures are given 1in Table 9. However, personnel of TG 7.3 Radiological
Safety and Decontamination Unit acting as TE 7.3.1.5 apparently also re-

celved the same exposure.

Project Report: Reference C.1.1619.

Project 2.2 ~- Shipboard Contamination Ingress

Agencles: Naval Radlological Defense Laboratory (NRDL)
TE 7.3.1.5 (Target Decontamination Element)

Operations: Three ventilated compartments on the unmanned, moored, tar-
get destroyer Howorth were instrumented with film badges and recording

120



radiation detectors. Its washdown system was operating before and after
both underwater shots. Mice and guinea plgs were caged in the compartments
to check for any 1nhalation of radloactive products. TG 7.3 elements as-
sisted 1n the operations. WAHOO reentry operations took place at H+21:55.
Recovery of Project 2.2 instruments and also Project 2.1 badges and instru-
mentation that were 1n shared spaces took 45 minutes. Self-reading pocket
dosimeters registered 0.150 R as a maximum.

Post-UMBRELLA recovery began at H+2 when the recovery party turned off
the washdown system that had been running on Howorth. Instrumentation was
recovered, the washdown system turned back on, and personnel were off the
ship 1n 45 minutes. No pocket dosimeter reading was greater than 0.2 R.

Shots: WAHOO, UMBRELLA.

staffing: Five NRDL civilians are identified in the project report, one of
whom was project officer for both Projects 2.1 and 2.2. Four Navy enlisted
men from the TG 7.3 Radlological Safety and Decontamination Unlt acting as
part of TE 7.3.1.5 were also listed as being part of the project, and thelr
exposures have been included with those given in Table 9.

Project Report: Reference C.1.1620.

Project 2.3 -- Characteristics of the Radlological Environment

Agencles: Naval Radiologlcal Defense Laboratory (NRDL)
Army Signal Englneering Laboratory (SEL)

Operations: The primary objective of thils project was to measure the gamma
fleld at a number of positlons within 10,000 yards (9.1 km) of each of the
two underwater nuclear detonatlions. The gamma fleld was measured by about
20 gamma recorders 1installed on coracles moored in the lagoon and 1n the
open sea. A Project 2.3 coracle 1s shown in Fiqure 31. Floating film packs
(FFPs) (3-foot- [0.9-meter-] square styrofoam floats) were also moored 1n
the lagoon area and additional FFPs were dropped from alrcraft 1into the
lagoon and in the open sea downwind after the UMBRELLA event. Instrumenta-
tlon was recovered by helicopter and surface craft. Sample collection trays
were also placed on the target-array vessels and the coracles.

For WAHOO, 48 FFPs were dropped into the target array from two hell-
copters between H-2 and H-1, the rest of the project instrumentation hav-
ing been placed earller. A second drop of 17 FFPs was made from an SA-16
at H+l 1n areas that an aerlal survelllance fllght made between H-15 and
H-1 minutes 1indicated were areas requiring coverage. At H+l a helicopter
retrieved a sample collector from the YC-2 barge 1n the target array. The
only target shilp that could be boarded on the first day was Killen, and at
H+4:30 project personnel retrieved some samples collected on this ship.
Project personnel also were on two fleet ocean tugs., USS Munsee (ATF-107)
and USS Moctobl (ATF-105), and the TG 7.4 AVR looklng for and retrileving
the FFPs after the shot. The shilps., however, did not enter the radex area.
TG 7.4 helicopters spotted for the ships until H+4 (1800 hours). when the
helicopters were required to return to Enewetak. Three coracles were also
recovered by Munsee the first day and the rest the following day. They were
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Shots: WAHOO, UMBRELLA.

Staffing: The project officer cites 23 NRDL civilians, including himself,
for project work; however, only 16 of these appear on the Consolidated
List. Two men from SEL Jjoined the project as consultants "in the field”
and thelr exposures are included with the project personnel 1n Table 9.

Project Report: Reference C.1.1621.

Project 2.4 -- Neutron Flux Measurements
Agency: Army Chemical Warfare Laboratories (CWL)

Operations: The objective was to measure the neutron flux and dose. Detec-—
tors were mounted in steel holders and installed on steel buoys that were
strung together in a line from Bokinwotme toward Enjebi. Each of the 25
buoys was fastened to a concrete anchor and to a cable on the bottom of
the lagoon. The same line was used for both YELLOWWOOD and WALNUT. Both
shots were fired at the same place. The detectors were placed from 917 to
4,100 yards (0.84 to 3.78 km) from surface zero for both shots.

All except one statlion were recovered on D+l by a team of 13 people,
who picked the buoys out of the water with a crane on an LCU and removed
the attachment cable. This project also provided neutron measurements in
support of Project 6.3 (for NUTMEG, MAPLE, HICKORY, and JUNIPER) and Pro]j-
ect 8.6 (for TEAK and ORANGE).

Contaminated buoys could have caused exposure. The contaminated lagoon
waters were dissipated by the lagoon's circulation so that almost all sur-
face zero sites could be reentered within 24 hours without serious exposure
to the boat crews (Reference C.1.1685). Some of the detectors themselves
were contaminated by radioactive seawater. which complicated the data re-
duction. This should not in itself have been a source of exposure to the
project personnel, as the detectors worked on the principle of neutron
activation and were thus expected to be radioactive and would have been
handled accordingly.

Shots: YELLOWWOOD, WALNUT.
Staffing: Five civilians from CWL are identified in the project report.

Project Report: Reference C.1.1622.

Project 2.4a —- Neutron Flux Measurements
Agency: Army Chemical Warfare Laboratories (CWL)

Operations: The objective was to measure the neutron flux and dose and
gamma dose. Instrument lines were set up on the land area of Runit Island.
Detectors were mounted in steel holders and attached to a cable from 30 to
900 yards (27 to 823 meters) from surface zero. Detectors were also 1in-
stalled on steel buoys 1in the lagoon at varilous distances from surface
zero.

123



For the QUINCE shot, a balloon was used to support the instrumentation
line almost directly above surface zero, and 13 stations were instrumented
at slant ranges of 40 to 500 yards (37 to 457 meters).

For the FIG shot, a balloon was tethered on a cable 120 yards (110
meters) from surface zero, and other detectors were 1installed at slant
ranges from 121 to 410 yards (111 to 375 meters). Detectors on land were
recovered with a tractor that pulled the cable to a noncontaminated area
where the detectors were detached. The time of recovery was scheduled for
H+5 minutes using 10 people. Those detectors at stations on buoy lines
were recovered by two DUKWs. The balloon was winched down following FIG.
but the winch ran out of gas with the balloon halfway down. After refuel-
ing the winch motor., the balloon line was brought down and the balloon
secured; even with this delay, the recovery personnel were out of the
radex area by H+22 minutes.

Shots: QUINCE, FIG.

staffing: The project report identifies seven CWL civilians, but only four
are listed on the Consolidated List. This project was also active at the
Nevada Test Site (NTS) during this time, and perhaps the three men not on
the Consolidated List were only at NTS.

Project Report: Reference C.1.1679.

Project 2.6 —-- Neutron Measurements
Agency: Naval Research Laboratory (NRL)

Operations: The ojective was to measure neutron flux versus range from
high-altitude nuclear detonations. Pods carrying detectors were ejected
from the Redstone delivery missiles for TEAK and ORANGE. These detectors
then electronically recorded and telemetered the 1information to ground

statlions.

Shots: TEAK, ORANGE.

Staffing: Nine NRL clvilians are cited in the project report, but three of
these are not cited 1in the Consolldated List. The exposures were all elther

zero or less than 0.5 R.

Project Report: Reference C.1.1623.

Project 2.7 -- Prompt Nuclear Radlation Measurements
Agency: Naval Research Laboratory (NRL)

operations: The objective was to measure, analyze, and report the initial
nuclear radiations from the YUCCA high-altitude detonation. Detectors
placed in a canister suspended from the shot balloon electronically re-
corded and transmitted data to surface stations.

shot: YUCCA.
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KOA and WALNUT due to technical difficultles, and the attempt was cancelled
before OAK. Project rockets were also fired during CACTUS and YELLOWWOOD
for system checks and nosecone recovery practice. P2V alrcraft from Kwa-
Jalein NAS assisted in nosecone search and pickup was by boat. Rockets

were remotely fired and only one was recovered, showing only slight radio-
activity.

Shots: CACTUS, KOA, YELLOWWOOD., WALNUT, OAK.

Staffing: The three agencles conducting this experiment had separate func-
tions, and each organization's personnel had different exposures. LASL co-
ordinated the aircraft sampling, UCRL the rocket sampling attempts, and
NRDL sample analysis. In the project report. 21 NRDL personnel are identi-
fied but only S are on the Consolidated List., which would show thelir actual
presence at the EPG, and of these, several participated in other NRDL proj-
ects also. Eight UCRL personnel are identified and six of these are on the
consolidated List. It cannot be established what portions of their expo-
sures are from the rocket portion of Project 2.8 activities and what may
be from other activities. Three LASL civilians are also identified as co-
ordinating and, again. how much of their exposure can be attributed to
Project 2.8 1s not clear since they also did aircraft sampling work for TU
7.1.1. All 14 exposures are given in Table 9.

Project Report: Reference C.1.1625.

Project 2.9 —- Gamma Dose Measurements
Agency: Army Chemical Warfare Laboratories (CWL)

Operations: The objective was to document initial gamma and total gamma
dose at various distances from QUINCE and FIG. Incremental dose recorders
were placed at various distances from 30 to 711 yards (27.4 to 650.1 me-
ters) from surface zero on Runit Island. Film badge dosimeters were 1in-
stalled several days before each shot and recovered at approximately H+24
minutes. Instrumentation for the project and for Project 2.11 was recovered
from balloon stations at H+15 minutes. Project 2.4 personnel recovered in-
strumentation from buoy stations and two other stations at H+18 minutes.

Pickup of film badge dosimeters appears to have been done by Project 2.4
personnel.

Shots: QUINCE, FIG.

Sstaffing: Two CWL civilians are identified in the project report, but they
are not on the Consolidated List. Project 2.9 may not have had any person-
nel at the EPG, the fleld work instrument placement and recovery beilng
handled by CWL personnel assigned to other projects, notably Project 2.4.

Project Report: Reference C.1.1677.
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Project 2.10 -- Residual Radlation
Agency: Army Chemical Warfare Laboratories (CWL)

operations: The objective was to measure the radiation intensities and
determine gamma decay rate of the radloactive areas after QUINCE and FIG.
Fallout collectlion stations were used for ground survey points. Early re-
covery partles of Projects 2.4, 2.9, 2.10, and 2.11 obtained radiation
readings. Surveys were made with meters held approximately 3 feet (1 meter)
above the ground and away from the body.

An H-21 helicopter with survey equipment and two project personnel
from Parry Island made aerial surveys beginning at H+l minute. Starting at
H+20 minutes at Runit Island, ground residual radiation was measured at
approximately 300, 600, and 900 feet (91.4, 183, and 274.4 meters) from
surface zero.

A crater survey was made by pulling a radiation detector along the
ground toward the crater area using a cable that had been covered by sand
before the shots so that 1t would survive the blast. The winch that pulled
the cable was remotely controlled. The recorder was in a shelter with the
winch 600 feet (183 meters) from surface zero. The recovery schedule 1is
not given in the project report, but was probably done by the project per-
sonnel that left Parry Island at H+15 (see below) as there was a fallout
detector located at the recorder site.

Alpha surveys were made on concrete slabs that had been laid around
the surface zeroes before the shots. At H+30 minutes two project personnel
with PAG-3G gas-flow alpha counters drove to the nearest slab and took
readings at three points on the slab; they then proceeded toward surface
Zero and repeated the procedure. Readings were taken agaln at the same
locations on D+l and D+2. Air samplers were placed 300 and 600 feet (91.4
and 183 meters) from surface zero and activated by a timer at H-1 second.
At H+l the filter papers from these air samplers were recovered.

Four open collectors were placed at 600 and 300 feet (183 and 91.4 me-
ters) from surface zero for fallout collection and activated by a signal
at H-1 second. At H+l15 minutes two project personnel departed Parry by
helicopter to the north end of Runit, picked up a Jeep. and drove to the
fallout collectors 600 feet (183 meters) from surface zero. They also mea-
sured radlation intensities 3 feet (1 meter) above ground. They removed
the fallout samples, returned to the helicopter, and flew to the south end
of Runit Island. The samples were transferred to another helicopter and
flown back to Parry.

For QUINCE, alpha monitoring was conducted throughout the area on D-day
and D+1. A contaminated area in the downwind direction was very spotty. No
alpha surveys were made of the FIG event. For shot QUINCE, considerable
alpha-emitting activity was detected around surface zero. None in the down-
wind area was above 3,500 pg/mz.

shots: QUINCE. FIG.
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staffing: Two CWL civilians are identified in the project report, but only
one 1s on the Consolidated List.

Project Report: Reference C.1.1678.

Project 2.11 -- Neutron, Thermal and Gamma Measurements at Various
Altitudes

See Project 2.4a above.

Project 2.14 —-- Fallout Contamination from a Very-Low-Yleld Burst
Agency: Sandia Corporation (SC)

Operations: Fallout collectors were placed on the surface of Runit Island
and on barges in the lagoon. Radiological survey devices were also used at
some of the collection sites. Personnel picked up data on Runit starting
one-half hour after the FIG detonation. Recovery of data from the buoys
and barges began at the same time.

Shot: FIG.

staffing: Only two SC personnel can be identified from the project report,
each with exposures of less than 0.5 R.

Project Report: Reference C.1.1602.

Program 3 -- Structures and Equipment

This program was designed to determine the effects of underwater detona-
tions on surface and subsurface ships and to study different types of land
structures under varlous blast-loading conditions. Five of the eight projects
were concerned with the response of ship structures and equipment to underwater
detonations, and three were concerned with the response of land structures to
airblast.

Project 3.1 —- Tapered Charge Testing of the DD-592 (Howorth)
Agency: Underwater Explosive Research Division. Norfolk Navy Shipyard

Operations: A series of tests employing high-explosive charges was held
off the Californila coastline beginning in January 1958 in preparation for
HARDTACK. There was no radiation exposure potential from this project.

Project Report: Reference C.1.1605.

Proisct 3.2 -- Test of Flexible Arches

Agencles: Air Force Special Weapons Center
Naval Civil Engineering Research Laboratory (NCEL)
Navy Bureau of Yards and Docks
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Operations: The objective was to determine structural response of earth-
covered, corrugated-steel arches to the CACTUS and KOA tests. Four prefab-
ricated, corrugated-steel flexible arches were located with an aboveground
covering of coral sand. One for the CACTUS shot was placed 980 feet (299
meters) from surface zero; the remaining three were used for KOA, placed
on Boken 3,200 to 4,470 feet (0.98 to 1.36 km) from surface zero. Some
instrumentation was also installed by Project 1.7 personnel.

For CACTUS, the first ground reentry was made 4 days after the shot
and a 13-man recovery crew using two bulldozers and two cranes began exca-
vating the structure on D+8. Radioactivity near the structures ranged up
to 0.420 R/hr. Excavatlon took approximately 12 hours and was finished on
D+9.

For KOA, aerlal reconnaissance was made on D+l and D+4, and ground
reconnalssance was made on D+6 and D+7. Figure 24 shows personnel on one
of these early reconnaissance missions. On D+6, radlation levels were from
0.3 to 1 R/hr at the three structures, and the decay was observed to be
slow. Recovery excavations began 120 days after the shot, with 1l workmen
using H&N heavy equipment.

Inspection of these close-in stations would have exposed participating
personnel to radiation from the fission and activation products deposited
near the burst point. Excavation also would have dispersed dust because of
the heavy digging equipment used. As the three shelters dug in on Boken
for the KOA test appear to be within 200 feet (61 meters) of the edges of
the crater formed by the SEMINOLE test in 1956, some problem with contami-
nated dust during the placement and covering of these could have occurred
if care were not taken with the covering material. Figure 33, a photograph
taken from surface zero for KOA, shows the proximity of the SEMINOLE
crater.

Figure 33. Project 3.2 sand-covered structure, HARDTACK.
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Shots: KOA, CACTUS.

Staffing: The project report identifies two naval officers and three ci-
vilians from NCEL. One of the officers 1s not on the Consolidated List and
may not have participated in field activities.

Project Report: Reference C.1.1626.

Project 3.3 -- Shock Studies of Naval Equipment
Agency: Navy David Taylor Model Basin (DTMB)

Operations: Instruments to measure and record shock motion were placed on
the unmanned, instrumented ships for WAHOO and UMBRELLA (Fullam, Howorth,
Killen, and Moran). Bonita (SSK-3) was instrumented and fully manned for
WAHOO and instrumented and unmanned for UMBRELLA. Two operational destroy-
ers, USS Mansfleld and USS Orleck (DD-886), were Instrumented only for
WAHOO. The barge YFNB-12 and Squaw-29 were instrumented only for UMBRELLA.
Squaw-29 (a speclally bullt 4-compartment, submarine-like target) and
YFNB-12 had been used during Operation WIGWAM (1955).

The primary recording medium for the project was photographic, either
oscillograph paper or motion picture film. Cameras and oscillographs were
well shielded in lead housings, but project objectives would have dictated
as early recovery of these sensitive records as possible. For WAHOO, re-
boarding was on D+]1 and for UMBRELLA was within hours of the shot. This
recovery would have been the experimental activity leading to exposures.

Shots: WRHOO, UMBRELLA.

staffing: The project report 1identifies 11 DTMB civilians and 1 Navy en-
listed man as project participants. Maximum exposure was 1.6 R (the Navy
enlisted man). Filve other project personnel had exposures from 1 to 1.5 R
and the remainder had exposures from 0.5 to 1 R.

Project Report: Reference C.1.1627.

Project 3.4 -- Loading and Basic Target Response for Surface Ships
Agency: Underwater Explosive Research Division (UERD), Norfolk Navy
Shipyard

Operations: Gauges and recorders were placed on Fullam, Howorth, Killen,
and Moran for shots WAHOO and UMBRELLA and, in addition, on a barge (¥YC-1)
for shot WAHOO only. The primary recording medium was magnetic tape., and
photographic paper was used for osclllograph recording. Thils paper would
have required recovery and development as early as possible. Therefore, 1t
may be assumed that some project personnel were among the first to reboard
the target ships.

shots: UMBRELLA, WAHOO.
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Staffing: Four UERD civilians are identifled in the project report. They
were all badged with exposures less than 0.5 R.

Project Report: Reference C.1.1628.

Project 3.5 -- Submarine Hull Response
Agency: Navy David Taylor Model Basin

Operations: Instrumentation was placed on the only submerged target in the
ship array for shot WAHOO, Bonita, which was manned 18,000 feet (about 5.5
km) from surface zero. The original plan called for Bonita to be unmanned
and moored 10,500 feet (3.2 km) from surface zero, but unexpected rough
sea conditlons caused the loss of mooring cables.

For shot UMBRELLA, Bonita was unmanned, posltioned bow-on at perilscope
depth, 2,880 feet (878 meters) from surface 2zero. Instrumentation was
placed on the principal submerged target for shot UMBRELLA, Squaw-29 (a
four-fifths-scale partial submarine model), placed 1,680 feet (512 meters)
from surface zero. Operations of Project 3.5 were successful. Data from
the submerged Squaw-29 were recorded on the barge, YFNB-12, to which
Squaw-29 was cabled. After the tests, Squaw-29 was brought to the surface
and towed to Pearl Harbor where 1t was inspected by project personnel for
damage. Data recovery was undoubtedly done 1n conjunction with that of
Project 3.3, conducted by the same agency.

Shots: WAHOO, UMBRELLA.

Staffing: Staff was apparently also shared with Project 3.3. All five men
mentioned in the project report are also cited in the Project 3.3 report.

Project Report: Reference C.1.1629.

Project 3.6 -- Behavior of Deep Reinforced Concrete Slabs

Agencles: Alr Force Speclal Weapons Center (AFSWC)
University of Illinols

Operations: The objective was to determine the dynamic behavior of deep,
reinforced-concrete slabs close to surface zero. Precast concrete slabs
were shipped to the EPG and placed at two stations 1,830 and 3,100 feet
(558 and 945 meters) from the KOA surface zero. An instrumentation program
was Iinstalled and operated by personnel of BRL (Project 1.7). An aerlal
inspection of Bokaldrikdrik Island in addition to photographing the sta-
tions was scheduled for D+2 at 0900 by a hellcopter with five project
personnel.

The posttest radiation environment was too high to begin data-recovery
operations immedlately after the test. Whether personnel from the project
made ground-level 1nspections at early times following the test 1s not
clear.
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Shot: KOA.

gtaffing: Four University of Illinols staff are identifled as participants,
but only three appear on the Consolidated List. Two AFSWC offilcers were
the project officers, but they are not on the Consolidated List.

Project Report: Reference C.1.1630.

Project 3.7 -- Damage to Existing EPG Structures

Agencies: Army Engineering wWaterways Experiment Station (WES)
Holmes & Narver, Inc.

Operations: The objective was to record damage to existing EPG structures
by pre- and postshot examination. Self-recording measurements of air over-
pressure and acceleratlion were made at several stations along with some
measurements of water—-wave erosion. Damage surveys were performed by visual
inspections, photographs, and level surveys. Gauges were furnished, cali-
brated, and read by personnel of BRL.

Inspection of structures would not necessarily have required visits to
hot areas soon after a burst unless another shot was scheduled that might
further damage a structure. In that case, damage from the preceding event
might require documentation before the area's radiocactivity had decayed.

Shots: CACTUS, FIR, BUTTERNUT, KOA, NUTMEG, YELLOWWOOD, MAGNOLIA, TOBACCO,
SYCAMORE, ROSE, MAPLE, ASPEN, WALNUT, LINDEN, REDWOOD, ELDER, HICKORY,
SEQUOIA, DOGWOOD, POPLAR, PISONIA, JUNIPER, OLIVE, PINE, FIG.

Staffing: Only the project officer from WES 1s 1identified in the project
report; his exposure was recorded as 2.4 R in the Consolidated List.

Project Report: Reference C.1.1631.

Project 3.8 -- Technical and Englneering Services for Target Ships
Agency: Navy Bureau of Ships (BusShips)

Operations: The objectlive was to provide technical and englneerling person-
nel to survey and document the damage sustalned by target ships 1in shots
WAHOO and UMBRELLA for Projects 3.1, 3.3, 3.4 and 3.5. A team of ten
boarded the target shilps, 1nspected them, and documented the damage. The
time of the inspections 1is not given in the project report. There would
have been no necessity to 1nspect quickly after the shots, but the post-
WAHOO inspection needed to be completed in the 24 days before UMBRELLA.

Shots: WAHOO., UMBRELLA.

staffing: Among the ten BuShips civilians 1dentified with the project. the
maximum exposure was 1.56 R. Nine personnel recelved over 1 R.

Project Report: Reference C.1.1632.
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Program 4 -- Biomedical Studies

The objective of thils one-project program was to determine the extent of
chorioretinal damage caused by exposure to high-altitude nuclear detonations.

Project 4.1 —- Effects on Eyes From Exposure to Very High Altitude
Bursts
Agency: Alr Force School of Aviation Medicine

Operations: The project was to relate the experiments to theory and labor-
atory calculations of chorioretinal damage. This project required position-
ing rabbits and thermal recording devices operated by Project 8.1 at
exposed stations both on the surface and in the air at various distances
from the bursts. Animals were secured with one eye exposed to the burst
while cameras took photographs. A photograph was also taken at shot time
at each station to determine cloud density.

For shot TERAK, the stations were located at Johnston Island and on the
destroyer USS De Haven (DD-727), located approximately 70 nmi (130 km) from
Johnston Island; the tug USS Hitchiti (ATF-103), approximately 350 nmi (649
km) from Johnston Island; and two B-36s of Program 9 flying at an altitude
of 15,000 feet (4.57 km) approximately 350 nmi (649 km) from surface zero.

For shot ORANGE, the stations were located on USS Boxer (CvsS-21), 50
nmi (93 km) from Johnston Island: USS Epperson (DDE-719), 65 nmi (120 km)
from Johnston Island; De Haven, 120 nmi (222 km); and a C-97 aircraft., 205
nmi (380 km) at an altitude of 24,000 feet (7.31 km). Project 4.1 was based
at Johnston Island and at Oahu, Hawall, where rabbits were examined and
data evaluated. Three project personnel were located at Hickam AFB, Oahu,
for the preparation and maintenance of airborne exposure stations.

Two project personnel were aboard Hitchiti, which returned to Pearl
Harbor after the event, and each destroyer had two project personnel
aboard. At H-8, the exposure stations on Johnston Island were readied and
the project personnel were evacuated to Boxer. No project personnel were
aboard the B-36: the C-97 had one project member aboard.

Shots: TEAK, ORANGE.
staffing: Eight Air Force officers and one civilian are identified in the
project report; however, as with most Johnston Island experiments, only

one project member was badged.

Project Report: Reference C.1.1633.

Program 5 -- Aircraft Structures

This program was designed to determine the effects of nuclear weapons on
alrcraft structures. Manned B-52D, A4D-1, and F4-J aircraft were used. Provi-
sion was made to record the exposures of the effects aircraft flight crews
separately, but this was not actually done.
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Project 5.1 -- In-Flight Participation of B-52D

Agencies: Ailr Force Wright Air Development Center
Boelng Airplane Company

Operations: The objective was to determine the structural response of a
B-52D when subjected to loads from blast effects. The aircraft was oriented
inflight to receive various loadings. Positions at burst time are discussed
in Chapter 4 under each test event in which it participated. The level of
nuclear radiation was monitored in the aircraft during each test, but the
incremental increase was not detectable above the background.

Shots: FIR, KOA, YELLOWWOOD, TOBACCO, SYCAMORE, ROSE, MAPLE, WALNUT,
REDWOOD, ELDER, OAK. CEDAR, DOGWOOD.

staffing: Only the project officer 1s identified. His radiation exposure
is listed as 1.234 R on the Consolidated List.

Project Report: Reference C.1.1634.

Project 5.2 ~- Weapon Effects on A4D-1 Aircraft

Agencies: Navy Bureau of Aeronautics
Naval Air Special Weapons Facllity (NASWF)
Douglas Alrcraft Company

Operations: The objective was to détermine the structural response of A4D-1
ailrcraft to blast effects. Two A4Ds were positlioned so as to recelve vary-
ing thermal radiation and overpressures after detonation. Thelr positions

are given 1n Chapter 4 for each shot in which they participated. The air-
craft were operated by NASWF.

Both ailrcraft were Iinstrumented to record nuclear radiation. Fillm
badges were placed 1ln various locations in the aircraft, and gamma dosime-
ters were worn by the pllots. These measurements are summarized in Table
11. In addition, sulfur was used as a fast neutron dosimeter. Unfortu-
nately, many of the sulfur packets were impure; however, Several measure-

ments were made. The packets indicated the following neutron exposures of
the pilots (Reference C.1.1635, p. 98):

CACTUS Alrcraft 827 0.105 rem

MAGNOLIA Alrcraft 827 0.020 rem Alrcraft 831 0.030 rem
TOBACCO Alrcraft 827 0.020 rem Alrcraft 831 0.015 rem
WALNUT Alrcraft 827 0.015 rem Alrcraft 831 <0.010 rem.

Shots: BUTTERNUT, KOA, MAGNOLIA, ROSE, TOBACCO, WALNUT, YELLOWWOOD, CACTUS.

staffing: Four naval officer pilots from NASWF and two civilians from Doug-
las Aircraft can be identified from the project report and the Consolidated
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Table 11. Measured gamma radiation in Project 5.2 A4D-1 aircraft, HARDTACK.

a
Fi1m Badges (R)

Aircraft
Shot Number 1 2 3 4 5 6 7 8 9
CACTUS 827 0.77 0.64 0.49 1.73 1.74 1.66 -— -— -
831 2.31 2.83 2.82 3.29 3.14 3.34 -—- -— -
BUTTERNUT 827 0.78 0.82 0.79 1.15 1.13 1.09 _——— 0.22 0.16
831 4.81 4.48 4. .21 5.16 5.27 5.217 -— ——— -
KOA 827 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01
831 0.15 0.10 0.12 0.19 0.19 0.19 0.05 0.03 0.10
YELLOWWOOD 827 0.30 0.30 0.29 0.30 0.29 0.28 0.23 0.23 0.22
831 0.31 0.28 0.26 0.28 0.28 0.27 0.23 0.24 0.24
MAGNOLIA 827 4.92 4.73 4.68 6.67 6.47 6.85 4.05 - 1.55
831 4.93 3.99 4,35 5.39 5.63 5.42 4.2 -— 4.29
TOBACCO 827 Data Not Available
831 Data Not Avaitlable
ROSE 827 0.390 0.374 0.377 0.388 0.391 0.397 - 0.348 0.353
831 0.542 0.529 0.520 0.545 0.555 0.551 0.494 - 0.419
WALNUT 827 0.653 0.539 0.540 0.748 0.687 0.654 0.732 -— 0.667
831 1.540 1.310 1.300 2.070 2.070 2.030 0.160 - 0.692
Notes:
aF11m badge locations: 1 -- cockpit, horizontal; 2 -- cockpit, athwartships;
3 -- cockpit, fore and aft; 4 —-- left nose wheel well, horizontal; 5 -- left nose
wheel well, athwartships; 6 -- left nose wheel well; fore and aft; 7 -- pilot, lower

right leg; 8 -- pilot, left sleeve; 9 -- pilot, left vest.

Source: Reference C.1.1635.

List. The pllots' exposures were all greater than 3 R and the highest was
5.3 R.

Project Report: Reference C.1.1635.

Project 5.3 -- Weapon Effects on FJ-4 Ailrcraft

Agencies: Navy Bureau of Aeronautics
Naval Air Special Weapons Facility (NASWF)
North American Aviation, Inc. (NAR)

Operations: The obJective was to determine the structural response and
effects of nuclear weapons on the FJ-4 alrcraft. Two test alrcraft were
instrumented to record ailr overpressure. The aircraft were flown to pre-
selected positions relative to the detonation point. For more detailed
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information on the position of these aircraft at H-hour, see Chapter 4
under each shot in which they participated. The aircraft were instrumented
with film badges for gamma recording and sulfur samples for fast neutron
activation measurements. Film badge measurements are shown in Table 12, as
is the single neutron measurement.

Table 12. Measured gamma radiation in Projlect 5.3 FJ-4 aircraft, HARDTACK.

FATm Badgesa (R)

Alrcraft
Shot No. 1 2 3 4 5 6 7 8 9
CACTUSD 467 0.77 0.81 0.7 3.30 3.7 2.95 0.77 0.55 0.52
310 1.62 1.42 1.50 4.98 5.06 4.74 1.23 1.8 3.25
BUTTERNUT 467 0.22 0.24 0.24 0.94 0.98 0.91 0.16 0.17 0.48
310 0.13 0.12 0.15 0.29 0.28 0.28 0.15 0.15 0.14
KOA 467 0.01 0.01 0.01 0.02 0.02 0.02 0.0 0.02 0.02
310 0.02 0.02 0.02 0.02 0.03 0.03 0.0 0.01 0.02
YELLOWWOOD 467 0.16 0.14 0.13 0.14 0.14 0.16 0.16 0.17 0.13
310 0.16 0.14 0.15 0.17 0.18 0.18 0.18 0.18 0.17
MAGNOLTIA 467 0.84 0.90 0.93 1.72 1.67 1.61 0.76 0.46 1.10
310 3.42 3.3 3.30 6.31 5.65 6.22 2.66 5.37 5.90
TOBACCO 467 Data Not Available
310 Data Not Avaitlable
ROSE 467 0.22 0.24 0.25 0.48 0.51 0.43 0.29 0.27 0.23
310 0.32 0.33 0.33 0.55 0.43 0.46 0.28 0.37 0.37
WALNUT 467 0.66 0.66 0.67 0.72 0.76 0.79 0.62 0.60 0.60
310 0.76 0.74 0.70 1.40 1.30 1.30 0.69 0.44 0.44
Notes:
a
Fi1m badge locations: 1 -- cockpit, hortzontal; 2 -- cockpit, athwartships;
3 -- cockpit, fore and aft; 4 -- ammunition bay, horizontal; 5 -- ammunition bay,
athwartships; 6 -- ammunition bay, fore and aft; 7, 8, 9 —- pilot, random.

b
fFast neutron dose measured in cockpit 0.135 rem.

Source: Reference C.1.1636.

136



Shots: CACTUS, BUTTERNUT, KOA, YELLOWWOOD, MAGNOLIA, TOBACCO, ROSE, WALNUT.

staffing: Two naval officers from NASWF and three civilians from NAA can
be identified from the project report and the Consolidated List. The pil-

lots' exposures were 3.7 and 3.6 R. The civilian exposures were all below
1.5 R.

Project Report: Reference C.1.1636.

Project 5.4 -- Alircraft Tracking and Positioning
Agency: Field Command, Armed Forces Special Weapons Project

Operations: Project 5.4 was established during the latter part of the oper-
ation only to simplify budgetary functions required to extend the use of
two radars for Program 5. Project 5.4 also supported Projects 8.2 and 8.6.

Project Report: None.

Program 6 -- Test of Service Equipment and Materials

The objectives of this program were to determine the effects of nuclear
detonations on various components and equipment and, for the underwater shots,
to determine the feasibility of using nuclear explosions for clearing mine
flelds.

Project 6.3 -- Radiation Effects on Various Equipment
Agency: Army Diamond Ordnance Fuze Laboratory

Operations: The objective was to determine the radiation effects on varlous
electronic components when exposed to radlation resulting from the nuclear
detonations. To attain the desired radiation level to the components,
three stations were constructed on Lomilik and Eneman.

Neutron dosimetry was provided by Project 2.4. Detectors were attached
to a cable at the three stations. A few hours after the detonation, a cat-
erpillar tractor towed the cable to a point where the detectors could be
detached from the cable without personnel radiation exposure. After recov-
ery the detectors were returned to Project 2.4 for counting.

This project had instrument stations near surface zero locatlons and
required recovery while the area was still radlologically hot. For example,
recovery of the basic recorder required moving sandbags that shielded the
instrumentation. This was done by lifting a cargo net that had been used
in placing the sandbags before the shot, which apparently took about 15 to
20 minutes with a "cherry-picker."” On at least one occasion the cargo net
falled and the recovery required a longer stay in the area, which was near
the burst point and was "hot" (about 2 R/hr). The two project personnel
recelved exposures of 0.64 and 0.89 R on this particular recovery (Refer-
ence C.5.4).

Shots: NUTMEG, MAPLE, HICKORY, JUNIPER.

137



Staffing: Six civilians are identified with this project, but only two
appear on the Consolidated List, the project officer with an exposure of
1.86 R and another with 1.71 R.

Project Report: Reference C.1.1637.

Project 6.3a —- Effects of Nuclear Radiation on Semiconductor Devices
Agency: Army Diamond Ordnance Fuze Laboratory

Operations: This appears to have been a specialized portion of the basic
Project 6.3 operation with an interest in particular instrumentation.

Shots: NUTMEG, YELLOWWOOD, MAPLE, HICKORY.

staffing: Two civilians were identified. One of these 1s on the Consoli-
dated List with an exposure of 3.07 R.

Project Report: Reference C.1.1742.

Project 6.4 -- Electromagnetic Pulse Measurements
Agency: Army Signal Research and Development Laboratory (SRDL)

Operations: The objective was to record the electromagnetic pulse result-
ing from a nuclear detonation. Two measurement stations were used, one at
wWotho (approximately 100 nmi [185 km] from Bikini and 240 nmi [445 Kkm]
from Enewetak) and one at Kusaie (440 nmi [815 km] from Enewetak and 460
nmi [852 km] from Bikini).

Shots: YUCCA, CACTUS, FIR, BUTTERNUT, KOA, HOLLY, NUTMEG.
staffing: Three SRDL civilians are identified in the project report.

Project Report: Reference C.1.1638.

Project 6.5 -- Radar Fireball Observations
Agency: Army Signal Research and Development Laboratory (SRDL)

Operations: The objective was to 1investigate the nature of radar echoes
from the fireball. Operations were conducted on Enewetak and Rongelap
atolls. Two destroyers, USS Cogswell (DD-651) and De Haven, were used dur-
ing TEAK and were stationed approximately 75 to 150 nmi (139 to 278 km)
from Johnston Island on a bearing of 020° from the island. The Rongelap
station participated only in the YUCCA and FIR events.

shots: YUCCA., CACTUS, FIR, BUTTERNUT, KOA, WAHOO, HOLLY, TEAK.
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Staffing: Three civilians identified in the project report are also on the
Consolidated List.

Project Report: Reference C.1.1639.

Projlect 6.6 -- Radar Cloud Size Determination
Agency: Army Signal Research and Development Laboratory (SRDL)

Operations: The objective was to determine the height and horizontal di-
mensions of stabilized radioactive clouds. Weather radar sets were used at
Enewetak, Rongelap, and Kwajalein. For TERK and ORANGE, the equipment was
located at Johnston Island and at Maui, Hawail. On Enewetak Island the
existing fixed-station radar equipment of the Air Weather Service was used
by Project 6.6 personnel.

Shots: YUCCA, CACTUS, FIR, BUTTERNUT, KOA, WAHOO, HOLLY, YELLOWWOOD.
MAGNOLIA, TEAK. ORANGE.

staffing: Three SRDL civilians are identified in the project report.

Project Report: Reference C.1.1640.

Project 6.7 ~—- Mine Clearance Studies
Agency: Naval Ordnance Laboratory (NOL)

Operations: A fileld of 120 1inert mines was laid inside Enewetak Lagoon
north of the UMBRELLA surface zero at ranges of from 1,500 to 8,000 feet
(0.46 to 2.44 km). The primary operation was the post-UMBRELLA recovery of
these mines and their shipment to the United States for examination. Mine
recovery was from USS Takelma (ATF-113) with the assistance of USS Lawrence
County (L.ST-887), which acted as the cullection point. Explosive Ordnance
Disposal Unit One (EODU-1), Mine Detail Augmenting Unit 0302 (MDAU-0302).
and divers from TG 7.3 aided in placement, but according to to the project
report did not assist in first-day pickup. LCM-52 and LCM-58 of the boat
pool are credited in the project report with assisting.

The greatest potential for exposure was during recovery operations.
However, radiation levels were apparently low enough that the mine field
area could be surveyed at H+l from the Takelma and recovery could begin at
the 8,000-foot (2.44-km) range at H+3. The mine field was upwind from the
burst point and out of the area of the subsurface bubble, or pool of con-
taminated water. Diving operations began at D+4 (13 June) and continued
until 16 June.

Shot: UMBRELLA.
Staffing: O©Only two NOL civilians are cited in the project report.

Project Report: Reference C.1.1641.
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Project 6.8 -- Underwater Influence and Mine Reaction Measurements

Agency: Navy Mine Defense Laboratory (MDL)

Operations: To measure and record the pressure, acoustic, and magnetic sig-
nals generated by a nuclear detonation that might trigger mines, LCU-634,
-1123, and -1317 were moored 8,300 to 44,750 feet (2.53 to 13.64 km) upwind

from the UMBRELLA surface zero. They were connected by recording cables to’

various underwater sensors in the area. Divers from USS Chanticleer (ASR-7)
planted the underwater sensors and USS Bolster (ARS-38) recovered them.
Other shots also were monitored with this array. It 1s not clear whether
the LCUs were manned for any or all shots.

Shots: WAHOO, YELLOWWOOD, TOBACCO, SYCAMORE. UMBRELLA.

staffing: Two MDL civilians and one MDL naval officer who are identified
in the project report also appear in the Consolidated List.

Project Report: Reference C.1.1642.

Project 6.9 -- Ionospheric Effects of High Altitude Nuclear Detonations

Agencies: Army Signal Research and Development Laboratory (SRDL)
Army Signal Radio Propagation Agency

Operations: Ionospheric sounders were operated at Wake and Kusaie 1islands.

Shots: YUCCA, FIR, BUTTERNUT, KOA.

Staffing: Two civilians from SRDL and two military from the Signal Radio
Propagation Agency.

Project Report: Reference C.1.1643.

Project 6.10 -- Ionospheric Effects Produced by High-Altitude Bursts
Agency: Alr Force Cambridge Research Center (AFCRC)

Operations: This project had instrumentation aboard the C-97 (No. 2596) of
the 3245th Operations Group. The plane was based at Hickam Field, Oahu,
Hawail, and flew to the vicinity of Johnston Island to record burst data.
It was 120 nmi (222 km) east-northeast of Johnston Island for the TEAK
burst and 194 nmi (360 km) south of Johnston Island for the ORANGE burst.
Altitude was nominally 10,000 feet (3 km). The plane was back at Hickam
3 hours after TEARAK and 5 hours after ORANGE. The project also operated an
lonospheric recorder on Sand Island.

Shots: TEAK. ORANGE.
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Staffing: Apparently only three of the AFCRC military and civilians identi-
fied in the project report were badged. These possibly operated the ground
station at Sand Island. Their exposures were zero.

Project Report: Reference C.1.1644.

Project 6.11 -- HF and VHF Attenuation and Reflection Phenomena
Agency: Stanford Research Institute (SRI)

Operations: The objJective was to determine the radio signal attenuation
and reflection characteristics of nuclear detonations and their residual
clouds. Project instrumentation was installed on the 125-foot (38.l1-meter)
MV Acania. Acania was moored inside the Johnston Island reef. Under the
original plan a ground-based instrumentation site was installed on Eneu at
Bikini and on Japtan at Enewetak. This operated between 10 and 25 April
until TEAK and ORANGE were moved to Johnston Island. This instrumentation
was relinstalled on Johnston 1Island, French Frigate Shoals, and Wwheeler
AFB, Oahu. The units on French Frigate Shoals were provided by SRI and
operated by personnel of the Army Signal Radio Propagation Agency.

Shots: TERK, ORANGE (ground-based observations occurred on YUCCA, CACTUS.
FIR, BUTTERNUT, KOA, WAHOO, HOLLY., NUTMEG, TOBACCO).

staffing: No SRI personnel are on the Consolidated List, which 1is consis-
tent with Johnston Island-only operations. Operation of the ground-based
instrumentation at Enewetak and Bikini during the early phases of the
serles, however, should have resulted in SRI personnel being badged. Possi-
bly other agencles operated the SRI instruments for the project.

Project Report: Reference C.1.1645.

Project 6.12 —- Effects of Very High Altitude Atomic Detonations
on Pulsed Electromagnetic Transmission

Agency: Army Signal Research and Development Laboratory (SRDL)

Operations: The objective was to investigate the propagation of radio waves
through reglions disturbed by high-altitude nuclear detonations. Six Nike-
Cajun rockets were launched from Johnston Island, each bearing a radilo
transmitter. Recelving stations were at Johnston Island, Maul Island. and
on two destroyers. Destroyer stations were located along an azimuth of
20°T at 85 and 175 nmi (158 and 324 km) from Johnston Island for TEAK and
22° at 75 and 140 miles (139 and 259 km) for ORANGE. Signals received
were recorded on magnetic tape. The destroyer statlons were Epperson and
De Haven for ORANGE and Cogswell and De Haven for TEAK.

shots: TEAK, ORANGE.
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sStaffing: Only two of the SRDL civillans 1dentified 1in the project report
are also named on the Consolidated List.

Proiect Report: Reference C.1.1645.

Project 6.13 -- Effects of Very High Altitude Bursts on Airborne Radar
Agency: Massachusetts Institute of Technology (MIT), Lincoln Laboratory

Operations: Two radar-equipped Navy WvV-2 alrplanes were the operating sta-
tions for thils project. They were approximately 150 to 200 nmi (279 to 370
km) from Johnston Island at an altitude of 8,000 to 10,000 feet (2.44 to
3.05 km) at burst time. The aircraft were based at Wheeler AFB, Hawail,
and were furnished by the Naval Air Development Unit, South Weymouth,

Massachusetts.

Shots: TEAK. ORANGE.

Staffing: Apparently no MIT personnel were apparently badged, but there
was no potential for gamma exposure from the high-altitude shots.

Project Report: Reference C.1.1659.

Program 8 -- Thermal Radiation and Effects

The objective of this program was to evaluate laboratory methods of scaling
thermal effects with weapon ylelds.

Project 8.1 —— Effects of Thermal Radlation on Materlals
Agency: Naval Material Laboratory (NML)

Operations: Thils project was divided into two parts. For YELLOWWOOD and
WALNUT the objective was to document radiant exposure 1in skin simulant

studles. For TERAK and ORANGE the objectlive was basic thermal radiation
measurements.

For YELLOWWOOD and WALNUT, both detonated at the same position, a sta-
tion was instrumented on Aej Island 25,500 feet (7.77 km) from the barge
location. Data were recorded on oscillographs in an underground shelter.
Stations were instrumented with 29 skin simulants. Radsafe conditions per-
mitting, seven project personnel were scheduled to depart Parry for Ae)
Island by helicopter to retrieve their experiment. Two personnel were also
scheduled to depart Parry for Aej Island by LCM to recover film. The ap-
proximate time of retrieval was planned tc be 1 hour.

For TEAK and ORANGE, filve statlons were Iinstrumented; three surface
vessels were stationed approximately 75, 150, and 300 nmi (139, 278, and
556 km) from Johnston Island, a C-97 (the same airplane used in Project
4.1) was stationed 300 nml (556 km) from Johnston Island, and one station
with skin simulants was set up on Johnston Island. Surface vessels used
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during TEAK were Hitchiti, De Haven, and Cogswell. For ORANGE, surface
vessels used were Boxer, De Haven. and Epperson.

Shots: YELLOWWOOD, WALNUT, TEAK, ORANGE.

Staffing: The project report identifies five men from NML as participants:
however, only three appear on the Consolidated List with exposures of 0.86,
1.69, and 1.78 R. Another participant 1is mentioned in Project 4.1 documen-
tation as being part of Project 8.1. His exposure was 1.90.

Project Report: Reference C.1.1647.

Project 8.2 -- Thermal Radlation Measurements

Agenciles: Alr Force Cambridge Research Center (AFCRC)
Cook Research Laboratories
American Science and Engineering

Operations: The objective was to measure, analyze, and report thermal radi-
ation resulting from the HARDTACK high-altitude nuclear detonations. Two
RB-36 ailrcraft were instrumented with thermal detectors and photographilc
equipment. Alrcraft positions at burst time are discussed under Project
8.3.

Shots: TEAK, ORANGE.

Staffing: The project report identifies one Alr Force officer and four
civilians from AFCRC as well as two contractor employees. Only three of
the AFCRC personnel and one contractor employee appear on the Consolidated
List.

Project Report: Reference C.1.1648.

Project 8.3 —-- Early Fireball Photography
Agency: Edgerton, Germeshausen & Grier (EG&G)

Operations: The objective was to provide photographlic coverage of the
high-altitude shots with cameras mounted in two RB~36 ailrcraft and other
cameras on Boxer. Burst-time positions of the RB-36s were:

RB-36 (15748) RB-36 (15750)
Slant Range Slant Range
Altitude to Burst Altitude to Burst
Shot (feet/km) (feet/km) (feet/km) (feet/km)

YUCCA 36,000/10.97 85,692/26.11 37,000/11.28 80,666/24.59
TEAK 30.500/9.30 447,900/136.51 30,500/9.30 450,220/137.22
ORANGE 30.500/9.30 448,422/136.67 30,500/9.30 453,091/138.10
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Shots: YUCCA, TEAK, ORANGE.

staffing: EG&G personnel manned this project, but the personnel cited in
the project report are not on the Consolidated List.

Project Report: Reference C.1.1649.

Project 8.4 -- Thermal Radlation Spectrum Measurement
Agency: Naval Radiological Defense Laboratory (NRDL)

Operations: Spectrographic equipment was installed in the two RB-36 air-
craft from Project 8.3.

Shots: YUCCA, TEAK., ORANGE.

Sstaffing: Three NRDL civilians whose exposures were all zero.

Project Report: Reference C.1.1650.

Projects 8.5a and 8.5b -- Alrborne-Infra-Red Measurements
Agency: Navy Bureau of Aeronautics (BuBfer)

Operations: The objective was to obtain basic data in the infrared region
at airborne stations. A P2V patrol plane was instrumented with 1infrared
detectors and recorders. Its positions with respect to the four shots in
which 1t participated were:

Altitude Slant Range
Shot (feet/km) (feet/km)
YUCCA 22,000/6.71 91,140/27.78
KOA 5,000/1.52 147,596/38.89
TERK 22,000/6.71 394,940/120.38
ORANGE 22,000/6.71 394,940/120.38

This alrcraft was operated by the Naval Air Special Weapons Facility
(NASWF), Kirtland AFB.

Shots: YUCCA, KOA, TEAK, ORANGE.

Staffing: The single BuAer civilian who 1s 1dentified does not appear on
the Consolidated List.

Project Reports: References C.1.1651-1 and C.1.1651-2.
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Project 8.6 -- Vulnerability of Missile Structures to Nuclear Detonations

Agencies: Ailr Force Wright Ailr Development Research Center (WADC)
Allied Research Assoclates (ARA)
University of Dayton Research Institute (UDRI)

Operations: Part of the experiment exposed a number of specimens 1inside
the CACTUS fireball on 6 May. Recovery of the specimens began on 12 May
when a party entered the reef with a tractor and attempted to pull the
cable attached to the specimens away from surface zero. The cable broke
loose on thils attempt, and on the next day, another party entered and re-
covered some of the specimens. The next day two recovery parties entered
with a crane and a DUKW and recovered more. Additional attempts were made
to recover the remaining specimens on 15 May. Those recovered were removed
to Parry Island and their tape recorders were shipped to UDRI for analysis.
Project personnel returned to the EPG on 21 August 1958 and on 16 February
1959 to retrieve the remaining specimens.

A second part of the experiment involved the TEAK and ORANGE shots. An
instrumented pod was affixed to the TEAK and ORANGE Redstone missiles.
These pods, which carried test specimens, were ejected before burnout. The
pod for TERAK was tracked by radar and recovered by Lansing several hours
after the detonation: 1ts handling during recovery 1s shown in Figures 25
and 26. The pod for ORANGE was not recovered.

Recovery of the specimens and instrumentation from the CACTUS shot
exposed personnel to areas of high radiation as well as retrieving radio-
active objJects. Recovery of the pod from the high~-altitude TEAK shot
exposed personnel to an object that was radioactive. Nevertheless, the
maximum measured exposure to project personnel was less than 1 R.

Shots: CACTUS. TEAK., ORANGE.

staffing: Three WADC civilians, three ARA civilians, and a UDRI civilian
are identified in the project report. The seven exposures given in Table 9
are from the Consolidated List and therefore do not 1include any exposures
accrued during post-series specimen-recovery attempts on Runit.

Project Report: Reference C.1.1652.

Project 8.7 —— Thermal Radiation From a Low Yield Burst

Agencles: Army Chemical warfare Laboratory (CWL)
Naval Radilological Defense Laboratory (NRDL)

Operations: The objective was to determine thermal radlant exposure versus
distance from surface zero and to measure the total thermal radiant energy
from a low-yleld surface detonation. NRDL and CWL each had ten ground sta-
tions equipped with calorimeters and radlant exposure meters from 150 to
900 feet (46 to 274 meters) from surface zero on Runit. Instruments re-
corded data on smoked metal discs or by an ink pen on paper oscillograph
so that prompt data recovery was not necessary. The plans, however, were
for project personnel to leave Parry by helicopter at H+l for 1initlal data

145



recovery, with full recovery the following day. Actual data-recovery oper-
ations are not documented.

Shots: QUINCE., FIG.
sStaffing: Four CWL civilians and three NRDL civilians are 1dentified as
participating. but only three of the CWL personnel were badged. High expo-
sure for the project was 1.07 R.
Project Report: Reference C.1.1676.

Program 9 -- General Support

Project 9.1 -- General Support for Programs 1 through 9

Agency: Armed Forces Special Weapons Project

Operations: The objectives were to provide technical photography, motion
plcture and still photography, timing signals, and firing faclilities as
required.

Shots: All.

Project 9.1d -- Upper Atmospheric Propertles during a Very-High-Altitude
Nuclear Detonation

Agency: Cooper Development Corporation

operations: Instrumented Nlke sounding rockets were used to obtain support-
ing atmospheric data for TEAK.

shots: TEAK.

sStaffing: One Cooper Development employee 1s 1identified in the project
report.

Project Report: Reference C.1.1653.

Project 9.2 -- sShot YUCCA Support
Agency: Armed Forces Speclal Weapons Project
Operations: This project designation was used to cover several nonexperi-

mental actlivitles related to the preparation and execution of the YUCCA
test. The project was subdivided into three subprojects.

Project 9.2a -- YUCCA Device
Agency: Sandia Corporation (SC)
Operations: This subproject covered the SC preparation of the test device.

Project Report: None 1ssued.
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Project 9.2b -- Balloon Carrier

Agency: Balloon Development Laboratory, Alr Force Cambridge Research
Center (AFCRC)

Operations: This subproject covered development work on the balloon that
carried the YUCCA device and work on launching and tracking techniques.
This subproject also provided the launch crew.

Staffinqg: Three AFCRC officers and one civilian are 1identified 1in the
project report.

Project Report: Reference C.1.1655.

Project 9.2c -- Alrcraft Modification

Agencles: Armed Forces Special Weapons Center
Cook Electric
4928th Test Squadron (Atomic)

Operations: This subproject covered the conversion of two RB-36s into in-
strumentation platforms for Projects 8.3 and 9.4. This conversion involved
the modification of the fuselage for the placement of cameras and other
optical instruments, and the addition of special navigation aids.

Project Report: Reference C.1.1656.

Project 9.3a —-- Operation of Missile Carrier for Very-High Altitude
Nuclear Operations

Agencles: Army Ballistic Missile Agency (ABMA)
Army Picatinny Arsenal
Army Corp of Englneers
Chrysler Corporation

Operations: This project provided the Redstone missiles for lofting the
TEAK and ORANGE devices to theilr burst points. A missile launch pad and
tower and assoclated faclilities, such as a liquid-oxygen plant, tracking
radars, firing bunkers, etc., were built on Bikini Island. These were
manned by project personnel 1n early April, when TERK and ORANGE were
rescheduled for Johnston Isliand. The project relocated there and launched
the TEAK missile on 31 July and the ORANGE missile on 1l August. Onsite
activities included assembly of the missile, checkout, test firing. adap-
tion of the nuclear device and missile, and operation of support and
tracking equipment.

Shots: TEAK, ORANGE.
staffing: A total of 145 men (97 civil servants, 45 military, and 3 con-

tractor personnel) participated at either the Bikinl or Johnston Island
sites or at both. Almost 100 of the men were from ABMA and most of these
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were from the Misslle Firing Laboratory at Redstone Arsenal, Huntsville,
Alabama. A maximum of 91 was on site at one time. During the firings at
Johnston Island, 62 men were on site for TEARK and 58 for ORANGE. Six en-
listed men from Ft. Sill, Oklahoma, were part of the firing party. Sixteen
military englneers from Ft. Belvoir, Vvirginia, assisted by a "civilian
contractor representative" operated the liquid-oxygen plants and provided
maintenance assistance on the tactical engineer equipment. A team of four
gspecialists from Picatinny Arsenal, New Jersey, "augmented by one contract
civilian," installed and checked out the warhead adaption kit on the mis-
siles. The presence of these organizations, other than ABMA, and even the
identification of the contractor or contractors is not satisfactorily con-
firmed in the Consolidated List.

Project Report: Reference C.1.1657.

Project 9.4 —-- Support for WAHOO and UMBRELLA
Agency: Office of Naval Research

Operations: This project designation was used to cover the extensive plan-
ning, ship modification, and testing leading to the underwater shots.

Shots: WAHOO, UMBRELLA.
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CHAPTER 4
WEAPON DEVELOPMENT TESTS

Although the primary interest of the Department of Defense (DOD) was 1n
nuclear effects experiments, it was also involved with the Atomic Energy Com-
mission (AEC) weapon development testing. Selected military personnel were
routinely assigned to duty at the AEC laboratories and several participated in
test operations. Other military personnel were selected for duty just for the
Pacific testing perlods. The DOD had also provided general support to the
operations, providing overall security and sharing with the REC base support
contractor responsibilities in transport, supply, housing, etc. Finally, the
DOD had conducted experiments of military interest during the weapon develop-
ment shots.

This chapter discusses the 30 AEC weapon development shots during the
Pacific phase of HARDTACK. The first part of the chapter addresses the Bilkini
Atoll shots and the second part the Enewetak Atoll shots. Radlation and fall-
out, where they relate to DOD participation are discussed. DOD effects experi-
ments, which are discussed in detail in Chapter 3, are mentioned if they took
place during an AEC weapon development shot.

BIKINI WEAPON DEVELOPMENT TEST OPERATIONS

wWhen Bikinl was reopened to nuclear testing in 1954, it was an advance camp
of Enewetak operations. Bikinl was to be the location of the very-large-yleld
device detonations, avolding the threat of damage to the Enewetak installations
and the requirement to evacuate all the Enewetak task force personnel. The
buildings on Bikinl were considered expendable and the atoll was evacuated al-
most completely for each test shot. The task force was prepared to live aboard
task force ships if radiological contamlnation of the islands occurred and did,
in fact, live aboard them for 2 months 1n 1954, during CASTLE.

In 1956 during the REDWING serles, test operatlons at Eniwetok Proving
Ground (EPG) followed the same pattern, with the larger-yield test shots deto-
nated at Bikinil. The base of operations at Bilkini shifted from Eneman 1in the
middle of the southern chailn of islands to Eneu at the southeast corner. This
pattern of use had the advantages of keeping the facilitlies at Bikinil simple.
Sclentific personnel could be housed at Enewetak and shuttled over to Bilkinl
to live in temporary camps or houseboats as needed. Sclentific equipment and
the test devices could be assembled in the specialized facilities at Enewetak
and ferried over for the tests.

For HARDTACK, however. the number of tests planned would not fit thils pat-
tern and a new procedure was adopted. Bikini became the site for Unlversity of
California Radiation Laboratory (UCRL) testing activities. Facilitles con-
structed on Eneu for HARDTACK (a device assembly area and barge slip, an admin-
istration building., and a communications building), although still considered
expendable, made independent operations there much easier and avoided shuttling
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the large numbers of men and assoclated equipment required for the many tests
scheduled to be conducted at Bikinil during HARDTACK.

Test Sites

All of the test devices detonated at Bikini used barges as the surface
zero point, and the barges were anchored in one of three areas for the shots.
Two of these areas were over underwater craters formed in the lagoon during
earller tests. The first was southwest of Nam Island, the site of the BRAVO
test in 1954; five of the HARDTACK shots were sited on barges in this area.
The second was the western end of Eneman., the site of the ZUNI detonation in
1956. The land at this site had been carried away by the blast and replaced by
lagoon water. This was the location for barges on which three large HARDTACK
shots were detonated. The third area was south of Lomilik, where two shots
were detonated.

Evacuation

At 1800 on the day before each test, a sight muster of all personnel was
conducted at the various Blkinl Atoll camps and was completed before evacua-
tion (Reference C.1.1682). Camps at Bikini Atoll were located at Eneu, Bikini,
Aerokoj. and Aomen 1islands. Eneu was the main camp. The Bikini Island camp was
prepared for personnel who were bullding the launching tower for the TEAK and
ORANGE events. This camp was closed in April before testing began, when the
TEAK and ORANGE events were moved to Johnston Island.

The Aerokoj camp housed personnel preparing diagnostic experiments for
tests in the ZUNI crater at the west end of Eneman. Eneman was linked by cause-
way to Aeroko] via Aerokojlol and Lele, facilitating dry-land access. The Aomen
camp was a smaller camp that supported personnel working in the Lomilik area.

Houseboats, small utility landing craft modified with living quarters, were
also used to temporarily house laboratory personnel who were finishing the
work on the test devices and instrumentation on the shot barges. The devices
had been assembled at the special facilities on Eneu and then placed on the
shot barges there. The barges were then towed to the shot sites and the house-
boats were moored nearby.

Aeroko] camp personnel were evacuated to either Eneu or Task Group (TG) 7.3
ships except for the REDWOOD and CEDAR tests.

The Aomen camp was evacuated for all events. Evacuation of all the islands,
including the base camp at Eneu, was considered necessary only for FIR, SYCA-
MORE, and POPLAR, and even on these shots the firing team remained on Eneu
along with communications specialists.

USNS Fred C. Ainsworth (T-AP-181) and USS Boxer (CvS-21) were the primary
evacuation ships, with USS Monticello (LSD-35) replacing Boxer after it left
for Johnston Island in July. Command elements of the task force, key scientific
personnel, radiological safety (radsafe) teams, and those scheduled for early
reentry and recovery by helicopter went aboard Boxer; project and H&N person-
nel evacuated on Ainsworth. Eneu-based helicopters went aboard Boxer so that
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recovery missions could be begun from afloat. TG 7.3 and TG 7.5 maintained an
emergency capability to evacuate the entire atoll as well as Enewetak.

Recovery and Reentry

Whenever the ships evacuated for a shot, a P2V made a radiological survey
of the anchorage before they returned. Upon notification that the area was
clear, the ships reentered the lagoon. As they reentered, Boxer launched two
radsafe helicopters whose first survey was made at Eneu. It was clear of con-
tamination on all the Bikini HARDTACK tests.

One helicopter surveyed the northern islands and the second the southern.
These helicopters were launched from Eneu for those tests with limited evacua-
tion. The Aeroko] camp was reoccupled from Eneu by boat and aircraft as the
radiological situation permitted.

High-priority, early data-recovery missions also used hellcopters in their
recovery operations. On all the Bikini tests, film data were recovered on Lele,
Rerokojlol, Jelete, and Bikini during the first 2 to 3 hours after detonation.
Helicopters used in these recoveries were launched from Boxer for those tests
in which Eneu had been evacuated.

THE BIKINI SHOTS

Table 13 summarizes the Bikinl tests, all UCRL devices. The ylelds of the
Bikini HARDTACK shots have not yet been released. Information on predicted and
measured fallout listed below has been extracted from the Operation HARDTACK
Radioclogical Safety Final Report (Reference C.1.6.2) unless otherwise noted.
The graphical presentation of fallout for each test 1s predicted. No contours
of fallout based on measurements appear to have been constructed and published
in the test literature (Reference A.4).

Table 13. HARDTACK Bikini detonations, 1958.

Local
Shot Time Date Barge Location

FIR 0550 12 May 4,000 %eet (1.22 km) WSW of Nam (BRAVO crater)

NUTMEG 0920 22 May 600 feet (183 meters) W of Eneman (ZUNI crater)
SYCAMORE 1500 31 May 4,000 feet (1.22 km) WSW of Nam (BRAVO crater)

MAPLE 0530 11 June 900 feet (274 meters) S of Lomilik

ASPEN 0530 15 June 4,000 feet (1.22 km) WSW of Nam (BRAVO crater)

REDWOOD 0530 28 June 900 feet (274 meters) S of Lomilik

HICKORY 1200 29 June 600 feet (183 meters) W of Eneman (ZUNI crater)
CEDAR 0530 3 July 4,000 feet (1.22 km) WSW of Nam (BRAVO crater)

POPLAR 1530 12 July 7,500 feet (2.29 km) WSW of Nam (BRAVO crater)

JUNIPER 1620 22 July 600 feet (183 meters) W of Eneman (ZUNI crater)
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Zero-Time Location

BUTTERNUT PARTICIPATING AIRCRAFT w Relative to Burst

Type/ Alt itude
No. Tail No. Mission Call Sign | (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2,13 North-south racetrack 50 nmi
rescue (92.7 km) east
1 P2y Barrier Student 4,500 1.4 North-south windbox 20 nmi
patrol (37.1 km) east
1 FJ-4 Project 5.3% Kimono 14,074  4.29 15,578 feet {4.75 km) slant range
1 FJ-4 Project 5.3% Cobalt 9,106 2.78 12,939 feet {3.94 km) slant range
1 A4-D/827 Project 5.2b Clark 8,110 2.47 12,290 feet (3.75 km) slant range
1 A4-D/831 Project 5.2b Barley 11,200 3.41 18,850 feet {5.75 km) slant range
1 B-57B Sampler Opium 3 35,000 10.67 East-west racetrack 70 nmi (129.7
control km) north
5 B-578 Sampler Hot shot Not airborne at burst time
N 1-4, 8
3  B-570 Samp ler Hot shot Not airborne at burst time
USS JOHN R CRAIG (DD 885) 15-17
(350450 «umi [650 790 km| NW S T T o e f e e eSS e e s S eces s mmeme o e
OF BUTTERNUT SURFACE Notes:
ZERO)

%Reference €.1.1636.
\ bReference C.1.1635.

Source: Reference C.4.1 except as noted.

BUTTERNUT 0615

SHIPS IN ENEWETAK LAGOON ANCHORAGE s
ENEWETAK

USS ARIKARA (ATF-98)

USS BENNER (DDR-807)

USS BOLSTER (ARS-38)

BONITA (SSK-3)

USS CHANTICLEER (ASR-7

USS CHOWANOC (ATF-100)

USS COLLETT (DD-730)

USS CREE (ATF-84) °

FULLAM (DD-474) e

USS GRASP {AR5-24)

USS HOOPER ISLAND (ARG—17) USS ORI ECK (DD 8861

HOWORTH (DD-592)

KILLEN (DD-593)

USS MANSFIELD {DD-728)

USS MOCTOBI (ATF-105)

USS MONTICELLO (LSD-35) .

SS MICHAEL MORAN (EC-2) USS DE HAVEN (DD 727)

USS MUNSEE {ATF-107)

USS REHOBOTH (AGS-50)

USS RENVILLE (APA-227)

USS TAKELMA (ATF-113)

Figure 34. FIR and BUTTERNUT predicted fallout, surface radex area, ship
positions, and aftrcraft participation, Operation HARDTACK.
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Time L ;
FIR PARTICIPATING AIRCRAFT e s "
Alt itude
No.  Type Mission Call Sign {feet) (km) Range or Course
1 SA-16  Search and Stable Bravo 9,000 2.74 North-south racetrack 80-90 nmi
rescue (148.3-166.8 km) west
1 B-52 Project 5.12  wWatchdog 30,000 9.14 93,300 feet (28.4 km) ground
range southeast
1 B-578  Sampler Opium 1 35,000 10.67 East-west racetrack 30 nmi
control (55.6 km) north
3 8-578  Sampler Hotshot Not airborne at burst time
8ravo 1-3

Note:
3Reference C.1.1634.
Source: Reference C.4.1 except as noted.

10R

FIR 0550

150 nmi (278 km) .

BIKIN{

oo 2

)

SHIPS IN BIKINI LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS BOXER (CVS-21)

10R
USS FLOYD B. PARKS (DD-8B4)

[ ]
USS PERKINS (DDR B771

LIMITS OF RADEX AREA
0 10 20 30 40 50 60
L L | 1 L 1
NAUTICAL MILES
0 20 40 60 BO 100
[— A | A L J

KILOMETERS

Figure 34. FIR and BUTTERNUT predicted fallout, surface radex area, ship posi-
tions, and aircraft participation, Operation HARDTACK (continued).
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FIR

FIR was the first Bikinl shot, detonated at 0550 on 12 May on a barge 1in
the BRAVO crater. Surface winds were 17 knots (31.5 km/hr) from east-northeast.
It was followed by BUTTERNUT on Enewetak 25 minutes later.

DOD-sponsored experiments for FIR included Projects 3.7, 5.1, 6.4, 6.5,
6.6 and 6.11. Details of these are in Chapter 3. None of the DOD projects had
instrumentation stations 1in the northern 1islands of the atoll that required
manning or rapid data recovery. Project 6.11 did have a riometer station on
Eneu, but whether it was manned 1is not clear. The predicted fallout pattern is
shown 1in Figure 34 as well as the locations of fleet units at shot time and
the surface radiological exclusion (radex). Participating aircraft and their
locations relative to the burst are also shown in Figure 34.

All personnel were evacuated to Eneu Island, and the ships remained 1in
Bikini Lagoon. After detonation, the cloud rose to 60,000 to 90,000 feet (18.3
to 27.4 km), and radar reports from Boxer showed that it moved along a bearing
of 260° at approximately 12 knots (22.2 km/hr) during the first 12 minutes.

FIR reentry hour was scheduled for 12 May at 1100. Air and surface radex
areas for H+5 through H+12 included the surface areas within a l-nmi (1.85-km)
radius around surface zero. A hellicopter survey by Task Unit (TU) 7.1.6 (Radio-
logical Safety) at H+3 indicated 0.036 R/hr at Aomen and 0.370 R/hr at Nam.
Subsequent surveys found low-level contamination on several 1slands east and
southwest of Nam (Reference C.1.1685).

The FIR cloud apparently continued to move on the 260° bearing and fall-
out occurred on Enewetak Atoll. The radiation intensity at Enewetak began to
rise at 0300 on 14 May and peaked at about 0.025 R/hr in the afternoon. Figure
35 shows the Parry Island inte asity reading for this period.

TG 7.3 ships preparing for WAHOO, both within the lagoon and in the target-
array area to the southwest outside the lagoon, also received fallout. Table
14 lists the ships that noted washdown activation or other indication of fall-
out on 14 May.

USS John R. Cralq (DD-885) was returning to Enewetak from weather station
Bravo, 225 nmi (417 km) west of Enewetak, and it did not anchor at Enewetak
until 1937. At 0813, however, it "changed course and speed to activate wash-
down" (Reference C.3.4.14).

The source of this fallout might be assumed to have been the KOA event
detonated the day before (13 May) on Dridrilbwij at Enewetak, but apparently
the KOA cloud and the FIR cloud intermingled somewhat (Reference C.1.1625).
The TG 7.1 Radsafe Officer states that FIR was the source of the Enewetak
fallout. The picture 1is somewhat further complicated by the log of USNS T-LST-
664 at anchor at Bikinil on the following morning (15 May), which noted 0.005
to 0.007 R/hr on its decks between 0400 and 0800.

Two film badges placed outside the Radsafe Center on Parry at 0845 on
14 May were retrieved at 0950 on 18 May. The badges showed 1.36 and 1.79 R
(Reference C.5.3). The TG 7.1 Radsafe Officer's remark that "fallout from the
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Figure 35. Parry Island gamma intensity readings after HARDTACK, FIR
(source: Reference C.5.3, p. 21).
Table 14. Task Group 7.3 ships noting fallout on 14 May 1958.
Ship Time Remarks
USS Arikara (ATF-98) 1027-1038 Activated washdown system
USS Benner (DDR-807) 0945 Ship, 0.005 R/hr; surrounding seawater, 0.1
R/hr
USS Boxer (CVS-21) 0630 Before washdown, 0.02-0.03 R/hr maximum
USS Chowanoc (ATF-100) 1100 Maximum, 0.15 R/hr; low 0.015 R/hr
USS Cree (ATF-84) 07117 Before washdown, 0.032 R/hr maximum
USS De Haven (DD-727) 0845 Detected fallout; average, 0.012 R/hr, hot
spots, 0.05 to 0.08 R/hr
USS Moctobl (ATF-105) 1012 Average 0.01 R/hr
USS Monticello (LSD-~35) 0756 Background 0.007 to 0.01 R/hr after washdown
USS Orleck (DD-886) 0756 Overall average 0.008 R/hr
USS Rehoboth (AGS-50) 0836 Weather decks 0.02 R/hr
USS Renville (APA-227) 0510 "Significant" fallout
USS Takelma (ATF-113) 0730 0.015 R/hr
Sources: References C.3.3 and C.3.4.
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SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS ARIKARA ({ATF-98)
USS BELLE GROVE (LSD-2)

USS DE HAVEN (DD-727 USS BOLSTER (ARS-38)

Figure 36.
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NUTMEG predicted fallout, surface radex area,
alrcraft participation, Operation HARDTACK.
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Zero-Time Location
Relative to Burst

PARTICIPATING AIRCRAFT

Alt itude
No. Type Mission Call Sign |(feet) (km) Range or Course
1  wWB-50 Low-altitude Wilson 050 Not airborne at burst time
cloud sampler
1 SA-16 Search and Stable Bravo 9,000 2.74 North-south racetrack 75 nmi
rescue (139.0 km) west
2 C-54 Photo Pewter 2,3 10,000 3.05 North-south racetrack 10 nmi
{18.5 km) west
1 B-578 Sampler Opium 1 20,000 6.10 East-west racetrack 20 nmi (37.1
control km) north
6 B-578 Samplers Hotshot 1-6 25,000 7.62 North-south racetrack 75 nmi
(139.0 km) west
1 RB-50 Carter 2 Phot ography

Source: Reference C.4.1.

SHIPS IN BIKINI LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS BOXER (CVS-21)
USS MOCTOBI (ATF-105)

BIKINI USNS T-LST-664

e

[ ]
1JSS COLLETT (DD-730)

Figure 36. NUTMEG predicted fallout, surface radex area, ship positions, and
aircraft participation, Operation HARDTACK (continued).
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Fir event on Bilkini contributed approximately 1,200 to 1,500 mr total dose to
those living at Eniwetok Atoll" (Reference C.1.1685) 1s probably based on these
badges.

NUTMEG

The second Bikini shot, NUTMEG, was detonated at 0920 on 22 May on a barge
in the ZUNI crater. Surface winds were 11 knots (20.4 km/hr) from the east.

DOD-sponsored experiments for NUTMEG were Projects 6.3, 6.3a, 6.4, 6.5,
6.6, and 6.11. Projects 6.3 and 6.3a had stations near the burst point on
Eneman Island. It 1s not known 1f the Project 6.11 statlion on Eneu was manned
for this test. All other DOD projects had instrumentation remote from the
atoll. Detalls of the experimental projects are 1n Chapter 3. The predicted
fallout pattern, surface radex area, locatlions of fleet units at burst time,
and aircraft participation are shown in Figure 36.

Personnel of northern island locations were evacuated to Eneu and those on
Aeroko]j were evacuated to Alnsworth; the transfer was completed by about 2230
on D-1. Personnel from the Aerokoj camp and Eneman work area boarded LCUs at
1600 on D-1. Alnsworth withdrew from the lagoon to a position 10 nmi (18.5 km)
east where those aboard viewed the detonation, but the rest of the ships re-
mained in Bikini Lagoon.

The detonation cloud stabilized at 20,000 feet (6.1 km) by 0926. Radar
from Boxer confirmed the cloud's position of 264° from surface zero, moving
at 6 knots (ll1l.1 km/hr) by 0940 and then dissipating. A nonproject search P2V
alrcraft at 5,000 feet (l1.52 km) apparently found remnants of the cloud 60 nmi
(111 km) west of the atoll that had maximum readings of 0.14 R/hr. Earlier, at
about H+1:40, the P2V recorded 0.04 R/hr over the shot area.

TU 7.1.6 conducted two helicopter surveys at H+l. These are summarized (in
R/hr) below:

Bokbata 0.002 Enidrik 0.125*
Nam 0.004 Jelete 3

Aeroko]) 0.00007 Oroken 0.0008
Lele 0.100 Bokdrolul 0.0008

Eneman 30

All other readings taken were zero.

SYCAMORE

SYCAMORE was detonated at 1500 on 31 May on a barge moored 1in the BRAVO
crater. Surface winds were 15 knots (27.8 km/hr) from the east.

* This reading 1s probably an error in the source document (Reference C.1.2).
Another survey showed it at 25 R/hr at H+4 (Reference C.1.1685).
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DOD-sponsored experiments for SYCAMORE were Projects 3.7, 5.1, 6.4, 6.5,
6.6, and 6.11. Only Project 6.11 had an instrument site at Bikini: located on
Eneu, 1t was not manned for SYCAMORE. All other projects were either remote or
alrborne. Detalls of the experimental projects are in Chapter 3. The predicted
fallout pattern 1s shown in Figure 37 as well as the locations of fleet units
at shot time, the surface radex area, and aircraft participation.

The entire Bikinl Atoll population was evacuated before shot time except
for personnel at the timing and firing station and the communications building
on Eneu. All ships and aircraft were evacuated from Bikini Lagoon before shot
time. Light planes (L-19s and L-20s) from Eneu orbited Boxer, which was sta-
tioned 25 to 27 nmi (46 to 50 km) from Eneu on an azimuth of 160° to 190°
until the shock wave passed.

The Fallout Prediction Unit (FOPU) predicted that the heaviest concentra-
tion of fallout would occur between the 300° and 340° radials. Almost all
of the fallout was within the forecast area; however, some of the fallout was
to the northeast because a small segment of the cloud moved in an easterly
direction.

The P2V barrier patrol was completed at H+l. The initial search began from
Bikini to Aeroko] and from Aeroko] across the lagoon. No radiation was re-
corded. The P2V then flew across the western portion of the lagoon and along
the southern and northern 1island chains. R reading of 5 R/hr was recorded
in the vicinity of surface zero. The alrcraft then flew 120 nmi (222 km) east
of Bikini. A second P2V barrier patrol arrived at H+3 and proceeded on a bear-
ing of 280° for 120 nmi (222 km) from Bikini, followed by a line on the
20° bearing for 120 nmi (222 km). No significant readings were recorded. The
H+1 radsafe helicopter survey found radiation levels of 2 to 10 R/hr on Nam,
0.280 R/hr on Enidrik, and 0.025 R/hr on Jelete. All other survey values were
Zero.

MAPLE

MAPLE was detonated on 1l June at 0530 on a barge Jjust south of Lomilik.
Surface winds were 22 knots (40.7 km/hr) from east-northeast.

The DOD-sponsored experiments for MAPLE were ProJects 5.1, 6.3, and 6.3a.
Projects 6.3 and 6.3a shared the same, rather close-in sites on Lomilik. The
predicted fallout pattern is shown in Figure 38. Locations of the fleet units
at burst time, aircraft participation, and the surface radex area are also
shown in Figure 38.

All personnel from the Aerokoj and Acmen camps were evacuated to Eneu on
D-1. A total of 1,101 men was accounted for. USS Benner (DDR-807) and Ainsworth
remained in Bikini Lagoon 1in case an emergency evacuation from Bikini and
Rongelap atolls was required.

The 40,000-foot (12.2-km) cloud produced by the detonation was tracked by
radar from Benner. By H+30 minutes the cloud had split apart with the upper
portion ranging from 15,200 to 47,000 feet (4.6 to 14.3 km), moving east and
spreading south. The lower portion of the cloud moved west.
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Figure 37.

PARTICIPATING AIRCRAFT

Zero-Time Location
Relative to Burst

Type/ Alt itude
No. Tail No. Mission Call Sign | (feet) (km) Range or Course
1 SA-16 Search and Stable Bravo 9,000 2.74 North-south racetrack 75 nmi
rescue (139.0 km) west
1 P2y Barrier Wildroot 4 2,000 0.6l East-west racetrack 60 nmi (111.2
patrol km) south
1 C(C-54 Photo Pewter 2 6,000 1.83 Northwest-southeast racetrack 60
nmi (111.2 km) southwest
1 C-54 Photo Pewter 3 6,000 1.83 Northeast -southwest racetrack 60
nmi {(111.2 km) northwest
1 B-52/591 Project 5.1a Wat chdog 30,000 9.14 Unreported
2 B-57B Sampler Opium 1,3 34,000 10.36 East-west racetrack 50 nmi (92.7
control 36,000 10.97 km) north
1 B-578 Sampler Hotshot 1 32,000 9.75 East-west racetrack 50 nmi (92.7
km) north
4 B-578 Sampler Hotshot 3-6 Not airborne at burst time
1 B-57D Sampler Hot shot 12 Not airborne at burst time
Note:
3Reference C.1.1634.

Source: Reference C.4.1 except as noted.

SHIPS IN ENEWETAK LAGOON ANCHORAGE
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SYCAMORE predicted fallout, surface radex area, ship positions, and
aircraft participation, Operation HARDTACK.
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Figure 37. SYCAMORE predicted fallout, surface radex area, ship positions, and
ailrcraft participation, Operation HARDTACK (continued).
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e it T

Zero-Time Location

PARTICIPATING AIRCRAFT l Relative to Burst
Alt itude
No. Type Mission Call Sign {(feet) (km) Range or Course
1 SA-16 Search and Stable Bravo 9,000 2.74 North-south racetrack 90 nmi
rescue (166.8 km) west
1 B-52 Project 5.12 wWatchdog 25,000 7.62 46,000 feet (14.0 km) ground
range south
1 P2y Barrier Wildroot 10 2,000 0.61 East-west racetrack 50 nmi (92.7 ™~ 49p
km) south
2 B-578 Sampler Opium 35,000 10.67 East-west racetrack 40 nmi (74.1 ‘\\\\\\\
km) north
1 B-578 Sampler Hotshot 6 35,000 10.67 East-west racetrack 38 nmi (70.4
km) north
L} B-578B Sampler Hotshot 3-5 Not airborne at burst time
plus Hotshot
spare
2 B-57D Sampler Hotshot 11,12 Not airborne at burst time
Note:

%Reference C.1.1634.
Source: Reference C.4.1 except as noted.

SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS ARIKARA (ATF-98)
USS BOLSTER (ARS-38)
BONITA (SSK-3)

USS CHOWANOC (ATF-100)
USS CREE (ATF-84)
FULLAM (DD-474)
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HOWORTH (DD-592) 4
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Figure 38. MAPLE predicted fallout, surface radex area, ship positions, and
aircraft participation, Operation HARDTACK.
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Figure 38. MAPLE predicted fallout, surface radex area, ship positions, and
aircraft participation, Operation HARDTACK (continued).
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Figure 39.

WALNUT PARTICIPATING AIRCRAFT

Type/

No. Tail No.
1 SA-16

1 P2y

1 B-52

1 A-40/827
1 A-4D/831
1 FJ-4/467
1 FJ-4/310
1 B-578

4 8-578

4 B-57D

2 P

2 WB-50

lero-Time Location
Relative to Burst

Altitude
{feet) (km) Range or Course

Mission Call Sign

Search and Stable Echa 7,000 2.13 North-south racetrack 35 nmi

rescue (64.9 km) east
Barrier Wildroot 2 2,000 0.61 East-west racetrack 50 nmi
patrol (92.7 km) south
Project 5.12 watchdog 30,000 9.14 24,900 feet {7.59 km) ground
range
Project 5.2b Clark 2,860 0.87 15,650 feet (4.77 km) slant range
Project 5.2b Barley 10,170  3.10 16,220 feet (4.94 km) slant range
Project 5.3° Cobalt 3,996 1.22 16,351 feet (4.98 km) slant range
Project 5.3 Kimono 10,809 3.29 16,752 feet (5.11 km) slant range
Sampler Opium 3 35,000 10.67 East-west racetrack 35 nmi (64.9
control km} north
Sampler Hotshot 2-5 Not airborne at burst time
Sampler Hotshot 11, Not airborne at burst time, except for
16-18 Hotshot 11 whose altitude and position
are unknown
Project 2.8 wWildroot 1,15 Not airborne at burst time N
rocket otes:
sampler 3Reference C.1.1634.
Project 2.8 Massive 1,2 Not airborne at burst time bReference C.1.1635.
low-alt itude C
samplers Reference C.1.1636.
0+1 sampler Hotshot 19 Not airborne at burst time Source: Reference

10R
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ASPEN and WALNUT predicted fallout, surface radex area, ship

positions, and aircraft participation, Operation HARDTACK.
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Zero-Time Location
ASPEN PARTICIPATING AIRCRAFT Relative to Burst

Altitude
No. Type Mission Call Sign {(feet) (km) Range or Course
1 SA-16 Search and Stable Bravo 9,000 2.74 North-south racetrack 80 nmi
rescue (148.3 km) west
1 P2y Barrier Wildroot 11 2,000 0.61 East-west racetrack 50-60 nmi
patrol (92.7-111.2 km} south
2 B-578 Sampler Opium 1 36,000 11,10 East-west racetrack 40 nmi (74.1
control km) north
4 B-57B Sampler Hot shot Not airborne at burst time
Bravo 2-5
1 8-578 Sampler Hot shot Not airborne at burst time
Bravo 11

Source: Reference C.4.1.
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Figure 39. ASPEN and WALNUT predicted fallout, surface radex area, ship posi-
tions, and aircraft participation, Operation HARDTACK (continued).
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Helicopter radsafe surveys reported radiation intensities of 480 R/hr on
Lomilik and 28 R/hr at Aomen at H+l, and 1.2 R/hr at Bokbata and 3.35 R/hr on
Nam at H+10. All other readings were zero. All of the fallout was estimated to
be within the forecast area. Considerable rainshower activity through H+24
diminished the carrying effect of the lower trade winds.

The barrier patrol P2V flew from Eneu to Bikini, to Aerokoj, to Enidrik,
to Jelete, and back to Bikini at H+30 minutes, encountering only background
radiation. The plane then proceeded to Bokdrolul and from Bikini due west. A
reading of 1.5 R/hr was recorded to the extreme west. By 1810 another P2V was
needed for barrier patrol because the upper portion of the cloud moved to the
east, posing a potential for contaminating Eneu. Fallout from the west did not
materialize, and reentry hour was at 2145. The area west of the lagoon was
placed under radex control and surveyed by the second P2V until 2400. The air
and surface radex areas were modified to enclose surface through 30,000 feet
(9.14 km) radials, 270° through 340°, 10 through 170 nmi (18.5 to 315 km)
from surface zero.

The Project 6.3 recorders were recovered on 18 June, requiring two project
personnel, two radsafe monitors, and three H&N equipment operators. The recov-
ery was considered an emergency situation as the instrumentation was needed to
prepare for another event. Despite the week-long decay period, the area re-
corders were 1n a 2 R/hr fleld. Exposures of 0.5 to 1.13 R were recorded by
the group (Reference C.5.4).

ASPEN

ASPEN was detonated on 15 June at 0530 on a barge in the BRAVO crater,
4,000 feet (1.22 km) southwest of Nam. Surface winds were 18 knots (33.4 km/hr)
from the northeast.

No experiments were sponsored by DOD for this shot. Figure 39 shows the
predicted fallout, locations of fleet units at burst time, the surface radex
area, and aircraft participation.

All northern 1island personnel were evacuated to Eneu on D-1. Personnel
from the Aerokoj camp were evacuated by LCU at approximately 2200 and remained
aboard ship during the event. Boxer and Ainsworth remained in Bikini Lagoon
for an emergency evacuation, if required.

The detonation produced a 48,600-foot (14.8-km) cloud as measured by radar

from Benner. By H+30 minutes the cloud had moved well to the northwest of the
lagoon.

Two helicopters began surveying from Eneu at H+2. No radiation was recorded
by this survey. A survey at H+7 showed the following radiation readings (R/hr):

Bokbata 0.2 Eneman 0.9

Nam 0.12 - 0.24 Enidrik 0.08
Irol) 0.24 Jelete 0.008
Lomilik 0.24 - 0.8 Bokaetoktok 0.004

Surveys of other island locations at H+7 did not record any radiation.
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The P2V reported over Eneu at H+30 minutes and flew across the eastern
section of the lagoon, recording only background radiation. By H+1:45, the
plane had searched the entire lagoon and recorded a maximum reading of 0.0055
R/hr 2 nmi (3.7 km) east of surface zero. All the fallout was estimated to be
within the forecast area. The radsafe survey and barrier patrols completed,
reentry hour was declared at 1900.

REDWOOD

REDWOOD was detonated on 28 June at 0530 on a barge south of Lomilik. Sur-
face winds were 10 knots (18.5 km/hr) from the northeast. REDWOOD was followed
by the ELDER detonation at Enewetak Atoll 1 hour later.

The only DOD-sponsored experiment for REDWOOD was Project 5.1. The pre-
dicted fallout pattern 1s shown in Figure 40, which also shows locations of the
fleet units at burst time, the surface radex area, and aircraft participation.

All personnel were evacuated to the Aeroko] camp and Eneu for the shot.
Ships remained in Bikini Lagoon, and Ailnsworth stood by for emergency evacua-
tion of Bikini Atoll, if required. The overpressure from REDWOOD was expected
to be significant at Eneu and Aeroko].

The detonation cloud rose quickly to 51,000 feet (15.6 km). The cloud base
was at 28,000 feet (8.5 km) and the top stabilized at 55,000 feet (16.8 km) at
0610 as reported by the B-52 of Project 5.1. The cloud moved out of the lagoon
area rapidly. At 0600, the barrier patrol P2V recorded only background radia-
tion at 1,000 feet (305 meters) except in the area adjacent to surface zero.
Iroij and Aomen had readings of 0.025 R/hr and 0.047 R/hr, respectively, at
0630. It then flew on radials of 260°, 270°, and 90° from Bikini Atoll
for 100 nmi (185 km). The P2V found no fallout north or east of the predicted
area and was released by 1100. The helicopter survey, which began at 1715,
obtained readings of 0.5 to 0.6 R/hr at 100 feet (30 meters) altitude over the
crater off Nam. Later surveys (1715) showed 20 R/hr over surface zZero in the
lagoon; 0.49 R/hr was recorded at Bokbata, 8 R/hr at Nam, 5.5 R/hr at Iroi}j,
16 R/hr at Lomilik, and 12 R/hr at RAomen. No radiation was recorded on any
other islands.

HICKORY

HICKORY was detonated on 29 June at 1200 on a barge off the west end of
Eneman, 4-1/2 hours after the OAK shot at Enewetak Atoll. Surface winds were
8 knots (14.8 km/hr) from the east.

Projects 6.3 and 6.3a were the only DOD-sponsored experliments for HICKORY.
Thelr instrument stations were near the detonation point on Eneman. Detalls of
the experimental projects are 1in Chapter 3. The predicted fallout pattern,
locations of fleet units at burst time, the surface radex area, and aircraft
participation are shown in Figure 4l.

Most 1island-based personnel were evacuated to Eneu. Personnel from the
Aeroko]j camp were evacuated by LCU to Ainsworth and remained aboard ship during
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Zero-Time Location
Relative to Burst

ELDER PARTICIPATING ATRCRAFT

Altitude
No. Type Mission Call Sign | (feet) (km) Range or Course
1 SA-16 Search and Stable 7,000 2.13 North-south racetrack 35 nmi
rescue Echo 2 (64.9 km) east
1 p2v Barrier Wildroot 14 8,000 2.44 East-west racetrack 50 nmi
patrol {92.7 kxm) south
1 B-52 Project 5,14 wWatchdog 25,000 7,62 5,200 feet {1.58 km) ground range
USs DE HAVEN DU 721 1 c-54 Photo Pewter 2 6,000 1.83 North-south racetrack 25 nmi
1200 250 nmy (370 460 km (46.3 km) west
NW OF ELDER SURFACE (46. 4
ZERO! 1 C-54 Photo Pewter 3 6,000 1.83 Northwest-southeast racetrack 30
nmi 55.6 km) southwest
1 B-578 Sampler Opium 35,000 10.67 East-west racetrack 35 nmi
control (64,9 km) narth
2 B-578 Sampler Hotshot 2, 3 Not airborne at burst time
2 B-570 Sampler Hot shot Not airborne at burst time
11, 14
Note:
Reference C.1.1634.
Source: Reference C.4.1 except as noted.
10R
10R
ELDER 0630
- [ £ R
ENEWETA \
7
< o &
USS ELKHORN (AQG /1
L}
\tussn;mk ATF da)
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Figure 40. REDWOOD and ELDER predicted fallout, surface radex area, ship
positions, and aircraft participation, Operation HARDTACK.
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Zero-Time Locat ion
REDWOOD PARTICIPATING AIRCRAFT Relative to Burst
Alt itude
No.  Type Mission Call Sign [{feet) (km) Range or Course

1 SA-16 Search and Stable Brava 9,000 2.74 North-south racetrack 80 nmi

rescue (148.3 km) west

1 8-52 Project 5.1% Wat chdog 25,000 7.62 5,200 feet (1.6 km) ground range

1 P2y Barrier Wildroot 13 2,000 0.61 East-west racetrack 50-60 nmi
patrol (92.7-111.2 km) south

1 B-578 Sampler Jagged 35,000 10.67 East-west racetrack 50-60
control nmi {92.7-111.2 km} north

4 B-578 Sampler Hardtime 2-4, Not airborne at burst time
plus spare

1 B-578 Sampler Hardt ime Not airborne at burst time
11

Note:
Reference C.1.1634.
Source:

Reference C.4.1 except as noted,

[ 4
USS MONTICELLO (LSD 35t

SHIPS IN RIKINI LAGOON ANCHORAGE
USNS FRED C. AINSWORTH (T-AP-181)
USS ARIKARA (ATF-98)

USS BENNER (DDR-807)
USS COLLETT (0D-730)

Figure 40. REDWOOD and ELDER predicted fallout, surface radex area, ship posi-
tions, and aircraft participation, Operation HARDTACK (continued).

169



SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS BOXER (CVS-21)
USS CACAPON (A0-52)
USS CREE (ATF-84)

USS MAGOFFIN (APA-199)
USS TAKELMA (ATF-113)

ENEWETAK USS MANSFIELD (DD-728)
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FAgure 41. HICKORY predicted fallout, surface radex area, ship positions, and
atrcraft participation, Operation HARDTACK.
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Zero-Time Location
PARTICIPATING AIRCRAFT Relative to Burst

Alt itude
No. Type Mission Call Sign |(feet} (km) Range or Course
1 SA-16 Search and Stable Bravo 9,000 2.74 North-south racetrack B0 nmi
rescue (148.3 km) west
1 P2y Barries Wildroot 5 8,000 2.44 East-west racetrack 50-60 nmi
patro}l (92.7-111.2 km) south
1 B-57B Sampler Jagged 30,000 9.14 East-west racetrack 40-50 nmi
control (74.1-92.7 km) north
5 B-57B Sampler Hardtime 1-5 Not airborne at burst time

Source: Reference C.4.1.

USS DE HAVEN (DD 727) {4D0-500 nmi |?240-875 km}

NW OF SURFACE ZERO!

BIKINI

b

SHIPS IN BIKINI LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS ARIKARA (ATF-98)

USS BENNER (DDR-807)

USS COLLETT (DD-730)

USS MONTICELLO (LSD-35)

Figure 41. HICKORY predicted fallout, surface radex area, ship positions, and
ailrcraft participation, Operation HARDTACK (continued).
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PARTICIPATING AIRCRAFT

Zero-Time Location
Relative to Burst

Altitude
No. Type Mission Call Sign | (feet) (km) Range or Course
1 SA-16 Search and Stable Bravo 9,000 2.74 North-south racetrack 80 nmi
rescue (148.3 km) west
1 B8-52 Project 5.128 watchdog 25,000 7.62 25,800 feet {7.86 km) ground
range southeast
1 P2V Barrier Wildroot 13 5,000 1.52 East-west racetrack 50-60 nmi
patrol (92.7-111.2 km) south
1 B-578 Sampler Jagged 30,000 9.14 East-west racetrack 35-45 nmi
control (64.9-83.4 km) north
3 B-57B Sampler Hardtime 1-3 Not airborne at burst time
plus spare
3 B-57D Sampler Hardt ime Not airborne at burst time
14-16
1 SA-16 Sampler Stable 4
emergency
Note:

3Reference C.1.1634.

Source: Reference C.4.1 except as noted.

ENEWETAK
)

o

SHIPS IN ENEWETAK LAGOON ANCHORAGE Py

USS MAGOFFIN (APA-199) USS CREE (ATF-84)

USS MANSFIELD (DD-728B)
USS MERAPI (AF-38)
USS NAVARRO (APA-215)

® USS CACAPON (AO-52}

USS TAKELMA (ATF-113) LEGEND

© LIMITS OF RADEX AREA

0 10 20 30 40 50 60
[ 1 A L L L J
NAUTICAL MILES
0 20 40 650 80 100
[ l 4 )| i J

KILOMETERS

figure 42. CEDAR predicted fallout, surface radex area,

alrcraft participation, Operation HARDTACK.
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SHIPS IN BIKINI LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS ARIKARA (ATF-98)

USS BENNER (DDR-807)

USS DE HAVEN (DD-727)

USS MONTICELLO (LSD-35)

Figure 42. CEDAR predicted fallout, surface radex area, ship positions, and
alrcraft participation, Operation HARDTACK (continued).
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the event. The overpressure and thermal energy from HICKORY at Eneu were ex-—
pected to be negligible. Ships remained in Bikini Lagoon.

The detonation cloud rose to 24,200 feet (7.4 km) with an estimated 12,000-
foot (3.7-km) base. At 1230 over Eneu, the barrier patrol P2V reported that
the cloud had moved outside the northwest corner of the atoll. The aircraft
obtained zero readings on the eastern side of the atoll. Some isolated radio-
active rainshowers were reported west of surface zero, and maximum radiation
readings of 0.800 R/hr were reported over Bikdrin by 1305. The P2V then flew
on a bearing of 260° from Bikini for 75 nmi (139 km), then north for 30 nmi
(55.6 km) at SO nmi (92.7 km) from surface zero to confirm the western extent
of the fallout pattern. The actual fallout pattern was on a bearing of 2659,
more southerly than predicted.

Radsafe operations were controlled through Benner located in Bikini lagoon.
Radsafe helicopters took off at 1306 and obtained the following readings (R/hr)
at H+3:

Bokbata 0.2 Lele 0.1

Nam 2.5 Eneman 0.8

Lomilik 8 Enidrik 20-40
Aomen 2 Luko]} 7.5

Bikdrin 0.01 Jelete 20.

Other atoll locations monitored showed no radiation.

Reentry hour was at 1330. Later in the evening, rain began to fall on
Eneu and the background intensity began to rise slowly. A peak intensity
of 0.0025 R/hr was reached at 2130, after which the intensity decreased
(Reference C.5.3).

CEDAR

CEDAR was detonated on 3 July at 0530 on a barge in the BRAVO crater south-
west of Nam, 4,000 feet (1.22 km) from the edge of the 1island. Surface winds
were 16 knots (29.7 km/hr) from east-northeast. The detonation had been delayed
1 day because the shot barge was contaminated by fallout from the REDWOOD
event.

The only DOD-sponsored experiment for CEDAR was Project 5.1, the B-52
experiment. The predicted fallout pattern is shown in Figure 42. Locations of
fleet units at burst time, the surface radex area, and aircraft participation
are also shown on Figure 42.

All personnel on the northern 1slands were evacuated to Eneu and Aerokoj
for the shot. Ships remained in Bikinil lagoon, and Ainsworth stood by for
emergency evacuation of Eneu., 1f required.

The detonation produced a 50,000-foot (15.2-km) cloud with an estimated
base of 35,000 feet (10.7 km). The barrier patrol P2V reported over Eneu by
0600 and flew over the lagoon at 1,000 feet (305 meters), recording its maximum
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reading of 0.049 R/hr at 0744 over Irolj. The plane then flew west for 90 nmi
(166.7 km) after clearing the lagoon.

Radsafe operations were controlled through Benner, located 1in Bilkini
lagoon. The radsafe helicopters took off at 0700. Survey readings are sum-
marized below (R/hr):

Bokbata 0.03 Eneman 22
Nam 0.4 Enidrik 22
Lomilik 18 Luko] 1
Aomen 0.03 Jelete 0.15.

The readings at Lomilik, Eneman, Enidrik, and Luko] may have been influenced
by residue from the HICKORY shot. No radiation was recorded on any other
island.

The FOPU predicted fallout along a bearing of 10°; however, easterly
winds began blowing at the lower altlitudes causing 1light fallout along a
westerly bearing. The barrler patrol P2V verifled this fallout shift with
readings from 0.020 to 0.090 R/hr out to S0 nml (92.7 km) west of surface zero
through 1200 (H+6:30).

Reentry hour was at 1100. A second SA-16 took off because both engines of
a B-57 cloud sampler flamed out at 50,000 feet (15.4 km). The B-57 pilot man-
aged to restart one and returned to Enewetak safely under escort by one of the
SA-~-16s.

Radiocactivity at Eneu began to rise after a rainshower in midafternoon:; it
was 0.004 R/hr at 1500, rising to 0.012 R/hr at 1645 and declining thereafter.
The following morning at 0300 it was down to 0.005 R/hr. By noon on 5 July,
radloactivity was 0.003 R/hr, and the next day 1t was 0.001 R/hr (Reference
C.5.3.).

POPLAR

POPLAR was detonated on 12 July at 1530 on a barge southwest of Nam, 7,500
feet (2.29 km) from the edge of the island. Surface winds were 11 knots (20.4
km/hr) from east-northeast.

The only DOD-sponsored experiment for POPLAR was Project 3.7. The predicted
fallout pattern, locations of fleet ‘'units at burst time., the surface radex
area, and ailrcraft participation are shown 1n Figure 43.

All personnel and aircraft were evacuated from Bikini Atoll except communi-
cations and timing and firing personnel on Eneu. Ainsworth was the primary
evacuation ship for POPLAR and berthed most of the personnel 1living ashore.
Monticello, as flagship in Boxer's absence, evacuated Hq TG 7.1, TG 7.3, and
TG 7.4 personnel and Marine Helicopter Transport Squadron (HMR[L]-361) person-
nel and others essentlal for prompt reentry. Boxer, which usually performed
thils function, had departed to Johnston Island to prepare for TEARK and ORANGE.
Potentlally damaging overpressure, thermal, and water-wave effects were ex-
pected both at Aerokoj and Eneu.
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SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS CACAPON (AD-52)
USS MANSFIELD (DD-728)
USS NAVARRO (APA-215)

ENEWETAK

7
Vg

®
USS CREE (ATF 84)

Figure 43. POPLAR predicted fallout, surface radex area, ship positions, and
alrcraft participation, Operation HARDTACK.

176



Zero-Time Location
PARTICIPATING AIRCRAFT Relative to Burst
Alt itude
No. Type Mission Call Sign |(feet) (km) Range or Course

1 SA-16 Search and Stable Bravo 8,000 2.44 North-south racetrack 80 nmi
rescue {148.3 km) west

1 SA-16  USNS Fred C. Stable Cover 2,500 0.76 Orbit 45 nmi (83.3 km) southeast
Kinsworth,

[T-AP-181)
L-20 cover
3 L-20 Evacuatrd 1,000 0.31 Orbit 45 nmi (83.3 km) southwest
from Eneu
1 C-54 Photo Pewter 3 10,000 3.05 North-south racetrack 60-70 nmi
(111.2-129.7 km) west
1 P2v Barrier Wildroot 11 8,000 ?2.44 East-west racetrack 50-60 nmi
patrol (92.7-111.2 km) south
1 B-578 Sampler Jagged 40,000 12.19 East-west racetrack 40-50 nmi
control (74.1-92.7 km) north .
1 B-578 Sampler Hardt ime 40,000 12.19 East-west racetrack 40-50 nmi
T — photo photo (74.1-92.7 km) north
1 B-578 Sampler Hardtime 2 35,000 10.67 North-south racetrack 50-60 nmi
(92.7-111.2 km) west
1 B-578 Sampler Hardt ime 4 Not airborne at burst time
4 B-57D Sampler Hardtime 11, Not airborne at burst time
13,15,16
1 Pav Barrier Wildroot Northwest of Bikini until
patrol midnight

Source: Reference C.4.1, “\\\\\\\
\\\ 10R

USS COLLETT (DD-730) (400-500 nm¢ [740-875 km]
NW OF SURFACE ZERO)

\

10R

BIKINI

N

®
USS BENNER {DDR-B07)

USS MONTICELLO (LSD-35)
LEGEND .

®
USNS FRED C. AINSWORTH (T AP.181)

. LIMITS OF RADEX AREA

0 10 20 30 40 50 60
(- — 1 I N J
NAUTICAL MILES
0 20 40 60 80 100
[ N 1 L A J
KILOMETERS ® USS TAKELMA (ATF 113)

Figure 43. POPLAR predicted fallout, surface radex area, ship positions, and
alrcraft participation, Operation HARDTACK (continued).
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Participating aircraft 1included an SA-16 (Stable Bravo) that flew search
and rescue (SAR) missions and another SA-16 (Stable Cover) that watched over
three TG 7.4 L-20s that orbited Ainsworth during the detonation and then re-
turned to Eneu airstrip.

The detonation cloud quickly rose above the tracking radar limits of 61,000
feet (18.6 km), and the base was established at 42,000 feet (12.8 km) at 1540.

The P2V reported over Bikini at 1650 and fiew between Bikini and RAeroko]
islands recording only background radiation. The plane then proceeded outbound
on a bearing of 260° from RAerokoj for 40 nmi (74 km) and recorded a high
reading of 0.100 R/hr. By 1745, the Bikini Atoll chain except for surface zero
had been surveyed at 1,000 feet (305 meters), with Iroilj reading 0.045 R/hr.
Initial helicopter surveys began at 0700 and 0745 the following day. and at
1500 a detailed survey was made. The first surveys revealed between 0.08 and
0.16 R/hr on Eneman and 0.38 R/hr on Jelete. The results of the detailed survey
(R/hr) were:

Bokonejien 130 Eneman 0.4
Nam 1.8 Enidrik 0.16
Irol) 0.6 Jelete 0.04
Odrik 0.3 Oroken 0.05
Lomilik 1.5 Bokdrolul 0.13
Aomen 0.2

Reentry hour was at 1945 on the second day.

Due to communication difficulties with the P2V, its mission was aborted. A
second P2V, controlled through Enewetak Air Operations Center, took off and
flew on a northwesterly bearing until midnight.

Some portion of the cloud apparently continued westward; Jjust after mid-
night the radiation monitor at Parry Island at Enewetak reglistered an increase
to 0.0018 R/hr at 0345 and the air monitor showed 20,000 CPM. By 0630 the
reading decreased to 0.0015 R/hr and 2,000 CPM at 0630 (Reference C.5.3).

About 0900 on the following day. the radiocactivity reading began to rise
on a southbound Japanese cartographic research vessel about 270 nmi (500 km)
west of Enewetak. Later, at 1700 the ship encountered a rainsquall that lasted
3 hours and raised the radiation level aboard the ship further. to what was
calculated to be about 0.00031 R/hr (Reference C.0.4). This is about the same
level as the average pre-HARDTACK background on the non-shot 1islands of Bikini
Atoll (see Table 3). The ship, Takuyo Maru, was accompanied by Satuma (some-
times Satsuma) Maru, whose position was "nearby" (NY Times, July 27, 1958).

The position of Takuyo was 153°945'E, 12°923'N at the time of the rainout
(Reference C.0.4).

Because the ships were equipped with radiation detection instruments, the
crews were aware of the contamination. On advice from Japan, decontamination
began in the early hours of the next day. Decks were washed with a detergent
and flushed with seawater and freshwater. Radiation levels on deck were reduced
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to less than one-third (in terms of "“counts per minute") of the peak value,
and those on the bridge to about one-half.

The task force was informed of the incident through the Commander in Chief,
Pacific, and the AEC. Meanwhile, the ships had proceeded to Rabaul in New Bri-
tain and were Joined there by medical representatives of JTF 7 on 25 July.
These representatives were the Joint Task Force Staff Surgeon, the TG 7.4
Flight Surgeon, and an officer of the U.S. Public Health Service who was a
health physicist acting as Radiological Safety RAdvisor for TG 7.5. With the
help of the RAustralian authorities 1in Rabaul, who provided medical laboratory
assistance, the medical officers examined the 50-man crew of Takuyo and the
62-man crew of Satuma and took blood and urine samples. The ships were moni-
tored for radiation on 26 July. This was an intensive monitoring of external
and internal spaces and showed levels that were the same as the radioactive
background at Rabaul, between 0.00006 and 0.00007 R/hr, or lower. The exception
to this was portions of a gun on Satuma that registered 0.10 R/hr (beta plus
gamma) and 0.0012 R/hr (gamma only). This gun had been covered since the de-
parture from Japan and the canvas covering showed only background readings.
The Satuma captain informed the U.S. party that the radiating portions of the
gun were of metal of U.S. origin (Reference C.0.4). The ships' drinking water
had been brought from Japan and was not distilled from seawater en route.

The task force party left on 28 July after giving the Japanese a formal
statement that their findings "did not indicate evidence of radiation sickness
or any contamination . . . which should delay your departure or normal use of
the vessels" (Reference C.0.4).

JUNIPER

JUNIPER, the last nuclear detonation to occur at Bilkini, was detonated on
22 July at 1620 on a barge 4,000 feet (1.22 km) from the west end of Eneman in
the 2UNI crater. Surface winds were 17 knots (31.5 km/hr) from the east.

No DOD-sponsored experiments were scheduled for JUNIPER. The predicted
fallout pattern is shown 1n Figure 44, which also shows the locations of fleet
units at burst time, the surface radex area, and ailrcraft participation.

All personnel from up-isliand locations and the Aeroko] camp were evacuated
to Eneu before the detonation. Ships remained in Bikini lagoon.

The detonation cloud rose to 40,000 feet (12.2 km) with an estimated
24,000~foot (7.3-km) base. The P2V reported over Eneu at 1650 and flew to
Bikini, Iroi]j, and Aerokojlol, recording only background readings. Some "hot
spots" were encountered near surface zero with the highest reading 0.032 R/hr
at 1720. The plane then flew on a westerly bearing as a barrier patrol.

A helicopter began to survey the southern island chain at 1800 and recorded
its maximum reading of 150 R/hr at 200 feet (61 meters) over Jelete. The survey
also noted 0.005 R/hr at Eneu and 0.1 R/hr at Lele at H+3. The FOPU predicted
fallout along a bearing of 290°; however, the wind shifted to the south
throughout the evening. The P2V encountered 1.3 R/hr at 1744, 30 nmi (55.6 km)
due west of Aeroko]jlol. To verify this shift and notify Enewetak if necessary,
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SHIPS IN ENEWETAK LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS COLLETT (0D-730)

USS CREE (ATF-84)

USS MANSFIELD (DD-728)

USS NAVARRO (APA-215)

ENEWETAK

g
7 ® USS ARIKARA (ATF.98)

LEGEND

X LIMITS OF RADEX AREA
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KILOMETERS

Figure 44. JUNIPER predicted fallout, surface radex area, ship positions, and
alrcraft participation, Operation HARDTACK.
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Zero-Time Location

PARTICIPATING AIRCRAFT Relative to Burst

Alt itude

No. Type Mission Call Sign |(feet)} (km) Range or Course

1 SA-16 Search and Stable Bravo 9,000 2.74 North-south racetrack 80 nmi
rescue (148.3 km) west; aborted mission

1 SA-16 Search and Stable 9,000 2.74 North-south racetrack 80 nmi
rescue Bravo 2 (148.3 km) west

1 P2v Barrier Wildroot 4 8,000 2.44 East-west racetrack 50-60 mmi
patrol (92.7-111.2 km) south

1 C-54 Photo Pewter 3 6,000 1.83 North-south racetrack 20 nmi (37

km) west

1 B-578 Sampler Jagged 35,000 10.67 East-west racetrack 50-60 nmi
control (92.7-111.2 km) north

1 B-578 Sampler Hardt ime 25,000 7.62 North-south racetrack 30-40 nmi
photo photo (55.6-74.1 km) east

4 B-578 Sampler Hardt ime 2-5 Not airborne at burst time

1 8-57D Sampler Hardtime 11 25,000 7.62 North-south racetrack 30-40 nmi

(55.6-74.1 km) east

4 e -

Source: Reference C.4.1.

BIKINI

SHIPS IN BIKINI LAGOON ANCHORAGE

USS BENNER (DDR-807)
USS MONTICELLO (LSD-35)
USNS T-LST-664

Figure 44. JUNIPER predicted fallout, surface radex area, ship positions, and
alrcraft participation, Operation HARDTACK (continued).
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the P2V worked on various tracks between Enewetak and Bikini until 0210 the
next morning.

Reentry hour was at 1830.

ENEWETAK WEAPON DEVELOPMENT TEST OPERATIONS

In the concept of two-atoll testing adopted in 1954, Enewetak was to be
the site of smaller-yleld tests. In 1958, however, there was a change of pol-
icy. and some very-large-yleld tests were conducted at Enewetak.

In the planning stage, Enewetak was to be the Los Alamos Scientific Labor-
atory (LASL) weapon development test site; however, because the weather at
Bikini was unfavorable five UCRL tests were switched to Enewetak.

The weapon development shots at Enewetak had greater DOD participation
than did the Bikinil tests. The last two shots (QUINCE and FIG) were UCRL tests
in which the DOD shared sponsorship, and a number of DOD projects participated
in the four non-barge shots.

Test Sites

The area used for testing at Enewetak was the same as had been used for
weapon testing since 1948: the arc extending from Runit to Enjebi and the
group of 1islands just west of Enjebl at the extreme northern edge of the atoll.
The 1islands themselves were used as detonation points for only four of the
shots; the remalinder were conducted on barges moored 1in three areas 1in the
lagoon. The first of these barge areas was west of Runit, where four shots
were fired at distances of from 1,000 to 10,000 feet (0.31 to 3.05 km) west of
the island's center. The second area for barge shots was in the lagoon south-
west of Enjebl 4,000 to 8,500 feet (1.22 to 2.59 km) from its southwest tip,
from which seven shots were fired. These locations were about equidistant from
Boken and Enjebi. The last barge location was on the reef 21,000 feet (6.40 km)
southwest of Bokoluo where one shot was fired. The ground-surface tests in-
cluded one on Dridrilbwij in the northern part of the atoll and three on Runit
in the eastern part.

Evacuation

Northern island advance camps were set up to support work on the ground-
surface shots. The task force population at the camp on Enjebl peaked at about
200 men just before the serles began, declining to about 150 in early May when
it was closed. Thils camp supported workers involved in the KOA site prepara-
tions on Dridrilbwij. An advance camp on Runit supported preparations for the
CACTUS test and had a peak population of 275 before testing began. The total
was about 175 in early May when it was closed.

Personnel from these northern 1sland camps. as well as personnel who may
have berthed aboard houseboats while working on shot barges, were evacuated to
the base islands, Japtan, Parry, and Enewetak, before each shot. A small group
remained in an instrumented site on Ananij, the closest occupied location. The
base 1sland camps were never evacuated, although an emergency evacuation capa-
bility was maintalned.

182



During the May and June weapon development shots, considerable activity 1in
the lagoon and 3Jjust outside was related to the underwater shots, WAHOO and
UMBRELLA. This activity centered on preparation, mooring, and recovery of tar-
get ships and involved a number of Navy ships based in Enewetak Lagoon anchor-
age. Logs of these ships often indicate that one of the weapon development
shots was observed and some note that a potentlally hazardous activity such as
fuel transfer was stopped during the shot perlod. Usually, however, their
activities proceeded independently of the shots being detonated in the area of
the upper 1slands of the atoll.

Recovery and Reentry

All recovery and reentry operations were controlled from the base camp at
Parry.

THE ENEWETAK SHOTS

Table 15 summarizes the Enewetak detonatlons. Yields for only four have
been announced. As with the preceding section on the Bikinl shots, all infor-
mation on predicted fallout, cloud movement, and measured fallout has been ex-
tracted from the Operation HARDTACK Radiological Safety Final Report (Reference
C.1.6.2).

CACTUS

CACTUS, detonated on 6 May at 0615, was the first Enewetak detonation of
the HARDTACK serles. It was a land-surface burst from a platform on the coral
soll of Runit (Figure 16), with a yleld of 18 KT. Surface winds were from the
east at 14 knots (25.9 km/hr) at H+45 minutes.

The DOD-sponsored experiments for CACTUS were Projects 1.4, 1.7, 1.8, 1.9,
1.12, 2.8, 5.2, 5.3, 6.5, and 6.6. The instrument stations were all on Runit
except those of Project 2.8, which had remotely operated, rocket-firing sta-
tions on Billae, Romon, and Bokenelab. Detalls of the experimental projects
are in Chapter 3. The predicted fallout pattern is shown in Figure 45, which
also shows locations of fleet units at burst time and predicted surface radex
area. Alrcraft participation is shown in Table 16.

The detonation cloud reached an altitude of 19,000 feet (5.8 km) 1in the
first 10 minutes,  stabilizing at 15,000 feet (4.6 km) by H+20 minutes. Radar
tracking began while the cloud was over the lagoon and indicated a west-
southwesterly drift. The cloud divided into two parts at H+23 minutes and con-
tinued 1ts west-southwesterly movement at 18 knots (33.4 km/hr).

At H+l the cloud stretched across the lagoon from Runit to Biken at 5,000
to 10,000 feet (1.5 to 3.0 km). A thin dust cloud appeared northeast of Runit
at high altitude, but radar or aircraft reports were unobtainable. By H+2, the
cloud was well scattered and by H+3 almost completely dispersed.

The helicopter surveys at H+3 and H+5 indicated zero readings for all of

the main 1islands except for Runit, Biken, and and the coral head, Unibor. The
readings (R/hr) for Runit displayed the following pattern:
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Table 15. HARDTACK Enewetak weapon development detonations, 1958.

Local
Name Time Date Location

cacTus? 0615 6 May Surface of north tip of Runit

BUTTERNUT 0615 12 May 4,000 feet (1.21 km) WSW of center of Runit

KOAb 0630 13 May Surface of Dridrilbwi] in large water tank

HOLLY 0630 21 May 2,000 feet (610 meters) WSW of center of Runit

YELLOWWOOD 1400 26 May 6,000 feet (1.83 km) SW of southwest tip of
Enjeb1

MAGNOLIA 0600 27 May 3,000 feet (914 meters) WSW of center of Runit

TOBACCO 1415 30 May 4,000 feet (1.22 km) SW of southwest tip of
Enjeb?

ROSE 0645 3 June 4,000 feet (1.22 km) WSW of center of Runit

WALNUT 0630 15 June 6,000 feet (1.83 km) SW of southwest tip of
Enjebt

LINDEN 1500 18 June 4,000 feet (1.22 km) WSW of center of Runit

ELDER 0630 28 June 1T nmd (1.85 km) SW of southwest tip of Enjeb!?

0AK® 0730 29 June 21,000 feet (6.40 km) SW of Bokoluo

SEQUOIA 0630 2 July 2,000 feet (610 meters) WSW of center of Runit

DOGWOODY 0630 6 July 4,000 feet (1.22 km) SW of southwest tip of
Enjebt

SCAEVOLA® 1600 14 July W of Runtt

PISONIA 1100 18 July 10,000 feet (3.05 km) W of center of Runit

oLIved 0830 23 July 4,000 feet (1.22 km) SW of southwest tip of
Enjeb?

PINEY 0830 27 July 8,500 feet (2.59 km) SW of southwest tip of
Enjebd

QUINCEf 1415 6 August Surface, center of Runit

Fiaf.9g 1600 18 August Surface, center of Runit

Notes:

3y1eld 18 KT.

eLow-y‘le1d safety experiment.

bY1e1d 1.37 MT. fUCRL device, jJoint DOD sponsorship.
cY1e1d 8.9 MT. gDetonated over Nevada Test Site sol11 shipped

dUCRL device.

from the Nevada Test Site.
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SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS ARIKARA 2A7F-98§
USS BOLSTER {ARS-38
BONITA (SSK-3)
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Figure 45. CACTUS predicted fallout, surface radex area, and
ship positions, Operation HARDTACK.

185



Table 16. Ajircraft participation in HARDTACK, CACTUS.

Zero-Time Location
Relative to Burst

Type/ Altitude
No. Tail No. Mission Call Sign  (feet) (km) Range or Course
1 SA-16 Search and Stable 7 7,000 2.13 North-south racetrack 30 nmi
rescue (55.6 km) east
1  WB-50 Massive 4 1,000- 0.30- North-south racetrack 40 nmi

12,000 3.66 (74.1 km) east

1 FJ-4/467 Project 5.3% Kimono 2 4,164 1.27 9,109 feet (2.78 km) slant range
1 FJ-4/310 Project 5.3 Kimono 1 8,238 2.51 9,612 feet (2.93 km) slant range
1 A4-D/827 Project 5.2b Clark 1 3,000 0.9 8,930 feet (2.72 km) slant range
1 A4-D/831 Project 5.2b Clark 2 10,410 3.17 10,410 feet (3.17 km) slant range
2 B-578B Sampler Opium, 15,000 4.57 East-west racetrack 30-40 nmi
control Opium Bravo (55.6-74.1 km) north
4 B-57B Sampler ;ogshot 4,5, Not airborne at burst time
1 B-57B Sampler Hotshot 10 Not airborne at burst time
1 P2V Barrier Wildroot Not airborne at burst time
patrol
1 RB-50 Photo Carter 2 Not airborne at burst time
Notes:

3Reference C.1.1636.
bReference C.1.1635.
Source: Reference C.4.1 except as noted.

H+3 H+5
North end (over burst point) 440 240
Mid-island 1.7 0.8
Southern tip 0.005 0

The H+3 survey revealed 0.85 R/hr at Blken, and 0.1 R/hr at Unibor.

The fallout forecast was accurate 1in extent and intensity. The main axis
of the cloud was forecast to lle across the lagoon at a 270° angle; the ac-
tual angle was 250°. All of the fallout dropped within the area announced by
the FOPU on D-1. Reentry hour was scheduled for 6 May at 1015. From H+6 to
H+24, a 1-nmi (1.85-km) radius circling surface zero was considered the radex
area. :
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BUTTERNUT

BUTTERNUT was detcnated at 0615 on 12 May shortly after FIR had been fired
at Bilkini. BUTTERNUT was fired on a barge 4,000 feet (1.22 km) west of Runit.
Surface winds were 12 knots (22.2 km/hr) from the east.

DOD-sponsored experiments for BUTTERNUT were Projects 5.1, 5.2, 5.3, 6.5a,
6.6, and 6.9. One of these projects required northern island stations. The pre-
dicted fallout pattern, locations of fleet units at shot time, surface radex
area, and aircraft participation are shown in Figure 34.

The cloud rose to 35,000 feet (10.7 km), stabilizing at 30,000 feet (9.1
km). The main part of the cloud moved northwest, depositing most of the fall-
out in the open ocean.

Fallout was forecast to be over the entire northern half of Enewetak Atoll.
However, only the northwest quadrant of the atoll received substantial contam-
ination. Nearly all of the fallout was contained between 260° and 300° from
surface zero. The radsafe helicopter survey results (R/hr) were:

H+3 H+S H+3 H+5
Bokoluo 0.65 0.24 Billae 0.001
Bokombako 0.01 Runit 0.012 0.04
Kirunu 0.004 Biken 0.035
Lou] 0.002 Unibor <0.1
Bokinwotme 0.002 Drekatimon 30.0
Boken 0.002

Personnel from the camp at Runit were evacuted to Parry before the shot.
BUTTERNUT reentry was scheduled for 12 May at 1035. Ship and boats were noti-
fied to avoid the area 1 nmi (1.85 km) in radius around surface zero.

KOA

KOA was detonated at 0630 on 13 May at the west end of Dridrilbwij. The
device was fired 1nside a large tank of water and had a yield of 1.37 MT. Sur-
face winds were 16 knots (29.7 km/hr) from the northeast.

The DOD sponsored 15 experiments for KOA: Projects 1.4, 1.7, 1.8, 1.9,
1.12, 2.9, 3.2, 3.6, 5.1, 5.3, 6.4, 6.5, 6.6, 6.9, and 6.ll. Instrumentation
sites for the Program 1 structures projects were located on Bokaldrikdrik and
Boken, close in to the burst point. The remaining DOD projects were elther
alrborne or had data collection activities considerable distances from the
burst point. For details of these project activities, see Chapter 3. The pre-
dicted fallout pattern 1s shown in Figure 46, which also shows the surface
radex area and locations of fleet units at shot time. The extensive ailrcraft
participation is given in Table 17. Not only were the usual SAR, barrier
patrol, and sampler control aircraft present, but effects ailrcraft and an
additional P2V to help locate Project 2.8 rocket nosecones were also used.
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Figure 46. KOA predicted fallout, surface radex area, and ship positions,
Operation HARDTACK.
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Table 17. Aircraft participation in HARDTACK, KOA.

Zero-Time Location
Relative to Burst

—— vt v o e = -——— - —— et e

Type/ Alt itude
No. Tail No. Mission Call Sign (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 Northwest-southeast racetrack 40
rescue nmi (74.1 km) northeast
1 P2y Barrier St udent 9,000 2.74 North-south racetrack 20 nmi
patrol (37.1 km) east
1 C-54 Photo Pewter 2 6,000 1.83 North-south racetrack 40 nmi
(74.1 km) west
1 C-54 Photo Pewter 3 8,000 2.44 Northeast-southwest racetrack 40
nmi {(74.1 km) northwest
1 B-52 Project 5.13 wWatchdog 30,000 9.14 125,000 feet (38.10 km) ground
range
1 A-4D/827 Project 5.2b Clark 3,000 0.91 19,800 feet {6.03 km) slant range
1 A-4D/831 Project 5.2b Barley 12,000 3.66 18,550 feet (5.65) km slant range
1 FJ-4/467 Project 5.3 Cobalt 4,000 1.12 19,264 feet {5.87 km slant range
1 FJ-4/310 Project 5.3 Kimono 16,000 4.88 24,020 feet (7.32 km) slant range
1 B-578 Sampler Opium 35,000 10.67 East-west racetrack 30 nmi (55.6
control km) north
4 B-578 Sampler Hotshot Not airborne at burst time
1-4
4 B-57D Sampler Hot shot Not airborne at burst time
15-18
1 WB-50 Project 2.8 Massive Not airborne at burst time
Tow-alt itude
sampler
1 WB-50 Project 2.8 MWilson Not airborne at burst time
low-altitude Special
sampler
1 p2y Barrier Wildroot 21 Not airborne at burst time
patrol
Notes:
aReference C.1.1634. bReference C.1.1635. CReference C.1.1636.

Source: Reference C.4.1 except as noted.

Ships remained in the lagoon and all personnel except those authorized to
remain on Ananij were evacuated to Enewetak, Parry, and Japtan islands.

The detonation cloud rose to 60,000 feet (18.3 km) at H+17 minutes north-
west of Dridrilbwij. The main segment of the cloud moved north at 30,000 feet
(9.1 km) within the first hour.
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The initial helicopter survey was completed at 1030. Maximum ground read-
ings of 40 R/hr were recorded on Bokombako. Other northern atoll islands had

readings from 0.130 R/hr on Aomen to 50 R/hr on Boken. Radsafe surveys are
summarized in Table 18.

Fallout was collected by a WB-50 assisting Project 2.8 at an altitude of
1.000 feet (305 meters) between the bearings 50° to 60° east-northeast of
the burst point at ranges of 23 to 131 nmi (43 to 243 km) from surface zero
from H+4 to H+l2. A second Project 2.8 WB-50 collected a fallout sample also
at 1,000 feet in a more northerly direction (20° bearing from burst point)
42 nmi (78 km) from surface zero. A WB~50 sent the following day flew in the
same northeasterly direction (bearings 40° to 60°) to a range of 400 nmi
(741 km) but found no fallout during a 6-hour search. The maximum offsite
reading was 0.0015 R/hr at Rongelap.

Fallout was recorded at Enewetak the morning following KOA, but was appar-—
ently the result of the FIR shot on 12 May at Bikini. This 1is further discussed
in this chapter under the FIR shot.

Table 18. HARDTACK, KOA radsafe survey summary (R/hr).

Island H+4 D+1 D+2
Bokoluo 4.1 2.0
Bokombako 40 7 4
Bokaidrikdrik 16 16
Boken 50 3.4 12
Enjeb? 14 2.6 1
Kidrinen 0.76 0.4
Bokenelab 2.1 0.18 0.1
Ae) 0.16
Eleleron 0.052
Aomon 0.13
Billae 0.18
Runit 3.2
Biken 0.4 0.36
Unibor <0.1
Drekatimon <0.1

HOLLY

HOLLY was detonated at 0630 on 21 May on a barge west of Runit, 4,000 feet
(1.22 km) from the nearest edge of the island. Surface winds were 16 knots
(29.7 km/hr) from the east.
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Project 6.6, the only DOD-sponsored experiment for HOLLY, was conducted on
Enewetak Island. The predicted fallout pattern. the surface radex area, loca-
tions of fleet units at shot time, and aircraft participation are shown 1in
Figure 47.

Parry. Enewetak, and Japtan 1slands were not evacuated. The LCUs and YTBs
berthed alongside larger units by 2200 on D-1 to recelve safety instructions.
All other boats were secured by 2200 and their crews remailned ashore for mus-
ter before shot time. The rest of the ships remained in Enewetak Lagoon.

The detonation produced a 15,000-focot (4.6-km) cloud that stabilized by
H+15 minutes at an altitude of 12,000 feet (3.7 km) at the top and 7,500 feet
(2.3 km) at its base. By H+30 minutes the cloud descended to 9,000 feet (2.7
km) and moved west-southwest. Before H+l, the cloud was too diffused for radar
or visual tracking.

At H+55 minutes the barrier patrol P2V made contact with the southern edge
of the cloud over Biken and recorded 0.500 R/hr at 5,000 feet (1.52 km). The
results of the helicopter radsafe surveys at H+6.5 and H+26 were (R/hr):

H+6.5 H+26
Bokoluo 0.28
Bokombako .39
Bokaidrikdrik 6.9 0.7
Boken 0.25 0.25
Enjebi 0.17 0.16
Kidrinen 0.050 0.050
Bokenelab 0.024
Aomon 0.004
Runit 1.0 - 2.5 6.015 - 0.9
Unibor 1.5 - 4.0
Drekatimon <0.100 '

YELLOWWOOD

YELLOWWOOD was detonated at 1400 on 26 May 1958 on a barge 5,000 feet
(1.52 km) southwest of Enjebi. Surface winds were 14 knots (25.9 km) from the
east.

The DOD sponsored 13 experiments for YELLOWWOOD: Projects 2.4, 2.8, 3.7,
5.1, 5.2, 5.3, 6.4, 6.5, 6.6, 6.8, 6.9, 6.11, and 8.1. Instrument stations for
Project 2.4 were located on buoys 1n the lagocon. The remalning projects had
more distant stations or were primarily alrborne. Detalls of the more distant
statlons or were primarlly alrborne. Detalls of the experimental projects are
in Chapter 3. Figure 48 shows the predicted fallout pattern for YELLOWWOOD as
well as locations of fleet units at burst time and the surface radex area.
Alrcraft participation 1s given 1in Table 19.
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PARTICIPATING AIRCRAFT Zero-Time Locat fon

Relative to Burst

Alt itude
No. Type Mission Call Sign |(feet) (km) Range or Course

2 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 25 nmi
rescue (46.3 km) east

1 8-578 Sampler Opium 1 15,000 4.57 €East-west racetrack 15 nmi (27.8
control km) north

1 C-54 Photo Pewter 3 7,000 2.13

2 B-578 Sampler Hotshot 1,2, Not airborne at burst time

2 B-57D Sampler Hotshot 13,14 Not airborne at burst time '

1 P2V Barrier Wildroot 5 Not airborne at burst time
patrol

Source: Reference C.4.1.

USS MANSFIELD {DD-728}
(200-250 nmi {370-460 km|]
NwW OF SURFACE ZERO)

SHIPS IN ENEWETAK LAGOON ANCHORAGE
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Figure 47. HOLLY predicted fallout, surface radex area, ship positions, and
alrcraft participation, Operation HARDTACK.
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Figure 48. YELLOWWOOD predicted fallout, surface radex area, and ship
positions, Operation HARDTACK.
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Table 19. Aircraft participation in HARDTACK, YELLOWWOOD.

Zero-Time Location
Relative to Burst

Type/ Alt itude
No. Tail No. Mission Call Sign (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 35 nmi
rescue (64.9 km) east
1 8-52 Project 5.1% watchdog 30,000 9.14
1  A4-D/827 Project 5.2b Clark 3,000 0.91 20,040 feet (6.11 km) slant range
1 A4-D/831 Project 5.20 Barley 10,030 3.06 20,200 feet (6.16 km) slant range
1 FJ-4/467 Project 5.3 Cobalt 3,137 0.96 22,477 feet (6.85 km) slant range
1 FJ-4/310 Project 5.3 Kimono 13,067 3.98 20,899 feet (6.37 km) slant range
1 B-57B Sampler Opium 1 35,000 10.67 East-west racetrack 50 nmi
control (92.7 km) north
4 B-578 Sampler Hotshot 1-4 Not airborne at burst time
2 B-57D Sampler Hotshot 15,16 Not airborne at burst time
P2V/1416 Barrier Wildroot 2 8,000 2.44 East-west racetrack 50 nmi (92.7
patrol km) south
Notes:

dpeference C.1.1634.

bReference €.1.1635.

“Reference C.1.1636. :
Source: Reference C.4.1 except as noted.

Parry. Enewetak, and Japtan 1slands were not evacuated. The LCUs and YTBs
were berthed alongside the larger units by 2200 on D-1 to receive safety
instructions and the countdown. All other boats were secured by 2200 and their
crews remained ashore for muster before event time.

The detonation produced a cloud approximately 50,000 feet (15.2 km) high
with a 30,000-foot (9.l1-km) base. The sampler pllots reported an initial cloud
direction of 250° at 20 to 25 knots (37.0 to 46.3 km/hr).

The cloud, or a portion of it, formed a spiral over Enewetak Lagoon and
was photographed (Figure 49) from the airfield there. Apparently, this cloud
was of smaller particles that did not fall quickly or it moved off quickly as
its presence was not noted in the several radsafe sources. and no fallout was
observed 1n the surveys for Enewetak Island. It may be the cloud mentioned
under MAGNOLIA. In addition to the readings below, Bokombako Island had a
reading of 120 R/hr. Since Bokombako 18 adjacent to Bokoluo, which had read-
ings of 200 R/hr, this seems reasonable (Reference C.1.6.1).
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The DOD-sponsored experiments for MAGNOLIA were Projects 3.7, 5.2, and 5.3.
Instruments for Project 3.7 were on Boken, Enjebi, and Runit. Detalls of this
experiment and the aircraft effects projects are in Chapter 3. The predicted
fallout pattern 1s shown 1in Figure 50, which also shows locations of fleet
units at detonation time, the surface radex area, and aircraft participation.

All personnel except those authorized to man stations on Ananij were evac-
uated to Enewetak., Parry, and Japtan 1islands. Ships remained in Enewetak La-
goon. LCUs and YTBs berthed alongside larger units by 2200 on D-1 1n order to
recelve safety 1nstructions and the countdown. Crews remained ashore for mus-
ter before event time after securing their boats by 2200 on D-1.

The detonation produced a 44,000-foot (13.4-km) cloud that stabilized at
41,000 feet (12.5 km) with 1ts base at 15,000 feet (4.6 km). The upper and
lower sections of the cloud moved west, while the middle segment remalned over
surface zero.

The initial helicopter ground survey recorded 22 R/hr on Bokoluo at 0745,
which had been contaminated by YELLOWWOOD the day before, and 35 R/hr on
Biken, which was attributed to a small sectlion of the cloud that did not move
out of the lagoon as anticipated. See Figure 49 for a photograph of the
YELLOWWOOD cloud. The results of the radsafe surveys were (R/hr):

H+2 H+8.5 H+2 H+8.5
Bokoluo 22 16 Kidrinen 0.024
Bokombako 12 Bokenelab 0.18 0.01
Kirunu 2.4 Runit 0.9 - 2 1 - 2.8
Bokaidrikdrik 0.6 Biken 35 10
Boken 0.1 0.14 Unibor <0.1 10
Enjebi 0.120 0.08 Drekat imon <0.1 <0.1

The barrler patrol P2V flew from Jinedrol to Kidrenen at 0633 and reported
readings of zero at 500 feet (152 meters). The plane then surveyed the north-
ern chain and recorded the highest reading of 0.005 R/hr at 0647 over Bokoluo.
The lagoon area was surveyed in 10° increments; 7 R/hr was recorded at 0735
in the center of the lagoon at 500 feet (152 meters). Reentry hour was 0730.

The barrier patrol and radsafe reconnaissance P2V (No. 1416) became con-
taminated following the detonation. The aircraft apparently flew through a
cloud containing device debris while turning to avoild another area of radio-
activity. The aircraft nose was reading 8 R/hr immediately after the maneuver.
The plane landed at Enewetak rather than returning to Kwajalein. Upon landing
at about 0900, the nose area and the reciprocating engines were reading approx-
imately 5 R/hr and the bomb bay 0.6 R/hr. The crew, whose clothing and exposed
skin were contaminated and read 0.007 R/hr maximum, left the plane and were
decontaminated. By midafternoon the plane, which had been isolated, had cooled
to 0.8 R/hr on the nose and 1.2 to 1.4 R/hr on the reciprocating engines. At
this time, readings within the P2V disclosed 0.5 R/hr in the bow observation
station, 0.2 R/hr 1in the forward cockpit and radar well, and lower readings
elsewhere. Fllm badges worn by the flight crew were developed by TU 7.1.6: the
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PARTICIPATING AIRCRAFT é:{g;I::ett°§3§;€"
Type/ Alt itude
No. Tail No. Mission Call Sign | (feet) (km) Range or Course

1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 35 nmi
rescue (64.9 km) east

1 P2v Barrier Wildroot 3 5,000 1.52 East-west racetrack 50 nmi (92.7
patrol km) south

1 A4-D/827 Project 5.23 Clark 7,960 2.43 10,380 feet (3.16 km) slant range

1 A4-D/831 Project 5.22 Barley 11,270 3.43 11,320 feet (3.45 km) slant range

1 FJ-4/467 Project 5.3b Cobalt 12,037  3.67 13,174 feet (4.02 km) slant range

1 FJ-4/310 Project 5.3b Kimono 10,027 3.06 20,899 feet (6.37 km) slant range

1 B-578 Sampler Opium 35,000 10.67 East-west racetrack 25 nmi
control (46.3 km) north

4 B-578 Sampler Hotshot 1-4 Not airborne at burst time

dpeference C.1.1635.

bReference C.1.1636.

USS DE HAVEN {DD-727} (200-250 nmi (370460 km]
NW OF SURFACE ZERO}

USS MANSFIELD (DD-728) (200-250 nmi (370-460 km]

Source: Reference C.4.1 except as noted.
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highest of the ten crewmembers recorded 0.9 R. Four others were greater than
0.5 R, and the remaining five were less than 0.5 R (Reference C.3.3.29).

TOBACCO

TOBACCO was detonated at 1415 on 30 May on a barge 3,000 feet (914 meters)
northwest of Enjebil. Surface winds were 12 knots (22.2 km/hr) from the east.

The DOD-sponsored experiments for TOBACCO were Projects 3.7, 5.1, 5.2,
5.3, and 6.8. The project activity for Project 3.7 was on Boken, Enjebl, and
Runit. Project 6.8 simply monitored TOBACCO from stations off Enewetak and
Parry islands. Detalls of the experimental projects are in Chapter 3. The pre-
dicted fallout pattern, surface radex area, locations of fleet units at burst
time, and aircraft participation are shown in Figure 5l.

Personnel ashore were evacuated to or remained at Parry, Enewetak. and
Japtan islands. LCUs and YTBs berthed alongside larger units by 2200 on D-1 to
receive safety instructions. All other boats were secured by 2200 on D-1 and
their crews remalned ashore for muster before shot time.

The detonation produced an 18,000-foot (5.5-km) cloud that stabllized at
16,000 feet (4.9 km) by 1430. The portion of the cloud below 10,000 feet (3.1
km) moved on a heading of 280° at 22 knots (40.7 km/hr), and the upper por-
tion moved on a 325° heading at 10 knots (18.5 km/hr). Fallout was within
the confines of the forecast fallout area.

The P2V flew barrier patrols between Runit and Biken at 1515. The plane
recorded zero readings on this path and was sent northward from Biken, again
obtaining no significant readings. The P2V then flew on a track 280° from
Biken for 20 nmi (37 km) at 1630 but encountered no significant readings.
after which 1t was released. A helicopter survey at 1615 was interrupted by a
low cloud and rain over Runit but resumed by 1620. The maximum reading of 0.12
R/hr was recorded on Enjebl with other readings on the northern chain ranging
from zero on Billae to 0.016 R/hr on Bokonelab. Later surveys included the
islands west of Enjebl where fallout was heaviest. Readings from 4 to 100 R/hr
were obtalned between Bokoluo and Bokaldrikdrik (Reference C.1.1685).

Reentry hour was 1700. No radiation exposure potential existed in populated
areas, and task force personnel were reported safe.

ROSE

ROSE was detonated at 0645 on 3 June on a barge southwest of Runit Island
4,000 feet (1.22 km) from the nearest edge of the 1island. Surface winds were
22 knots (40.7 km/hr) from the east.

The DOD-sponsored experiments for ROSE were Projects 3.7, 5.1, 5.2, and
5.3. Detalls of these projects are in Chapter 3. The predicted fallout area 1is
shown 1n Figure 52, which also shows locations of fleet units at burst time,
the surface radex area, and aircraft participation.
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Zero-Time Location
Relative to Burst

PARTICIPATING AIRCRAFT

Type/ Alt itude
No. Tail No. Mission Call Sign  (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 35 nmi
rescue (64.9 km) east
1 rzy Barrier Wildroot 12 2,000 0.61 East-west racetrack 50 nmi (92.7
patrol km) south
1 B-52 Project 5.1% watchdog 26,000 7.92
1 A4-D/827 Project 5.2b Clark 5,100 1.55 12,190 feet {3.72 km) slant range
1  A4-D/831 Project 5.2b Barley 11,050  3.37 12,590 feet (3.84 km) slant range
1 FJ-4/467 Project 5.3% Cobalt 12,031 3.67 12,487 feet {3.81 km) slant range
1 FJ-4/310 Project 5.3° Kimono 9,082 2.78 12,324 feet (3.76 km) slant range
1 B-578 Sampler Opium 35,000 10.67 East-west racetrack 25 nmi (46.3
control km) north
4 B-578 Sampler Hotshot 1-4 Not airborne at burst time
Notes: ) - ‘.‘_.——‘—___-‘—__——~._—-ZZ;—_—‘—~W-_‘--‘~—~—___‘—.—~_

JReference C.1.1634.
bReference €.1.1635.
cRef.erence C.1.1636.
Source: Reference C.4,1 except as noted.
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PARTICIPATING AIRCRAFT

Zero-Time Location
Relative to Burst

Type/ Alt itude
No. Tail No. Mission Call Sign (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 35 nmi
rescue (64.9 km) east
1 P2V Barrier Wildroot 7 5,000 1.52 East-west racetrack 50 nmi (92.7
patrol km) south
1 B-52 Project 5.1a Watchdog 25,000 7.62
1  A4-0/827 Project 5.2b Ctark 2,960 0.90 13,240 feet {4.04 km) slant range
1  A4-0/831 Project 5.2b Barley 11,140 3.40 13,320 feet (4.06 km) slant range
1 FJ-4/467 Project 5.3 Cobalt 4,004 1.22 11,464 feet (3.49 km) slant range
1 FJ-4/310 Project 5.3 Kimono 13,059 3.98 13,306 feet (4.06 km) slant range
1 B-57B Sampler Opium 35,000 10.67 East-west racetrack 25 nmi
control (46.3 km) north
1 B-57B Sampler Hotshot 4 35,000 10.67 East-west racetrack 24 nmi (44.5
nmi) north
3 B-57B Sampler Hotshot 1-3 Not airborne at burst time
Notes: %

3eference C.1.1634.
Breference C.1.1635.
CReference C.1.1636.

Source: Reference C.4.1 except as noted.
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All personnel were evacuated before the detonation from the northern island
sites to Parry. Japtan, and Enewetak camps except those at manned stations on
Ananlj. LCUs and YTBs berthed alongside larger units by 2200 on D-1 to recelve
safety 1instructions. All other boats were secured by 2200 on D-1 and their
crews remained ashore before shot time. The other ships remained in Enewetak
Lagoon with closed ports and hatches on the sides facing Runit Island.

The detonation produced a 17,000-foot (5.2-km) cloud with a base at 5,000
feet (1.5 km). Most of the cloud moved in a westerly direction; however, the
top of the cloud hovered over surface zero for a while. Fallout was well within
the forecast area. AR helicopter survey at 0825 revealed 1.2 R/hr near surface
zero at 25 feet (7.6 meters) altitude, 0.05 R/hr on Enjebil, and 0.008 R/hr on
Runit. Results of the H+3:15 radsafe helicopter survey were (R/hr):

Bokoluo 0.9 Enjebl 0.03
Bokombako 1 Kidrinen 0.14
Kirunu 1.9 Runit 0.2
Bokinwotme 0.18 Biken 0.25
Bokaidrikdrik 0.2 Drekatimon 0.12
Boken 0.02

The P2V flew from Japtan to Kidrenen at 0720 and, finding no radiation,
proceeded to Enjebil. The plane recorded 0.5 R/hr on Runit at 0735 and then
flew across the lagoon. Significant readings were recorded only on a line west
of the point of detonation. Reentry hour was declared at 0745 except for the
western reef area, which was declared open at H+2.

WALNUT

WALNUT was detonated on 15 June at 0630, 1 hour after the ASPEN event at
Bilkini. The detonation site was a barge 5,000 feet (1.52 km) southwest of
Enjebl Island. Surface winds were 17 knots (31.6 km/hr) from the east.

The DOD-sponsored experiments for WALNUT included Projects 2.4, 2.8, 3.7,
5.1, 5.2, 5.3, and 8.1. Project instrument station locations on Enewetak Atoll
were on buoys in the lagoon and on Aej Island. Remotely launched rockets were
fired from Bokenelab, Aomon, and Blllae. The predicted fallout pattern for
WALNUT 1s shown 1in Figure 39, which also shows the locations of fleet units at
burst time, the surface radex area, and aircraft participation.

All personnel except those required to remain on Ananij Island were evacu-
ated to Enewetak, Parry, and Japtan 1islands. Ships remalned in Enewetak Lagoon,
and LCUs and YTBs berthed alongside larger units by 2200 on D-1l.

The detonation produced a 61,000-foot (18.6-km) cloud as reported by air-
craft at H+30 minutes. The cloud moved rapidly to the northwest.

The results of the radsafe helicopter survey at H+8 are summarized below
(R/hr):
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Bokoluo 2 Kidrinen 0.036
Bokombako 2.2 Bokenelab 0.018
Kirunu 2 Ae] 0.011
Louj 2.8 Aomon 0.01
Bokinwotme 8 Runit <0.1
Bokaidrikdrik 1.1 Biken 0.06
Boken 1.1 Unibor 0.05
Enjebl 0.4

At 2105, another helicopter survey encountered only background radiation with
the exception of 0.3- to 0.500-R/hr readings in the water near Bokoluo Island.

The fallout was estimated to be within the forecast area. Reentry hour was
2030. The surface and air radex areas, from the surface to unlimited altitude,
modified to enclose an area bearing 290°, clockwise through 320° west of
the lagoon with 1its apex at surface zero, out to a radial distance of 300 nmi
(556 km).

The WB-50 sampling long-range fallout for Project 2.8 encountered fallout
at H+4 on a 320° bearing, 42 nmi (78 km) from surface zero. At H+18 another
sample was taken on a 283° bearing, 140 nmi (259 km) from surface zero, and
at H+13 at a bearing of 2782, 150 nmi (278 km) from surface zero.

LINDEN

LINDEN was detonated on 18 June at 1500 on a barge 4,000 feet (1.22 km)
west of the center of Runit Island. Surface winds were 13 knots (24.1 km/hr)
from the east.

No DOD-sponsored experiments were conducted during LINDEN. The predicted
LINDEN fallout pattern 1is shown in Figure 53 as well as the locations of fleet
units at burst time, the surface radex area, and aircraft participation. RAll
personnel ashore remained at Enewetak, Parry and Japtan 1slands. LCUs and YTBs
berthed alongside larger units by 2200 on D-1.

The detonation produced a 20,000-foot cloud (6.1-km) with a 7,000-foot
(2.1-km) base, then stablilized at 19,000 feet (5.8 km). The main body of the
cloud proceeded northwest, passing over Unibor and the northwest islands from
Bokoluo to EnjJebl. The cloud moved slowly (7 knots [13 km/hr]). delaying re-
entry until 1730.

A P2V followed the southern edge of the cloud as it moved to the northwest.
The helicopter survey was curtalled because of nightfall. A detaiied helicopter
survey was made the following morning at 0815 and obtained a maximum reading
of 10 R/hr at Unibor. Other resuits of the surveys were (R/hr):

Bokoluo 0.3 Boken 0.044
Bokombako 0.18 Runit 0.005 - 0.06
Kirunu 0.26 Biken 0.05
Louj 0.4 Unibor 10
Bokaidrikdrik 0.28
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PARTICIPATING AIRCRAFT

Zero-Time Location
Relative to Burst

Alt itude
No. Type Mission Call Sign |(feet) (km) Range or Course

1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 35 nmi
rescue (64.9 km) east

1 p2v Barrier Wildroot 3 1,500 0.46 East-west racetrack 50 nmi (92.7
patrol km) south

1 B-578 Sampler Opium 1 25,000 7.62 East-west racetrack 25 nmi
contro! (46.3 km) north

% 4 B-578B Sampler Hotshot 1-4 Not airborne at burst time
/ e ——— e e ————— e e
- Source: Reference C.4.1.
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ELDER

ELDER, detonated on 28 June at 0630, was the second of a tandem shot with
REDWOOD (detonated an hour earlier on Bikini). Radiation levels at the shot
site delayed its scheduled detonation one day. The ELDER barge was 1 nmi (1.85
km) southeast of Enjebl Island. Surface winds were 17 knots (31.5 km/hr) from
the east.

The only DOD-sponsored experiment for ELDER, Project 5.1, had no ground-
based instrument stations in the detonation area. The predicted fallout pattern
is shown in Figure 40. Locations of fleet units at burst time, the surface
radex area, and aircraft participation are also shown in the figure.

All personnel at the atoll, except for those required at Ananij, were
evacuated to Enewetak. Parry. and Japtan islands. LCUs and YTBsS berthed along-
side larger units by 2200 on D-1. All other boats were secured by 2200 on D-1
and the crews remained ashore for muster before shot time.

The cloud rose rapidly and passed beyond the upper limits of the weather
radar (50.000 feet [15.2 km]) by H+2.5 minutes. Cloud height observations from
the ailrcraft were not avallable until H+50 minutes when a cloud sampler re-
ported the top of the cloud at 58,000 feet (17.7 km), indicating that the ini-
tial cloud height had been well over 65,000 feet (19.8 km). The main body of
the cloud moved north, with the stem proceeding west to northwest. Movement of
the cloud was very slow; the upper portion of the cloud could be observed
directly over the atoll for several hours.

The P2V that flew barrier patrols at H+30 minutes cleared the lagoon south
of a line from Runit to Bilken at H+l. The rest of the lagoon was cleared by
H+2:30 except for the islands from Bokoluo to Billae, and reentry hour was at
0930.

The H+7 radsafe survey results were (R/hr):

Bokoluo 1 Boken 0.14
Bokombako 0.4 Enjebi 0.18
Kirunu 0.26 Runit <0.1

Lou]j 0.2 Biken 0.04
Bokaidrikdrik 0.14 Unibor 0.09

0AK

OAK, one of the largest detonations at Enewetak Atoll, was fired at 0730
on 29 June from a barge moored on the reef 21.000 feet (6.40 km) southwest of
Bokoluo Island. It was followed at noon by the HICKORY shot at Bikini. OAK, a
LASL device. had a yleld of 8.9 MT. Surface winds were 14 knots (25.9 km/hr)
east-southeast.

Two DOD-sponsored experiments were included for OAK: Projects 2.8 and S.1.
Only the aircraft took samples for Project 2.8 since the use of rockets had
been discontinued. Detalls of the experimental projects are in Chapter 3. The
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is given in Table 20.

predicted fallout pattern 1s shown in Figure 54, which also shows the locations

of fleet units at burst time and the surface radex area. Alrcraft participation
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Table 20.

Aircraft particH

pation in HARDTACK, O0AK.

No.

Type

Mission

Alti
Call Sign (feet)

Zero-Time Location
Relative to Burst
tude
(km) Range or Course

1

1

1

1

SA-16

SA-16

L-20

L-19

pav

B-52

B-578

B-57B

B-57D

WB-50

B-57D

B-57

Search and
rescue

Cover for
Mosquitos and
Pacemakers

Evacuated
from
Enewetak

Barrier
patrol

Project 5.12

Sampler
control

Sampler
Sampler

Project 2.8
low-altitude
sampler

Sampler

Sampler

Stable Echo 7,000

Stable 5,000
Echo 2

Mosquito 1-5 5,000
Pacemaker 5,000

1-3
Wildroot 8 9,000

Wat chdog 25,000
Opium 35,000

Hotshot 3-5

Hot shot
11, 12,
17, 18

Massive

Hot shot 19

Hotshot spare

2.13 North-south racetrack 45 nmi
(83.4 km) east

1.52 Orbit over USS Boxer (CVS-21)
55 nmi {101.9 km)

1.52 Orbit over USS Boxer 55 nmi
(101.9 km)

1.52 Orbit over USS Boxer 55 nmi
(101.9 km)

2.74 East-west racetrack 50 nmi
(92.7 km) south

7.62 161,000 feet {49.1 km) ground
range

10.67 East-west racetrack 35 nmi
(64.9 km) north

Not airborne at burst time
Not airborne at burst time

Not airborne at burst time

Not airborne at burst time

Not airborne at burst time

qReference C.1.1634.

Source:

Reference C.4.1 except as noted.
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No personnel were evacuated from Enewetak, Parry and Japtan 1slands,
although buildings were braced (Figure 55) and sandbags were placed around
some bulldings to prevent wave runup damage (Figure 56). The light planes
(five L-20s and three L-19s) were flown to a position 35 nmi (64.8 km) south-
southeast of Enewetak Island, where they orbited over Boxer to avoild the blast
effects from the large detonatlon. After the shock wave passed, the alrcraft
returned to Enewetak Island. After H-hour, Boxer left 1ts position and pro-
ceeded to anchor in Enewetak lagoon.

The detonation cloud reached the stratosphere (at about 55,000 feet [16.8
km]) in less than 2 minutes. Early cloud helght observations were not made
because no aircraft were appropriately positioned. At H+3 a B-57 sampler alir-
craft reported the stabilized cloud at 67,000 feet (20.4 km). The 1initial
height was estimated to be 78,000 feet (23.8 km). The lower portion of the
cloud initially moved west at a speed of over 15 knots (27.8 km/hr). The por-
tion of the cloud at 55,000 feet (16.8 km) remained in the vicinity of surface
zero for several hours and then slowly moved southwest. The lagoon was swept
with more caution than usual because of the unusually large yield of the de-
vice. Reentry hour was scheduled for 1130 after a thorough P2V sweep at 1,000
feet (305 meters). The atoll was free of contamination except for the 1islands
from Bokoluo through Louj, which had an average intensity of 0.035 R/hr. The
results of the D+]1 radsafe surveys were (R/hr):

Bokoluo 0.24 Bokaidrikdrik 0.04
Bokombako 0.28 Boken 0.02
Kirunu 0.25 Enjebi 0.02
Louj 0.15 Runit <0.1

The portion of the cloud that had moved southwest was reported 60 nmi
(111.1 km) southwest at nightfall with an intensity of 0.350 R/hr as measured
by the WB-50 sampler aircraft at low altitude. This part of the cloud was again
detected early the next morning 200 nmi (371 km) southwest of Enewetak Island
with an intensity of 0.040 R/hr.

The FOPU predicted fallout between the 280° and 320° radials. The ac-
tual pattern was more westerly with some contamination as far south as Ujelang.
The FOPU also had predicted close-in values of 100 R for a 6-nmi (ll-km) radlus
and 10 R for a 12-nmi (22-km) radius upwind of surface zero, but the 1nitlal
P2V survey indicated that this did not occur.

The air and surface radex areas were revised for H+4 through H+12, surface
to unlimited altitude with its apex on surface zero, to enclose an area bear-
ing 260° clockwise through 340°, radial distances 50 through 300 nmi (93
through 556 km).

SEQUOIA

SEQUOIA was detonated on 2 July at 0630 on a barge 2,000 feet (610 meters)
west-northwest of Runit Island. Surface winds were 17 knots (31.5 km) from the
east.
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SEQUOIA had no DOD-sponsored experiments. The predicted fallout pattern is
shown in Figure 57. The same figure also shows the location of fleet units at
burst time, the surface radex area, and aircraft participation.

Zero-Time Location

PARTICIPATING AIRCRAFT Relative to Burst
Altitude
No. Type Mission Call Sign  (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 HNorth-south racetrack 35 nmi
rescue (64.9 km) east
1 P2y Barrier Wildroot 4 8,000 2.44 East-west racetrack 50 nmi (92.7
patrol km) east
1 B-578B Sampler Opium 1 15,000 4.57 East-west racetrack 10 mmi (18.5
contral km) north
4 B-578B Sampler Hotshot 1-4 Not airborne at burst time

Source: Reference C.4.1.
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All personnel except those authorized to man stations at Ananl) were evac-
uated to Enewetak, Parry, and Japtan 1slands. LCUs berthed alongside larger
units by H-1 in order to recelve safety instructions. All ships remained in
the lagoon. The population at Enewetak Island at this time was 2,900 and at
Parry. 2,700.

The cloud stabilized at 15,000 feet (4.6 km). The cloud moved within the
trade-wind level at 275° at 17 knots (31.5 km/hr).

At 0630 the barrler patrol P2V recorded 0.030 to 0.040 R/hr over the debris
in the water west of Runit Island. At 0725 the plane recorded 12 R/hr over the
Runit airstrip. The H+8:30 radsafe survey found 2 R/hr 200 feet (61 meters)
above surface zero, 0.1 R/hr at Bokoluo, between 0.175 and 0.3 R/hr on Runit,
and 0.03 R/hr on Biken. Unibor read 3.4 R/hr for the photo tower lower plat-
form and 4.6 R/hr for the upper platform.

The fallout pattern extended from the 260° and 290° radials from sur-
face zero for 80 nmi (148.2 km), essentially as forecast. Reentry hour was
declared at 0830. The air and surface radex areas for H+1:30 through H+6, sur-
face through 18,000 feet (5.5 km), were modified to enclose an area with its
apex on surface zero, bearing 240° through 290°, radial distance 20 through
100 nmi (37 through 185.2 km).

DOGWOOD

DOGWOOD was detonated on 6 July at 0630 on a barge southwest of Enjebi,
4,000 feet (1.22 km) from the edge of the island. Surface winds were 17 knots
(31.5 km/hr) from the east. DOGWOOD was a UCRL device, the first from that
laboratory to be detonated at Enewetak. Weather delays at Bikini had caused
JTF 7 to change the location of the last five UCRL device tests from Bikinl to
Enewetak.

The only DOD-sponsored experiment for DOGWOOD was Project 5.1. The pre-
dicted fallout pattern, locations of fleet units at burst time, the surface
radex area, and aircraft participation are shown in Figure 58.

All personnel ashore except those authorized to man stations at Anani}
Island were evacuated to Enewetak, Parry, and Japtan 1islands before the deto-
nation. Overpressure and thermal energy effects at sites on Enewetak, Parry,
and Japtan 1islands were expected to be negligible. No adverse effects on sub-
sequent operations were anticipated. All ships remained in the lagoon, with
USS Navarro (APA-215) and Monticello standing by in case of an emergency evac-
uation from Enewetak, Parry. and Japtan islands.

The cloud rose to 58,000 feet (17.7 km), stabilizing at 54,000 feet (16.5
km) with a 35,000-foot (10.7-km) base. Radar reports 1indicated that the mailn
body of the cloud moved at 17 knots (31.5 km/hr) on a 330° radial. Aircraft
reports indicated that the cloud moved as a whole to the northwest during the
first hour.

At 0645 the P2V began surveying the lagoon, completing its mission by 0745.
No radiocactivity was found except on Enjebl and the islands downwind of surface
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PARTICIPATING AIRCRAFT Zero-Time Location
Relative to Burst

Type/ Alt itude
No. Tail No. Mission Call Sign (feet) ({km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 35 nmi
rescue (64.9 km) east
1 P2y Barrier Wildroot 4 8,000 2.44 East-west racetrack 50 nmi
patrol (92.7 km) south
1 B-52 Project 5.13 Watchdog 25,000 7.62 26,000 feet (7.92 km) ground
. range s B SHIPS IN BIKINI
1 B-578 igﬁglgq Opium 35,000 10.67 §;§t;:$:; racetrack 35 nmi (64. _‘% LAGOON ANCHORAGE
1 B-578 Sampler Hotshot 11 35,000 10.67 North-south racetrack 40 nmi 22; USS ARIKARA (ATF-98)
(74.1 km) east “\o 353 BENNER (DDR-807)
AL SS DE HAVEN (DD-727
3  B-57D Sampler Hotshot 2-4 Not airborne at burst time B, ( )
3  B8-57D Project 5.1 Hotshot Not airborne at burst time -
15-17
1 pav Barrier Wildroot Not airborne at burst time
patrol

Note:
3Reference C.1.1634.
Source: Reference C.4.1 except as noted.

SHIPS IN ENEWETAK LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS CACAPON (AO-?Z)

USS.CREE (ATF-84

USS MANSFIELD (DD-728) S~—~10r
USS MONTICELLO (LSD-35)
USS NAVARRO (APA-215)

=
ENEWETAK

USS TAKELMA (ATF.113) @
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Figure 58. DOGWOOD predicted fallout, surface radex area, ship positions,
and atrcraft participatiaon, Operation HARDTACK.

zero. Bokoluo had a reading of 1 R/hr, and Enjebi 0.035 R/hr. The aircraft then
proceeded on a track 260° from Bokoluo and recorded 0.300 R/hr 35 nmi (65 km)
out. Proceeding due north of Lujor, an unexpected intensity of 0.7 R/hr was
found at a point 25 nmi (46 km) north. At this time the P2V reported that the
alrcraft's background would not fall below 0.13 R/hr., apparently due to radio-
active contamination on the plane itself. Despite attempts to wash off the
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contaminants by flying through rainsqualls, the readings remained high. The
P2V was instructed to land and was replaced by a standby.

The second aircraft flew north to determine whether radiocactive debris was
moving eastward. A 0.180-R/hr reading was taken on a 350° radial 40 nmi (74
km) from Lujor, indicating that fallout was present. At H+4, 0.3 R/hr was found
on Unibor. At 1400, the P2V proceeded north of Lujor but obtained no signifi-
cant readings. No easterly movement developed and the P2V was released. The
actual fallout pattern was between the 260° and 350° radilals, similar to
that forecast. An H+8 survey revealed the following radiation (R/hr) on the
islands of the atoll:

Bokoluo 1.4 Boken 0.28
Bokombako 2.3 Enjebl 0.2
Kirunu 0.65 M1ijikadrek 0.006
Louj 0.7 Biken 0.02

Bokaidrikdrik 0.34

Reentry hour was 0930. The radex areas were revised to enclose an area
bearing 250° clockwise through 350° from surface zero, radial distance 45
to 200 nmi (83 to 370 km)., surface to unlimited altitude. No known radiation
exposure potential existed in populated areas or for task force personnel.

SCAEVOLA

SCAEVOLA was detonated on 14 July at 1600 on a barge west of Runit Island.
Surface winds were 14 knots (26 km/hr) from the east. SCAEVOLA was a LASL ex-
periment to test the device for 1ts safety during handling and delivery. Its
vield was low and the explosion did not destroy the shot barge but only damaged
it.

No DOD-sponsored experiments were scheduled for SCAEVOLA. The predicted
fallout pattern is shown in Figure 59, which also shows the locations of fleet
units at burst time, the surface radex area, and aircraft participation.

All personnel except those required on Ananlj were evacuated to Enewetak,
Parry. and Japtan 1islands. Effects from the overpressure and thermal energy at
sites on Enewetak, Parry, and Japtan were expected to be negligible.

The detonation produced a 1,500-foot (458-meter) cloud. The normal P2V was
not deployed for SCAEVOLA. A helicopter survey. however., departed from Ananij
Island at 1610 and reported 0.020 to 0.030 R/hr over the shot area.

Reentry hour was 1700. No known radiation exposure potential existed 1in
populated areas or for task force personnel, and there were no adverse effects
on subsequent operations. No appreclable fallout was estimated to exist out-
silde of the area immediately adjacent to surface zero.

The shot barge was heavily contaminated with plutonium by SCAEVOLA. It was
left at its mooring until 24 July. A line was put aboard by a YTL, which was
then passed to USS Arikara (ATF-98) and then was towed to a location about
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PARTICIPATING AIRCRAFT é:;‘a’;m‘et?gﬁ;g"

Altitude

No. Type Mission Call Sign (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 25 nmi
rescue (46.3 km) east
1 B-57B Sampler Opium 10,000 3.05 East-west racetrack 15 nmi (27.8
control km) N
1 B-57B Sampler Hotshot 1 10,000 3.05 East-west racetrack 15 nmi (27.8
km) north

Source: Reference C.4.1.

SHIPS IN ENEWETAK LAGOON ANCHORAGE ///////
USS CACAPON (A0-52)
USS COLLETT (DD-730)

USS MANSFIELD (DD-728)
USS NAVARRO (APA-215)

pie

SHIPS IN BIKINI LAGOON ANCHORAGE 7 1R R

]
USNS FRED C. AINSWORTH (T-AP-181) ( '3
USS BENNER (DDR-807) -_— /‘
USS MONTICELLO (LSD-35) / \ ¢
USS TAKELMA (ATF-113) z
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Figure 59. SCAEVOLA predicted fallout, surface radex area, ship positions,
and afircraft participation, Operation HARDTACK.

9 nmi (16.7 km) south of the atoll. It was then set adrift in an area whose
depth was about 1,000 fathoms (1.8 km). CTU 7.3.3 had dispatched USS Mansfield
(DD-728) from Enewetak to sink the barge. This was done by gunfire at 162°
14.3'E, 11°12.6'N, about 9 nmi (17 km) south of the atoll. At 1747, Mansfield

secured from general quarters and proceeded back to its anchorage at Enewetak
(Reference C.3.4.27).
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PISONIA

PISONIA was detonated on 18 July 1958 at 1100 on a barge 10,000 feet (3.05
km) west of Runit Island. Surface winds were 4 knots (7 km/hr) from north-
northeast. PISONIA was the last LASL device tested during HARDTACK.

No DOD-sponsored experiments were scheduled for PISONIA. The predicted
fallout pattern 1s shown in Figure 60, which also shows the locations of fleet
units at burst time, the surface radex area, and alrcraft participation.

All personnel except those authorized to man stations at Ananij were evac-—
uated to Enewetak, Parry and Japtan 1slands before the shot. The blast over-
pressure at sites on Parry and Ananij was expected to be significant, with the
possibility of damaging helicopters and light planes.

The cloud rose immediately to 55,000 feet (16.8 km). The P2V flew from
Kidrenen to Ananij and then moved gradually across the upper portion of the
lagoon on radials from Jinedrol. Heavy rainshowers caused 1solated readings of
5 to 7 R/hr throughout the area adjacent to surface zero. The P2V was placed
on barrier patrol on radials of 240° and 250° for 75 nmi (139 km) from
Enewetak. A final clearing run was made to Ujelang and the plane was released
by 1845.

Two M-boats were dispatched for data recovery at 1415. One turned back at
Runit Island because of radloactive water and the other measured 1 R/hr at the
Unibor photo tower. Both boats returned by 1800.

The weather prevented helicopter surveys until the following morning be-
tween 0700 and 0900. Readings of 0.001 R/hr were recorded on Runit and Billae
islands. Other readings from the surveys were (R/hr):

Bokoluo 0.1 Bokaldrikdrik 0.04
Bokombako 0.16 Boken 0.006
Kirunu 0.1 Biken 0.02

Louj 0.05 Unibor 1 (at H+5)
Bokinwotme 0.25

Fallout was estimated to have extended along a bearing of 270° for ap-
proximately 250 nmi (463 km), covering a larger than predicted area. Slight
fallout occurred on Parry Island during a rainshower following the detonation.
Intensity began to rise at 1420 with maximum readings of 0.034 R/hr at 1449.
Another rainsquall occurred at 1452, when the radiation intensity drcpped
sharply and continued to decrease to 0.0003 R/hr at 1630. Rain puddles measured
0.004 R/hr, and tent areas were 0.003 R/hr on the outside and 0.002 R/hr on
the inside of the tents during this episode. The fallout was not from the main
body of the cloud but apparently brought down by the rain from a wisp of the
main cloud.

Reentry hour was 1500. Weather and radsafe conditions delayed the recovery
of some sclentific and diagnostic data. The surface and air radex areas were
revised to enclose an area bearing 234° clockwise through 300° from surface
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lero-Time Location
PARTICIPATING AIRCRAFT 1- Relative to Burst

Alt itude
No. Type Mission Call Sign | (feet) (km) Range or Course

1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 25 nmi
rescue (46.3 km) east

1 p2v Barrier Wildroot 10 5,000 1.52 East-west racetrack 50 nmi (92.7
patrol km) south

1 B-578 Sampler Opium 30,000 9.14 East-west racetrack 30 nmi (55.6
control km) north

1 B-57D Sampler Hotshot 11 25,000 7.62 North-south racetrack 35 nmi

(64.9 km) east
2 B-578B Sampler Hotshot 2, 3 Not airborne at burst time
2 B-57D Sampler Hotshot 14 Not airborne at burst time
and spare

Source: Reference C.4.1.

SHIPS TN ENEWETAK LAGOON ANCHORAGE

USS CACAPON (A0-52)
USS COLLETT (DD-730)
USS CREE (ATF-84)

USS MANSFIELD (DD-728)
USS MONTICELLO {LSD-35)
USS NAVARRO (APA-215)
USNS T-LST-664

2
= (32,
y 327,

10R y
7] ENEWETAK
LEGEND .
. : USS ARIKARA (ATF-85)
LIMITS OF RADEX AREA
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L | 1 i It A1 J
NAUTICAL MILES SHIPS IN BIKINI LAGOON ANCHORAGE
0 20 40 UP 80 '?0 USNS FRED C. AINSWORTH (T-AP-181)

USS BENNER (DDR-807)

|
KILOMETFRS USS TAKELMA (ATF-113)
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USS NEMASKET (AOG 10)

Figure 60. PISONIA predicted fallout, surface radex area, ship positions,
and aircraft participation, Operation HARDTACK.
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Zero, at radial distances 20 nmi (37 km) to 250 nmi (463 km), surface to un-
limited altitude.

OLIVE

OLIVE was detonated on 23 July at 0830 on a barge southwest of Enjebl
Island, 4,000 feet (1.22 km) from the nearest land. Surface winds were 13 knots
(24.1 km/hr) from the southeast. OLIVE was another UCRL device transferred to
Enewetak from Bikini for detonation.

No DOD-sponsored experiments were scheduled for OLIVE. The predicted fall-
out pattern 1s shown 1in Figure 61, which also shows the locations of fleet
units at burst time, the surface radex area, and aircraft participation. All
personnel except those required on Ananij Island were evacuated to Enewetak,
Parry, and Japtan islands before the shot.

The cloud rose to 50,000 feet (15.2 km) with an estimated 15,000-foot
(4.6-km) base. The P2V aircraft reported its location over Jinedrol Island at
0900. then flew to Kidrenen, Runit, Biken, Billae, and back to Biken. recording
only background radiation. The northern part of the atoll was slowly cleared,
and a 0.0035-R/hr reading was recorded abeam surface zero at 0955. The P2V
then flew out of the lagoon on westerly and northeasterly radials.

An H+3 helicopter survey reported 0.02 to 0.6 R/hr over Enjebi Island at
25 feet (7.6 meters), 0.002 R/hr at Bokenelab, 0.001 R/hr at Billae, and 0.0004
R/hr at Parry. Fallout was forecast along a bearing of 300°, but the wind
pattern shifted more to the south at lower altitudes. Later surveys included
the islands of Enjebl where fallout was heaviest. Readings from 0.075 to 6 R/hr
were recorded (Reference C.1.168S5).

Reentry hour was 1000. Alr and surface radex areas were revised to enclose
an area bearing 270° clockwise through 300° with its apex at surface zero,
at radial distances of 20 through 250 nmi (37 through 463 km), surface to un-
limited altitude.

PINE

PINE was detonated on 27 July at 0830 on a barge southwest of Enjebi
Island, 8.500 feet (2.59 km) from the nearest land. Surface winds were 16 knots
(29.7 km/hr) from the southwest.

No DOD-sponsored experiments were scheduled for PINE. The predicted fallout
pattern 1s shown 1in Figure 62. The same figure also shows the locations of
fleet units at burst time, the surface radex area, and aircraft particiption.
Five L-20 and three L-19 light planes were evacuated from Enewetak Island
before the shot to avoid possible damage. These aircraft flew to a position
about 15 nmi (27.8 km) southeast of Enewetak Island and remained there until
passage of the shock wave.

Personnel ashore remained at Parry. Enewetak, and Japtan 1slands unless

they were authorized to be on other islands. LCUs berthed alongside larger
units by H-1 in order to receive safety instructions. Because overpressure,
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PARTICIPATING AIRCRAFT Zero-Time Locat lon
Alt itude
No. Type Mission Call Sign | (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 25 nmi
rescue (46.3 km) east
1 P2V Barrier Wildroot 7 5,000 1.52 East-west racetrack 50 nmi (92.7
patrol km) south
1 B-578B Sampler Opium 30,000 9.14 East-west racetrack 30 nmi (55.6
control ‘ km) north
1 B-578 Sampler Hotshot 25,000 7.62 North-south racetrack 35 nmi
photo (64.9 km) east
1 B-57D Sampler Hotshot 11 25,000 7.62 North-south racetrack 35 nmi
(64.9 km) east
4 B-578 Sampler Hotshot 2-5 Not airborne at burst time
B-57D Sampler Hotshot 16 Not airborne at burst time

Source: Reference C.4.1.

SHIPS IN ENEWETAK LAGOON ANCHORAGE

USNS FRED C. AINSWORTH (T-AP-181)
USS COLLETT (DD-730)

USS CREE (ATF-84)

USS MANSFIELD (DD-728)

USS MONTICELLO (LSD-35)

USS NAVARRO (APA-215)

SHIPS IN BIKINI LAGOON ANCHORAGE

USS BENNER (DDR-807)
USNS T-LST-664

200 nmi (371 km)
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Figure 61. OLIVE predicted fallout, surface radex area, ship positions,
and aircraft participation, Operation HARDTACK.
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SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS MONTICELLO (LSD-35)
USS NAVARRO (APA-215)

SHIPS IN BIKINI LAGOON ANCHORAGE

USS MANSFIELD (DD-728)
USS TAKELMA (ATF-113)

PARTICIPATING AIRCRAFT

lero-Time Location
Relative to Burst

Altitude
No. Type Mission Call Sign (feet) (km) Range or Course

1 SA-16 Search and Stable Echo Orbit Mosquitos and Pacemakers
rescue

1 p2v Barrier Wildroot 7 8,000 2.44 RNorth-south racetrack 50 nmi
patrol (92.7 km) east

5 L-20 Evacuated Mosquito 1-5 3,000 0.9 Orbit 35 nmi {64.9 km) southeast
from Enewetak

3 L-19 Evacuated Pacemaker 3,000 0,9 Orbit 35 nmi (64.9 km) southeast
from Enewetak 1-3

1 B8-578 Sampler Opium 35,000 10.67 East-west racetrack 35 nmi (64.9
control km) north

1 B-57D Sampler Hotshot 11 Climbing >25 nmi (46.3 km)

southeast
4 B-57B Sampler Hotshot 2-4 Kot airborne at burst time
and spare
2 B-570 Sampler Hotshot Not airborne at burst time
1 pav Barrier Wildroot 5 Not airborne at burst time
patrol
Source: Reference C.4.1.

Figure 62.
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thermal energy, and water-wave heights were expected to be significant at sites
on Parry, Japtan, and Ananij, special safety precautions were taken for all
personnel and boats. Before H-1l, all small boats were placed alongside larger
units or secured to lines of buoys in deep water at least 200 yards (183 me-—
ters) from the shoreline. At H+5S minutes, small craft alongside larger units
pulled clear until the water waves passed. All personnel were instructed to
avold the beach area at the waterline immediately after the detonation.

The cloud rose quickly to 66,000 feet (20.1 km) with an estimated 38,000-
foot (ll.6-km) base as measured by radar. A P2V began the radsafe survey on
the southern end of the atoll by 0930, but aborted 20 minutes later over Biken
Island after recording only background intensity. AR second P2V survey at H+3
recorded a maximum of 0.037 R/hr on Enjebi. The second plane, plus a third,
proceeded on a northwest and a northeast radial until 1607 to define the major
fallout areas.

An H+3 helicopter survey recorded 0.003 R/hr on Runit at 50 feet (15.2
meters). Another survey at H+8 reported the following radiation intensities on
the islands of the atoll (R/hr):

Bokoluo 0.1 Boken 0.83
Bokombako 0.1 Enjebi 0.3 - 0.1
Kirunu 0.1 Kidrinen 0.043
Louj 0.06 Biken 0.018
Bokaidrikdrik 1 Unibor 0.03

Fallout occurred within the forecast area, between the 320° and 10° radials

Reentry hour was 1145. Surface and air radex areas were revised to enclose
an area bearing 290° clockwise through 40° with its apex at surface zero,
at a radial distance of 10 through 200 nmi (18.5 to 370.6 km), from surface to
unlimited altitudes.

The aircraft participation included an SA-16 (Stable Echo) for SAR mis-
slons. A P2V (wWildroot 7) aborted, and a second P2V (Wildroot 5) replacling it
also aborted. The first P2v (Wildroot 7) was repaired and resumed its original
radsafe barrier patrol. A B-57 (Opium) directed the efforts of seven B-57 cloud
samplers (Hotshots).

QUINCE and FIG

This palr of shots completed the HARDTACK testing activitles at Enewetak.
They were ground surface shots, using the same surface zero on Runit. Both
were UCRL devices added to the basic HARDTACK schedule. The DOD shared sponsor-
ship with the AEC, although both shots were related to weapon development work.
The DOD-sponsored experiments were Projects 1.4, 1.7, 2.4, 2.9, 2.10, 2.11,
2.14, and 8.7. Instrumentation for these experiments was primarlly on Runit
itself or on barges in the lagoon west of Runit. One non-DOD station about
4,800 feet (1.5 km) from the burst point on the southeastern tip of the island
was manned for these shots. Seven manned LCMs were in the lagoon less than 2
nmi (3.71 km) south of surface zero. Except for these and personnel on Ananij,
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all personnel were evacuated to base islands. Ship positions, surface radex
areas, and aircraft participation for QUINCE are shown in Figure 63.

QUINCE was detonated at 1415 on 6 August. The cloud rose to 1,500 feet
(457 meters) and contaminated an area of central Runit with alpha-emitting
material. Because the same shot point was to be used for FIG, 1t was necessary
to decontaminate the area before preshot preparations could be undertaken for
FIG. An area of central Runit extending about 1,200 feet (366 meters) on both
sides of the detonation point was designated as a full alpha radex area. A
checkpoint was set up at the personnel pler, with decontamination facllitles

Zero-Time Location
PARTICIPATING AIRCRAFT Relative to Burst
Altitude
No. Type Mission Call Sign  (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 25 nmi
rescue (46.3 km) east
1 B-578 Sampler Opium 10,000 3.05 East-west racetrack 10 nmi (18.5
control km) north
2 B-57B Sampler Hot shot 15,000 4.57 North-south racetrack 20 nmi
1,2 (37.1 km) east

Source: Reference C.4.1.

SHIPS IN ENEWETAK LAGOON ANCHORAGE

USS ARIKARA (ATF-98)
USS COLLETT (DD-730)
USS MONTICELLO (LSD-35)
USS TAKELMA (ATF-113)

NOTE: USNS-T-LST-664 WAS AT BIKINI LAGOON

ENEWETAK

® USS TAKELMA (ATF-113)
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Figure 63. QUINCE predicted fallout, surface radex area, ship positions,
and aircraft participation, Operation HARDTACK.
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provided nearby. In addition, a barge with showering and laundering equipment
was moved from Bikinil and anchored offshore for personnel and protective
clothing decontamination.

An access area was scraped with a road grader from the checkpoint to sur-
face zero. Then a parking area of 75 by 25 feet (22.9 by 7.6 meters) was bladed
on the upwind, or ocean, side of surface zero. Approximately 3 to 5 inches
(7.6 to 12.7 cm) of contaminated topsoll was removed, picked up by a skip-
loader, and transported to an area on the west, or lagoon, side of the island.
Finally, an area approximately 60 feet (18.3 meters) square at surface zero
was scraped to a depth of 3 inches (7.6 cm), and the soll transported to the
contaminated-material disposal site. The area still indicated alpha activity
in excess of 20,000 CPM, as measured by PAC-3G instruments, and was roped off
to prevent personnel from entering. All contaminated equipment and debris
within the surface zero area also was discarded at the disposal site.

During the course of the work, 69 nose swipes were taken of personnel work-
ing in the area. None of the swipes showed detectable alpha activity. Urine
samples were collected from seven heavy equipment operators. All urlnalysis
results were negative.

A tent was erected at surface zero to protect the instrumentation being
prepared for the FIG shot. While project personnel were preparing the device
for detonation, air samples were taken both inside and outside the tent.

Alpha contamination in the air inside the tent ranged from a few disinte-
grations per minute per cubic meter (DPM/m3) up to 7,000 pPM/m3, and out-
side the air contamination was as high as 33,000 DPM/m3. Although the air
contamination inside the tent was much lower than outside, wearing of respir-
ators was required at all times. To keep the air contamination inside the tent
to a minimum, the floor and sides of the tent were vacuumed several times
daily. All personnel working in the surface zero area were monitored each time
they returned through the checkpoint. Their 1living quarters were also moni-
tored, and alpha swipes were taken at the mess hall on Parry. All swipes proved
to be negative.

During this period and until recovery operations were completed after FIG,
all vehicles and equipment entering the area north of the rope barrier at the
checkpoint were required to remain there for monitoring and decontamination.
Two Jeeps and two weapon carriers transported personnel and equipment from the
checkpoint to the surface zero area (Reference C.5.3).

Among the preparations for FIG was the importation of over 130 tons (118
tonnes) of soill from the Nevada Test Site and 1ts emplacement in a conical
plug beneath the intended burst point.

The forecast surface and air radex areas for FIG were 1issued as follows:

® H-hour through H+6 —-- surface through unlimited altitude,
apex on surface zero, area bearing 240° clockwise through
300°, radial distance 50 nmi (92.7 km)

® H-hour through H+1 -- circular area with a l-nmi (1.85-km)
radius around surface zero, surface and up.
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Ship positions, the surface radex area, and participating aircraft for FIG
are shown in Figure 64.

FIG was detonated on 18 August at 1600, producing a cloud that rose 5,000
to 6,000 feet (1.5 to 1.8 km) with a 4,300-foot (l.3-km) base. The radiation
intensities at the crater were dgreater than 10,000 R/hr at H+30 minutes. Re-
entry hour was 1800. The surface and air radex areas were cancelled at 1900.

The H+20 radsafe survey reported the following radiation intensities (R/hr)
on 1slands of the atoll:

PARTICIPATING AIRCRAFT

No. Type Mission Call Sign

1 SA-16 Search and rescue Stable Echo
B-578 Sampler Opium

3 B-57B Sampler and spare Hotshot 1,2

Source: Reference C.4.1.

ENEWETAK

® USS TAKELMA (ATF-113)

’;lJMWSOFRADEXAREA

— ©
o

20 30 40 50 60
| I | L H |
NAUTICAL MILES

20 40 60 80 100
| | L J
KILOMETERS

rO

Figure 64. FIG predicted fallout, surface radex area, ship positions,
and aircraft participation, Operation HARDTACK.
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Bokoluo 0.05 Bokaldrikdrik 0.3

Bokombako 0.1 Boken 0.008
Kirunu 0.025 Runit 1
Lou] 0.075 Biken 0.01
Bokinwotme 0.015

The radsafe checkpoint established after QUINCE was reinstituted to control
the flow of personnel working on recovery operations because of high levels of
fisslon products 1in the surface zero area. Approximately 1.600 checks of men

passing through this checkpoint were made during FIG recovery missions (Refer-
ence C.1.1685).
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CHAPTER §
DEPARTMENT OF DEFENSE EFFECTS TESTS

Of over 100 nuclear tests 1n the Pacific and in Nevada, starting with the
CROSSROADS tests at Bikini in 1946, only 13 were designed as weapon effects
tests primarily for the benefit of the Department of Defense (DOD). The re-
mainder were Atomic Energy Commission (AEC) weapon development tests in which
the DOD conducted experiments on a noninterference basis. By 1958, the DOD
wanted information on weapon effects that could only be derived from experi-
ments whose complexity effectively precluded the use of nuclear devices that
were themselves under development. In addition to this requirement for a proven
nuclear weapon, the DOD had special placement requirements for the weapon and
the experimental array. Because of these factors, some DOD tests emerged 1in
1958 as separate operations devoted to the 1interest in underwater and high-
altitude explosion effects.

THE UNDERWATER TESTS
Background and Planning

Operation HARDTACK included two underwater weapon effects tests, WAHOO and
UMBRELLA., one inside the lagoon at Enewetak and one outside in the open ocean.
These tests were principally of interest to the Navy because of the information
they were designed to produce on the employment of nuclear weapons for anti-
submarine warfare. A heavily instrumented array of target vessels was deployed
for both events. The Navy also conducted an operational exercise during WAHOO
(the test 1n the open sea) 1in which seven destroyers and two submarines
participated.

The United States had conducted two underwater weapon effects tests before
HARDTACK. In July 1946, Joint Task Force 1 had detonated shot BAKER, the first
underwater nuclear weapon test, in 90 feet (27.4 meters) of water in Bikini
Lagoon. This test, the second of the two shots in Operation CROSSROADS, em-—
ployed a large number of moored, unmanned surface ships and submarines as tar-
get vessels. The objective of shot BAKER was to collect data on the effects of
an underwater detonation on naval ships. Nine years later, in May 1955, the
United States conducted Operation WIGWAM. a single deep-water test detonated
at 2,000 feet (610 meters) in the Pacific Ocean, 500 nmi (926 km) southwest of
San Diego, California. During Operation WIGWAM a fleet ocean tug towed the
device barge and an array of three unmanned submarine-type hulls suspended
beneath floats at various distances from the tug. Like BAKER, WIGWAM was an
extensive sclientific program to record data on the effects of an underwater
detonation on naval systems, in this case a detonation in deep water.

In October 1955, the Naval Ordnance Laboratory (NOL) at White Oak, Mary-
land, established an advisory group charged with recommending further theoreti-
cal and experimental requirements for future underwater tests. After examining
the underwater testing problem, the advisory group expressed the view that
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additional underwater tests were essential. The group asserted that "a test 1is
considered important and economically justified, if there is a requirement for
data which cannot be obtained from prior atomic tests, high explosive tests,
or theory" (Reference D.4).

Navy planning for the HARDTACK underwater testing program began in early
1956. On 1 February 1956, the Atomic Energy Dlvision (Op 36) of the Office of
the Chief of Naval Operations (CNO) directed the cognizant Navy offices and
bureaus to initiate planning and procurement of materlel for the underwater
testing program (Reference C.3.2, Sep 57-Mar 58).

As the scientific and operational requirements for WAHOO and UMBRELLA
clearly emerged in March 1957, i1t was evident that Enewetak rather than Bikini
was the suitable location for the tests. Primary considerations in choosing
Enewetak were the uniformity of the sea bottom southwest of Enewetak, the rel-
atively flat and unobstructed lagoon bed within the atoll, and the advantages
offered by the scientific installations and operational faclilities of Parry
and Enewetak 1slands. Bottom conditions were extremely important because of
the need to establish moorings for target-array vessels both inside the lagoon
and outside the atoll in deep water.

The complexity of the Navy's operational role in carrying out the under-
water tests had ramifications for the organizational structure of Task Group
(TG) 7.3 as well. The unique responsibilities of WAHOO and UMBRELLA were re-
flected in the addition of a Technical Director and Special Projects Division
to the staff of TG 7.3. The Special Projects Division, particularly the Special
Projects Unit, was responsible for all phases of operations connected with the
target ships and their positioning within the array. The Special Projects Unit,
composed of seven officers and one hundred fifty-nine enlisted men, was "to
provide the necessary manpower and technical Navy assistance for towing, posi-
tioning in the array, and general maintenance" (Reference C.3.1).

The evolving scientific program for the underwater tests presented the Navy
with a unique set of operational problems. Commander Task Group (CTG) 7.3 de-
scribed the situation confronting planners in 1956 and 1957 (Reference C.3.1):

The validity of scientific data was dependent upon positioning
of target array vessels with exactitude, and once positioned
to remain so within narrow limits of tolerance until H-hour.
Within the conflnes of a shallow lagoon or sheltered harbor
the exercise would have been fairly easy. However, such was
not the case, as WAHOO was a deep water detonation at 500 feet
depth requiring that the ships be positioned in depths of wa-
ter ranging from 400 to 800 fathoms in the open sea, with a
maximum mooring leqg in 1000 fathoms. Under this condition,
wind, sea., currents and tlides had to be known or accurately
predicted and accounted for, and significant changes in any
one of them could wreak havoc with the best laid plans.

Flush-deck steel barges were used as working platforms for target-array moors
(see Figure 65). These barges were anchored through buoys to the ocean bottom
and the target ships were then put into position by mooring them to the barges.
The targets were to be three destroyers, a merchant marine hull, an active sub-
marine, and Squaw-29 (a submarine mockup target used for the WIGWAM test).
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Administration Reserve Fleet at Sulsun Bay, Californlia. During the same month
BuShlips also chose three destroyers, Fullam (DD-474). Howorth (DD-592), and
Killen (DD-593), from the Reserve Fleet Group, Long Beach, California (Refer-
ence C.3.2, Sep 57-Mar 58).

Extensive shipyard work on the destroyers was necessary because the objec-
tives of WAHOO and UMBRELLA included a determination of the effect of such
bursts on ships 1in operating condition. Long Beach Naval Shipyard performed
the necessary modifications and renovations on all three ships, starting in
September 1957 and extending through January 1958. This work included installa-
tion of full-coverage washdown systems.

The same shipyard also prepared Moran. Like the destroyers, the Liberty
ship hull had a washdown system installed. However, the sclentific program did
not require the ship to be in an operational condition. Instead, varilous kinds

of machinery and other equipment Were installed on board to measure blast and
shock effects.

when work on the target vessels was complete, they were towed to Pearl
Harbor and from there to Enewetak. USS Grasp (ARS-24) arrived at Enewetak with
Moran in tow on 3 March 1958 (Reference C.3.4.19). The icebreaker USS Staten
Island towed the three destrovers, arriving at Enewetak on 19 April 1958 (Ref-
erence C.3.4.2.1).

For the WAHOO operational training exercise, seven destroyer types and two
submarines participated as the Operational Exercise Element. The participating
destroyers were from Destroyer Squadron 1, which included USS Orleck (DD-886),
USS Floyd B. Parks (DD-884), and USS John R. Craig (DD-885), and from Destroyer
Squadron 9, which included USS Mangfield (DD-728), USS De Haven (DD-727)., USS
Collett (DD-730), and USS Benner (DDR-807). All seven shilips were equipped with
washdown systems. The two submarines were USS Sterlet (SS-392) and Bonita.

Planning for the operational training exercise began in early October 1957,
when CNO concurred with a CINCPAC request for an indoctrination and training
exercise during WAHOO. Involved were CNO; CINCPAC: Commander, Training Command,
Pacific Fleet: CTG 7.3; and, to a lesser degree, certain Atlantic fleet com-
mands. The purpose of the exercise, as outlined in a letter from CTG 7.3 to
CINCPAC on 1i0 May 1958 (reproduced in the CTG 7.3 Final Report, Reference
C.3.1), was to provide personnel indoctrination and training by observation of
certain weapon effects assoclated with underwater nuclear detonations. This
same letter also included a set of safety provisions describing safe ranges for
surface and submarine types. Radiological monitoring requirements were that:

All units will monitor on deck with RADSAFE instruments com-—
mencing at H-0.5. Use AN/PDR 27 and AN/PDR 18 1n conjunction.
Instruments on forecastle, fantail, and bridge areas and in
the operating fire rooms. Any additional instruments required
will be furnished by Commander Task Group 7.3.

In an 8 April 1958 letter from CINCPAC to Commander Joint Task Force 7
(CJTF 7)., the Pacific Navy commander stated that a quota of four observers for
each destroyer and submarine participating in the WAHOO operational training
exercise had been established. These quotas were allocated to both Atlantic
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and Pacific Fleet personnel. Little documentation 1s avallable that identifles
these observers. Only one of the participating destroyers, Benner, 1identifiled
its four assigned observers. reporting the presence of two Commander Destroyer
Forces, Atlantic, observers, one observer from Crulser-Destroyer Force, Pacl-
fic, and one observer from the staff of CINCPAC (Reference C.3.3.4).

Task Group Participation

The two underwater shots were conducted under the normal JTF 7 organiza-
tion. TG 7.1 (Sclientific) was extensively involved in conducting a varlety of
sclentific programs for each of the underwater shots. TG 7.2 (Army) played no
direct role in WAHOO and UMBRELLA. TG 7.3 (Navy) had the greatest interest 1in
the underwater shots and was the largest and most active participant. TG 7.4
(Alr Force) was an active, but limited, participant. TG 7.5 (Base Support)
provided numerous support operations.

TASK GROUP 7.1 (SCIENTIFIC). Task Unit (TU) 7.1.3 (Flield Command Weapons
Test Unit) in TG 7.1 was responsible for the sclentific programs assoclated
with underwater tests. Staff personnel for TU 7.1.3 were furnished by Fileld
Command, Armed Forces Speclal Weapons Project (AFSWP), with a small number of
additional personnel furnished by Hq AFSWP. Operational personnel came from
several service laboratory organizations. This 1s further discussed 1in Chap-
ter 3.

TASK GROUP 7.3 (NAVY). Missions assigned by CTG 7.3 to support WAHOO and
UMBRELLA were similar. For WAHOO, the specific missions were to:

® Conduct a training exercise for destroyers and submarines
in connection with the event

® Properly position the target array, including the submer-
gence of Bonita

Asslst in the placement of the weapon

Have the main engines of the target DDs and various auxil-
iary machinery in operation during the event

® Evacuate all personnel from target-array vessels before
detonation

Decontaminate target-array units when directed
Salvage all target-array units as necessary

Assist 1n recovery of floating instrumentation after the
event

® Furnish ship and boat transportation to and from target
array for evacuation and reentry

® Return target array to the lagoon as soon as feasible after
WAHOO 1in preparation for UMBRELLA

® Provide aerial surveillance of assigned sector

® Take radlioactive water samples at about H+30 minutes, or
when designated, provided they are not obtalned by TG 7.4
helicopters.
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Specific missions for UMBRELLA were to:

® Properly position the target array, including the submer-
gence of Bonita and Squaw-29

Assist in the placement of the weapon
Evacuate all targets before detonation
Decontaminate target-array units when directed

Salvage target-array units as necessary

Furnish ship and boat transportation to and from the tar-
get array for evacuation and reentry

Perform all diving operations for placement and recovery
of underwater mines and instrumentation

® Recover vital samples such as radiochemical water samples,
test animals, sample collectors. rocket canisters, coracles
and film packs, balloons, and gauge strings immediately
after radsafe survey and when radiological safety permits

Provide Radsafe and Decontamination Center afloat
Maintain all TG 7.3 units and personnel in safe positions

Recover mines after the event when safety permits

Provide aerlal survelllance on assigned sector on D-day
until H-1 and furnish aircraft for barrier patrol

® Recover less vital 1instrumentation, gauge strings. and
coracles inside lagoon on D+1 and until completed.

Buildup of Navy ships in the Bniwetok Proving Ground (EPG) before WAHOO
had been steady. Immedilately following WAHOO, the number of Navy ships 1n the
EPG peaked, decreasing thereafter until the end of the operation and rollup.
Figure 66 depicts this change in the level of naval effort. During WAHOO, 27
Navy ships participated at Enewetak. UMBRELLA, 24 days later, involved 19 Navy
ships at Enewetak. At least two factors explain the difference in level of 1in-
volvement. First, WAHOO was used as an opportunity to conduct an operational
test exercise with fleet units. Destroyer Squadron 1 was due to be relieved by
Destroyer Squadron 9 before the WAHOO event, but the former was delayed to
allow both squadrons to participate in the shot. The second reason was that
the Navy support requirements for the deep-water WAHOO event were greater than
for the shallower UMBRELLA shot.

TASK GROUP 7.4 (AIR FORCE). TG 7.4 carried out a number of assignments 1in
the two underwater shots.

Alrcraft flew photographic missions for Project 1.3 and sampling missions
for Project 11.2. TG 7.4 SA-16 amphibians were in flight on alert for SAR mis-
sions and also dropped floating film packs (FFPs) for Project 2.3. SA-16s and
Alr Force H-19s also participated in the postshot recovery of these FFPs. A
TG 7.4 AVR removed the arming party from the zero barge. TG 7.4 was responsible
for 1ts own aircraft decontamination (Reference C.4.2).
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HARDTACK DETONATIONS
Naval unit participation in HARDTACK.

water,

Figure 66.
TARGET-ARRAY MOORING. Weapon effects information requirements and the sci-

UMBRELLA was not expected to produce significant fallout outside of the

target array and downwind islands at Enewetak. However,

pling, barrier patrols, and one surveillance radiation survey flight were flown
Table 21 identifies the TG 7.3 units present for the event.

(Reference C.4.2). The barriler patrol was flown by a TG 7.3 Patrol Squadron 28

(VP-28) P2V aircraft from Naval Air Station (NAS), Kwajalein.
deep-water WAHOO shot, target ships had to be moored in depths of water ranging

entific program demanded precise positioning of the target vessels.
from 2,400 to 4,800 feet (732 to 1,463 meters).

UMBRELLA shot in shallow

WAHOO



Table 21. Task Group 7.3 participation 1n HARDTACK, WAHOO.

Element Mission Units Participating

7.3.5.0 Flagship USS Boxer (CVS-21)
Four helicopters

7.3.5.1 Mooring, Towing, and Recovery USS Grasp (ARS-24)
USS Bolster (ARS-38)
USS Takelma (ATF-113)
USS Arikara (ATF-98)
USS Chowanoc (ATF-100)
USS Moctobi (ATF-105)
USS Munsee (ATF-107)
USS Cree (ATF-84)
USS Chanticleer (ASR-7)

7.3.5.2 Surface Transportation and USS Monticello (LSD-35)
Boat Pool TG 7.3 Special Projects Unit
TG 7.3 Boat Pool Detachment
Twelve LCMs

7.3.5.3 Decontamination USS Renville (APA-227)
TG 7.3 Decontamination Element
7.3.5.4 Operational Exercise USS Orleck (DD-886)

USS Floyd B. Parks (DD-884)
USS_John R. Craig (DD-885)
USS Mansfield (DD-728)

USS De Haven (DD-727)

USS Collett (DD-730)

USS Benner (DDR-807)

USS Sterlet (SS-392)

Bonita (SSK-3)

7.3.5.5 Oceanographic and Observation USS Rehoboth (AGS-50)
USS Hooper Island (ARG-17)
7.3.5.7 Surface Targets Howor th (DD-592)

Fullam (DD-474)
Ki1len (DD-593)
SS Michael Moran (EC-2)

Source: Reference B.0.4.10, WAHOO.

leg to be in 6,000 feet (1,829 meters) of water. Such deep-water mooring had
never been done before and was considered impractical by many experienced hands
(Reference C.3.1).

The critical preshot preparations for WAHOO included two practical exer-
clses to establish the capability of the deep-water mooring concept. The first
of these tests was in March 1957 at the proposed WAHOO site outside Enewetak
Lagoon. One leg of the moor design was laid and determined to be completely
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adequate. The second test took place off Barbers Point, Hawail, in November
1957, in which a complete three-leg fixed moor was placed in 2,400 feet (732
meters) of water. This test proved that the design features of the complete
mooring were successful (Reference C.3.1).

wWhat remained to be seen was whether wind and sea factors at the WAHOO site
had been adequately predicted. The deep—water mooring design had been predi-
cated on these factors. There was proof that the moor could be laid, but whe-
ther 1t would hold the target array in the required positions for the necessary
period of time to obtain satisfactory test results was uncertain.

The number of mooring legs in the array design required a minimum of four
fleet ocean tugs and one salvage ship. The mooring plan called for laying moors
for eilght barges. These flush-deck steel barges were selected to provide a
suitable working platform. Each barge would be moored with three or four legs.
Additionally, four standard mooring buoys would be laid. Target ships would be
affixed to the mooring barges and buoys Just before the WAHOO event. A final
requirement was for the surface-zero buoy and 1ts 1instrumentation barge to
suspend the WAHOO weapon at a 500-foot (152-meter) depth (Reference C.3.1).

Actual mooring operations at Enewetak began on 19 March with the mooring
of the WAHOO surface-zero buoy. Operating ships participating in the deep-
mooring project are listed 1n Table 22. Two types of Navy barges and one type
of Army barge were used in the operation. The target moors employed Navy stan-
dard 250-ton YC barges, 110 feet (34 meters) by 34 feet (10.4 meters): Navy
standard 500-ton YC barge, 110 feet (34 meters) by 34 feet (10.4 meters):; and
Army standard 250-ton BC barges, 110 feet (34 meters) by 32 feet (9.8 meters)
(Reference B.3.2):

Navy YC Barges Army BC_Barges
YC-1354 YC-1415 BC-6515
YC-1413 YC-1416 BC-6518

YC-1414 YC-1417

Table 22. Task Group 7.3 deep-mooring project vessels for
HARDTACK, WAHO0O.

Harbor

Fleet Ocean Tugs Salvage Ships Tugs
USS Cree (ATF-B4) USS Grasp (ARS-24) YTB-182
USS Arikara (ATF-98) USS Bolster (ARS-38) YTB-188

USS Chowanoc (ATF-100)
USS Moctobi (ATF-105)
USS Takelma (ATF-113)

Source: Reference C.3.1.
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The surface-zero buoy was laid on 21 March, but work on the last moor was
not completed until 14 May. Sea conditions and some unforeseen technical prob-
lems in laying the mooring pattern resulted in a l-day delay in scheduled shot
time.

The assembled target vessels made up the Speclal Projects Element of TG
7.3, together with Squaw-29 and the barge YFNB-12. Between 4 and 15 May, the
ships and personnel of the Special Projects Unit, the Technical Assistance
Unit, and the Mooring Element prepared the target array for WAHOO. The target
ships were towed out of Enewetak Lagoon and positioned on their respective
barges and individual moors. On 14 May, USS Cree (ATF-84) towed Moran into 1its
mooring position broadside, 2,300 feet (701 meters) from surface zero. On
15 May the three destroyers were moved: USS Bolster (ARS-38) towed Howorth to
its moor, where it was positioned broadside to the detonation site; USS Takelma
(ATF-113) towed Killen to its moor, where it was positiocned head-on to surface
zero; and USS_Arikara (ATF-98) towed Fullam to 1ts moor, where it was posi-
tioned stern-on to surface zero (Reference C.3.1).

Throughout the deep-water mooring operation, wind and sea conditions were
more severe than expected. Many legs had to be replaced, and the ultimate suc-
cess of the operation was doubtful.

The commander of the Technical Assistance Unit reported in early May to
CTG 7.3 that the roughness of the seas had convinced the commander of the
Mooring Element that it would be necessary to place the target ships in posi-
tion on one day and fire the shot the next morning. Moreover, the commander of
the Mooring Element considered 1t 1impossible to safely submerge or even to
attempt to place the unmanned Bonita between the buoys and the adjacent barges.
He recommended manning and repositioning Bonita in calmer waters near the
training exercise sector to assure saving Bonita for shot UMBRELLA. CTG 7.3
approved the recommendation, and consequently Bonita was manned and positioned
18,000 feet (5.5 km) from surface zero. The merchant hull, Moran, was placed
in the mooring array 2 days before the shot and the three destroyers 1 day
before.

Target ship and barge positions are shown in Figure 67. The actual dis-
tances from surface zero, based on an Air Force aerial survey of the array
just before the WAHOO detonation on 16 May, are given in Table 23.

RADIOLOGICAL SAFETY PLANNING. The planned scilentific program for both
underwater shots required special attention to decontamination and attendant
radsafe considerations. Early recovery of scientific data from contaminated
ships would be required. In addition, the entire target array would then have
to be moved and repalred after WAHOO for the UMBRELLA shot. Finally, all moor-
ing hardware would have to be retrieved and, if required, decontaminated. To
assist in these requirements, TG 7.3 Radiological Safety and Decontamination
Unit, composed of 1 officer and 200 enlisted men, was established. All of 1its
petty officers were sent to a speclal 4-week radsafe course. These petty offi-
cers then trained the rest of the unit (Reference C.3.1).

Members of JTF 7 received explicit notice concerning radiological safety
and other hazards assoclated with WAHOO. On 30 April, Hq TG 7.1 distributed
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Figure 67. HARDTACK, WAHOO target array.

Table 23. Target ship and barge distances from surface zero,
HARDTACK, WAHOO.

Distance Distance

Target (feet) (km) Target (feet) (km)

YC-1 3,414 1.04 DD-592 4,835 1.47
EC-2 2,346 0.72 YC-6 6,250 1.9
YC-2 1,915 0.58 YC-7 7,845 2.39
YC-4 2,014 0.61 DD-593 8,887 2.7
DD-474 2,915 0.89 YC-9 9,883 3.07
YC-5 4,337 1.32 YC-8 10,108 3.08

Source: Reference C.3.1.
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Operations Letter, WAHOO-1 (Reference B.1.5). The letter predicted that no air-
blast or wave action problems would occur, and that the radloactive debris
would be carried southwest by surface winds and water currents; therefore no
radiation effects within the lagoon were anticipated.

Later, in 1its Radiological Safety Recovery Concept section, this letter
outlined postshot planning (Reference B.l1.5, WAHOO-1):

The target array ships will have been exposed to a contin-
uous wash down treatment from the time the crews were evacu-
ated until after the fallout from the shot subsides.

Under the direction of CTG 7.3, shlips of the target array
support unit will be located south of the atoll at shot time.
Following the detonation, radiation levels permitting, the
ATF's wlll salvage and/or tow to quleter waters of the lagoon
the ships remaining in the target array. Priority of recovery
will be given to . . . the EC-2.

Re-entry by project personnel on to the target array will
take place after rad-safe clearance has been obtained from
CTU-6. For most projects this will be after the ships have
been re-anchored in the lagoon.

Oon 12 May., CJTF 7 1ssued Operation Order 13-58 (WAHOO Event) (Reference
B.0.4.10), which stated:

WAHOO 1s not expected to produce significant fallout outside
the target array. Cloud tracking flights will not be required.
One survelillance flight on D-day and post-shot cloud sampling
will be required.

There will be no dgeneral re-entry hour established. Each
target in the array willl require a separate RADEX analysis.
Clearance for towing and/or boarding will be established for
each vessel in the array.

There will be no air blast or thermal effects from this shot
which will affect the occupied camps or ships outside of the
target array. This event may be watched without goggles.

In this order, TG 7.3 was directed to conduct an aerlal surveillance be-
ginning at sunrise on D-day and continuing until H+l. This mission was flown
by VP-28 P2Vs from NAS Kwajalein. The Mooring, Towing, and Recovery Element
was directed to tow the target ships to the prescr'‘he? decontamination berth
in the vicinity of TG 7.1 Radsafe Operations Center afloat.

On 12 May, CTG 7.1 distributed Operational Letter WAHOO-3, an evacuation
and reentry check list for Enewetak Atoll from WAHOO D-3 through WAHOO D+2.
Thls letter outlined the planned recovery procedures. Procedures 1included
protective clothing for all personnel in the LCMs as well as those on other
surface vessels who were involved 1in recovery operations. Personnel without
protective clothing were to avold washdown water. TG 7.3 was to monitor target-
recovery ships and decontaminate them (Reference B.l1.5, WAHOO-3).

235



SHOT OPERATIONS. The prodigious mooring effort was completed one day be-
hind schedule. When the mooring array was ready and the target ships in place,
the weather was good and complete aerial coverage was possible. Weather condi-
tions at H-hour for shot WAHOO were scattered cumulus clouds with bases at
2,300 feet (0.7 km) and tops at 4,000 feet (1.2 km)., high cirrus overcast,
temperature 87.5°F, (36°C) and surface winds of 15 knots (27.8 km/hr) from
the east. The surface radex area from shot time to H+24 was between the azi-
nuths of 230° and 280° extending 60 nmi (78 km). The same area up to an
altitude of 13,000 feet (4 km) was defined as the air radex for 2 hours after
the shot. Aircraft participation is summarized in Table 24.

WAHOO was detonated at 1330 on 16 May. A spray dome appeared on the surface
within the first second following the detonation, reaching its maximum height
of 840 feet (256 meters) 1in 7 seconds. It appeared as an 1inverted cone with
sides sloping at about 45° with a rounded or blunted tip. Plumes began to
break out of this cone in all directions about 6 seconds after the burst. At
about 12 seconds the rise of the vertical plume slowed noticeably, but the

Table 24. Aircraft participation 1n HARDTACK, WAHOO.

Zero-Time Location
Relative to Burst

Altitude
No. Type Mission Call Sign (feet) (km) Range or Course

1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 25-30 nmt

rescue nmt (46.3-55.6 km) east
1 RB-50 Project 1.32 cCarter 1 25,000 7.62 Directly overhead
photo
1 RB-50 Carter 2 2,500 0.76 Orbiting 25 nmi (46.3 km)
nor theast
1 C-54 Photo Pewter 1 1,500 0.46 19,000 feet (5.79 km) horizontal
range north-northwest
1 C-54 Photo Pewter 2 10,600 3.23 20,000 feet (6.10 km) horizontal
range north-northwest
1 C-54 Photo Pewter 3 8,100 2.47 19,000 feet (5.79 km) horizontal
range west-southwest
1 B-578B Sampler Optum 20,000 6.10 East-west racetrack 25 nmi (46.3
control km) north
2 B-578 Sampler Hotshot 1,2 Not airborne at burst time
b
1 SA-16 Prolect 2.3 Stable 3 Not airborne at burst time
1 WB-50 Sampler Wilson 3 Not airborne at burst time
Notes:

a

Reference C.1.1608.
b

Reference C.1.1621.

Source: Reference C.4.1 except as noted.

236






base surge continued to move out from surface zero and was seen for about 3.5
minutes. Some patches were still visible from the air for about 25 minutes.

After the plume and base surge had disappeared a large foam patch could be
seen at the surface zero area. This expanded from a radius of about 4,000 feet
(1.2 km) at H+2.4 minutes to a radius of about 6,000 feet (1.8 km) at H+16
minutes. After this, the edge was not visible in 1its entirety, although a por-
tion could still be seen at H+25 minutes.

The fallout and contaminated surface water remained well within the fore-
cast fallout area and published radiological exclusion (radex) area. Reentry
hour was immediately after the shot. A helicopter survey was made at H+4 with
moderate readings reported along the southwestern chaln. Maximum intensity was
0.030 R/hr, recorded on Biken Island (Reference C.1.6.2, Vol 2). An estimate
of the cumulative dose to H+6 has been made (Reference A.4) and thils 1s shown
in Figure 69. This figure also shows the positions of the ships present at
shot time and the target array.

Graphic descriptions of the personnel reactions to the WRHOO detonation
came from the final reports of the ships participating in the WAHOO operational
training exercise. Two extremes were from Orleck, which was 10,300 yards (9.4
km) from surface zero and observed that "No significant personnel reactlons
were noted," and De Haven, at 5,900 yards (5.4 km), which had a different view
and reaction (Reference C.3.5):

Engineering Spaces--Personnel were generally calm, though con-
sidered it violent. In some cases personnel were frightened.

Lower Sound Room—--Shock wave sounded like water rushing by
the ship. Shock wave shook ship violently with a loud cracking
noise. Personnel were somewhat frightened.

Bos'n Locker--ship vibrated violently, first fast then slow.
Sounded like water pouring into the ship. Personnel were con-
siderably frightened.

On balance, the scientific program was a success. Placement of the target
ships was calculated to obtain important scientific data without jeopardizing
the availability of the ships for use as targets 1n the second underwater shot
test. For example, Moran received only minor hull damage., but was judged to
have been 1mmobllized by shock damage to its main and auxillary equipment
(Reference C.1.1627).

Washdown systems on the target ships and barges were active for 5-1/2 hours
before detonation as well as many hours afterwards. This self-decontamination
measure ran through the base surge exposure phase and continued to flood and
draln exposed deck areas of contaminants for many hours after exposure.

EARLY RECOVERY OPERATIONS. Recovery operations obtained the results of
scientific projects from the target ships and nontarget monitoring sites. Re-—
covery operatlions necessarlily were dependent upon the radiological situation,
hence radsafe surveys started as soon as reentry hour was determined.
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Figure 69. Ship positions at HARDTACK, WAH0O0, and cumulative dose to H+6.

USS Moctobl (ATF-105) approached the target array 15 minutes after the

detonation to make the 1nitial radsafe survey. Moctobl first approached Killen

(the target ship at the greatest range downwlnd) and took radlological read-
ings. After 25 minutes, Moctobl maneuvered to stand clear of the target array.
It recorded readings of 0.015 R/hr in the ship's motor room and 0.0125 R/hr 1n
its englne room (Reference C.3.4.29). It 1s not clear from the log who went
aboard Killen or how the readings were taken. Personnel from Projects 2.1,
2.2, and 2.3 were aboard Moctobl and had instrumentation on Killlen and possibly
boarded 1t (Reference C.1.1621). The TG 7.3 Radiological Safety and Decontami-
natlion Unit picked up badges for some of the Program 2 projects and possibly
supplied personnel to the early boarding group. TU 7.1.6. however, 1s the most
likely source of these early boarders. At 1440, 1 hour and 10 minutes after
the detonatlon, Moctobl approached the area over the bubble formed by the det-
onation to obtaln a 5-gallon (19-liter) surface water sample from the 5-R/hr
area. The shilp's log reports that at 1505 the ship entered a 3.8-R/hr fleld
and began taking water samples from the bubble area. At 1530, Moctobl rendez-
voused with USS Monticello (LSD-35) to transfer the water samples. These water

239



samples were taken by helicopter from Monticello to the airstrip at Parry Is-
land. Moctobil returned to Killen, approaching within 50 yards (46 meters) to
take radiological readings. It then approached Moran for similar monitoring.
During Moctobi's 1initial radsafe survey, other tugs in the recovery element
were also directed to the target array to obtain postshot radsafe readings at
other locations (Reference C.0.2, WAHOO).

An attempt was made on D-day to approach Moran to remove some mechanical
shock gauges, but the area was not cleared for entry. On D+l1l, project personnel
once again came alongside Moran and successfully transferred the mechanical
gauge line. At the same time, part of an electronic gauge string was recovered,
but due to tangling and the "level of radioactivity," only three gauges were
recovered before the string was cut loose (Reference C.l1.1606).

Project 2.2 personnel recovered data from Howorth on D+1. The ship's wash-
down system had operated until approximately H+19 (Reference C.1.1628):

The recovery party boarded the ship at H+21 hours 55 minutes
(1125) to recover samples, 1instruments, charts, and Project
2.1 film badges. which had been installed 1n Project 2.2 test
spaces. Recovery was completed 1in 45 minutes. No pocket
dosimeter exceeded 150 mr.

The report of Project 3.4 personnel also indicates that radiological conditions
delayed their recovery of Moran (Reference C.1.1628):

The EC-2 was towed to the lagoon after Shot Wahoo [on 17 May
D+1]. Because of the susceptibility of photographic film to
damage from radiation, the films in the EG&G motion-picture
cameras were removed from the EC-2 at the earliest practical
time. In addition, the project records were removed as soon
as reentry to the target ships was permitted. As soon after
Shot Wahoo as possible, the project carried out detailed dam-
age measurements on the hull of the EC-2; these were made with
a surveyor's transit in sufficient detall to yleld actual dam-
age contours of the ship's hull. As soon as the target ships
were reasonably free from radiological contamination., instru-
mentation engineers boarded the target ships. conducted a
detalled inspection, and prepared a damage report on the 1in-
strumentation installations.

The project report does not quantify references in the foregoing quote to
"earliest practical time," "as soon as reentry was permitted." or “reasonably
free from radiological contamination." The dates, times, and the radiation
level upon entering are not known.

REMAINING RECOVERY AND DECONTAMINATION OPERATIONS. On D+1, the recovery
unit sortied to the WAHOO operating area to continue recovery operations. A
memorandum of a telephone conversation between the Deputy CTG 7.3 and his Chief
of Staff states that at about 1100 on 17 May, the following recovery action
was taking place (Reference C.3.6):

e Takelma was standing by Killen and was expected to leave
with Killen in tow for the lagoon within the hour.
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® Chowanoc was standing by and washing down Howorth with the
assistance of YTB-182.

® Arikara was washing down Fullam.

® Moctobl was standing by barges YC-8 and YC-9 to return
them to the lagoon.

® Cree, wilth Bolster assisting, was standing by Moran. One
strip of gauges was still to be recovered. Moran was ex-
pected to be under tow within the hour.

® Grasp was proceeding to recover coracle No. 1, which went
adrift and was bearing about 260° 10.5 nmi (19.5 km) from
surface zero.

A second, up-dating telephone call was recelved from the Deputy CTG 7.3 at
1245. Moran was reported in tow. Howorth and Killen were expected to be in tow
shortly. The radiological situation on Fullam was improving, the gauges were
expected to be removed from the ship, and the ship was expected to be in tow
late in the day (Reference C.3.6).

Each of the TG 7.3 tugs, salvage craft, and boats had radsafe monitors
aboard to assist 1in reducing the chance of accidental radiation overexposure.
Each ship commander was ultimately responsible for accepting or rejecting
advice from the monitor. CTG 7.3 WAHOO Operation Order 15-58 anticipated that
differences of opinion regarding radiological safety and contamination control
procedures might arise. In cases of dispute, the final decision was to be re-
quested from the Officer-in-Charge., TG 7.3 Radiological Safety and Decontami-
nation Unit, embarked on USS Renville (APA-227) (Reference B.3.3, 15-58 WAHOO).

Once the contaminated WAHOO target ships were inside the lagoon, recovery
was supported by the TG 7.3 Boat Pool Detachment, which transported decontami-
nation personnel and equipment between Renville and the array craft. CTG 7.3
warned that (Reference B.3.3, 15-58, WAHOO):

Careful control of possible contamination of these craft and
their crews will be maintained by the OIC, DECON Unit; in so
far as possible, craft 1initlally assigned will be utilized
until completion of decontamination of array craft.

After the target ships were towed into Enewetak Lagoon, they were allowed
to cool and, when permitted, recovery operations were completed and the target
ships prepared for shot UMBRELLA (Reference C.3.3.30). On 25 May, nine days
after shot WAHOO, Grasp towed Moran to berth B-3 mooring, and YTB-182 and -188
nested the three destroyer target ships alongside USS Hooper Island (ARG-17)
at buoy B-1 (Reference C.3.1).

UMBRELLA
Table 25 displays the TG 7.3 units present for the event.
TARGET-ARRAY PREPARATIONS. Preparation of the array for UMBRELLA proceeded

concurrently with the salvage of the targets from the WAHOO array. beginning
on 20 May 1958.
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Table 25.

Task Group 7.3 units participating in HARDTACK, UMBRELLA.

Task Unit/
Element Mission Units Participating
7.3.1 Technical Coordination
7.3.3 Science Weather
Reconnalssance and
Security
7.3.5 UMBRELLA Test and Exercise
7.3.5.0 Flagship USS Monticello (LSD-35)
7.3.5.1 Decontamination USS Magoffin (APA-199)
Task Group 7.3 Radiological Safety and
Decontamination Unit
7.3.5.2 CTurface Transportation USS Monticello (LSD-35)
and Boat Recovery Task Group 7.3 Boat Pool Detachment
Enewetak
1 LSD, 4 LCMs, 2 YTBs
7.3.5.3 Canister Tracking and USS Joyce (DER-317)
Balloon Gauge Recovery USS Lansing (DER-388)
LCU-1376
LCM -49, -56, -58
Task Group 7.4 L-20, two helicopters
7.3.5.4 Coracle and FY1m Pack USS Boxer (CVvS-21)
Recovery HRS-19 helicopters
LCU-1384, H&N LCU
USS Munsee (ATF-107)
LCM-51
Task Group 7.4 AVR
7.3.5.5 Hater Sampling USS Arikara (ATF-98)
7.3.5.6 Gauge String Recovery USS Chowanoc (ATF-100)
LCM-22, -52
7.3.5.7 Heapon Placement, USS Bolster (ARS-38)
Submarine and Squaw USS Grasp (ARS-24)
Recovery and Salvage USS Cree (ATF-84)
USS Takelma (ATF-113)
LCM-21
7.3.5.8 Mine Recovery USS Lawrence County (LST-887)
USS Takelma (ATF-113)
7.3.5.9 Observation USS Hooper Island (ARG-17)
USS Moctobl (ATF-105)
Source: Reference C.0.2, UMBRELLA.
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Mooring buoys for the UMBRELLA target ships had already been placed by
Moctobi 1in Enewetak Lagoon when a new array plan was developed. Surface zero
was moved 0.2 nmi (0.37 km) 1n order to accommodate the position of assoclated
experimental equipment. The buoys were moved approximately 1,200 feet (366
meters) in order to conform with the new target—-array plan (Reference C.3.1).
For UMBRELLA, two additional target vessels were used: Bonita (unmanned) would
be submerged 2,900 feet (884 meters) from surface zero, and Squaw-29 would be
submerged 1,600 feet (488 meters) from surface zero. The other target ships
were located at various distances from surface zero. The target-array position-
ing relative to the UMBRELLA surface zero is shown in Figure 70.

Of the two underwater shots, WAHOO presented by far the more difficult set
of operational and support problems for TG 7.3. In his HARDTACK Summary Re-
port., the Chief, AFSWP, stated the post-WAHOO, pre-UMBRELLA view (Reference
C.1.1660):

0 29 58
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| - L i
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Figure 70. HARDTACK, UMBRELLA target array.
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Since very little damage had been done to the majority of the
targets by Wahoo, the refurbishing of targets consisted mainly
of cleaning up. On the EC-2 which was the one badly damaged
target, the only repairs made were those necessary to provide
power supplies and to 1insure safety of the ship and proper
operation of scientific equipment.

Umbrella benefited from the experience of Wahoo. With the re-
duced mooring problem., the preparations could be more realis-
tically scheduled and the execution was smooth. The projects
had adequate time 1in which to double-check all details, and
the exhaustive rehearsals eliminated most potential sources
of trouble. The excellent results obtained reflected the
superiority of the preparations.

On 9 June the target array was complete and Grasp lowered the shot device at
surface zero. Figure 71 shows Grasp in this operation and Figure 72 1s the LCU
that served as the platform for the firing racks and surface-zero instrumenta-
tion. The device 1itself was suspended from the buoy shown.

RADIOLOGICAL SAFETY PLANNING. Radsafe planning generally followed WAHOO
plans. CTG 7.1 provided the general concept of radsafe operations and iden-
tified the priority of scilentific projects that were to be recovered before
decontamination. These early recovery projects were (Reference B.l.S,
UMBRELLA-S):

e Project 1.1 -- float equipment and some gauge strings

® Project 1.2 —-- rocket nosecones and canisters from balloons

® Project 2.2 -- animal recoveries and air samples from
Howorth

® Project 2.3 -- fallout samples on destroyers and some

barges: coracles and FFPs; and radioactive water samples.

WAHOO experience also contributed to UMBRELLA plans. In a memorandum to
the TG 7.3 Chief of Staff, the TG 7.3 Assistant Plans and Operations Officer
(Atomic Defense) discussed the WAHOO radiological experience. He addressed
practical problems of conducting the scientific program while meeting the con-
straints of individual exposure level limits. For example, he recommended that
no decontamination be attempted on the day of the UMBRELLA shot. His advice
was that TG 7.3 decontamination personnel wait several days to allow for some
decay to take place before they were exposed. Appendix A of this report con-
tains a copy of this memorandum.

SHOT OPERATIONS. A successful, full-scale UMBRELLA rehearsal was held on
4 June, S days before the scheduled event. Everything was determined to be
ready and on 9 June the countdown went normally with only a 15-minute delay.
Washdown systems were in operation on all target ships before the shot. The
entire target array was in place and appeared to be properly positioned. Table
26 summarizes aircraft participation. The weather was clear with scattered
clouds. The wind was 15 to 17 knots (27.8 to 31.5 km/hr), gusting to 20 knots
(37 km/hr) from east-northeast. Swells 1in the target area were approximately
4 feet (1.2 meters) high. Visibility was hazy. The air and surface radex areas
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Table 26.

Aircraft participation in HARDTACK, UMBRELLA.

Zero-Time Location
Relative to Burst

Altitude
No. Type Mission Call Sign (feet) (km) Range or Course
1 SA-16 Search and Stable Echo 7,000 2.13 North-south racetrack 24 nmi
rescue (44.5 km) east
1 p2v Barrier Wildroot 7 2,000 0.61 East-west racetrack 24 nmi (44.5
patrol km) south
1 RB-50 Project 1.338 cCarter 1 24,000 7.31 Directly overhead
photo
1 RB-50 Carter 2 5,000 1.52 Northwest-southeast racetrack 16
nmi (29.7 km) northeast
1 c-54 Project 1.32 Pewter 1 1,500 0.46 20,500 feet (6.25 km) horizontal
photo range north-northwest
1 C-54 Project 1.338 Pewter 2 10,000 3.05 19,400 feet (5.91 km) horizontal
range north-northwest
1 C-54 Project 1.338 Pewter 3 9,000 2.74 19,000 feet (5.79 km) horizontal
range west-southwest
2 B-578 Sampler Opium 1,3 15,000 4.57 East-west racetrack 16 nmt (29.7
control km) north
2 B-578 Sampler Hotshot 1,2 East-west racetrack 16 nmi (29.7
km) north
1 SA-16 Project 2.3P stable Not airborne at burst time
Echo 2
1 H-19 Effort 12 1,500 0.46 Unknown
3 H-19 Effort Not airborne at burst time
10,14,15
3 H-21 Project 2.3b Effort Not airborne at burst time
1,6,9
1 L-20 Project 1.?2¢ Mosquito 7 Not airborne at burst time
Notes:

aReference C.1.1608.

bReference C.1.1621.
cReference C.1.1607.

Sources: -

References C.4.1 and C.1.1608, except as noted.
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The base surge was visible from the air as a ring for 25 minutes. The foam
patch was visible for slightly longer.

Oon schedule at H+20 minutes, a P2V aircraft made a radiological survey of
the area at 1,500 feet (457 meters). The highest reading, 0.350 R/hr, was made
over surface zero at 1137, 22 minutes after the detonation. All other readings
were insignificant and reentry hour was declared at 1145, with the exception
of the area west of the lagoon (Reference C.1.6.2, Vol 1).

Two radsafe boats entered the target area at 1200 and surveyed the six
major ships 1n the target array. The highest recorded reading, 0.0015 R/hr,
was made off the stern of Moran at 1225. By 1315, the area was declared suffi-
ciently clear to allow the project recovery operetions to begin. All fallout
was estimated to be within the first hour and well within the forecast fallout
plot (Reference C.1.6.2, Vol 1). Cumulative dose for the first 6 hours after
detonation 1s shown in Figure 74, which also shows the positions of the task
force fleet and the target array at the time of detonation.

EARLY RECOVERY OPERATIONS. All washdown systems were operating before and
at detonation time, however (Reference C.3.1):

wWhen the base surge cleared the target array, the washdown
systems on all three destroyers and YFNB-12 continued to work
effectively, but the system on Moran had stopped working.

The first TG 7.3 ship to be involved in recovery operations was Arilkara.
Immediately after the shot, Arikara entered the shot area to obtain radioactive
water samples. At approximately H+30 minutes, two L-19 light planes with TU
7.1.6 personnel of TG 7.1 aboard were scheduled to make preentry radiation
surveys: however, the TG 7.4 final report does not show any L-19 participation
on D-day (Reference C.4.1). TG 7.4 did schedule and fly an L-20 mission in
support of canister recovery operations. At about the same time one LCM made a
radiation survey of Howorth and Killen, while a second LCM made a similar sur-
vey of Moran and Fullam (Reference C.0.2, UMBRELLA).

A CJTF 7 message summarizing the D-day situation at 2000 stated that photo-
graphic coverage had been successful, that cloud and water samples were recov-
ered successfully, and that recovery results of FFPs, coracles, and rocket
canisters were excellent. Additionally. it stated that gauge strips and canis-
ters aboard target ships were observed to be in place, and that recovery would
be on D+1 (Reference C.0.2, UMBRELLA Folder).

Four HRS-3 helicopters from Marine Hellcopter Transport Squadron 361
(HMR({L]-361) flew from USS Boxer (CVS-2l1) on coracle and FFP recovery missions.
CTG 7.3 1instructions for these missions show the concern with radiological
safety (Reference B.3.5, 27-58):

Helicopters will fly in pairs from BOXER. One will be equipped
with basket and one with chicken hooks [two retrieval de-
vices]. Helicopters . . . will not fly over milky water at
any time.
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Figure 74. Ship positions at HARDTACK, UMBRELLA, and cumulative dose
to H+6.

In order to prevent loss of valuable sclentific data, some projects re-
quired prilority recovery before decontamination of the ships by TG 7.3. The
reports of these prlority recovery projects ildentify Navy units involved.

TG 7.3 Boat Pool Detachment support of the recovery missions placed boat
pool personnel in positions of potential radiological exposure. Personnel
exposure data (see Chapter 7) indicate that this exposure was spread evenly
among crewmembers.

Several other post-UMBRELLA maneuvers involved possible radiological expo-

sure for TG 7.3 personnel. The submarine Bonita had been moored and submerged
unmanned as part of the target array. At approximately H+l, Grasp and Bolster
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entered the target-array area. Grasp began to surface the submarine, using
divers who manipulated the submarine's air tanks. Bolster began to surface
Squaw-29 with compressed air from the YFNB. The radiological picture at this
time was (Reference C.3.1):

Upon entering the array area near the BONITA, radiac meter
readings at 1300 hours indicated 100 mr over water, growing
to 380 mr over water at 1320 hours and 180 mr in the water at
the surface. A radlac sub-surface probe gave gradually 1in-
creasing radiation readings with increasing depth to about
two roentgens at 140 feet depth and 30 roentgens on the bot-
tom. At 1355 the GRASP reported 350 mr at the seachest [sea-
water intake].

At 1504 Bonita was surfaced and taken in tow at 1605 by Cree to shallow water
for removal of ballast weilghts. During the day. Bolster had surfaced Squaw-29
several times, but because of a leaklng airhose had difficulty 1n keeping 1t
surfaced. Bolster and Moctobl remailned in the area overnight, watching over
all of the target ships (Reference C.3.1).

Chowanoc entered the test area at H+2 for ProjJect 1.1 and recovered four
floating instrument cans and put two others 1n safe position on a beach by
using LCM-22 and -52. On D+1, Chowanoc and three LCMs recovered all mechanical
gauge strings but one, the two iInstrument cans from the beach (with assistance
from a DUKW), and the electronic data tapes from Howorth and barge 55. On D+2,
an 1,800-foot (549-meter) mechanical gauge line was recovered by dilvers and
brought aboard Chowanoc. No radiation level information 1s avallable concerning
these gauge strings (Reference C.1.1606).

uUss Joyce (DER-317), USS Lansing (DER-388), LCU-1376, LCM-49, -56 and -58,
and a TG 7.4 L-20 and one H-21 tracked canisters and recovered balloon gauges
for Project 1.2. The LCU and LCMs were tasked to sweep the anticipated rocket
impact area. Thelr radsafe instructions were to back down 1f a fleld greater
than 4 R/hr was detected. The 1impact area, however, was upwind of the burst
point, and the project report does not mention radlological complications. Only
one of the balloon-supported gauge strings was retrieved, and thils retrleval
was uneventful (Reference C.1.1607).

For Project 2.2, priority animal recoveries and ailr samples from Howorth
were required. Postshot operations started at H+2. At that time the recovery
party boarded the ship from YTB-182 and deactivated the washdown system. Re-
covery was completed, the washdown system reactivated, and personnel debarked
by H+2:45. No pocket dosimeter reading was greater than 0.200 R (Reference
C.1.1620). CTG 7.1 noted on 3 June that he "will tolerate 4 r/hr on board
DD-592 for not more than 40 min" (Reference B.l1.5, UMBRELLA-5):

Radlac readings taken on board Takelma during the minefleld recovery oper-
ation 1indicated that the water contamination was of minor tactical signifi-
cance. Readings for the string of mlnes closest to surface zero were taken on
D+3. The gamma radiation level on the ship was 0.0015 R/hr. Maximum mine case
readings were 0.150 to 0.200 R/hr. Maximum cable readings were 0.015 to 0.020
R/hr (Reference C.1.1641).
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REMAINING RECOVERY OPERATIONS. Decontamination of the target ships started
as soon as priority project recoveries were completed. By 22 June, three days
after UMBRELLA, the radiological picture allowed Cree, Moctobl, and Arikara to
tow the three target destroyers to the anchorage area and nest them alongside
Hooper Island. On the same day, Cree returned to the target-array area and
towed Moran to its anchorage. Recovery of buoys, anchors, and cables began as
soon as possible after UMBRELLA and was completed approximately 2 weeks later
(Reference C.3.1).

After post-UMBRELLA 1nspections, all target destroyers were readled for
sea befocre tow-away. On 22 June, Fullam and Killen were towed by Chewanoc and
Munsee, respectively, to Pearl Harbor Naval Shipyard, arriving on 11 July.
Howorth was probably towed by Moctobl at the same time. Later, Howorth was
towed by Munsee to San Francisco Naval shipyard. Detalled machinery 1inspec-
tions of the target destroyers were conducted at these shipyards (Reference
C.1.1632).

Moran was conslidered unseaworthy for a lengthy tow and on 21 June was sunk
in deep water off Ikuren Island, Enewetak Atoll, by naval gunfire from Collett,
Arikara, Cree, Hooper Island, Takelma, Magoffin, and Munsee.

HIGH-ALTITUDE SHOTS
Background and Planning

Increased interest in the possibillity of using nuclear detonations 1n a
defensive role against ailrcraft and ballistic missile attack led the DOD to
sponsor three test events at altitudes well above the Earth's lower and denser
atmospheric layers. These events are summarized in Table 27. The yileld for
YUCCA has not been announced; ORANGE and TEAK were 1in the megaton range.

Table 27. HARDTACK high-altitude events.

Name Date/Time Location AltVtude
YUCCA 28 Apr/1440 85 nmi (157 km) northeast of 86,000 feet (26.2
Enewetak km) by balloon
TEAK 31 July/2350 Over Johnston Island 252,000 feet (76.8
km) by rocket
ORANGE 11 Aug/2330 41.6 km south of Johnston 141,000 feet (42.98
Island km) by rocket

These shots were designed to study the following:

® How burst altitude affects the proportion of the bomb's
energy that appears as alrblast and thermal enerqgy

The effect of high-altitude bursts on materilals
The effect of high-altitude bursts on radio and radar
propagation.
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Altitudes at which the weapons were to be detonated required different
techniques than had been used in previous nuclear weapon testing.

The YUCCA device was raised to its final altitude by a large. untethered,
helium-filled balloon. Balloons had been used to replace the towers for several
of the 1957 PLUMBBOB tests at the Nevada Test Site (NTS), but these had been
tethered to control their positions and to pull the weapons down with winches
if required.

TEAK and ORANGE were boosted to their detonation altitudes by Redstone
rockets. A rocket had been used in Operation PLUMBBOB (1957 at NTS) to position
test detonations, but this had been a low-yleld weapon, not the megaton-range
devices used for TEAK and ORANGE.

YUCCA

Detonation of a nuclear weapon at the altitude planned for YUCCA would not
expose task force personnel to nuclear radiation. However, during the process
of placement of the device by free balloon, malfunctions potentially could lead
to exposures. Safety planning for YUCCA focused on the procedures in the place-
ment process where problems could arise.

SAFETY PLANNING. High-altitude research balloons., such as that used to
carry the YUCCA weapon, are large envelopes of lightweight plastic. During the
time required to inflate the balloon and complete final operations on the pay-
load (almost 1 hour for YUCCA), the balloon is subject to the actions of sur-
face winds. These winds act on the envelope and exert a force on the attached
inflation apparatus and payload. To prevent the equipment and payload, in this
case a nuclear bomb, from being dragged about, they are restrained and the
plastic envelope absorbs the force of the winds, subjecting it to possible
tearing and destruction. Therefore, in order to launch the balloon success-
fully, 1t 1s usually inflated and launched in still air, or a moblle system is
used to keep the floating, but still tethered. balloon over the payload.

Balloon flight-testing for YUCCA began in 1956 at various locations in the
United States, and 1in 1957 attempts were made by the Alr Force Cambridge Re-
search Center (AFCRC) to launch large balloons from the airfield at Enewetak
Island. Because of the high surface winds at Enewetak, these launches were
generally not satisfactory and another scheme, launch from an aircraft carrler,
was devised. The ailrcraft carrier could move at the same speed and in the same
direction as the surface wind to keep the inflating balloon in still air for
the launch. The practicality of this was demonstrated with five successful
launches from Boxer off San Diego in September 1957. Eleven more launches were
made from Boxer in the waters of the EPG from 9 March to 18 April 1958 Just
before HARDTACK. The purpose of these flights was to famliliarize the Alr Force
launch crew and Boxer crew with launch procedures. These flights were also
used to check instrumentation and telemetry systems. In all, 86 balloons were
launched in preparation for YUCCA (Reference C.1.1654).

Control of the nuclear weapon thus launched on the free balloon lay with
the wind and the 1lifting power of the balloon. Actuation of the detonation was
to be controlled by the task force commander through a radio 1link. For proper
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placement of test instrumentation aircraft and ships, as well as safety, it
was 1important to be able to predict accurately the ultimate position of the
weapon as well as the path it would take to get there.

The balloon's 1lifting power and consequent climb performance were well
understood and could be modified by varying the amount of helium gas used as
the payload welght was modifled with 1instrument changes. Winds aloft were
measured on the morning of the launch. Based upon a general knowledge of the
meteorology of the EPG, a flight profile was drawn up. A YUCCA Firing Area had
been established, a 25- x 25-nmi (46.3- x 46.3-km) square of open ocean in the
EPG, generally between Enewetak and Bikini and centered on 12°17'30"N and
163°21'E. Wworking backward from the desired burst point and time, the ex-
pected flight path was used to predict the proper balloon release point and
time. From this calculation, Boxer steamed to a release position that would
allow the balloon-borne weapon to be at the proper place and time for
detonation.

The arming and fuzing system was equipped with several devices to ensure
safety during the launch sequence and in case of a dud. Electrically actuated
explosive squibs were capable of cutting the bomb loose from the balloon rig-
ging so that it would quickly fall to the sea 1f it were a dud. These squibs
were 1important protective devices. However, during the launch preparations, 1t
was possible to actuate the squibs while the weapon was being held 1in the
launcher by the balloon's rigging. The launcher was a very large forklift, and
the drop to the deck was such that damage to the weapon was possible. There-
fore, while the device was in the launcher a mechanical pin prevented the bomb
from dropping 1in case of an accidental firing of the cut-down squibs. This
safing pin was among the last things removed from the rigging before the bal-
loon's release.

Two other pins were also removed at launch. These pins prevented electric
current from flowing to the arming circuitry so that the weapon could not be
fired before launch. They also prevented operation of the baroswitch system.
This system sensed the atmospheric pressure, and 1f the pressure fell below
the value at 40,000 feet (12.2 km), 1t enabled the arming process to take
place. If the balloon ascended above 40,000 feet (12.2 km), then through mal-
function started to descend below 40,000 feet (12.2 km), the baroswitch would
sense this and prevent arming. The baroswitch system also activated an elec-
trical timer at 40,000 feet (12.2 km) altitude. The timer ran for 190 minutes
and then gave signals to fire the weapon and the cut-down squibs. Thus, had
the radio command to fire falled to detonate the weapon, 1t would have been
fired by the electrical timer 190 minutes after the balloon rose above 40,000
feet (12.2 km) altitude or 1t would have been dropped by the cut-down squibs
1f 1t were a dud. The bomb would have been cut down 5 hours after launch even
if the radio command to fire or be cut down and the electric timer's action to
fire or be cut down had failed. Two mechanical clock timers actuated at launch
would have activated the cut-down squibs.

In summary, the device was mechanically held on deck so that it could not
be dropped. Mechanical locks on the arming and firing circuitry prevented fir-
ing on deck. The baroswitch system prevented 1t from being fired below 40,000
feet (12.2 km) altitude. It could be cut down at any time by radio command or
would be automatically cut down if 1t misfired.
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There was a possibility that the weapon would remain intact in the seawater
if it were cut down and fell from a low altitude. If this occurred there was a
remote possibility that the seawater could provide electrical conduction paths
in the device such that the firing circuit could be completed and a detonation
could occur. To prevent such an incident, two saltwater-activated probes were
installed to activate an explosive puncture switch to short out the high-
voltage unit and prevent generation of the current necessary to initiate deto-
nation. On the other hand, it was thought advisable to have the weapon sink
rather than float if 1t did land intact in the water. Therefore, plugs were
installed that would dissolve in the saltwater after about 4 hours. The weapon
case would then flood and sink.

SHOT OPERATIONS. The test plan was for the balloon to rise to its maximum
altitude and drift to its final position. In addition to the nuclear weapon,
it trailed wire with various instruments to measure and telemeter information
to the alrcraft below and Boxer. The alrcraft also had instruments to detect
and record information about the burst and its effects.

DOD projects of TU 7.1.3 participating in YUCCA included:

® Project 1.10 —- Blast Overpressure Measurements

® Project 2.7 -- Prompt Nuclear Radiation Measurements

® Project 6.4 -- Electromagnetic Pulse Measurements

® Project 6.5a -- Radar Fireball Observations

® Project 6.6 -- Radar Cloud Size Determination

® Project 6.9 -- Ionospheric Effects of High Altitude
Nuclear Detonatilons

® Project 8.2 -- Thermal Radiation Measurements

® Project 8.3 -- Early Fireball Photography

® Project 8.4 -- Thermal Radiation Spectrum Measurements

® Project 8.5 -- Airborne Infra-Red Measurements

® Project 9.2 -- Balloon Carrier.

Recording instrumentation for these projects was either in the aircraft, on
Boxer, or 1n more remote island locations. No recovery of recorders or samples
was required.

Two RB-36s were flying a circular course centered on the downward projec-
tion of the predicted air zero. The radius of this path was 12 nmi (22.2 km)
and thelr altitudes were 36,000 and 37,000 feet (10.97 and 11.28 km). Simi-
larly, a P2V clircled a radius of 9.5 nmi (17.6 km) at an altitude of 25,000
feet (7.62 km). The SAR SA-16 was flying a north-south racetrack course at
7,000 to 9,000 feet (2.13 to 2.74 km) altitude about 70 nmi (130 km) west of
the projected air zero.

Boxer departed Bilkinl Atoll at 1900 on 27 Aprll for a predetermined posl-

tion for the YUCCA launching. Boxer arrived at the launch site coordinates of
12025'N, 164°4'E by 0600 on 28 April. At that time a weather balloon was
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Figure 77. HARDTACK, YUCCA balloon path and detonation area.

The balloon climbed rapidly. It reached 7,000 feet (2.1 km), in 7 minutes
and 12,000 feet (3.7 km) in 15 minutes. At 1206 the balloon reached 40,000
feet (12.2 km). where the baroswitch system permitted arming and actuated the
backup electrical timer. At 1253 the balloon was at 85,000 feet (26 km). At
1330, all air and boat travel between Bikinil and Enewetak was closed. The sur-
face and alr radex areas that had been 1i1ssued stated that the area within a
140-nmi1 (259.4-km) radius of 12°17'30"N and 153°21'E was considered hazard-
ous to surface vessels and aircraft from surface to unlimited altitudes.

YUCCA was command-detonated at 1440, after a delay because one of the
RB-36 alrcraft was out of position. The burst was visible from Enewetak (Figure
78), but was at such a distance that no protective goggles were necessary
there. The shock wave reached Boxer 3 minutes and 16 seconds after the detona-
tion. Table 28 summarizes positions of the particlpating ailrcraft.

TEAK and ORANGE

These two test events were scheduled for April and May. They were DOD tests
that required large boosters to li1ft megaton-range-yleld warheads to altitudes
of 250,000 feet (76.2 km) for TEAK and 125,300 feet (38.1 km) for ORANGE. The
assigned launch rocket was the Redstone, an Army tactical missile fueled by an
alcohol and liquid-oxygen mixture. A Redstone had been used to launch the first
U.S. Earth satellite, Explorer I, on 31 January 1958.
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The necessary launch structures, a pad, a moveable tower with working sta-
tions and elevators, liquid-oxygen plant, firing bunker, tracking stations.
etc. had been constructed on Bikinil Island. The construction had begun 1in
October 1957 and was completed on schedule early in April 1958. The Redstone
and the Army Ballistic Missile Agency (ABMA) support crew for TEAK were assem-
bled and in place. TEAK warhead had been brought over from Parry to Bikinil and
was ready. Backup warheads and misslles were 1n various stages of preparation.

Results of theoretical calculatlons on the optical thermal yleld of these
weapons when detonated 1in the upper atmosphere became available indicating
that such detonations would be bright enough to cause permanent retinal injury
to observers of the bursts. These calculations had only recently been completed
by Los Alamos Sclentific Laboratory. They were supported by the DOD. Because
some 11,000 Micronesians would have been close enough to view the very-high-
altitude bursts at the EPG, thus risking retinal damage, the Secretary of De-
fense and the Chairman of the AEC declided on 7 Aprll to change the location of
the test to Johnston Island (Reference D.l, p. 15).

OPERATION NEWSREEL. The code word NEWSREEL was assigned, whose meaning was
"Johnston Island as a site for TEAK and ORANGE," and test dates of 1 August
and 15 August were set. Physical preparations were renewed. Construction per-
sonnel and launch equipment were moved from Bikini Island. The launch complex
at Johnston Island as completed in July 1s shown 1in Figure 79. Organizational
changes then included Johnston Island in organlzation charts as another loca-
tion 1in the EPG. A speclal planning guide was 1ssued by Hq JTF 7 to assist
task force units of the task force 1in planning and executing thelr activitiles
in connection with transferred events (Reference B.0.5).

Johnston Island was well situated for the high-altitude tests because of
its 1isolation, the nearest inhabited island being 538 statute miles (866 km)
away. On the other hand, operations there had to consider aircraft and ship
routes from Hawall to Asla, as well as the close-in hazards of misslile launch
in a confined area and the firing of misslles over water areas used for shilp
anchorage.

The planning guide issued by the Jjoint task force commander included an
analysis of the "nuclear and nonnuclear hazards" associated with firing TEAK
and ORANGE and indicated these were (Reference B.0.5):

That the hazards to personnel from blast and from thermal and
nuclear radiation effects are expected to be negligible.

That the chance of hazards resulting from falling missile
stages, pods, and other hardware will be remote.

That the probabllity of hazards resulting from fallure to
launch or malfunction of the thrust and guildance systems
while at low altlitudes 1is expected to be acceptably low. A
nuclear detonation 1is effectively 1impossible under these
circumstances.

That the probability of a full-scale detonation of the missile
on the launch pad or while at low altitude is considered to
be extremely low;: that the missile burning on the launch pad
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Range 1in statute miles Infinity Dose

from detonation (R)
200 100
400 10
500 5
700 2
800 1

The planning gulde promulgated the followlng safety measures:

A danger area will be established to protect all ships and
alrcraft. A speclal hazardous area will be delineated within
the established danger area and a minimum number of Joint
Task Force SEVEN personnel and units will participate in this
speclal hazardous area.

Personnel not essential to the operation will be evacuated
from the local area (special hazardous area) 1in Task Force
ships. Essentlal personnel will be elther 1in the protected
blockhouse or the underground hosplital or other designated
facility. A Radlological Safety Unit will be maintained aboard
the command ship. A second Radlological Safety Unit will be
held in reserve in the Hawalian area.

Joint Task Force SEVEN personnel will be protected from eye
damage by high-denslity glasses or by belng requlired to be
below decks in Task Force ships. Those in the blockhouse or
underground hospital will be adequately shielded by these
structures. Those who must, for operatlional consideratlions,
be 1n Task Force aircraft or topside in ships will hear the
countdown and be instructed to turn from the flash and cover
thelr eyes. Prlor to the detonations, notices to mariners and
alrmen will be disseminated. Thorough searches will be con-
ducted to ensure that no surface shipping 1s 1in the danger
area. Through military and CAA channels, alrcraft will be
grounded at safe locations or routed at safe distances and
altitudes. The nearest populated land area 1s French Frigate
Shoal, 538 statute miles north-northeast of Johnston Island.
This area 1s well out of range of flash blindness and/or ret-
inal burn hazard. Populated areas at all elevations in the
main Hawallan chain are outside the hazard area.

A radilation monitoring network will be operated throughout
the Hawallian Islands to ensure that rellable data are avall-
able to responsible agencies.

Present calculations indicate that thermal hazard to surface
installations from TEAK 1s negligible. For ORANGE, calcula-

tions 1indicate that . . . [the] flux may ignite moderately
combustible materials on the 1island or behind windows 1n
houses . . . . It 1s necessary that the island be carefully

cleaned up prior to ORANGE detonation with particular
reference to exposed inflammable materials.
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DANGER AREA AND PATROL. The primary concern was the danger of retinal dam-
age. A circular danger area with a radius of 400 nmi (740 km) was established
around Johnston Island. Patrol of this area to ensure that no transient ships
were in the area was the responsibility of a force of patrol and early-warning
alrcraft based at NAS Barbers Point, Oahu, Hawaiil. The squadrons contributing
ailrcraft for this and the aircraft are listed in Table 29.

Table 29. Task Group 7.3.5.5 aircraft participation, HARDTACK,
TEAK and ORANGE.

Bureau of

Aeronautics
Squadron Mode Number Voice Call
VA(HM)10 P2V-5F 131489 The Prophet 6
VA(HM)10 P2V-5F 131532 The Prophet 10
VA(HM)10 P2V-5F 131487 The Prophet 7
VP-1 P2V-5F 131408 Backdoor 2
VP-1 P2V-5F 131427 Backdoor 10
vP-21 P2V-5F 1314 Backdoor 7
vp-22 P2V-5F 131432 Arm Chair 3
vp-22 P2V-5F 128393 Arm Chair 4
vp-22 P2V-5F 128367 Arm Chair 12
vP-28 P2V-5F 131425 Wildroot 2
vP-28 P2V-5F 131416 Wildroot 3
vP-28 P2V-5F 131526 Wildroot 4
vP-28 P2V-5F 131420 Wildroot 5
vP-28 P2V-5F 131402 Wildroot 8
vP-28 P2V-5F 131449 Wildroot 9
vP-28 P2V-5F 131436 Wildroot 10
VP-29 P2v-5F 131462 Wildroot 11
VP-29 P2v-5F 131446 Wildroot 12
VW-1 Wv-2 143196 Rain Proof 5
VW-1 Wv-2 145926 Rain Proof 1
VW-3 Wv-2 145933 Discovery 10
VW-3 WvV-2 145924 Discovery 3
VW-3 Wv-2 143229 Discovery 2

Source: Reference B.3.3.

Two days before each shot, a Notlice to Marlners was 1ssued and patrols
begun. Eight planes flew courses that collectively covered the danger area.
Most started their patrol from NAS Barbers Point, but three flew from Johnston
Island itself. Search was both visual and with radar. The mileage each aircraft
covered was from 1,800 to 2,800 nmi (3,336 to 5,189 km). On D-1 the flights
were repeated with slightly varying courses. The shots were scheduled for just
before midnight, and on D-day the flights were again repeated except that one
of the Johnston Island flights was eliminated. Patrols were made during day-
light hours. If a ship was found within the danger area, it was identified and
the task force informed of 1its location. A message was dropped to the ship
informing 1t of the danger area and advising it of the most direct course out
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of the area. If the ship did not respond, the P2Vs were authorized to "buzz"
the ship at masthead altitude, indicating by 1ts dilrection of flight the direc-
tion the ship should take. The number of ships found in the danger area and
their identities and responses do not appear in the records.

The task force commander advised the Civll Reronautics Authority that 1t
would be dangerous for aircraft to fly within 521 nmi (965 km) of Johnston
Island. This notice was given on 30 July, but no other public announcements of
the imminent tests were issued.

MUSTER AND EVACUATION. Accounting for personnel on Johnston Island began
the day before the shot. The process was greatly simplified compared to the
EPG proper because only about a thousand men had to be accounted for. There
was, however, a relatively large group that remained on Johnston Island whose
whereabouts had to be known during the arming, missile launch, and detonation
operations. This required a muster officer in the Command Post in Johnston
Island to report to CJTF 7 that all were in safe locations. Manned stations
for TEAK and ORANGE on Johnston Island or in the lagoon are summarized in
Table 30. The exact location of MV Acania is not known, but a photo (Figure 80)
shows 1t anchored Just off the north side of Johnston Island about 10 days
before launch. As the ship was carefully anchored so that 1ts antenna would
point in a fixed direction (Reference C.1.1645), this anchorage may have been
its position during the shots also.

The evacuation was conducted on the D-day by small boats, LCUs, and LCMs
that could use the Johnston Island pier. They moved the personnel to Boxer.
which had come up from the EPG to support TEAK and ORANGE operations. Plans
had called for the discharge of the personnel from the small boats onto a float
moored to Boxer. From the float they were to enter Boxer by ladder. Before
evacuation it was determined that the rough seas at Johnston Island would make
this hazardous and an alternate scheme was adopted. Holmes & Narver, Inc.
(H&N), fabricated a large openwork cage that personnel could enter on the deck
of the LCU. This cage was then hoisted by a crane on Boxer and was deposited
directly on the hangar deck of the carrier. Hellicopter evacuation was available
for key or infirm personnel. The 1sland was quickly evacuated. In the late
afternoon before the midnight shots, Boxer proceeded 50 to 70 nmi (93 to 130
km) northeast of Johnston Island. The following morning, the evacuees were
returned to Johnston Island.

RADIOLOGICAL SAFETY OPERATIONS. The radsafe operation emphasized the pos-
sibility of an accident during launch, which could spread the radioactive
materlial due to the weapon high-explosive and missile fuel detonating and burn-
ing. Therefore. 1in selecting the 1l men for work at Johnston Island, CTU 7.1.6
considered field experience with alpha contaminants most important. The men
selected were in two groups. Six were flown to Johnston Island just before the
shots and the remainder stayed on alert in Hawaiil at Hickam AFB to be flown in
if necessary. The Radsafe Center on Boxer was used by members of the team.

SCIENTIFIC DATA RECOVERY. The scilentific information to be collected from
the experiments was gathered in several general ways. The first involved use
of 1instruments on the ground, ships, aircraft, or small rocket to record
nuclear, thermal, or radiofrequency radiations from the burst. Another used
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Table 30. Manned stations on or near Johnston Island, HARDTACK,
TEAK and ORANGE.

Station Distance from Launch Groups Us1ing
Launch bunker 350 feet (107 meters) Joint Task Force 7 Missile Safety
(J-6002) west

Task Group 7.1 command arm and
fire

Project 9.3a Redstone control
Project 2.6 telemetry reception
Project 32.1 receiving station

Task Unit 7.1.5 countdown and

fire

Hq bullding basement 1,000 feet (305 Project 6.11 riometers

(T-249) meters) west
Project 6.12 rocket control
ProjJect 32.3 receliving station
Project 32.4 microbarograph

Hospital basement 1,500 feet (458 Headquarters Joint Task force 7

(P-405) meters) west Project 6.12

Older building 1,080 feet (329 Hq USAF Station

basement (P-233) meters) west

Photo-optical building 1,000 feet (305 Project 10.3

with 2-man shelt ter north

elter meters) Project 18.1

Sand Island 5,500 feet (1.7 km) Project 32.4

(west portion) east

Sand Island 6,800 feet (2.1 km) Project 5.4

t t1 t

(west portion) eas Project 6.10
Project 8.6

MV _Acania "Inside J.I. reef" Project 6.11

Sources: Memo, CJTF 7, Subject Johnston Island Evacuation, 7/12/58;
Reference C.1.1645.

264






instrument rockets being fired from Johnston Island the aircraft remained on
the ground until 30 minutes after the burst. One then took off and flew at low
altitude, 500 to 1,500 feet (153 to 458 meters), until the radio beacon or
flashing light was observed. If the search continued until daylight, the dye
in the water was another location aid. Radio communications were maintained
with surface ships that coordinated the search and, after the pod or sample
rocket was discovered, made the actual pickup. The P2V dropped a smoke flare
to aid in guiding ships to the pod. The second P2V was a spare to be used 1if
the first had to retire because of mechanical problems or because the search
was extended beyond its endurance.

Surface ships used in the recovery were Lansing for the pods and USS
Safequard (ARS-25) for the sampler rockets. The deck of Lansing was considered
to be too small for the 1,300-pound (590-kg)., lead-lined pig that the sampler
rocket would require if it were as hot as predicted, 50 R/hr at 1 meter.

TEAK OPERATIONS. On 31 July, 727 men were evacuated from Johnston Island
to Boxer. With the 187 men who had been evacuated the day before, this left
about 175 on Johnston Island. Distribution of the personnel remaining on the
island 1s not known exactly. A JTF 7 memorandum of 12 July estimated that 102
TG 7.1 personnel would remain to man project instrumentation, and that 28 per-
sonnel of the Base Command would also be required to remain. These latter prob-
ably kept the airfield functioning so that the VP-28 P2V could be dispatched
after the shot for pod recovery operations. H&N reported that 24 of its men
remained to carry out essential TG 7.5 dutles.

Ship positions for TERK are shown 1n Figure 81 and participating alircraft
are given in Table 31.

The TEAK Redstone rocket 1s shown 1in Figure 82. It was launched from
Johnston Island at 13 minutes before midnight. After a 3-minute flight the
warhead was detonated at a 250,000-foot (76.2-km) altitude, producing a spec-
tacular display that was visible from Honolulu 700 nmi (1,297 km) away.

A Honolulu resident described the burst in a page-1 story in the 1 August
Honolulu Star-Bulletin:

I stepped out on the lanal and saw what must have been the
reflection of the fireball. It turned from light yellow to
dark yellow and from orange to red.

The red spread in a semi-circular manner until it seemed
to engulf a large part of the horizon.

A cloud rose in the center of the circle. It was quite
large and clearly visible. It remained visible for about a
half hour.

It looked much closer than Johnston Island. The elevation
of the circle was perhaps 20° above the horizon.

Other descriptions in the same 1issue emphasized the red feature that ap-
peared. From Mt. Haleakela on Maul., observers reported that this red shell
appeared to pass overhead about 40 minutes after the detonation.
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Figure 81. Ship positions, HARDTACK, TEAK.
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Table 31.

Aircraft participation in HARDTACK, TEAK.

Zero-Time Location
Relative to Burst

Altitude
No. Type Mission Call Sign (feet) (km) Range or Course
1 P2V Project 8.5 Student 21,920 6.68 47.6 nmY (B88.2 km) horizontal
range north
2 RB-36 Projects Goldenrod 30,500 9.30 75 nmi (139 km) slant range north
8.2-8.4 Bigamy and north-northeast
1 c-97 Project 6.10 Floyd 220 km northeast
1 Cc-97 Project 4.1 Excelstor 20,000 6.10 305 nmY (565 km) northeast
2 WV-2 Project 6.13 High Port 8,000 2.44 190 nmY (352 km) east-northeast
Inhale 10,000 3.05
1 P2V Project 8.6 Wildroot Not airborne at burst time
1 C-54 SAR Pluto 10,000 3.05 60 nmi (111.2 km) north
1 C-54 Observer Demand 80 nmY (148.3 km) north
1 C-54 Hq USAF Tissue
Sources: References B.4.3.39-B.4.3.58 (ORANGE), C.1.1633, C.1.1649, C.1.1659.
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placed upright on the pad and the final preparations for the ORANGE event
began.

ORANGE OPERATIONS. From 1 through 7 August the individual systems for the
Redstone were checked and from 8 to 10 August general checkouts and simulated
flight tests were run. On 11 August the launch countdown began.

Because of public interest in Hawali. CINCPAC announced on Monday., 11
August, that a nuclear test was to be conducted at Johnston Island sometime
between 2200 and 0600 (Hawaiian time) that night. This was 1n addition to the
Notlice to Mariners 1issued before TEARK that was still in effect.

Evacuation of Johnston Island personnel had gone so smoothly for TEAK that
it was decided that for ORANGE 1t need not begin before the day of the shot.
Eight hundred eight men were evacuated to Boxer on 11 August, leaving about
one hundred forty-five men at the manned stations.

Ship locations are shown in Figure 84 and Table 32 shows ailrcraft partici-
pation.

The Redstone launch was at 2327 and at 2330 the ORANGE warhead was deto-
nated.

The show in Honolulu was somewhat of a disappointment after the TERK dis-
play. There was a brilliant flash for about a second, which "dimmed to a rose
glow and faded away.”" From the heights of Mt. Haleakela on Maul, the view was
described as a "dark brownish red mushroom rose in the sky . . . then died down
turning to white with a dark red rainbow." This was visible for 10 minutes or
so (Star-Bulletin. Aug 12).

The widespread disruption of radiofrequency communications that had fol-
lowed the TEAK shot was not repeated for ORANGE. Representatives of RCA and
Mackay Radio and Telegraph reported no problems during the night (Star-
Bulletin, August 12). However, a later report stated that aircraft flying from
the West Coast to Hawall were out of touch with air controllers 1in either
Hawall or the United States for periods of from 10 minutes to 2 hours starting
at 0530, August 12. Whether this radio blackout was a delayed result of the
ORANGE test or a consequence of solar flares was not known (Star-Bulletin,
August 13).

At Johnston Island the attempts to recover the Project 8.2 pod falled. It
could not be located despite of aerial and surface ship searches through the
night and into daylight the next morning. The sampler rocket nosecones were
all located by the P2V and recovered by Safequard. One nosecone was radio-
active, but the intensity of 1ts radiation 1s not reported in the project
report. A later analysils showed that this radioactivity was induced by the
neutrons from the burst and was not the result of warhead debris contamination.
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272

345,



Table 32.

Aircraft participation i1n HARDTACK, ORANGE.

Zero-Time Location
Relative to Burst

AltiYtude
No. Type Misston Call Sign (feet) (km) Range or Course
1 p2v Project 8.5 Student 22,000 6.71 64.6 nmY (119.7 km) horizontatl
range north
2 RB-36 Projects Goldenrod 30,500 9.30 75 nmi (139.0 km) slant range
8.2-8.4 Bigamy north and northeast
1 c-97 ProjJect 6.10 Floyd 360 km northeast
1 Cc-97 Project 4.1 Excelsior 15,000 4.57 226 nmi (418.8 km) northeast
2 Wv-2 Project 6.13 High Port 8,000~ 2.44- 190 nmt (352.1 km) east-northeast
Inhale 10,000 3.05
1 p2v Project B.6 Wildroot Not airborne at burst time
1 SC-54 SAR Pluto 10,000 3.05 60 nmt (111.2 km) north
1 C-54 Hq USAF Tissue
1 C-54 Observer Demand 80 nmt (148.3 km) north
1 W8-50 Cloud Wilson
tracking Special

Sources: References B.4.3.32-B-4.3.58 (TEAK), C.1.1633, C.1.1649, C.1.1659.
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CHAPTER 6
U.S. ARMY PARTICIPATION

More than 1,500 Army personnel were participants in HARDTACK operations.
Most of served in Task Group (TG) 7.2, which provided support for the Enewetak
Island base and military police services throughout both Bikini and Enewetak
atolls. Army personnel and cilvilians from Army laboratory agencles also pro-
vided personnel for several experimental projects by TG 7.1.

Enumeration of Army personnel who participated in either the joint-Depart-
ment of Defense (DOD) organizations or in an Atomic Energy Commission (AEC)
laboratory 1s not possible from the Consolidated List of Exposures (Reference
C.1.6.3), as thils does not display any service affillation., rank. or serlal
number information. It 1s certain that some Army personnel were 1in these orga-
nizations, and their exposures are included 1in the summaries 1n Chapter 11.

Army personnel representing Army agencles., however, are 1dentifiable from
the cConsolidated List, and thelr participation 1s summarized below by task
group affiliation. Both military and civilian personnel with Army organizations
are intermingled for the reason given in the previous paragraph. Distribution
of the exposures for participating Army organizations 1s shown in Table 33.
Mean exposure for Army personnel in TG 7.1 was 1.25 R and for those in TG 7.2
was 1.49 R. Collectlive exposure for all Army personnel was about 2,255 man-
roentgen, and the mean for all Army personnel was 1.43 R.

Army Ballistic Misslile Agency (ABMA), Redstone Arsenal, Alabama. This agency
was responsible for the Redstone missiles used to launch the TERK and
ORANGE test devices. This activity was designated Project 9.3a. Ninety-one
ABMA personnel were badged, although more were in the fleld. Project activ-
ity was on Bikini Island, mainly in the perlod before testing began, and
on Johnston Island.

Ballistlc Research Laboratorles (BRL), Aberdeen Proving Ground, Marvyland. This
laboratory contributed 17 men for the ailrblast experiment, Project 1.7.
Three exceeded 3.75 R exposure.

Chemical Warfare Laboratory (CWL Edgewood Arsenal, Maryland. This laboratory
manned projects 1in both nuclear and thermal radiation. These projects were
2.4, 2.4a, 2.9, 2.10, and 8.7. Total number of personnel was 35, of which
3 exceeded the serles Maximum Permlissible Exposure (MPE) of 3.75 R.

Diamond Ordnance Fuze Laboratory (DOFL), Washinqton, D.C. The laboratory manned
two interrelated projects, 6.3 and 6.3a. Flfteen men were badged and one
barely exceeded the serles MPE of 3.75 R with a badge reading of 3.755 R.

Engineer Research and Development Laboratory (ERDL), Ft. Belvolr, Virginia. The
laboratory supplied the two men who conducted Project 1.4, a crater survey.
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Table 33. HARDTACK personnel exposures, U.S. Army organizations.

Exposure Ranges (R)

No. of
Persons Over QOver High
Element Badged 0 0.001-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 S 3.752 {R)

Task Group 7.1 Army Organizations

ABMA 9N 85 4 0 1.00
BRL 17 0 0 0 2 1 0 4 8 2 3 4.55
CHWL as 0 7 1 7 5 7 1 4 2 1 3 6.63
0OFL 15 0 3 4 2 3 1 0 2 1 3.76
ERDL 2 0 1 o} 0 0 1 0 2.40
SRDL 39 13 n 7 8 0 1.34
WES 6 0 0 1 3 0 1 1 0 2.95
1st RSSU 94 1 5 n 12 20 15 7 15 7 1 12 5.34
US ATC, Ft. Devens 2 0 0 0 1 0 0 0 1 0 3.29
Total Army TG 7.1 301 99 an 26 35 29 25 13 30 n 2 19 6.63
TG 7.2 Army Organizations
Admin Det 627 14 a9 92 125 236 103 15 3 0 3.57
Ops Det 504 22 28 97 46 1M 101 29 10 1 3.81
1st Prov MP 139 1 14 43 8 52 9 2 0 2.67
Unidentified 3 0 1 0 0 1 1 0 2.08
Total Army TG 7.2 1,213 37 82 232 189 460 214 46 13 1
Total Army 1,574 136 113 258 224 489 239 5% 43 M 2 20 6.63

Note:

4HARDTACK Maximum Permissible Exposure.
Source: Consolidated List of HARDTACK Exposures (Reference C.1.6.3).

Signal Englneering Laboratory (SEL), Ft. Monmouth, New Jersey. This laboratory
furnished speclal instrumentation for Project 2.3. Another laboratory from
Ft. Monmouth, the Evans Signal Laboratory (ESL), also furnished personnel,
and both were merged into the Signal Research and Development Laboratory
(SRDL). under whose authorship the HARDTACK project report appears. There-
fore, all the exposures have been similarly combined under SRDL below.

Signal Radio Propagation Agency (SRPA), Ft. Monmouth, New Jersey. This agency
was separate from the several signal laboratories at Ft. Monmouth. It 1is
credited with providing operating personnel for Project 6.9, an SRDL proj-
ect. However, personnel clted 1n the project report are noted 1n the
Consolidated List as belng with SRDL.

Signal Research and Development Laboratory (SRDL), Ft. Monmouth, New Jersey.
This organlzation was apparently the successor to SEL and ESL and appears
to have come 1into existence during the time that HARDTACK was belng con-
ducted. SRDL, or 1ts predecessors, conducted Projects 6.4, 6.5, 6.6, 6.9,
and 6.12 as well as providing instrumentation for Project 2.3. Included 1in
the exposures 1n Table 33 are also those of the SRPA.
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Waterways Experiment Station (WES), Vicksburg, Mississippl. WES provided the
project officer for the survey of HARDTACK blast damage to existing EPG

structures and contributed at least four men for Project 1.1.

1st Radiological Safety Support Unit (lst RSSU Ft. McClellan Alabama. This
unit provided the corps of personnel for TU 7.1.6, the basic radsafe orga-
nization for the task force. Personnel from TU 7.1.6 conducted radiological
surveys, monltored reentry missions, issued film badges, etc. Twelve of
the ninety-four men from the lst RSSU had exposures exceeding 3.75 R, with
the highest reading being 5.338 R.

Two additional Army units are cited on the Consolidated List and these
were to participate in TU 7.1.7, the group preparing the UN demonstration shot
that was later cancelled. The two Army units coded on the list were both from
Ft. Devens, Massachusetts. The first, styled "Trans, C., U.S. ATC."” had two
men badged. The second, "631 Q.M.. Trk., Co.." had no men badged. The role of
these men in TU 7.1.7 1s not clear. The others badged as part of this task
unit were from the AEC weapon organizations or their contractors, or were from
the Armed Forces Speclal Weapons Project (AFSWP).

In addition, several unnamed Army units are acknowledged to have contrib-
uted personnel to the ABMA activitles on Project 9.3a. The Consolidated List
does not show organizations that could fit the description given for these
groups, but this 1s consistent with Project 9.3a locations, that 1s, primarily
Johnston Island or pre-serles Bilkinl. Locatlons from which the personnel came
and the numbers as cited in Reference C.1.1657 are as follows:

Ft. Belvolr, 16 engineers to operate liquid-oxygen plant
Ft. 8111, 6 artillery speclalists, Redstone firing
Picatinny Arsenal, 4 warhead adaption kit experts.
The final area of U.S. Army participation in HARDTACK was the provision of
almost all personnel for TG 7.2. This group was divided into two detachments,
an Administrative Detachment and an Operations Detachment, and the 1lst Provi-

sional Military Police Company. The collective exposure of these elements 1s
diven in Table 33.
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CHAPTER 7
U.S. NAVY PARTICIPATION

Over 8,700 Navy personnel participated in the HARDTACK series. More than
8,300 of these served in the approximately 40 ship. air, and specialized sup-
port units in Task Group (TG) 7.3. This group provided air and surface patrol
for the Enilwetok Proving Ground (EPG), logistic support for the task force,
instrumentation platforms for the sclentific organizations, weather observa-
tions for test planning, and a variety of special services involving mooring,
salvage, and transportation for the underwater phase of HARDTACK.

Nearly 400 naval personnel and civilians from Navy research organizations
participated in the scientific experiments of TG 7.1.

Enumeration of Navy personnel who participated 1in either the joint-
Department of Defense (DOD) organizations or in an Atomic Energy Commission
(AEC) laboratory 1is not possible from the Consolidated List of Exposures (Ref-
erence C.1.6.3), as this does not display any service affiliation, rank, or
serial number information. It 1is certain that Navy personnel were 1in these
organizations, and their exposures are included in the summaries in Chapter 1l1.

Navy personnel representing Navy agencies, however, are identifiable from
the Consolidated List, and their participation 1s summarized in this chapter
by their task group affiliation. Both military and civilian personnel with Navy
organizations are intermingled for the reason given 1in the previous paragraph.
Table 34 summarizes the number of Navy personnel participating and displays
the distribution of their exposures. The mean exposure for Navy personnel
serving in TG 7.1 was 1.19 R and that of those serving in TG 7.3 was 0.52 R.
Collective exposure for all Navy personnel was 4,735 man-roentgen. and the
mean was 0.53 R.

TASK GROUP 7.1 (SCIENTIFIC)

Bureau of Aeronautics (BuRer), Washington, D.C. BuRer organized and supervised
alrcraft effects experliments, Projects 5.2 and 5.3, as well as the thermal
projlect (8.5). A large number of men were badged using an organization
code shared by BuRer, the Naval Air Speclal Weapons Facllity (NASWF) (the
organization that actually conducted the experiments), and North American
Aviation (NAA) and Douglas Alrcraft (the firms that manufactured the ailr-
craft used). Most of the identifiable men appear to have belonged either
to NASWF or the contractors, and apparently few BuAer personnel were at
the test site.

Bureau of Ordnance (BuOrd), Washington, D.C. An organization 1identification
code was assigned to this organization in the Consolidated List, but the
personnel badged thereunder appear to be Bureau of Ships (BuShips) person-
nel, and thelr exposures have been added to that organization.
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Table 34.

HARDTACK personnel exposures, U.S. Navy organizations.

Exposure Ranges (R)

No. of
Persons Over Over High
Element Badged 0 0.001-0.5 0.5-1 1-1.5% 1.5-2 2-2.5 2.5-3 3-4 4 3.752 (R}
U.S. Navy in Task Group 7.1
BuShips 12 o] 0 3 8 1 0 1.56
DTMB 13 o] 0 7 5 1 o] 1.62
HO 10 o] 3 7 0 0.95
MOL 20 o] 0 2 1 6 1 0 2.06
NASWF 108 4 7 15 21 28 21 3 4 2 2 5.34
NCEL 7 0 2 0 0 3 2 0 2.13
NEL 15 0 0 8 5 2 0 1.83
NML 6 0 0 1 2 3 0 1.90
NOL 45 o] 1 6 27 10 1 0 2.42
NROL 81 7 9 1n 28 15 6 3 1 1 1 5.96
NRL (TU 7.1.1) 29 17 9 2 0 1 o] 1.87
NRL (TU 7.1.3) 17 1n 4 2 [0} 0.75
NRL Total 46 28 13 4 0 1 0 0.87
ONR 1 o] 0 o] 1 o] 1.46
UERD 21 0 2 15 3 0 0 1 o] 2.51
Total 7.1 Navy 382 39 37 79 1 70 3 7 5 3 3 5.96
U.S. Navy in Task Group 7.3
TG 7.3 Organizations
CTG6 7.3 and Staff 88 9 19 18 18 16 7 1 0 2.660
TE 7.3.1.2 1 0 0 0 1 0 1.220
TeE 7.3.6.4
(81kinY Boat Pool) 22) 7 a0 72 14 4 7 0 2.340
TG 7.3 Units and Detachments
Boat Pool Det 209 6 41 60 44 42 8 7 1 1 3.792
Radsafe & Decon
Unit 182 2 38 125 15 2 0 1.93%0
Spec Pro) Unit 148 0 20 68 41 10 3 3 2 1 1 4,366
TG 7.3 Other Naval Organizations
Destroyer Squadron 1 13 8 4 1 1.070
VP-22 and VP-28 283 154 95 30 1 1 1 1 0 2.742
TG 7.3 Ships
USNS Fred C. Alnsworth
(T-AP-181) 195 2 112 78 3 0 1.240
USS Arikara (ATF-98) 65 0 0 5 28 25 5 2 0 2.760
USS Belle Grove (LSD-2) 254 9 222 20 2 0 1 0 2.482
Note:
aHARDTACK Maximum Permissible Exposure.

Source:

Consolidated List of Exposures (Reference 1.6.3).
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Table 34. HARDTACK personnel exposures, U.S. Navy organizations (continued).

Exposure Ranges (R)

No. of
Persons Over Over High

Element Badged 0 0.001-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4 3.758 (R)
uss Benner (DDR-807) 256 21 93 128 13 1 0 1.600
ussS Bolster (ARS-38) 84 3 ? 52 21 1 0 1.780
USS Bonita (SSK-3) 51 1 34 14 0 0 0 0 2 1 3.7188
uss Boxer (CvsS-21) 1,100 48 160 754 127 9 2 0 2.240
USS Cacapon (A0-52) 220 12 130 n 5 1 1 [ 2.060
USS Chanticleer (ARS-7) 101 3 94 3 0 [ 1 [ 2.130
USS Chowanoc {ATF-100) 68 1 0 25 32 8 1 1 0 2.690
UsSsS Collett (DD-730) 245 11 91 132 n 0 1.280
USS Comstock (LSD-19) 233 231 2 0 0.170
uss John R. Craig

({DD-885) 241 IR 224 4 2 0 1.240
USS Cree (ATF-B4) 64 1 4 54 5 0 1.280
USS De Haven (DD-727) 236 12 34 163 21 6 0 1.960
USS Grasp (ARS-24) 80 2 4 36 28 8 2 0 2.280
USS Hooper Island

(ARG-17) 400 17 241 128 12 2 [ 1.540
USS Joyce (DER-317) 160 90 70 0 0.409
ysSsS Karin {AF-33) 93 32 60 1 0 0.609
USS Lansing (DER-388) 162 93 69 0 0.148
USS Lawrence County

(LST-887) 115 3 90 22 0 0.994
USS Magoffin (APA-199) 338 0 21 293 21 3 0 1.716
USS Mansfield (DD-728) 256 13 103 129 11 0 1.320
USS Merapi (AF-38) 20 1 19 0 0.309
USS Moctobt (ATF-105) 68 3 5 a4 16 0 1.454
USS Monticello (LSD-35) 291 18 136 127 8 1 1 0 2.084
USS_Munsee (ATF-107) 64 0 5 49 9 0 1 0 2.200
USS Navarro (APA-215) 315 110 205 0 0.197
USS Orleck (DD-886) 240 6 23 2 1 0 1.096
USS Floyd B. Parks

(DD-884) 237 10 221 5 0 1 0 1.960
USS Perkins (DDR-877) 235 8 224 3 0 0.940
USS Rehoboth (AGS-50) 164 1 152 11 0 0.966
USS Renville (APA-227) 330 6 295 24 5 0 1.359
USS Sterlet (SS-392) 79 18 61 0 0.310
USS Takelma (ATF-113) 70 1 5 5 36 20 2 1 0 2.917
USNS T-LS7-664 47 1 4 41 1 o 1.200

Total Navy TG 7.3 8,322 985 3,725 2,197 552 198 43 16 5 1 3 4.36
Total Navy J1TF 7 8,704 1,024 3,762 2,875 663 268 14 23 10 4 6 5.96

aHARTDTACK Maximum Permissible Exposure.

Source: Consolidated List of Exposures (Reference 1.6.3).
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Bureau of Ships (BusShips), Washington, D.C. This organization guided the naval
effects tests, WAHOO and UMBRELLA. This work was designated Project 3.8.

Bureau of Yards and Docks (BuDocks), Washington, D.C. BuDocks participated 1in
Project 3.2, but the presence of BuDocks personnel at the EPG is not con-
firmed by the Consolidated List.

David Taylor Model Basin (DTMB), Carderock, Maryland. Personnel from DTMB
manned Projects 3.3 and 3.5 in the ship vulnerability program for the
underwater shot tests. Thirteen men were badged.

Hydrographic Office (HO), Washington, D.C. Ten HO scientific personnel partici-
pated in Project 1.13, study of the crater formed by the underwater shot,
UMBRELLA. Operating from USS Rehoboth (AGS-50), all ten were badged.

Mine Defense Laboratory (MDL), Panama City, Florida. This laboratory provided
personnel for Project 6.8 on UMBRELLA. Twenty men were badged.

Naval Air Special Weapons Facility (NASWF), Kirtland AFB, New Mexico. This unit
provided the air and support crews for the aircraft used by Projects 5.2,
5.3, and 8.5. NASWF personnel were badged in both TG 7.1 and in TG 7.4,
where they were conslidered as a part of the Test Alrcraft Unit (TAU).
Exposures of the 68 badged with TG 7.1 and the 37 badged with TG 7.4 are

combined under TG 7.1 in Table 34. Two exceeded the MPE of 3.75 R. the
high being 5.34 R.

Naval Civil Engineering Laboratory (NCEL), Port Hueneme, California. NCEL
manned Project 3.2. This project involved buried structures close to the
CACTUS and KOA shots. Seven men were badged.

Naval Electronics Laboratory (NEL), San Dieqo, California. NEL manned Project
1.5 using submerged blast gauges to study the oceanic effects on the prop-
agation of the shock waves from the underwater tests.

Naval Materials Laboratory (NML), Brooklyn, New York. NML personnel made ther-
mal radiation measurements in Project 8.1.

Naval Ordnance Laboratory (NOL), White Qak, Silver Spring, Maryland. NOL was
one of the larger naval laboratory contingents. Thils group manned three
projects 1in the blast program, Projects 1.1, 1.2, and 1.3, as well as
Project 6.7 on underwater effects on mines.

Naval Radiological Defense Laboratory (NRDL), San Francisco, California. NRDL
personnel participated in fallout and nuclear radiation Projects 2.1, 2.2,
2.3, and 2.8 and thermal radiation Projects 8.4 and 8.7. Of the 81 NRDL

men on the Consolidated List one exposure was over the Maximum Permissible
Exposure (MPE) of 3.7S.

Naval Research Laboratory (NRL), Washington, D.C. NRL had experimental groups
in both the Los Alamos Scientific Laboratory (LASL) task unit, Project
18.1, and in the DOD nuclear radiation program, Projects 2.6 and 2.7.
These activitles had different exposure histories and., as 1t 1s possible
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to clearly differentiate the personnel involved in each, the summaries of
Table 34 are shown first by task unit and then combined.

Office of Naval Research (ONR), Washington, D.C. ONR directed Project 1.11 and
supplied the Project Officer for Project 1.13. The only person from ONR at
the EPG appears to be this Project Officer.

Underwater Explosion Research Division (UERD), Portsmouth, Virginia. UERD per-
sonnel worked on Project 3.1, which was the pretest activity for Project
3.4, and then on the project itself at the EPG. Twenty-one personnel are
identified with UERD on the Consolidated List.

TASK GROUP 7.3 (NAVY)

Most Navy participants were in TG 7.3. The organization of TG 7.3 was ex-
tremely fluid during the operational phases of HARDTACK: the constituent parts
of many of the formal task units (TU) and task elements (TE) were changed, as
were their missions, from event to event.

The units discussed here are consequently not strictly those identified in
TG 7.3 organizational 1listings but fall into three groupings. The first is TG
7.3 organizations whose functions, identitles, and experiences remalned reason-
ably constant throughout the series. The second 1is detachments that had sepa-
rate TG 7.3 1identities and experiences. The third grouping 1s Navy ship- and
shore-based units that had separate identitles.

Commander Task Group 7.3 Staff and Headquarters

CTG 7.3 and his staff arrived in the EPG at various times beginning 1in
January 1958 and remained there until the end of HARDTACK in August 1958.

During the interim and preoperational phases, the staff consisted of 12
officers and 12 enlisted men at Washington, D.C. For the operational phase,
staff size expanded to a total of 24 officers and 22 enlisted men on Parry
Island and aboard the flagship, USS Boxer (Cvs-21).

From 15 March to 25 June 1958, the Deputy CTG 7.3 and half the staff usu-
ally remained on Boxer. The second part of the staff, TG 7.3 Staff Detachment,
was headed by the Logistics Officer on Parry Island, Enewetak. CTG 7.3 divided
his time between these two locations and was in overall command. The staff
aboard Boxer had primary responsibility for administration and communication
files, aircraft control, and nonadministrative affairs at Bikini. The Staff
Detachment at Enewetak had primary responsibility for handling surface ships,
nonadministrative Enewetak matters, and logistics functions. Bikini administra-
tive matters were handled by the Senlor Officer Present Afloat (Administration)
(SOPA [Admin]) aboard USS Benner (DDR-807). At Enewetak, adminstrative matters
were the function of Commander, Destroyer Squadron 1 from 24 March to 20 May
1958; Commander, Destroyer Squadron 9 handled thils responsibility for the
remainder of the exercise.

After 25 June, CTG 7.3 Administrative Headquarters transferred from Boxer
to Bullding 221 at Parry Island. On 13 July the Deputy CTG 7.3 became task
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unit commander for TEAK and ORANGE, with filve officers and four enlisted men
aboard Boxer at Johnston Island. The llaison offlicer for TG 7.3 had arrived at
Johnston Island early in July, before the arrival of the Deputy CTG 7.3 at
Johnston Island. The liaison office continued in force until completion of the
Johnston Island phase of Operation HARDTACK.

The staff returned to the United States 1n different groups at different
times. Those aboard Boxer left Johnston Island for Pearl Harbor on 13 August.
The lilaison officer at Johnston Island remalined there until completion of the
high-altitude shots on 11 August. Upon completion of activities 1in the EPG,
most CTG 7.3 staff returned to Washington, D.C. One officer and approximately
fifteen enlisted men remained to complete rollup and turn in materlal to the
CTG 7.3 warehouse on Enewetak Island (Reference C.3.1).

More men were badged with CTG 7.3 and staff designations than the staff
itself including the TG 7.3 Speclal Diving Team (see below, p. 284), account-
ing for the difference between the functional discussion and Table 34.

Task Element 7.3.1.2 (Technical Assistance)

TE 7.3.1.2 was assigned to carry out tasks relating specifically to WAHOO
and UMBRELLA and consisted only of two officers, a Technical Director and a
Scientific Machinery Officer. Its mission was to provide services for the
target-array ships, to collect sclentific data as directed, and to assist 1in
installation of instrumentation. Avallable documentation 1identifles only the
Technical Director. He arrived 1n the EPG on 27 April and departed on 25 July.

Task £lement 7.3.6.4 (Bikini Boat Pool)

This task element provided boat pool support for TG 7.3 at both Bikini and
Enewetak atolls throughout the entire operation. Headquartered on Eneu Island
at Bilkini, the boat pool consisted of three officers and two hundred twenty-
four enlisted men (Reference C.3.3.6). The boat pool was sent to the EPG from
the U.S. Naval Amphibious Base, Coronado, California, 1n four separate groups,
each accompanied by boat pool equipment and craft.

Craft used by the boat pool were 13 LCMs, 1 LCPL, 2 LCPRs, and 1 YFNB
(Reference B.4.2). Its primary missions were the logistic and administrative
support of the ships of TG 7.3. furnishing transportation personnel, supplles,
and equipment for TG 7.3 including interatoll 1lifts by the smaller craft, off-
atoll site construction, and movement of vehicles and cargo to Johnston Island
by USS Belle Grove (LSD-2), USS Monticello (LSD-35)., USS Comstock (LSD-19),
and USS LST-664. The boat pool was also responsible for all waterborne trans-
portation within the lagoons at Enewetak and Bikini that required the use of
small craft (Reference C.3.3.6).

Task Group 7.3 Boat Pool Detachment

This unit coexisted with TE 7.3.6.4 (Bikini Boat Pool Element). The TG 7.3
Boat Pool Detachment was responsible for supporting the two underwater shots,
UMBRELLA and WAHOO. It was staged from the U.S. Naval Amphibious Base, Coro-
nado, California (Reference C.3.1). The unit consisted of 3 officers and 189
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enlisted men and arrived at the EPG aboard Monticello on 18 April 1958. Craft
used by the Boat Pool Detachment consisted of one diving boat, two LCUs, twelve
LCM-3s, and two YTBs. These craft were specifically assigned to support the

target-array vessels and were brought out with the Boat Pool Detachment on
Monticello.

The detachment 1s assumed to have departed the EPG soon after shot
UMBRELLA. Detachment personnel came 1in contact with the contaminated target
vessels following WAHOO and UMBRELLA. Radlological safety (radsafe) support
was provided by the TG 7.3 Radiological Safety and Decontamination Unit and,
according to the commanding officer of the detachment, "briefing instruction
and precautionary measures were adequate" (Reference C.3.3.5).

Task Group 7.3 Radiological Safety and Decontamination Unit

The Radilological sSafety and Decontamination Unit's responsibilities 1n-
cluded the training and organization of personnel:; development and improvement
of techniques and procedures for use of radiological detection equipment; pro-
tection or removal of exposed personnel, and the decontamination of personnel,
structures, and test equipment following the two underwater detonations (Ref-
erence C.3.3.30). It was formed on 19 August 1957 at the U.S. Naval Amphibious
Base, Coronado, California.

The commanding officer of the unit considered the Navy training programs
in shipboard radiological safety and decontamination "inadequate or unrealls-
tic" (Reference C.3.3.30). Consequently, a special training course was prepared
by members of the NRDL and approved by the Bureau of Naval Personnel. The
course was presented to the commanding officer and 17 of his personnel over a
period of 30 days at the U.S. Naval Schools Command, Treasure Island, Califor-
nila. These participants, 1in turn, presented the course to approximately 155

rated and nonrated men of the unit at the Naval Amphibious Base at Coronado,
California.

USS Renville (APA-227) transported the Radlological Safety and Decontami-
nation Unit to the EPG. The two forward main-deck troop heads (bathrooms) were
converted to decontamination shower stations. This 1nvolved converting the
saltwater showers to fresh water, removing all old paint and rust, cutting a
small door in the forward bulkhead of the heads, and repainting all of the
surfaces (except the deck) in order to prevent "even the slightest amount of

accumulation of radioactive contamination when the showers were put in use"
(Reference C.3.3.30).

The forward main-deck and second-deck troop spaces, after all bunks were
removed, were converted to "dress-out" statlions, supply and issue centers, and
radlac instrument repalr stations. A portable saltwater shower was also 1in-
stalled in the port well-deck and provisions were made to divert the contami-
nated runoff water from the saltwater shower to a scupper. In order to test
this equipment, the unit conducted "many trials” using luminous chalk powder
and grease sprayed on personnel "“to represent the radioactive contamination

they might have acquired on their clothing and bodies while abocard the target
ships" (Reference C.3.3.30).
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wWhile in transit to the EPG, the commanding officer of the Radiological
Safety and Decontamination Unit presented 139 hours of lectures to Renville's
officers and men. Topics covered were the mission and tasks of the unit, the
use and maintenance of radiac equipment, radsafe requlations, nuclear test
operation hazards, precontamination preparations and preventive measures, de-
contamination procedures, and radiological exposure and contamination control
(Reference C.3.3.30).

From the time of its arrival in the EPG on 8 April until its departure on
3 July. the unit was engaged in actual decontamination operations or assisted
other task units and project groups in their operations before, during, and
after WAHOO and UMBRELLA (Reference C.3.3.30). On 21 May USS Magoffin (APA-199)
relieved Renville and the Radilological Safety and Decontamination Unit was
transfered to it. On 3 July the unit left the EPG aboard Magoffin (Reference
C.3.4.2.6).

Radsafe protective clothing and decontamination services were provided to
1,237 personnel, other than the decontamination teams, by the Radiological
Safety and Decontamination Unit (Reference C.3.3.30).

.

Navy Diving Units

Navy underwater diving activities for HARDTACK were both extensive and
unique. Navy divers participated in the placement and recovery of mines, under-
water instruments., and mooring arrays., and conducted standard salvage and
repair operations as well. Diving operations 1in support of WAHOO and UMBRELLA
were particularly demanding.

Diving operations were organized differently from other Navy missions.
Navy divers were usually assigned to each ship in the task group and were not
normally collected 1into a specific task unit or element. Although a large
amount of diving work for HARDTACK was conducted by divers operating out of
individual ships, two special diving teams (TG 7.3 Special Diving Team and the
Explosives Ordnance Disposal Unit One [EODU-1]) were used to supplement the
diving personnel distributed throughout the task force. Most of the work done
by these two speclal teams was part of the underwater work required by WAHOO
and UMBRELLA. Of these two shots, UMBRELLA required the most extensive effort
(References C.1.1641, C.1.1628, and C.3.1).

The CTG 7.3 staff conducted a census of TG 7.3 personnel in February 1958
and determined that 85 divers were avallable. CTG 7.3 and the Chief Diving
Officer also determined that HARDTACK would require the services of one offi-
cer and eighty-one enlisted divers in addition to the Medical Diving Officer
and the Chief Diving Officer himself (Reference C.3.1).

The Chief Diving Officer centralized diving personnel on nine ships: USS
Chanticleer (ASR-7) was assigned 28 divers; USS Grasp (ARS-24) and USS Bolster
(ARS-38) were each assigned nine divers: and USS Moctobi (ATF-105), USS Arikara
(ATF-98), USS Munsee (ATF-107), USS Chowanoc (ATF-100), USS Takelma (ATF-113),
and USS Cree (ATF-84) were each assigned three divers. In addition, a TG 7.3
Special Diving Team of one officer and eight enlisted men was organized to act

284



as an 1independent mobile unit to supplement the diving personnel on the indi-
vidual ships (Reference C.3.1). Equipment for all diving operations was pro-
vided by the specific ships involved. The TG 7.3 Special Diving Team, however,
did have its own equipment store and operated out of Enewetak Island (where 1t
was quartered) and Parry Island (where most diving operations originated)
(Reference C.3.1).

In addition to TG 7.3 Special Diving Team and to the general corps of
divers distributed throughout the task force, another unit, EODU-1., normally
stationed in Hawaill, was requested specifically for the underwater shots WAHOO
and UMBRELLA by UERD of the Norfolk Navy Shipyard. UERD and EODU-1 were as-
sisted on both occasions by divers from both the general divers pool and from
the TG 7.3 Special Diving Team. Civilian divers from Scripps Institution of
Oceanography also assisted UERD and EODU-1 during UMBRELLA in support of Pro]j-
ect 6.7 (References C.1.1605, C.1.1628, C.1.1641). EODU-1 helped to place
pressure gauges on the sides and bottoms of target ships for shots WAHOO and
UMBRELLA 1in support of Project 3.4 and also provided logistic support for
Project 6.7 for UMBRELLA.

A total of 800 hours of underwater work was conducted during HARDTACK.
Because many of the dives were to depths of 150 feet (46 meters), a large por-
tion of work time was spent in the decompression phase of the diving operation.
Out of a total of 1,560 dives, 686 required decompression pauses in the ascent
stage. Most of the other dives were made at depths of less than 30 feet (9
meters) (Reference C.3.1).

All types of diving operations, 1including hard-hat and snorkle diving,
were conducted during the test series, although SCUBA was the most common. Of
the 85 registered divers, 76 made at least one recorded dive during the test
series. Individual divers who made between 30 and 60 dives each were common,
but a large number of divers made only 5 or less (Reference C.3.1).

Because underwater missions posed a pecullar set of radsafe problems,
detailed preparations were made to develop safe operating procedures. For exam-—
ple, there was concern about internal radiation intake due to swallowing water
and possible wounds to the hands that would allow direct particulate entry.
The Diving Medical Officer and the CTG 7.3 Staff Radiological Safety Officer
consulted in the United States on underwater radsafe problems before the Medi-
cal Officer was officlally attached to the staff of CTG 7.3. During the plan-
ning phase of HARDTACK, CTG 7.3 believed it "unlikely that any event other than
Shot UMBRELLA would present any significant [radiological] hazard"” but that
“lacking proof to the contrary, it was held necessary to assume that diving
operations would be required in the presence of a considerable underwater
radiological hazard following that event [UMBRELLA]" (Reference C.3.1).

No serious radiological problems for Navy diving units occurred during
HARDTACK. Concern about the possible exposure of divers participating in the
UMBRELLA exercise proved unfounded. The Diving Medical Officer noted 1in the
CTG Final Report (Reference C.3.1) that "during the week following UMBRELLA,
few dive badges gave readings as high as 20 mr even from longer dives in radio-
active areas." Indeed, the greatest exposure received by any diver during
HARDTACK was 2.660 R, well below the 3.75-R 1limit specified for the test
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series, and this exposure was recorded by a non-SCUBA diver who was not in-
volved in any UMBRELLA diving operations. Exposure information for the divers
as a unit is not available, but is contained in the dosimetry of the ship units
from which the men dove. The Chief Diving Officer noted that the most serious
problems incurred during diving operations were due to a lack of enough decom-
pression equipment (Reference C.3.1).

As a result of these findings, the final report of CTG 7.3 concluded:

. . . that underwater radiation proved to be an almost negli-
gible problem. Dosage received by divers was small even in the
limited areas where significant radiation levels were found.

The Diving Operations report appended to the Final Report reached a similar
conclusion but added that "the fact that underwater radiation was virtually no
problem during HARDTACK does not warrant the conclusion that precautions of
the kind applied are not necessary" (Reference C.3.1l).

Task Group 7.3 Special Projects Unit

The Speclal Projects Unit was assigned to Operation HARDTACK specifically
for participation in shots WAHOO and UMBRELLA. Formed on 12 July 1957 at the
U.S. Naval Amphibious Base, Coronado., California, the duties of this unit were
to prepare the target vessels., to bring them to the EPG, and to moor them for
WAHOO and UMBRELLA. The Special Projects Unit supplied crews for the target
ships when they were not serving as targets (Reference C.3.3.31).

On 2 March 1958, the target merchant ship, S8 Michael Moran (EC-2), towed
by Grasp. arrived at the EPG. A month later, on 9 April., a contingent of the
Special Projects Unit, composed of personnel who were not part of the crews of
the target vessels, arrived at the EPG aboard Renville. The three target de-
stroyers, Fullam (DD-474), Howorth (DD-592) and Killen (DD-593), towed by the
icebreaker USS Staten Island, reached the EPG on 19 April. On 23 Aprill, the
target vessels Squaw-29 and YFNB-12, towed by Cree, arrived at the EPG. Crews
of the target destroyers were berthed aboard these ships until WAHOO was
detonated on 16 May. after which the crews transferred to USS Hooper Island
(ARG-17). The crew of Moran was berthed and messed on shore, and the crews of
Squaw-29 and YFNB-12 (along with the unit's administration group) berthed and
messed on Renville. Personnel of the latter unit prepared the target vessels
for the tests, moored them 1in position, and performed various maintenance
duties on the target ships. then disembarked before the detonations (Reference
c.3.3.31).

Members of the Special Projects Unit encountered radioactivity from WAHOO
and UMBRELLA while they helped tow the vessels out of the target-array area
and aided 1in their decontamination. The maximum individual exposure reported
was 4.36 R.

Members of the Speclal Projects Unit were detached from TG 7.3 at various
times throughout late July and August. The target vessels were towed from the
EPG to Pearl Harbor by Grasp, Moctobl, Chowanoc, and Munsee on 22 June.
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Destroyer Squadrons

Commander Destroyer Squadron 1 and staff, from San Diego, Californla, was
in the EPG for five shots of the HARDTACK serles between 24 March and 20 May.
The ships present were USS Perkins (DDR-877), USS Floyd B. Parks (DD-884), USS
John R. Crailg (DD-885), and USS Orleck (DD-886). Destroyers made weather obser-
vations at Enewetak, at Bilkinl 1in conjunction with Boxer., and from weather
station Bravo (330°T, 260 nmi [482 km] from Enewetak). Additional destroyer
assignments 1ncluded search and rescue (SAR), alrcraft control.

Following WAHOO, Destroyer Squadron 1 was relieved by elements of Destroyer
Squadron 9: USS Mansfield (DD-728), USS Collett (DD-730)., USS Benner. and USS
De Haven (DD-727). The home port of Destroyer Squadron 9 was Long Beach, Calil-
fornia. Between 17 and 20 May, ships of the squadron received tralning and
equlipment from their counterparts in Destroyer Squadron 1. Destroyer Squadron 9
remained in the EPG for the remainder of the HARDTACK serlies.

Separate exposure 1information has been found for the Commander and staff
of Destroyer Squadron 1, but none has been found for Destroyer Squadron 9 and
staff. It was probably incorporated with the exposures filled for Mansfield
(see Table 34).

Explosive Ordnance Disposal Unit One

Explosive Ordnance Disposal Unit One (EODU-1) was a special unlt trailned
to render safe or dispose of naval explosives. It was based at San Diego.
california. The exact size of the unit 1s not known (Reference C.1.1641).

During the HARDTACK serles, EODU-1 was assigned to TG 7.3 to lay four mine
fields 1involving a total of approximately 140 mines 1in support of Project 6.7
for UMBRELLA. The unit was stationed aboard USS_ Lawrence County (LSD-887).
EODU-1 established and provided logistic support for the project and conducted
diving operations 1n support of project activities. It assembled most of the
mechanical gear required for Project 6.7 activities during UMBRELLA on board
Lawrence County and participated in SAR operatlions as well (Reference C.3.1).

After completion of its support activities for UMBRELLA, the unit moved to
Pearl Harbor with Project 6.7 mines. EODU~-1 returned to San Diego in July
(Reference C.1.1641).

No exposure information is available on EODU-1 as a unit.

Mine Detat1 Augmenting Unit 0302

Mine Detall Augmenting Unit 0302 (MDAU-0302) was a specilal Navy unit as-
signed to TG 7.3 to support Project 6.7 during UMBRELLA. MDAU-0302 performed
preshot assembly on naval mines and conducted operational tests on mines to be
used during UMBRELLA. MDAU-0302 was stationed on Takelma during UMBRELLA. It
also engaged in postoperational activities after UMBRELLA and helped in Proj-
ect 6.7 mine recovery (Reference C.1.1641).

There 1s no specific exposure information currently avallable on MDAU-0302;
their exposures probably are included with other units.
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Patrol Squadron 28

Members of Patrol Squadron 28 (VP-28), based at Naval Air Station (NAS)
Barbers Point, Hawalil, augmented by four P2V-5F aircraft and flight crews from
Patrol Squadron 22 (VP-22), participated 1in all HARDTACK shots (Reference
C.3.3.29). Based at NAS Kwajalein during the shot serles, the reinforced squa-
dron consisted of 16 P2V-5F aircraft and had 285 badged personnel. Tasks as-
signed this command were to (Reference C.3.3.29):

® cConduct searches of designated areas

® Detect, warn, and escort any unauthorized craft out of the
danger area

® Assist in the collection of sclentific data and provide
radiological surveys

carry out SAR assignments

Participate in sampler rocket nosecone recovery operations.

Typicaily beginning 3 days before a scheduled shot, VP-28 aircraft, acting
under the direction of the Deputy CTG 7.3, swept the danger area and approxi-
mately 120 nmi (222 km) beyond to ensure that no unauthorized vessels were
close enough for radiological exposure (Reference C.3.l1). Finally. members of
the squadron conducted an evaluation of radiac installations in P2V-5F aircraft
during underwater shots to determine radiocactivity at the base surge in order
to test whether antisubmarine-warfare- (ASW) type alrcraft could deliver atomic
weapons.

Kwajaleln flight operations were 1naugurated on 4 April. Dally area
searches took place, as well as ASW and SAR and radiological survey flights
(Reference C.3.3.29). Several units participated in TEAK and ORANGE by search-
ing the danger area and conducting "highly successful" nosecone recovery oper-—
ations (Reference C.3.3.29).

The 7 June 1958 Operational Phase report shows the effectiveness of decon-
tamlnation procedures conducted in May 1958 (Reference C.3.3.29):

Results of personnel decontamination have been excellent

. . Most of the flight crews returned clean, even though
radiation levels of 100 to 500 milliroentgens/hour and above
were encountered. The highest level of contamination recorded
at the change house was 6 MR [per hour] on the skin and 10 MR
[per hour] on clothing. Five crews or parts thereof have been
decontaminated . . . . Five members of one crew after over
five showers still had a reading of .2 to .5 MR [per hour]
« « + in their eyes. These people were sent to the doctor for
further checking and cleaning. They were monitored daily and
by the fourth day the intensities obtained from their eyes
had returned to background count . . . . This was the crew
that had the highest contamination for the month {[of June].

All aircraft have been below the maximum intensity of 60 MR
[per hour] established as a maximum before beginning decon-
tamination work. The highest contamination on aircraft at
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USNS Fred C. Ainsworth (T-AP-181) .

Kwajalein was 127 MR [per hour]. One alrcraft was contaminated
to 33 roentgens/hr and landed immediately at Eniwetok and was
given preliminary decontamination there . . . the crew . . .
film badges indicated a dose of about 900 MR. The contamina-
tion they had was mostly on thelr hands where they had touched
the ailrcraft upon leaving 1t. Six aircraft have been decon-
taminated. All have been reduced to less than 1 MR [per hour]
maximum reading 1inside. One was released with a 20 MR [per
hour] intensity on the engilnes.

In June. the highest aircraft radiation level on landing was 0.273 R/hr. The
average intensity during this month was 0.093 R/hr. Contamlination levels re-
malned about the same for the remainder of the operation (Reference C.3.3.29).

Ships

The following U.S. Navy ships participated. The primary source for infor-
mation on ship positions, radiation readings, and use of washdown systems 1s
the individual ship's log, a legal document.

USNS Fred C. Ainsworth (T-AP-181)

The Military Sea Transportation Service (MSTS) ship Fred C. Ailnsworth was
part of TU 7.3.9. Thils troop transport was assigned as the primary evacuation
ship for personnel on Bilkinil during most of the tests. The ship moved to Ene-
wetak on 21 July where 1t was reassigned to support the emergency evacuation
unit for Enewetak for shot OLIVE before leaving the EPG on 25 July.

Alnsworth also operated as a hotel ship for personnel involved in Bikini-
based operations. It housed command post TG 7.5, personnel from TG 7.1 and TG
7.5, and personnel from TU 7.1.2 (University of California Radiation Labora-
tory) and TU 7.1.6 (Bikinl Radsafe Group). Radsafe trallers were kept on board.
In addition, the ship also coordinated with Boxer as a floating administration
and communications center.

The ship conducted numerous radsafe drills during HARDTACK and frequently
tested 1i1ts washdown system. Its log provides detalled accounts of background
radiation readings made throughout the test series. The highest reading was
0.0035 R/hr, recorded on 3 July after the CEDAR detonatlion at Bikinl (Reference
C.3.4.1). The crew was badged:; exposure data appear in Table 34.

Alnsworth's log .(Reference C.3.4.1) shows the following ship movements:

30 March Left San Franclsco
S April 0001 Arrived Pearl Harbor
5 April 0956 Left Pearl Harbor

13 April 0940 Arrived Enewetak

25 July 2030 Left EPG via Bikinl

6 August 0730 Arrived San Diego.
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Ainsworth (continued)

Ailnsworth was out of the test operating area for shots PINE, TEARK, QUINCE,
ORANGE, and FIG. Summaries of the ship's operational activities for the remain-
ing shots follow.

YUCCA (open ocean, 28 April, 1440). Anchored in berth N-7, Bikini,
approximately 160 nmi (297 km) from shot site. Background reading
between 1300 and 1440 was 44 clicks per minute (0.00001 R/hr). At
1320 all below-deck closures were made and at 1330 the washdown
system was hooked up. Decks were cleared of personnel not having
high-density goggles at 1345 and by 1355 all safety precautions
were in effect. Background readings taken at 20-minute intervals
after detonation yielded 0.00001 R/hr. From 1600 to 2000 the back-
ground count was checked every 20 minutes, averaging less than
0.00001 R/hr. From 2000 to 2200 average background at 30 stations
was less than 0.00001 R/hr. On 29 April background readings taken
every 20 minutes at various ship locations remained constant at
0.00001 R/hr or less. From 30 Aprill to 5 May took hourly background
counts; no reading exceeded 0.00001 R/hr. On 2 May at 0205 tested
washidown system.

CACTUS (Enewetak, 6 May, 0615). Anchored in berth N-7, Bikini.
Began continuous monitoring on bridge deck at 0625; background
readings throughout the day averaged 9.00001 R/hr or less at all
stations. On 7 May at 0205 tested washdown system. From 7 to 11 May
took background counts every 20 minutes; none exceeded (.00001
R/hr. On 11 May from 0205 to 0445 tested washdown system.

FIR (Bikini, 12 May, 0550). Anchored in berth N-7, Bikini, approx-
imately 15 nmi (28 km) from shot site. At 0200 washdown system
ready for 1instant use. Countdown began at 0510 and at 0525 all
closing appliances tested and closures made in compliance with
instructions. At H+1:31 minutes shock wave arrived. At 0600 began
continuous monitoring of bridge: at 0615 opened ship for ventila-
tion. Average background count at 1025 was less than 0.00001 R/hr.
Opened main deck side ports at 1330. Background count remained
0.00001 R/hr or less.

BUTTERNUT (Enewetak, 12 May, 0615). Anchored in berth N-7, Bikini.
continued radiation monitoring as noted for FIR (above).

KOR (Enewetak, 13 May, 0630). Anchored in berth N-7, Bikini. Took
background readings throughout the day every 20 minutes, average
0.00001 R/hr. On 14 May background readings taken hourly; at 2350
radiac reading 0.00009 R/hr. On 15 May between 0100 and 0400 back-
ground count taken hourly; maximum background count recorded on
bridge was 0.00007 R/hr, and in engine room highest reading was
0.00013 R/hr. Between 0400 and 0800 background count taken every
30 minutes, maximum reading 0.001 R/hr. At 1150 radlac count for
watch averaged 0.00031 R/hr: at 1320 highest background count on

‘bridge 0.001 R/hr, in engine room highest 0.00025 R/hr. From 1600

to 2000 radlac readings averaged 0.00043 R/hr.

WAHOO (Enewetak, 16 May, 1330). Moored to buoy N-1, Bikini. On 17
May at 0400 background count on bridge 0.0006 R/hr, in engine room
0.00013 R/hr; from 0400 to 0800 average for watch 0.0005 R/hr. At
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Ainsworth (continued)

0916 prepared washdown system. At 0924 held atomic defense drill,
turned on washdown system to counteract fallout, and at 0932 se-
cured washdown system. At 1150 radlac reading for deck averaged
0.00031 R/hr: at 1300 background readings on bridge and in engine
room averaged 0.0004 R/hr. From 1600 to 2400 average background
reading was 0.0003 R/hr. From 17 to 21 May conducted hourly back-
ground counts; no background exceeded 0.001 R/hr.

HOLLY (Enewetak, 21 May, 0630). Moored to buoy N-1, Bikini. At 0805
closed up portholes and weather deck doors and at 0820 opened ship
for ventilation. From 0800 to 1200 background reading on decks
averaged 0.00010 R/hr and 1in engine room 0.00012 R/hr. From 1200
to 1600 average background count was 0.00013 R/hr; from 2000 to
2400 average background reading on deck was 0.00010 R/hr and 1in
engine room 0.00011 R/hr.

NUTMEG (Bikini, 22 May, 0920). Moored to buoy N-1, Bikinl, approx-
imately 10 nmi (19 km) east of shot site. From 0001 to 0400 back-
ground readings averaged 0.00001 R/hr. At 0830 closed main deck
side ports. At 0857 held atomic defense drill and closed up weather
deck doors, portholes. At 0927 opened ship for ventilation:; at
1000 background count 0.00004 R/hr. At 1042 activated washdown
sprinkler system; at 1100 background count on deck 0.00008 R/hr.
Background reading taken every 20 minutes for remainder of day
with no average exceeding 0.0002 R/hr. From 23 to 25 May continued
taking background counts; no value exceeded 0.0002 R/hr.

YELLOWWOOD (Enewetak, 26 May, 1400). Anchored 1in berth N-16,
Bikini. From 0001 to 0400 background count 0.00008 R/hr:; from 0400
to 0800 maximum reading 0.00007 R/hr and from 0800 to 2000 back-
ground count 0.00007 R/hr. PFrom 2000 to 2400 background count
averaged 0.0001 R/hr.

MAGNOLIA (Enewetak, 27 May, 0600). Anchored 1n berth N-16, Bikinil.
From 0001 to 0400 background count averadged 0.000093 R/hr. At 0745
all open decks monitored, maximum reading 0.0001 R/hr; from 0800
to 1200 background count averaged 0.00005 R/hr; at 1300 background
readings at ten checkpoints averaged 0.000095 R/hr. At 1917 all
weather decks monitored, maximum reading 0.00007 R/hr. At 2350
background count averaged 0.00006 R/hr. From 28 to 29 May conducted
background radiation checks, finding no value 1in excess of 0.0001
R/hr.

TOBACCO (Enewetak, 30 May. 1415). At 0110 embarked 60 passengers
as part of SYCAMORE rehearsal. At 0738 anchored in anchorage N-7,
Bikini.

SYCAMORE (Bikini, 31 May, 1500). At 0030 embarked 60 passengers,
total aboard 680. At 0133 underway for operating area. At 0814
anchored in N-16, Bikini. At 1047 underway for operating area. At
1430 all zones buttoned up. At 1450 background count 0.00005 R/hr;
at 1455 background count 0.00007 R/hr. Steaming approximately 34
nmi (63 km) southeast of shot site at time of detonation. At
1503:53 shock wave reached ship, barometer rose 0.02. At 1505
began continuous monitoring of bridge deck; at 1547 background
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reading averaged 0.00005 R/hr. At 1721 anchored in berth N-16,
Bikini. Continuous monitoring of bridge until 1900; after 1900
monitored deck every 20 minutes, no value greater than 0.00007 R/hr
recorded.

ROSE (Enewetak, 3 June, 0645). Anchored 1in berth N-7, Bikini.
Background count taken hourly. At 1000 background count averaged
0.00004 R/hr; at 1335 background count 0.00005 R/hr; at 1919 high-
est background for watch 0.00006 R/hr. From 4 to 8 June periodi-
cally checked background, no value 1in excess of 0.00007 R/hr.

UMBRELLA (Enewetak, 9 June, 1115). Moored to buoy N-1, Bikini.

MAPLE (Bikini, 11 June, 0530). Moored to buoy N-1, Bikini, approx-
imately 12 nmi (22 km) southeast of shot site. At 0515 all closures
made throughout ship. At 0540 began continuous monitoring of bridge
deck. At 0700 opened ship for ventilation. Background readings
taken throughout day, none exceeding 0.00004 R/hr.

ASPEN (Bikini, 15 June, 0530). Moored to buoy N-1, Bikini, approx-
imately 15 nmi (28 km) southeast of shot site. At 0515 all closures
made throughout ship. At 0540 began continuous monitoring and at
0635 opened ship for ventilation. Continued monitoring procedure,
maximum reading 0.00003 R/hr. Background checked throughout day,
no value greater than 0.00008 R/hr recorded.

WALNUT (Enewetak, 15 June, 0630). Moored to buoy N-1, Bikini. At
0515 all closures made throughout ship. At 0540 began continuous
monitoring and at 0635 ship opened for ventilation. Continued mon-
itoring procedure, maximum reading 0.00003 R/hr. Background checked
throughout day, no value greater than 0.00008 R/hr recorded.

LINDEN (Enewetak, 18 June, 1500). Moored to buoy N-1, Bikini. At
1345 background count averaged 0.00003 R/hr. Ship monitored
throughout day. no value 1in excess of 0.00004 R/hr. From 19 to
27 June background counts taken perilodically., no value Jreater
than 0.00008 R/hr recorded.

REDWOOD (Bikini, 28 June, 0530). Moored to buoy N-1, Bikini,
approximately 12 nmi (22 km) east of shot site. At 1345 background
count averaged 0.00003 R/hr. sShip monitored throughout day. no
value in excess of 0.00004 R/hr recorded.

ELDER (Enewetak, 28 June, 0630). Moored to buoy N-1, Bikini. At
0520 all closures made throughout ship. At 0630 opened ship for
ventilation. At 0710 continuously monitored bridge deck: at 1150
background count on deck averaged 0.00004 R/hr. Background taken
every 20 minutes for remailnder of day, with no reading greater
than 0.00003 R/hr recorded.

OAK (Enewetak, 29 June, 0730). Moored to buoy N-1, Bikini. At 0637
background read 0.00003 R/hr. At 1150 maximum background count was
0.00003, all zones closed.

HICKORY (Bikini, 29 June, 1200). Moored to buoy N-1, Bikini, ap-
proximately 10 nmi (19 km) east of shot site. At 1150 maximum
background count was 0.00003 R/hr, all zones closed. At 1200:58
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shock wave reached vessel:; atomic, blological, and chemical warfare
teams mustered to decontamination station. At 1205 took atomic
defense drill stations, began a rapld survey of vessel on open
deck, and vessel rebuttoned up. At 1206 hospital teams manned and
ready and at 1207 monitoring teams directed to make a rapid survey,
not to fully dress. At 1210 monitoring teams conducted a rapid
survey. Survey at 1220 recorded 0.00005 R/hr using radlac instru-
ments 343 and 349. At 1222 hospital monltored all exposed person-
nel. Monitored background every 20 minutes for rest of day, no
value 1n excess of 0.00005 R/hr recorded. From 30 June to 1 July
monitored radiation perlodically. no value greater than 0.00003
R/hr.

SEQUOIA (Enewetak, 2 July, 0630). Moored to buoy N-1, Bikinl. Back-
ground counts taken throughout day, no values in excess of 0.00003
R/hr recorded.

CEDAR (Bikini, 3 July, 0530). Moored to buoy N-1, Bilkinl, 15 nmi
(28 km) southeast of shot site. At 0505 all closures made through-
out ship. At 0540 began continuous monitoring of bridge deck: at
0638 reading 0.00004 R/hr. At 1323 washdown system readied. At
1326 highest background reading obtained 0.0017 R/hr and at 1926
maximum background reading was 0.002 R/hr. At 2350 background count
averaged 0.0035 R/hr. From 4 to 5 July readings taken perlodically,
no value 1n excess of 0.003 R/hr recorded.

DOGWOOD (Enewetak, 6 July, 0630). Moored to buoy N-1, Bikini. At
0639 background reading 0.0008 R/hr; took background readings
periodically through day, no value exceeding 0.0008 R/hr recorded.
From 7 to 11 July took perlodic background reading, £finding no
average value 1n excess of 0.00075 R/hr.

POPLAR (Bikinl, 12 July, 1%530). At 0210 underway for Bikinl oper-
ating area; at 0236 background averaged 0.00008 R/hr. Steaming
approximately 35 nmi (65 km) southeast of shot site at time of
detonation. Background count at checkpoint 0.00015 R/hr. At 2019
anchored 1n berth N-8, Bikinl. Background counts taken every 20
minutes through 13 July.

SCAEVOLA (Enewetak, 14 July, 1600). Anchored 1n berth N-8, Bikinli.
Background counts taken every 20 minutes, none exceeding 0.0001
R/hr recorded. From 15 to 17 July took hourly background counts,
none exceeding 0.0001 R/hr.

PISONIA (Enewetak, 18 July, 1100). Anchored in berth N-8, Bikinil.
Took perlodic background readings through 20 July, no reading 1in
excess of 0.0008 R/hr recorded.

OLIVE (Enewetak, 23 July, 0830). Anchored 1n berth D-5, Enewetak,
18 nml1 (33 km) southeast of shot site. At 0808 took atomic defense
drill stations and closed all doors and openings on weather deck.
Secured from atomic defense drill at 0840. Highest background read-
ing 0.00007 R/hr. On 24 July took background counts every 20 min-
utes; at 1610 underway for Bikini. On 25 July at 0715 anchored in
berth N-7, Bikinil,
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USS Arikara (ATF-98)

The fleet tug Arikara was 1in the EPG for 29 of the 35 shots. Arikara was
assigned to decontaminate, position, and salvage target-array ships: to assist
with moorings for both underwater shots: and to collect scientific data.

Arikara also was assigned by CTG 7.3 to specific task elements for par-
ticular shots: TE 7.3.5.1 (Mooring, Towing, and Recovery Element) for WAHOO,
TE 7.3.5.5 (Water Sampling Element) for UMBRELLA, and TE 7.3.9.2 (Rongelap
Evacuation Element) for POPLAR.

Arikara's crew had the highest mean exposure for the serles of all the
badged ships. The shilp received fallout on 14 May 1958 and activated 1its wash-
down system. The crew was badged: exposure data appear in Table 34.

For WAHOO, Arlkara. 1n conjunction with Bolster, helped to decontaminate
the target-array destroyer Fullam. Arikara spent 2 days decontaminating the
vessel by periodically hosing it down and monitoring 1t. Members of Arikara's
damage control party wore complete radsafe outfits during the decontamination
process (Reference C.0.2, UMBRELLA). No readings are avallable concerning any
exposure the decontaminatlion teams might have recelved.

After UMBRELLA, Arilkara, working with project personnel of the joint task
force radsafe team from TU 7.1.6, obtained radioactive water samples. During
thls activity, all topside personnel who engaged in water sampling operatlons
wore complete radsafe protective clothing. Arikara was the only ship allowed
to enter an area having radiological readings greater than 4 R/hr without spe-
cific authorization from the TG 7.3 representative aboard Monticello (Reference
Cc.0.2, UMBRELLA). After collecting water samples, Arlkara recovered Project
1.2 canisters from outside the lagoon (Reference C.3.4.2).

on 24 July., Arlkara towed the barge used for SCAEVOLA from Enewetak Lagoon
to the place some 9 nmi (16.7 km) south of the lagoon where 1t was sunk by
gunfire from Mansfield (Reference C.3.3.27).

Arlkara's log (Reference C.3.4.2) shows the following movements:

1 March 0903 Left Pearl Harbor

9 March 1233 Arrived at Kwajalein

12 March 0812 Left Kwajalein (with YON-32
in tow)

15 March 1342 Arrived Enewetak

15 Augqust 1130 Left Enewetak (in company

with USS Karin (AF-331)
26 August 1257 Arrived Pearl Harbor.
Arikara was out of the test operating area for shots POPLAR, SCAEVOLA,

PINE, TEAK, ORANGE, and FIG. Summaries of the ship's operational activitiles
for the remaining shots follow.
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YUCCA (open ocean, 28 April. 1440). Anchored in berth B-2, Enewe-
tak, 85 nmi (158 km) southwest of shot site. At 1330 went to gen-
eral quarters.

CACTUS (Enewetak, 6 May, 0615). Moored approximately 10 nmi (19
km) south of shot site at time of detonation. Went to general
quarters 1n preparation for shot. At 0556 washdown system rigged.
At 0615:48 shock wave reached ship.

FIR (Bikini, 12 May, 0550). Anchored 1n berth B-2, Enewetak.

BUTTERNUT (Enewetak, 12 May, 0615). Anchored in berth B-2., Enewe-
tak, approximately 10 nmi (19 km) south of shot site. At 0545 went
to general quarters. At 0605 washdown system ready for instant use.
Shock wave reached ship at 0615:40. At 0820 anchored 1n berth K-8,
Enewetak. Shifted anchorage to berth G-7, Enewetak, at 1520.

KOA (Enewetak, 13 May, 0630). On 12 May at 1520 anchored in berth
G-7, Enewetak, approximately 10 nmi (19 km) south of shot site. On
13 May at 0615 washdown system rigged for use. On 14 May at 1027
activated washdown system throughout the ship: at 1038 secured
washdown system.

WAHOO (Enewetak, 16 May, 1330). At 1156 took position 10°T, dis-
tance 9.000 yards (8.2 km) from zero buoy. Remalned on station,
bearing 190° from surface zero. At 1548 stopped in new position
in vicinity of Bolster. On 17 May at 0730 approached target array
to prepare to take Fullam in tow. Approached Fullam at 0915, com-
pleted washdown operations on Fullam at 1130, and had Fullam in
tow at 1533. At 2038 anchored in berth L-9, Enewetak. On 19 May at
0938 underway to moor Fullam to mooring buoy. At 1041 cast off tow
near mooring buoy L-4., Enewetak and underway to operational area
at 1043. At 1315 underway with ¥YC-1415 in tow. At 1635 anchored in
berth G-2, Enewetak. On 20 May at 0812 underway to lagoon opera-
tional area. From 1058 to 1742 brought buoy legs aboard. At 1939
anchored in berth B-2, Enewetak.

HOLLY (Enewetak, 21 May, 0630). Anchored in berth B-2, Enewetak,
approximately 10 nmil (19 km) south of shot site.

NUTMEG (Bikini, 22 May., 0920). At 0815 underway from berth B-2,
Enewetak.

YELLOWWOOD (Enewetak, 26 May, 1400). Anchored 1n Enewetak Lagoon,
approximately 18 nmi (33 km) from shot site. At 1108 recelved
LCU-1376 alongside for countdown and safety instruction. At 1401:30
shock wave reached the ship. At 1500 underway to operational area
for UMBRELLA mooring operations.

MAGNOLIA (Enewetak, 27 May, 0600). Anchored 1n berth C-1. Enewetak,
approximately 10 nmil (19 km) south of shot site.

TOBACCO (Enewetak, 30 May, 1415). Anchored in berth C-1l. Enewetak,
approximately 18 nmi (33 km) southeast of shot site.

SYCAMORE (Bikini, 31 May, 1500). Moored to Hooper Island in berth
B-1, Enewetak.
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® ROSE (Enewetak, 3 June, 0645). Moored 1in berth B-1, Enewetak,
approximately 10 nmi (19 km) south of shot site. At 0724 anchored
in berth B-2, Enewetak.

® UMBRELLA (Enewetak., 9 June, 1115). At 0322 anchored in berth 117,
Enewetak, approximately 7,400 yards (6.8 km) east of surface zero
at time of detonation. At 1035 ship washdown system rigged. At
1154 underway to approach contaminated water in shot area. At 1253
completed picking up water samples. At 1350 delivered water sam-
ples to Parry. At 1552 underway to locate canisters outside lagoon.
At 1817 anchored in berth C-1, Enewetak.

MAPLE (Bikini, 11 June. 0530). Anchored in berth C-1. Enewetak.
ASPEN (Bikini. 15 June, 0530). Anchored in berth D-1. Enewetak.

® WALNUT (Enewetak, 15 June, 0630). At 0615 all hands were directed
to take cover:; all doors and ports on portside were secured 1n
preparation for shot. Anchored approximately 18 nmi (33 km) south-
east of shot site at time of detonation. At 0824 underway to
retrieve 13 dan buoys. At 1428 anchored in Enewetak Lagoon.

® LINDEN (Enewetak, 18 June, 1500). At 1445 all hands instructed to
take cover, all ports and hatches on portside closed in prepara-
tion for shot. Anchored approximately 10 nmi (19 km) south of shot
site at time of detonation. On 21 June engaged in gunnery practice
during which Moran, the target, was sunk.

® REDWOOD (Bikini, 28 June, 0530). Anchored approximately 12 nmi (22
km) southeast of shot site at time of detonation.

@ ELDER (Enewetak, 28 June, 0630). Anchored at Bikini Lagoon at
berth N-2, Eneu Island.

OAK (Enewetak, 29 June, 0730). Anchored in berth N-2, Eneu Island.

HICKORY (Bilkini, 29 June, 1200). Anchored 1in berth N-2, Eneu
Island, approximately 10 nmi (19 km) east of shot site. At 1000

set condition ABLE on portside 1n preparation for scheduled
detonation.

® SEQUOIA (Enewetak, 2 July, 0630). Anchored in berth N-2, Eneu
Island.

e CEDAR (Bikini, 3 July, 0530). Anchored in berth N-3, Eneu Island,
15 nmil (28 km) southwest of shot site. At 0500 closed all ports
and doors on portside of ship.

® DOGWOOD (Enewetak, 6 July, 0630). Anchored in berth N-2, Eneu
Island.

® PISONIA (Enewetak. 18 July, 1100). At 1040 closed all ports and
hatches on starboard side. Steaming approximately 19 nmi (35 km)
south of shot site at time of detonation.

@ JUNIPER (Bikini, 22 July, 1620). At 1137 underway for SAR station
off Enewetak Island.

® OLIVE (Enewetak, 23 July, 0830). Steaming on SAR station approxi-
mately 22 nmi (41 km) southeast of shot site.
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® QUINCE (Enewetak, 6 August, 1415). At 0723 underway for SAR sta-
tion. Steaming approximately 10 nmil (19 km) southeast of shot site
at time of detonation.

USS Belle Grove (LSD-2)

The dock landing ship Belle Grove was present in the EPG for 21 of the 35
HARDTACK shots. It was at Johnston Island when HARDTACK began, but went to
Enewetak after YUCCA. Its general activities involved shuttling LCUs and other
cargo among Pearl Harbor, Johnston Island, Enewetak, and Bikini. Because of
its assignments, however, it was often away from the actual testing areas of
the EPG. On 10 June it departed for Pearl Harbor.

Belle Grove returned to Johnston Island for a second tour of duty in the
EPG on 15 July, three days before PISONIA was detonated at Enewetak. It re-
mained at Johnston Island until the end of Operation HARDTACK, departing for
Pearl Harbor on 19 August. Belle Grove did return to Johnston Island on 27
August and participated in rollup activitlies at Enewetak on 4 September, leav-
ing for Pearl Harbor that same day (Reference C.3.3.3).

During its second tour of duty 1n the EPG, Belle Grove was assigned a num-
ber of specific tasks for TEAK and ORANGE. It was assigned to TE 7.3.5.9 (Event
Evacuation Element), to assist Boxer in the emergency evacuation of Johnston
Island i1f needed.

The captain was also assigned to act as CTE 7.3.5.1 (Commander Special
Transport Element). CTG 7.5 boat pool was stationed aboard Belle Grove from
17 July until the end of the Johnston Island phase of HARDTACK (ll August). It
provided the boat pool with fuel and docking facilities and personnel with
berthing and messing facilitles.

Belle Grove's commanding officer registered a complaint to CTG 7.3 regard-
ing radsafe procedures (Reference ¢C€.3.3.3):

. . on two occasions BELLE GROVE returned from Johnston
Island to Enewetak on days when shots were scheduled and did
not hold the Op Order for these shots. This led to consider-
able uncertainty as to the nature of the radiological safety
precautions required.

He recommended that:

. . positive means be employed to ensure that all ships in
or entering the Danger Area have the required Op Orders or
are 1ssued necessary radiological safety instructions by other
means.

The crew was badged and the exposure data appear in Table 34.

Belle Grove's log (Reference C.3.4.3) showed the following ship movements:
11 April 0900 Left Pearl Harbor
20 April 0841 Arrived Enewetak
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4 September 1448 Left Enewetak
11 September 0958 Arrived Pearl Harbor.

Summaries of Belle Grove's operational activities for CACTUS, HOLLY.
NUTMEG, YELLOWWOOD, MAGNOLIA, TOBACCO, SYCAMORE, TEAK, and ORANGE follow.

® CACTUS (Enewetak, 6 May, 0615). On 5 May at 1829 underway for
Bikini. Approximately 133 nmil (246 km) east of shot site at time
of detonation.

® HOLLY (Enewetak, 21 May, 0630). Moored at berth B-1, Enewetak,
approximately 10 nmi (19 km) south of shot site.

NUTMEG (Bikini, 22 May., 0920). Moored at berth B-1, Enewetak.

YELLOWWOOD (Enewetak, 26 May, 1400). At 0927 anchored in berth
N-12, Bikinil; at 0953 Army barge debarked. At 1129 underway for
Enewetak.

® MAGNOLIA (Enewetak, 27 May, 0600). Steaming en route to Enewetak,
approximately 24 nmi (44 km) southeast of shot site.

® TOBACCO (Enewetak, 30 May, 1415). At 0934 underway for Bikini;
approximately 41 nmi (76 km) southeast of shot site at time of
detonation.

® SYCAMORE (Bikini. 31 May. 1500). At 1207 maneuvered 1n assigned
operating area while awaiting nuclear test. Steaming approximately
38 nml (70 km) south of shot site at time of detonation. At 1913
anchored in berth N-12, Bikinl.

® TEAK (Johnston Isiand, 31 July, 2350). At 1736 underway from John-
ston Island en route to operating area. At 2224 observed an uniden-
tified falling object of extreme brilliance at 0°, position angle
40, Johnston Island bore 262°, 29 nmi (54 km). Steaming approxi-
mately 30 nmi (56 km) from shot site at time of detonation. On
1 August at 0246 anchored in anchorage A-7, Johnston Island.

® ORANGE (Johnston Island, 11 August., 2330). On 1l August at 1641
underway to operating area. Approximately 47 nmi (87 km) from shot
site at time of detonation. At 2335 received shock wave. On 12
August at 0819 anchored in anchorage A-7, Johnston Island.

UsSS Benner (DDR-807)

The radar picket destroyer Benner was present 1n the EPG for 29 shots of
the HARDTACK serles, from 11 May to 1 August 1958. Its major responsibilities
included weather observations, SAR assignments, nosecone recovery., and, after
29 May, due to 1ts enhanced electronics equipment, it conducted all Air Opera-
tions Center (AOC) functions at Bikinl 1n Boxer's absence.

The commanding offlicer of Benner noted the following events in his final
report for HARDTACK (Reference C.3.3.4):

On 14 May about 0700 a background level of about two (2)
milli-roentgens ([per hour] was noticed in and around the

298



Benner (continued)

bridge and pilot house area. The discovery was made through
the use of an AN/SPD-1 Stationary Navy radiac unit. Following
this the entire ship was monitored and hot spots of five (5)
milli-roentgens [per hour] were found. Ship's personnel com-
menced a scrub down of the entire ship with salt water about
0830. At 0930 an overall level of 5 milli-roentgens [per hour]
was reached. At about 0945 it was discovered that the sea
water had an intensity reading of about 10 milli-roentgens
[per hour]. Ship‘'s force stopped washing and scrubbing down
with sea water and dried off the ship with swabs. At about
0700 on 15 May the overall intensity had dropped to about
three (3) milli-roentgens [per hour].

No other reports are available that indicate further radiological exposure.
The water washdown system operated satisfactorily (Reference C.3.3.4). 1Its
crew was badged. Exposure data appear in Table 34.

Benner's log (Reference C.3.4.4) showed the following movements:

5 May 0909 Left Pearl Harbor

11 May 1455 Arrived Enewetak

1 August 0800 Left Enewetak

6 August 0733 Arrived at Yokosuka.

Benner was out of the test operating area for shots YUCCA, CACTUS, TEAK,
QUINCE, ORANGE, and FIG. Summarlies of the operational activities of Benner for
the remaining shots follow.

FIR (Bikini, 12 May. 0550). Anchored in berth D-2, Enewetak.

® BUTTERNUT (Enewetak, 12 May, 0615). Anchored in berth D-2, Enewe-
tak, approximately 10 nmi (19 km) south of shot site.

® KORA (Enewetak, 13 May, 0630). Moored at berth N-3, Enewetak,
approximately 20 nmi (37 km) southeast of shot site.

® WAHOO (Enewetak, 16 May, 1330). At 0545 five exercise observers
reported aboard. At 0612 underway for WAHOO, reporting on station
at 1003. At 1145 went to general quarters. At 1325 set materlal
conditlon "“Clrcle W." Steaming approximately 6,500 yards (5.9 km)
south of surface zero at time of detonation. At 1350 secured from
general quarters. At 1524 anchored 1in anchorage F-3, area A,
Enewetak.

® HOLLY (Enewetak, 21 May, 0630). At 0030 launched and tracked wea-
ther balloon. At 0300 took station 6 nmi (ll1 km) east of Enewetak
Island for SAR assignment. Steaming approximately 16 nmi (30 km)
southeast of shot site at time of detonation. At 1442 anchored in
berth F-3, Enewetak.

® NUTMEG (Bikinil, 22 May., 0920). At 0406 underway for SAR station;
approximately 200 nmi (371 km) west-southwest of shot site at time
of detonation.
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® YELLOWWOOD (Enewetak, 26 May, 1400). Anchored in berth F-3, Enewe-
tak, approximately 18 nmi (33 km) southeast of shot site. At 1606
underway for nosecone recovery operations, completing operations
at 1941.

® MAGNOLIA (Enewetak, 27 May, 0600). Anchored in berth F-3, Enewetak,
approximately 10 nmi (19 km) south of shot site.

® TOBACCO (Enewetak, 30 May, 1415). On 29 May at 2220 departed Bikini
Lagoon en route to operating area off east coast of Eneu Island
for SYCAMORE rehearsal. On 30 May at 0748 anchored in berth N-3,
Bikini.

® SYCAMORE (Bikini, 31 May, 1500). Steaming independently as AOC in
assigned operating area 20 nmi (37 km) east of Bikini Atoll to
make weather observations. Steaming approximately 12 nmi (22 km)
east of shot site at time of detonation.

® ROSE (Enewetak, 3 June, 0645). Anchored in berth N-3, Bikini.
® UMBRELLA (Enewetak, 9 June, 1115). Moored at berth N-10, Bikini.

® MAPLE (Bikini, 11 June, 0530). Moored at berth N-10, Bikinil, ap-
proximately 12 nmi (22 km) southeast of shot site.

® ASPEN (Bikini, 15 June, 0530). Moored at berth N-10, Bikini, ap-
proximately 15 nmi (28 km) southeast of shot site.

WALNUT (Enewetak. 15 June, 0630). Moored at berth N-10. Bikinli.
LINDEN (Enewetak, 18 June, 1500). Moored at berth N-10, Bikini.

REDWOOD (Bikini, 28 June, 0530). Moored at berth N-10, Bikini,
approximately 12 nmi (22 km) southeast of shot site.

ELDER (Enewetak, 28 June, 0630). Moored 1in berth N-10, Bikini.
OAK (Enewetak, 29 June, 0730). Anchored in berth N-4, Bikinl.

HICKORY (Bikini, 29 June, 1200). Anchored in berth N-4, Bikini,
approximately 10 nmi (19 km) east of shot site.

SEQUOIA (Enewetak, 2 July, 0630). Anchored in berth N-4, Bikini.

CEDAR (Bikini, 3 July, 0530). Moored at berth N-10, Bikinil, approx-
imately 15 nmi (28 km) southeast of shot site.

DOGWOOD (Enewetak, 6 July, 0630). Anchored in berth N-4, Bikini.

POPLAR (Bikini, 12 July, 1530). At 0001 underway for operating
area BG 20-30-LR to make weather observations. Steaming approxi-
mately 20 nmi (37 km) southeast of shot site at time of detonation.
At 2043 anchored in berth N-4, Bikini.

SCAEVOLA (Enewetak. 14 July, 1600). Anchored in berth N-4, Bikini.
PISONIA (Enewetak, 18 July, 1100). Anchored in berth N-4, Bikini.

@ JUNIPER (Bikini, 22 July, 1620). Anchored in berth N-4, Bikini,
approximately 10 nmi (19 km) east of shot site.

® OLIVE (Enewetak, 23 July, 0830). Anchored in berth N-4, Bikini,

300



Benner {concluded) USS Bolster (ARS-38)

® PINE (Enewetak, 27 July, 0830). Steaming en route to Enewetak.
From 0221 to 0435 conducted weather observations. Steaming approx-
imately 22 nmi (41 km) southeast of shot site at time of detona-
tion. At 1247 anchored 1n berth D-2, Enewetak.

USS Bolster (ARS-38)

The salvage ship Bolster was in the EPG for 20 of the 35 shots (15 March
to 27 June). General tasks assigned were to prepare moorings for shots WAHOO
and UMBRELLA, to position and salvage target array ships upon completion of
the shots, and to collect scientific data.

Bolster was extremely busy fulfilling the speclal assignments for WAHOO
and UMBRELLA (Reference C.3.3.7). CTG 7.3 assigned it to TE 7.3.5.1 (Mooring,
Towing., and Recovery Element) for WAHOO and TE 7.3.5.7 (Weapon Placement, Sub-
marine and Squaw Recovery and Salvage Element) for UMBRELLA. For UMBRELLA, 1t
performed required salvage work to prevent the sinking of a target-array ves-
sel. It also recovered the target submarine, Bonita (SSK-3), and the sub-
mersible, scale-model target Squaw-29 after the shot when safety conditions
permitted (Reference C.0.2, UMBRELLA). Following UMBRELLA, Bolster engaged 1in
instrument recovery operations for Project 6.8.

Bolster's log (Reference C.3.4.5) did not record any radiocactivity follow-
ing any shot. It did participate 1in hosing and monitoring the target-array
ships Fullam and Klllen after WAHOO. Arikara and Bolster crews required 2 days
to reduce the radioactivity of Fullam to within acceptable levels (Reference
C.0.2, WAHOO). During washdown, participating crewmembers wore complete radsafe
outfits (Reference C.0.2, UMBRELLA). No values are avallable for any exposure
Bolster crewmen may have received whilile decontaminating Fullam and Killen, al-
though their total exposure for the series 1s listed in Table 34.

Bolster's log (Reference C.3.4.5) shows the following movements:
1 March 1409 Left Pearl Harbor with AFDL-27 in tow
15 March 1052 Arrived Bikini Atoll
27 June 1847 Left Enewetak with ¥YTB-188 1in tow
9 July 1049 Arrived Pearl Harbor.

Bolster was out of the operating area for shots OAK, HICKORY, SEQUOIA,
CEDAR, DOGWOOD, POPLAR, SCAEVOLA, PISONIA, JUNIPER, OLIVE, PINE, TEAK, QUINCE,
ORANGE, and FIG. Summaries of the ship's operational activities for the remain-
ing shots follow.

® YUCCA, Bikini, 28 April, 1440). At 1105 underway to deep moor
operating area. Steaming approximately 85 nmi (158 km) southwest
of shot site at time of detonation.

® CACTUS (Enewetak, 6 May, 0615). Anchored in berth C-1, Enewetak,
approximately 10 nmi (19 km) south of shot site. At 0825 underway
to position buoy for 1local operations. At 1840 moored alongside
Moran at area C-3, Enewetak.
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FIR (Bikini, 12 May, 0550). Anchored in area C-1, Enewetak.

BUTTERNUT (Enewetak, 12 May, 0615). Anchored in area C-1. Enewetak,
approximately 10 nmi (19 km) south of shot site. At 0615:41.5
received shock wave from BUTTERNUT. From 1510 to 2050 engaged 1in
outside mooring operations.

® KOA (Enewetak, 13 May, 0630). Anchored 1n area C-1, Enewetak,
approximately 20 nmi (37 km) southeast of shot site. Felt shock
wave from KOA shot 93 seconds after detonation. From 0723 to 1555
engaged in mooring operations on YC-7 in operating area.

@ WAHOO (Enewetak, 16 May, 1330). On 16 May at 0730 cast off YTB-182
tow in target-array area. At 1303 sounded general quarters. Under-
way on assigned statlon, approximately 9,000 yards (8.2 km), bear-
ing 180° from surface zero at time of detonation. At 1330:4.5
hydraulic shock wave from WAHOO felt aboard ship, no perceptible
base surge at station. At 1412 secured from general quarters. On
17 May washed down and monitored Killen from 0827 to 0847. At 1030
stood by Moran to assist Cree in removing Moran from moor, assist-
ing in its removal at 1220. Washed down Fullam between 1321 and
1343. From 1507 to 1608 picked up Project 2.3 coracles. Took YO in
tow at 1703. At 2214 anchored in area C-1, Enewetak.

® HOLLY (Enewetak, 21 May, 0630). Anchored in berth C-1, Enewetak,
approximately 10 nmi (19 km) south of shot site. At 0746 underway
to UMBRELLA target-array area inside Enewetak Lagoon. From 0900 to
1705 engaged in repositioning zero-buoy legs. At 1814 anchored in
berth C-1, Enewetak.

@ NUTMEG (Bikini, 22 May. 0920). At 0638 underway for UMBRELLA zero
buoy 1n Enewetak Lagoon.

® YELLOWWOOD (Enewetak, 26 May, 1400). At 1235 underway from mooring
area 1in Enewetak Lagoon for evacuation for YELLOWWOOD. At 1300
anchored in area 0-10, Enewetak, approximately 18 nmi (33 km)
southeast of shot site. At 1401:29 shock wave passed. At 1507
underway to UMBRELLA mooring area to continue mooring cperations.

® MAGNOLIA (Enewetak, 27 May, 0600). Anchored at Enewetak, approxi-
mately 10 nmi (19 km) south of shot site. Shock wave passed at
H+51 seconds. At 0702 underway from anchorage area to UMBRELLA
mooring area.

® TOBACCO (Enewetak, 30 May, 1415). Moored to Squaw-29 in Enewetak
target area. Began diving operations on Squaw-29 at 0953. Approxi-
mately 18 nmi (33 km) southeast of shot site at time of detonation.
At 1642 ceased diving operations.

® SYCAMORE (Bikini, 31 May, 1500). Anchored at Enewetak.

® ROSE (Enewetak, 3 June, 0645). At 0622 underway from target-array
area to anchorage area. Approximately 10 nmi (19 km) south of shot
site at time of detonation. At 0730 anchored at Enewetak.

® UMBRELLA (Enewetak, 9 June, 1115). At 0817 underway from target-
array area to take UMBRELLA station. At 0920 anchored in berth
250, Enewetak, approximately 7,500 yards (6.9 km) from surface
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zero. At 0925 YFNB-12 crew reported aboard. At 1159 underway with
Grasp to return to shot area. From 1225 to 1434 1n vicinlity of
target array. At 1442 anchored in Enewetak Lagoon. On 10 June at
0912 underway for target-array area from zero-buoy area. At 1230
began instrument recovery in Platform 3 area with divers. At 1930
secured all diving and instrument recovery operations due to
darkness.

® MAPLE (Bikini, 11 June, 0530). Moored at 4-point moor, Enewetak.
At 0700 began 1instrument recovery and diving operations. On
12 June at 0810 conducted diving operations. On 13 June at 0820
released from LCU leg upon order from Project 6.8 leader. On
14 June at 0717 continued diving operations to retrieve instru-
ments. At 2151 anchored in berth C-1, Enewetak.

ASPEN (Bikinl, 15 June, 0530). Moored in berth C-1, Enewetak.

WALNUT (Enewetak, 15 June, 0630). Moored in berth C-1, Enewetak,
approximately 18 nmi (33 km) southeast of shot site,.

® LINDEN (Enewetak, 18 June, 1500). At 1334 began inspection dives
on BC-6529 for salvage preparations. Moored approximately 10 nmi
(19 km) south of shot site at time of detonation. At 1600 secured
from diving operatlons.

® REDWOOD (Bikini, 28 June, 0530). Underway for Pearl Harbor, approx-
imately 156 nmi (289 km) southwest of shot site at time of detona-
tion, bearing 236°.

® ELDER (Enewetak, 28 June 0630). Underway for Pearl Harbor, approx-
imately 108 nmi (200 km) southeast of shot site at time of detona-
tion, bearing 143°,

® ORK (Enewetak, 29 June 0750). Underway for Pearl Harbor, approxi-
mately 290 nmi (537 km) east-southeast of shot site, bearing 16°.

Bonita (SSK-3)

The hunter-killer submarine Bonita was declared "out of commission., in
service" on 31 October 1957, before its use as an underwater target during
Operation HARDTACK. It carrlied a full crew, however, for 1ts participation in
the HARDTACK test serles. It arrived at Enewetak on 15 April and remained 1in
the EPG from shot YUCCA through shot LINDEN. It left for Pearl Harbor on
22 June.

Bonita's primary activities were conducted during WAHOO and UMBRELLA. The
ship acted as a target vessel in support of Projects 3.3, 3.5, and 3.8. For
WAHOO, 1t was submerged with a full crew at a distance of 6,000 yards (5.468
km), bearing 120° from surface zero. Bonita was unmanned for UMBRELLA, moored
2,900 feet (884 meters) from surface zero (References C.3.3.8 and C.3.4.6).

Bonita was returned to its mooring at Enewetak after UMBRELLA and remained
there until it left the EPG (Reference C.3.4.6).

Its crew was badged and exposure data appear in Table 34. Two members of
the crew recorded a radiological exposure in the 3- to 4-R range, with a high
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reading of 3.788 R. Ninety-six percent recorded exposures below the

level.

3 April 1801 Left Pearl Harbor
15 April 1800 Arrived Enewetak
22 June 0604 Left Enewetak
5 July 1000 Arrived Pearl Harbor.

It was out of the test operating area for shots REDWOOD, ELDER,
HICKORY, SEQUOIA, CEDAR, DOGWOOD, POPLAR, SCAEVOLA, PISONIA, JUNIPER, O

PINE,

TEAK, QUINCE, ORANGE, and FIG. Summaries of the operational activ

of the vessel for the rest of the shots follow.

YUCCA (open ocean, 28 April, 1440). Moored in nest of four ships
to portside of Fullam along starboard side of Hooper Island at
berth B-1l, Enewetak, approximately 85 nmil (158 km) southwest of
shot site.

CACTUS (Enewetak, 6 May, 0615). Moored at berth B-1, Enewetak,
approximately 10 nmi (19 km) south of shot site. At 0610 secured
all hull openings 1in accordance with Operation Order 13-58. At
0625 opened hull openings and resumed normal routine.

FIR (Bikini, 12 May, 0550). Moored in Enewetak Lagoon.

BUTTERNUT (Enewetak, 12 May, 0615). Moored portside to Fullam along
starboard side of Hooper Island in Enewetak Lagoon, approximately
10 nmi1 (19 km) south of shot site.

KOA (Enewetak, 13 May, 0630). Moored portside to Killen in a nest
of three ships along starboard side of Hooper Island, approximately
18 nmi (33 km) southeast of shot site at time of detonation. At
0706 underway from nest in accordance with CTG 7.3 message. At 1659
anchored in berth D-2:; shifted berths until anchoring in berth E-3,
Enewetak, at 1833.

WAHOO (Enewetak, 16 May, 1330). At 0618 underway to local operating
area. At 1147 submerged 6,000 yards (5.49 km) from shot site. Sur-
faced at 1336, magnesyn compass out of commission. At 1650 returned
to Enewetak Lagoon, moored portside to starboard of USS Sterlet
(SS-392) 1n a nest of submarines along the starboard side of
Hooper Island in berth B-1, Enewetak.

OAK,
LIVE,
itiles

HOLLY (Enewetak, 21 May, 0630). Moored portside to Belle Grove

along starboard side of Hooper Island at berth B-1, Enewetak,
approximately 10 nmi (19 km) south of shot site at time of
detonation.

NUTMEG (Bikini, 22 May, 0920). Moored at berth 0-6, Enewetak.

YELLOWWOOD (Enewetak, 26 May, 1400). At 1052 moored portside to
Killen along starboard side of Hooper Island at berth B-1l. Enewe-
tak, approximately 18 nmi (33 km) southeast of shot site.
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® MAGNOLIA (Enewetak, 27 May, 0600). Moored portside to Killen along
starboard side of Hooper Island at berth B-1. Enewetak, approxi-
mately 10 nmi (19 km) south of shot site.

@ TOBACCO (Enewetak, 30 May, 1415). Moored portside to Killen along
starboard side of Hooper Island at berth B-1, Enewetak, approxi-
mately 18 nmi (33 km) southeast of shot site.

SYCAMORE (Bikini, 31 May, 1500). Moored at berth B-1l, Enewetak.

ROSE (Enewetak, 3 June, 0645). Moored portside to Killen along
starboard side of Hooper Island at berth B-1, Enewetak, approxi-
mately 10 nmi (19 km) south of shot site.

® UMBRELLA (Enewetak, 9 June, 1115). Moored at target-array site,
Enewetak Lagoon, 2,900 feet (884 meters) from surface zero. At
1607 taken under tow by Cree. At 2207 moored at berth B-1, Enewe-
tak, alongside Hooper Island. Underwent decontamination by Hooper
Island from 0940 to 1125 on 10 June.

MAPLE (Bikini, 11 June, 0530). Moored at berth B-1, Enewetak.
ASPEN (Bikini, 15 June, 0530). Moored at berth B-1l, Enewetak.

WALNUT (Enewetak., 15 June, 0630). Moored portside to Fullam along
starboard side of Hooper Island at berth B-1, Enewetak.

® LINDEN (Enewetak, 18 June, 1500). Moored portside to Fullam along
starboard side of Hooper Island at berth B-1l, Enewetak, approxi-
mately 10 nmi (19 km) south of shot site. On 22 June at 0604 under-—
way for Pearl Harbor.

USS Boxer (Cvs-21)

The antisubmarine aircraft carrier Boxer was an 1important part of the
HARDTACK serles, serving as command ship for the CJTF 7, flagship for CTG 7.3,
as headquarters ship for the CTG 7.1 and CTG 7.4, and AOC for Air Force person-
nel (Reference C.3.1). In addition to these responsibilities, 1t was assigned
the following shot-specific tasks:

YUCCA TE 7.3.5.1 Launch and Track Element
FIR T™U 7.3.9 Bikini Evacuation Unit
WAHOO TE 7.3.5.0 Flagship Element

NUTMEG T™U 7.3.9 Bikinl Evacuation Unit

SYCAMORE TE 7.3.9.1 Bikini Evacuation Element
UMBRELLA TE 7.3.5.4 Coracle and Film Pack Recovery Element

ASPEN TE 7.3.9.1 Bikini Evacuation Element
WALNUT TE 7.3.2.4 Nose Cone Recovery Element
OAK TU 7.3.5 Light Aircraft Evacuation Unit
TERK TE 7.3.5.9 TERK Bvacuation Element
ORANGE TE 7.3.5.0 ORANGE Flagship Element
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ORANGE TE 7.3.5.2 ORANGE Recovery Element
ORANGE TE 7.3.5.9 ORANGE Evacuation Element.

Boxer's assigned missions for these tasks included participation in Projects
1.10, 2.3, 2.7, 8.6, 9.2, 32.3, 32.5, 32.6, and 34.2. In addition, 1t aided 1in
weather observations and carried Marine Helicopter Transport Squadron 361
(HMR[L]-361). Finally, it transported many of the devices used in the DOD
events to the EPG, as well as their guard, the Marine Corps detachment. The
detachment was picked up in San Diego 1in February 1958 (Reference C.1.1682).

The primary mission of Boxer was to serve as the command headquarters ship.
It stored materials and fuel for smaller ships, housed the communications
center, weather center, and sea-based administrative facilities such as SOPA
(Admin) Bikini or the administration of Johnston Island when these areas were
evacuated for certain of the tests. During TEAK and ORANGE, Boxer received all
personnel evacuated from Johnston Island and also recelved evacuees from Blkini
during operations there. It launched the balloon that carried the YUCCA device
on 28 April (Reference C.3.1), aided in Project 2.3 coracle and floating film
pack (FFP) recovery following UMBRELLA, and recovered sampler rocket nosecones
after WALNUT and TEAK.

Radsafe planning aboard Boxer was extensive. Before the ship's departure
for the EPG. an interim washdown system was installed and tested at sea off
San Diego. Radlac instruments were overhauled and calibrated, the ship's de-
contamination stations were overhauled and rearranged, piping and showers were
checked and painted, and protective clothing (including coveralls, gloves,
gogdles, overshoes, utility caps. and respirators) was brought aboard. In addi-
tion to the "various and sundry detergents and cleaning compounds already on
board." an "ample supply of decontamination materials was procured." A port-
able, steam jet cleaner using fresh or seawater was obtained, and space aboard
ship was allotted for the CTG 7.3 Radsafe Office, storercom, and decontamina-
tion statlons. Selected ships personnel also received radsafe training. This
1s described in Chapter 2.

For the operation itself, 18 radiological monitoring teams and 2 decontam-
ination squads were organized and placed under the direct control of the rad-
safe officer. These teams were used extensively on shot days for fallout watch
and decontamination. Fallout watches began at H+5 minutes and each watch lasted
2 hours. Hourly surveys were made continually from Boxer's arrival in the EPG.
These reports had a dual function: to determine arrival of fallout and then to
determine average radiation background levels.

The washdown system was activated once according to Boxer Operation Phase
Report (Reference C.3.3.9):

Only one instance of contamination by fallout occurred. This
was on 14 May 1958 at 0630 M while at anchor in Eniwetok Atoll
after the KOA shot. Intensitles topside rose to an average of
8 MR/HR (Gamma) with high levels of 20-30 MR/HR. Washdown sys-
tem was not activated Iimmediately due to flight operations,
however conditions ZEBRA & CIRCLE WILLIAM were set and all
monitoring stations manned. After approximately 1 hour of
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washdown operation intensity had dropped to 4 MR/HR and sub-
sequently decayed to background. All exposed personnel were
passed through the after decontamination station and all
clothing reading 5 MR/HR above background was segregated and
stowed. Hot spots were roped off and marked. Monltors bootles
and gloves were the most highly contaminated and were handled
as noted [above]. All clothing was laundered and returned to
owners. Washdown system and hosing with salt and fresh water
lowered 1intensities throughout flight deck and hangar deck
areas. Much difficulty was experienced with traffic control
of ships company and observers., contamination belng tracked

throughout the ship by means of shoes getting wet on hangar
or flight deck.

The effectiveness of the washdown system was adequate to "level-off the
rise in fallout,"” but 1its effectiveness on decontaminating the wooden flight
deck was considered poor by the commanding officer and only 30 percent effec-
tive 1n decontaminating the exposed. topside painted steel surfaces. Navy all-
purpose soap was used with fresh water for the “small amount of personnel
decontamination encountered.” Laundry services aboard ship were utilized for
clothing contaminated under 0.0001 R/hr. The CTG 7.3 radsafe laundry on Eneu
Island decontaminated the bootlies and gloves that had a higher level of con-
tamination. Natural decay "was the only possible means avallable for decontam-
inating contaminated manila line, jumpers, running riggings., rubber-lined fire
hoses, life nets and the ship's fenders" (Reference C.3.3.9).

The crew was badged: the exposure data appear in Table 34.

Boxer's log (Reference C.3.4.7) shows the following movements:
15 February 1008 Left San Diego
21 February 0840 Arrived Pearl Harbor

24 February 1000 Left Pearl Harbor
3 March 0752 Arrived Enewetak
13 August 1329 Left Johnston Island
15 August 1120 Arrived Pearl Harbor.

It was out of the test operating area for shots SEQUOIA, CEDAR, DOGWOOD,
POPLAR, SCAEVOLA, PISONIA, JUNIPER, OLIVE, PINE, QUINCE, and FIG. Summarles of
the ship‘'s operational activities for the remalning shots follow.

® YUCCA (open ocean, 28 April, 1440). On 27 April at 1902 underway
from Bikini. On 28 April at 0951 set HARDTACK Condition Electronic
Safety. At 1125 launched high-altitude balloon carrying the nuclear
device for YUCCA. Approximately 35 nmi (65 km) from a point under
the nadir of the burst at shot time. At 1441 began radiation moni-
toring. At 1838 launched two helicopters for Enewetak; at 1945
recovered two helicopters. On 29 April at 0751 anchored 1in berth
N-20, Bikini.
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CACTUS (Enewetak, 6 May, 0615). Approximately 10 nmi (19 km) from
shot site at time of detonation, preparing to enter Enewetak Atoll.
At 0849 anchored in anchorage E-5, Enewetak. At 1801 underway from
Enewetak to Bikini.

FIR (Bikini, 12 May., 0550). Anchored in berth N-20, Bikini, approx-
imately 15 nmi (28 km) southeast of shot site. Shock wave passed
the ship at H+1.5 minutes. At 0555 began radiation monitoring of
all exposed surfaces; at 1200 ceased radiation monitoring of
exposed areas.

BUTTERNUT (Enewetak, 12 May, 0615). Anchored in berth N-20, Bikini.

KOAR (Enewetak, 13 May, 0630). Steaming en route from Bikini to
Enewetak., approximately 27 nml (50 km) southeast of shot site, at
time of detonation. At 0632 shock wave passed the ship. At 0753
launched one helicopter. At 0900 anchored in anchorage E-4, Enewe-—
tak. On 14 May at 0736 began washdown of all topside areas due to
above-average radiation readings; at 0805 completed washdown of
topside areas. At 0823 launched one helicopter for Enewetak. At
0835 underway for Enewetak operating area. Between 0920 and 1010,
1047 and 1056, and 1130 and 1144 washdown system on; at 1016
steered to remove washdown water from the ship.

WAHOO (Enewetak, 16 May, 1330). At 0837 conducted preparations for
underwater detonation. Steaming approximately 12,000 yards (11 km)
from surface zero at time of detonation. Shock wave reached ship
6 seconds after detonation: starboard running light carried off by
shock wave.

HOLLY (Enewetak, 21 May, 0630). Anchored in anchorage N-20, Bikini.

NUTMEG (Bikini, 22 May, 0920). Anchored in anchorage N-20, Bikini,
approximately 10 nmi (i9 km) east of shot site. Shock wave passed
at H+50 seconds.

YELLOWWOOD (Enewetak, 26 May. 1400). Anchored 1in anchorage N-20,
Bikini.

MAGNOLIA (Enewetak. 27 May, 0600). Anchored at Bikini.

TOBACCO (Enewetak, 30 May, 1415). At 0232 underway for Bikini
operating area for SYCAMORE rehearsal. At 0713 anchored in berth
N-20, Bikini,.

SYCAMORE (Bikini., 31 May., 1500). At 0227 underway from Bikini. At
0335 launched weather balloon. At 1205 launched and recovered heli-
copter. Steaming approximately 31 nmi (57 km) southeast of shot
site at time of detonation. At 1502 shock wave passed; at 1505
commenced radiation monitoring. At 1631 anchored 1in anchorage
N-20, Bikini.

ROSE (Enewetak, 3 June, 0645). Anchored in berth N-20, Bikini.

UMBRELLA (Enewetak, 9 June, 1115). At 0746 anchored 1in anchorage
107, Enewetak, approximately 7.900 yards (7 km) from surface zero.
Shock wave passed ship 3.5 seconds after detonation.
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® MAPLE (Bikini, 11 June, 0530). Approximately 14 nmi (26 km) from
shot site at time of detonation. At 0703 anchored in berth N-20,
Bikini.

® ASPEN (Bikini, 15 June, 0530). Anchored 1in berth N-20, Bikini,
approximately 15 nmi (28 km) southeast of shot site.

WALNUT (Enewetak, 15 June, 0630). Anchored in berth N-20, Bikini.
LINDEN (Enewetak, 18 June, 1500). Anchored in berth N-20, Bikini.
REDWOOD (Bikini, 28 June, 0530). Anchored in berth D-4, Enewetak.

ELDER (Enewetak, 28 June, 0630). Anchored in berth D-4, Enewetak,
approximately 18 nmi (33 km) southeast of shot site. At 0631 shock
wave passed ship, began radlation monitoring.

® ORK (Enewetak, 29 June, 0730). Steaming approximately 52 nmi (96
km) from shot site at time of detonation. Shock wave passed the
ship at H+4:33 minutes. At 0951 anchored in berth D-7, Enewetak.

® HICKORY (Bikini, 29 June, 1200). Anchored in berth D-7, Enewetak.

TEAK (Johnston Island, 31 July. 2350). At 1055 boarded evacuees.
At 1757 underway for operating area. At 2228 sighted brilliant
medium-altitude flash bearing 335°T, range undetermined. Approxi-
mately S50 nmi (93 km) from shot site at time of detonation. At
2355:15 shock wave passed ship. On 1 August at 0434 anchored 1n
anchorage B-2, Johnston Island.

® ORANGE (Johnston Island, 11 August, 2330). At 1730 underway 1n
Johnston Island operating area; at 2222 on station. Approximately
70 nmi (130 km) from shot site at time of detonation. Shock wave
reached ship at H+7:20 minutes. On 12 August at 0957 anchored in
anchorage B-1, Johnston Island.

USS Cacapon (RO-52)

Cacapon was present for 15 of the 35 shots conducted during Operation
HARDTACK. A fleet oller, its primary duty was to supply fuel to the various
units of the task force at Blkinl, Enewetak, and Johnston Island. It also sup-
ported the gasoline tankers by providing aviation gas to units in the task
force when necessary. It made three separate tours of the EPG during HARDTACK.

Cacapon was active in the preoperational phase and was present 1in the EPG
for YUCCA and CACTUS. It made a number of Pearl Harbor, Bikini, Enewetak, and
Johnston Island shuttles during the remainder of HARDTACK, leaving the EPG
immediately before the JUNIPER event on 22 July.

Because of the significant amount of time Cacapon spent in the EPG during
HARDTACK, the crew was badged. The highest reading recorded among 1ts crew was
2.060 R. Elghty-six percent of the crewmembers had readings below the 1.0-R
level. The exposure data are presented in Table 34. The ship was provided with
an interim washdown system (Reference C.3.4.8).

Cacapon's log (Reference C.3.4.8) shows the followling movements:
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It was out of the test operating area for shots FIR, BUTTERNUT, KOA, WAHOO,
NUTMEG, YELLOWWOOD, MAGNOLIA, UMBRELLA, MAPLE, ASPEN, WALNUT, LINDEN,

HOLLY,

24 February 1447 Left San Pedro, California
10 March 1424 Arrived Bikini

20 July 0750 Left Enewetak

21 July 1021 Arrived Kwajalein

22 July 0951 Left Kwajaleln

28 July 1505 Arrived Pearl Harbor.

JUNIPER, OLIVE, PINE, TEAK, QUINCE, ORANGE, and FIG. Summaries of the opera-
tional activities of Cacapon for the remailning shots follow.

YUCCA (open ocean, 28 April, 1440). Anchored at Bikinl, approxi-
mately 160 nmil (297 km) southeast of shot site.

CACTUS (Enewetak, 6 May, 0615). On 5 May at 1947 anchored in berth
C-4, Enewetak, approximately 10 nmi (19 km) south of shot site.

TOBACCO (Enewetak, 30 May, 1415). Moored at berth B-1l, Enewetak,
approximately 18 nmi (33 km) southeast of shot site.

SYCAMORE (Bikini, 31 May, 1500). Moored at berth B-1l., Enewetak.
ROSE (Enewetak, 3 June, 0645). Anchored in berth N-18, Bikini.

REDWOOD (Bikini, 28 June, 0530). Anchored in berth F-4, Enewetak
Lagoon.

ELDER (Enewetak, 28 June, 0630). Anchored 1n berth F-4, Enewetak,
approximately 18 nml (33 km) southeast of shot site.

OAK (Enewetak, 29 June, 0730). Anchored in berth F-4, Enewetak
Lagoon, approximately 22 nmi (41 km) southeast of shot site.

HICKORY (Blkini, 29 June, 1200). Anchored in berth F-4, Enewetak
Lagoon.

SEQUOIA (Enewetak, 2 July, 0630). Anchored at Bikini.

CEDAR (Bikini, 3 July, 0530). Steaming independently en route from
Blkinl to Enewetak. Approximately 160 nmi (297 km) west-southwest
of shot site at time of detonation. At 0700 anchored in berth F-4,
Enewetak.

DOGWOOD (Enewetak, 6 July, 0630). Anchored in berth F-4, Enewetak
Lagoon. approximately 18 nmi (33 km) southeast of shot site.

POPLAR (Biki