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SECTION 1
INTRODUCTION

“peration CASTLE was a series of atmospheric nuclear tests conducted by the
Atomic Energy Commission (AEC) at the Pacific Proving Grounds (PPG) during the
Spring of 1954, Radiological safety procedures included the issuance of film badges to
approximately 10 percent of the personnel throughout the operation and to individuals
during periods of potentially significant radiation exposure. Cohort badging, i.e., one
badge worn by one individual in a group, was the primary means of determining
individual exposur¢ 5. Recorded dosimetry data and medical record data for personnel
aboard most of the ships involved in the operation are sufficient to accurately
determine their radiation exposure. There were, however, sixteen ships involved
(either directly or indirectly) for which available dosimetry data are insufficient to
assess the exposures of crew members assigned to them. Consequently, where film
badge coverage is incomplete, it is necessary to reconstruct the radiation dose. This
report describes the operation, the radiological situation, and the time-space relation-
ships of each ship with respect to the radiological environment. The results are
portrayed as equivalent film badge doses for the crews of each of the 16 vessels of

interest.

Because some personnel of the naval contingent were assigned to the residence
islands of Enewetak and Kwajalein Atolls, the radiation environments on both atolls
are also reconstructed. Plans had also called for the use of the residence islands of
Bikini Atoll (Eneman and Eneu Islands), but heavy contamination following the first
shot (BRAVO) required a conversion from land-based to ship-based operations.
Personnel could go ashore on Bikini only for short periods of time and then, only when
accompanied by a trained rad-safe monitor (Reference 1). Film badges were generally
issued to personnel going ashore and exposures are documented. Because of this, the
reconstruction of the Bikini radiation environments are not addressed in this report.

1.1 BACKGROUND

There were six shots in the CASTLE test series: BRAVO, ROMEO, KOON,
UNION, YANKEE, and NECTAR. The first five were detonated on Bikini Atoll and



Shot NECTAR was detonated on Enewetak. Figure 1-1 depicts the locations of Bikini
and Enewetak with respect to the other atolls comprising the northern Marshall

Islands.  Figures 1-2 and 1-3 show the main features of Bikini and Enewetak,
respectively, and the locations of ithe CASTLE detonations. The pertinent details of
each test are summarized in Table 1-1 (Reference 2).

Table 1-1. Operation CASTLE shot data.

Shot Name Local Date (time) Yield Location

BRAVO 1 Mar 54 (0645) 15 Mt Bikini

ROMEO 27 Mar 54 (0630) 11 Mt Bikini

KOON 7 Apr 54 (0620) 110 Kt Bikini

UNION 26 Apr 54 (0605) 6.9 Mt Bikini

YANKEE 5 May 54 (0610) 13.5 Mt Bikini

MNECTAR 14 May 54 (0620) 1.69 Mt IVY MIKE Cra‘er,
Enewetak

1.2 NAVAL PARTICIPATION

The devices were tested by a joint military and civilian organization designated
as Joint Task Force Seven (JTF-7). Although military in form, it was comprised of
military, civil service, and contractor personnel. JTF-7 was organized into five main
task groups with Task Group 7.3 being the naval contingent. Most of the approxi-
mately 6000 personnel assigned to TG 7.3 were aboard the various task group ships;
however, approximately 650 were stationed on Enewetak and Kwajalein Atolls. Table
1-2 is a summary of the atolls and ships for which dose reconstructions are specifically
addressed in this report. Also tabulated are the approximate number of personnel

assigned to each.

1.3 METHODOLOGY

The procedures developed in previous dose reconstruction efforts have been

adapted to the shipboard radiological environments of Operation CASTLE (References
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Table 1-2. Atolls and ships for which dose reconstructions are applicable.

Island-Based Personnel Personnel Assigned
Enewetak Atoll (Enewetak, Parry, and Japtan Islands) 241
Kwajalein Atoll 418

Shipboard Personnel

USS APACHE (ATF-67) 82
USS BAIROKO (CVE-115) 392
USS BELLE GROVE (LSD-2) 338
USS CURTISS (AV-4) 708
USS EPPERSON (DDE-719) 307
USS ESTES (AGC-12) 647
USNS FRED C. AINSWORTH (TAP-181) 197
USS GYPSY (ARSD-1) 68
USS LST-551 105
USS LST-762 128
USS LST-825* 108
USS LST-975* 110(est)
USS NICHOLAS (DDE-449) 273
USS PHILIP (DDE-498) 263
USS RENSHAW (DDE-499) 259
USS SIOUX (ATF-75) __86
TOTAL 5230

*Not assigned to TG 7.3

Source: Reference |
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3, 4, 5 and 6). Figure 1-4 depicts the steps taken in calculating personnel film badge
doses. These steps are pursued to a level of detail governed by the availability of
data. Sufficient data were recorded at the time and enough have survived to
understand the ship and land operations and to characterize the radiation environment.

Individual ship deck logs serve as an authoritative source of ship position and activity.

Radiation intensity data and crew activity scenarios are applied to reconstruct
the time-dependent radiation environment for an average crewman on each of the
sixteen ships of interest. Characterization of the radiation environment starts with
the determination of on-deck intensities from radiological survey data. The periodic
shipboard surveys, in conjunction with fallout time-of-arrival data and nearby island
surveys, serve to define the topside intensity as a function of time. At times following
the last reported shipboard survey, a power law function determined from Bikini Atoll
radiological data is utilized. Despite significant differences in decay rate between
ship and shore because of early-time washdown, decontamination, and weathering,
late-time decay, mostly from insoluble particles adhering to shipdeck or soil, is taken
to be the same. As ships operated in the contaminated waters of Bikini Lagoon, their
hulls and salt water piping systems accumulated radioactive materials, thus increasing
the radiation exposure to crew members while below deck. The radiation environment
due to ship contamination is derived from a previously-developed ship contamination
model (Reference 6). Specific data regarding the development of the time-dependent

radiation environments are presented in Section 2.

Shipboard radiation surveys indicated a considerable variation in topside inten-
sities because of ship geometry, redistribution of fallout during washdowr and
decontamination, and non-uniform adherence of fallout particles to ship materiats. If
only an average survey reading was reported, this value is used. In those cases where
readings were taken at many predetermined positions on the ship's exposed surfaces,
they represent the topside radiation field. The ship's crew is presumed to have been
located at random positions when on deck; thus, the mean survey readings,
appropriately decayed, are used to determine the mean intensities encountered by the
crew when on deck. The distribution of survey readings suggests a distribution in

radiation exposure to the crew. Uncertainties associated with mean survey readings

13



RADIOLOGICAL

SHIP
UNIT OPERATIONS DATA
| CONTAMINATION |
(DECK LOGS) MODEL 0 (AFTER-ACTION
REPORTS)
FREE-FIELD
INTEGRATED
INTENSITY
(TOPSIDE/BELOW)
FILM BADGE PERSONNEL
H
SHIELDING — DOSE o ACTIVITIES
UNCERTAINTIES
BOUNDED
TOTAL | COMPARE | DOSTMETRY
FILM BADGE RECORDS
DOSE
Figure 1-4. Operation CASTLE dose reconstruction methodology.
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topside, as well as those associated with various parameters in the ship contamination
model, are addressed in the uncertainty analysis.

The analysis of radiation exposure to the crew also requires estimation of
radiation intensities below deck (due to fallout) and the apportionment in time of crew
activities below and on deck. A ship-shielding factor is defined as the ratio of
intensity below to the mean intensity topside. This factor, previously determined for
each type of ship of interest in References 3, 4, 5 and 6, is roughly 0.1 and is nearly
constant over the usual crew locations within a ship. Variations in this value, due
primarily to different main deck thicknesses, are treated as an uncertainty in Section
4. Specific durations of topside exposure are given in ship logs for shot day (rarely
thereafter) when the radiological situation altered the normal pattern of duties. For
other days, and when unspecified, the topside intervals are taken to be 0800-1200,
1330-1700, and 1800-2000 hours, which amount to 40 percent of a day.

The mean film badge dose to the crew is obtained from time integration of
intensity for all intervals below (including the shielding factor) and on deck; a
conversion factor is used to account for body shielding by the badge wearer (Reference
7). To facilitate the calculation, the daily fractional topside duration, rather than each
specified interval, is used on the third and subsequent days after burst, when the lower
intensity lessens the need for such precision in timing. Because the specified intervals
are nearly centered around midday, this approximation is suitable by the third day.

Day-by-day and cumulative film badge doses to the average crewman of each
ship are calculated and presented in Section 3. Calculations are continued through
31 May 1954 when the roll-up phase was drawing to an end. An uncertainty analysis of
the dose calculations is provided in Section 4. In Section 5, the available dosimetry
records are analyzed and compared with the calculated doses. Conclusions and a total
dose summary are presented in Section 6,

15



SECTION 2
SHIP OPERATIONS AND RADIATION ENVIRONMENTS

This section describes the movements of the TG 7.3 ships at the Pacific Proving
Grounds during Operation CASTLE and correlates these movements with the radiation
environment following the six detonations in the test series. Ship movements arg
reconstructed primarily from data contained in the deck logs of the sixteen ships of
interest (References 8 and 9). The shipboard radiation environments resulting from
radioactive fallout are reconstructed based on available radioldgical survey data. In
the absence of ship-specific radiological data, topside radiation environments are
inferred from those of other nearby ships or island data from Enewetak, Kwajalein,
and Bikini Atolls, as appropriate. In addition, as ships operated in the contaminated
waters of Bikini Lagoon, their hulls and interior salt water systems became radiologi-
cally contaminated exposing personnel below to varying degrees of radiation. The
radiation environments below are derived from a previously-developed ship contamina-

tion model.
2.1 SHIP OPERATIONS

Exclusive of the landing craft and small boats belonging to the boat pool, TG 7.3
had 31 surface craft in the Pacific Proving Grounds for Operation CASTLE. This
reconstruction focuses on sixteen of the ships: APACHE (ATF-67), BAIROKO (CVE-
115), BELLE GROVE (LSD-2), CURTISS (AV-4), EPPERSON (DDE-719), ESTES (AGC-
12), FRED C. AINSWORTH (TAP-181), GYPSY (ARSD-1), LST-551, LST-762, LST-
825*%, LST-975%, NICHOLAS (DDE-449), PHILIP (DDE-498), RENSHAW (DDE-499),
and SIOUX (ATF-75).

The AINSWORTH served as living quarters afloat for the bulk of the support
personnel. The two tugs, APACHE and SIOUX, placed and retrieved floating
instrumentation. The GYPSY, a salvage lifting vessel, performed salvage operations in

the lagoon and assisted in decontaminating the harbor craft and small boats that were

* Not assigned to TG 7.3.
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left in Bikini Lagoon during shots detonated there. The BAIROKO provided helicopters
and a radiological laboratory. The BELLE GROVE provided the boat ponl, both
personnel and small craft. The CURTISS transported the test devices and the
associated personnel of TG 7.1. The ESTES was the JTF-7 flagship and also provided
headquarters facilities for the staffs of TG 7.1 through 7.4 during operations at Bikini.
The destroyers EPPERSON, NICHOLAS, PHILIP, and RENSHAW provided surface
security patrols and performed plane guard, escort, and air control station duties.
LST-551 and LST-762 provided interatoll transportation. The LST-825 and LST-975
were transient ships not attached to TG 7.3 and thus had no operational assignments

with respect to the rest of the task group (Reference 1).

Because the first five shots were detonated at Bikini, the majority of the ships
operated in the vicinity of Bikini until after Shot YANKEE on 5 May. Exceptions to
this were the LST-551 and LST-762 which, except for trips to Bikini between shots,
remained at or near Enewetak. The LST-825 departed Enewetak the day after Shot
BRAVO enroute to Japan and LST-975 did not arrive in the PPG until approximately 1
May. Two of the four destroyers were always on patrol either in the Enewetak area or
far from Bikini at the time of the five Bikini events. Following Shot YANKEE, most

of the ships began to shift operations to Enewetak where Shot NECTAR was detonated
on 14 May.

During Bikini operations the AINSWORTH, BAIROKO, BELLE GROVE, CURTISS
and ESTES were normally anchored in Bikini Lagoon except for late on D-1 and well
into D-Day during which time they, along with the other ships operating in the vicinity
of Bikini, took assigned stations to the southeast of the atoli, some 30 to 50 nautical
miles from surface zero. All personnel evacuated Bikini aboard TG 7.3 ships the night

before each shot; return to Bikini anchorages was planned for the afternoon of D-Day.

2.1.1 Shot BRAVO

Shot BRAVO was detonated at Bikini Atoll at 0645 hours, 1 March 1954, Nine of

the task group ships were operating in the southeast quadrant off Bikini (see Figure
2-1), having departed Bikini the night before. With the exception of the NICHOLAS,
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which was in the vicinity of Kusaie Atoll, the remaining ships were at or near
Enewetak. Those in the vicinity of the Bikini were:

AINSWORTH BELLE GROVE GYPSY
APACHE CURTISS PHILIP
BAIROKO ESTES SIOUX

They remained in their assigned areas until about 0800 hours when the first onset of
fallout occurred. By 0815 hours all were proceeding southward with their washdown
systems activated. The southward movement was terminated about 1000 hours and the
ships began moving northward again to resume their assigned stations.

Shortly after noon, a second period of fallout deposition began. The affected
ships again activated their washdown systems and maneuvered at various courses and

speeds to enhance its effectiveness.

Some ships reported encountering intermittent periods of fallout later during the
afternoon in the Bikini area. Others enroute to Enewetak encountered fallout between
2200 hours, 1 March and 0100 hours, 2 March. These were the AINSWORTH,
BAIROKO, CURTISS, and ESTES, which had begun their movement to Enewetak
between 1700 and 1900 hours when it became evident that, due to the severity of the
contamination in the lagoon, they could not reenter the lagoon as planned. The SIOUX
proceeded to retrieve buoys in support of Project 2.5a, and moved generally north and
west of Bikini Atoll. The other ships in the Bikini area appear to have remained
generally on station.

At the time of Shot BRAVO, the EPPERSON, LST-551, LST-762, LST-825 and
the RENSHAW were in the vicinity of Enewetak Atoll. The EPPERSON was patrolling
close to the atoll while the RENSHAW was midway between Enewetak and Bikini. The
LST-551 was about 30 iniles west of Enewetak and the LST-762 and LST-825 were
beached or anchored off Parry Island the whole day. About 2100 hours the RENSHAW
began to patrol the area close offshore of Enewetak Atoll. Between 1800-2300 hours,
the residence islands of Enewetak (Enewetak and Parry Islands) recorded a period of

fallout deposition.
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The APACHE, BELLE GROVE, PHILIP, and SIOUX remained in the Bikini area
overnight. On 2 March the APACHE maneuvered slowly westward toward Enewetak
and the SIOUX continued its retrieval of buoys for Project 2.5a until about 2000 hours,
at which time it also headed for Enewetak. The B3ELLE GROVE moored in Bikini
Lagoon at 0844 hours and the GYPSY reentered the lagoon approximately 4 hours
later. The PHILIP continued patrolling off Bikini until about 1900, when it entered the
lagoon and anchored. About 2145 hours, the PHILIP got underway for Rongelap Atoll
where it evacuated personnel to Kwajalein.

The EPPERSON, LST-551, LST-762, LST-825, and the RENSHAW, all near
Enewetak on shot day, were joined on the morning of 2 March by the AINSWORTH,
BAIROKO, CURTISS, and ESTES. At approximately 0823 hours, the L5ST-825 departed
Enewetak enroute to Japan. Late in the afternoon on 2 March, the BAIROKO, ESTES,
and LST-762 departed Enewetak for Bikini, arriving there on 3 March. The LST-551
departed Enewetak on 3 March and arrived at Bikini the following day.

2.1.2 Shot ROMEO

When Shot ROMEO was detonated at Bikini Atoll at 0630 hours, 27 March, nine
of the ships were operating in assigned areas southeast of Bikini Atoll. They were:

AINSWORTH BELLE GROVE ESTES
APACHE CURTISS NICHOLAS
BAIROY O EPPERSON SIOUX

The GYPSY had departed Bikini on 26 March and was enroute to Kwajalein when Shot
ROMEO was detonated. The AINSWORTH, BAIROKO, BELLE GROVE, EPPERSON,
and ESTES returned to the Bikini Lagoon anchorage area early in the afternoon; the
CURTISS and the NICHOLAS returned late in the afternoon. At midday the APACHE
and the SIOUX began buoy retrieval operations. The APACHE proceeded west of
Bikini while the SIOUX proceeded north. About 1600 hours the EPPERSON departed
the'lagoon to begin patrolling north of the atoll.
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About 1600 hours on 27 March, at a point some 30 miles west southwest of the
ROMEO GZ, the APACHE recorded the peak intensity during a period of fallout which
had begun about an hour earlier. At this time the ship began to proceed to the
northwest. At approximately noon on the following day, the APACHE was operating
some 60 miles northwest of the ROMEO GZ when it encountered another period of
fallout. The ship proceeded southwestward until about 1600 hours, when the peak
intensity was recorded; it then proceeded southward out of the fallout area. Later
that evening the APACHE changed course for Enewetak.

The EPPERSON encountered fallout in its patrol area at approximately 1600
hours when it was about 26 miles north of the ROMEO GZ. At 1933 hours, this ship
also activated its washdown system. The following morning, when the EPPERSON was
patrolling five to ten miles north of Bikini Atoll, it received more fallout between
0700-0800. Fallout during the same period was detected by the PHILIP south of Bikini
Atoll, but was not noted by any of the ships anchored in the Bikini Lagoon
(AINSWORTH, BAIROKO, BELLE GROVE, ESTES, and LST-551).

Around 2000 hours the CURTISS and NICH LAS departed Bikini for Enewetak,
arriving there at approximately 0700 hours on 28 March. The NICHOLAS remained at
anchor until the afternoon of the 29th; the CURTISS got underway for Bikini about
1900 hours on the 28th and arrived at 0730 hours on the 29th.

At shot time the RENSHAW was on station midway between Enewetak and Bikini
Atolls. About 1845 hours it took a station south of Eneman Entrance to Bikini Atoll.
LST-762 was anchored off Enewetak Island and remained there for the next four days.
LST-551 was at anchor in Enewetak Lagoon at shot time, but got underway for Bikini
at 1017 hours. The PHILIP, which was patrolling eastward of the Deep Entrance to
Enewetak Atoll at shot time, joined the LST-551 in formation bound for Bikini at 1035
hours. Between 1400-2400 hours these (wo ships encountered minor fallout; peak
intensities were recorded about 1800 hours when they were some 70 miles east of
Enewetak. After they arrived at Bikini at approximately 0700 hours on 28 March, the
PHILIP began to patrol off Eneman Island while the LST-551 entered the lagoon and
beached itself on Eneman.
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Around 2400 hours, the SIOUX began encountering fallout of increasing intensity
in the area 30-40 miles northeast of Bikini. The ship proceeded slowly northwestward
until approximately 1200 hours on 28 March, then sdutheastward during the afternoon,
receiving fallout throughout the day. The SIOUX also received fallout during the
morning of 29 March while enroute to Enewetak from Bikini.

The PHILIP briefly entered the lagoon between 1300-1415 hours on 28 March,
then resumed its patrol to the south of Eneman Island. The EPPERSON entered the
lagoon about 2000 hours and remained there overnight. The RENSHAW was relieved
by PHILIP at 1415 hours and proceeded to the anchorage area for the night.

During the night of 28-29 March, fallout was recorded on all ships in Bikini
Lagoon between approximately 2200-0830 hours. The BELLE GROVE, moored to buoy
"Y", set condition ABLE at 2200 hours. The BAIROKO, in berth "Z", turned on its
washdown system twice--at 0130 and 0320 hours. The LST-551, beached on Eneman
Island, set condition ABLE and took rad-safe measures at 0315 hours. The EPPERSON
put to sea between 0630-0900 hours to wash down the ship (washdown was completed
about 0735 hours).

About 1500 hours the LST-551 got underway for Enewetak and the BELLE
GROVE followed approximately three hours later. Thus, on the night of 29-30 March,
the ships in the Bikini area were the AINSWORTH, BAIROKO, CURTISS, EPPERSON,
ESTES, PHILIP, and RENSHAW. Those in the Enewetak area were the APACHE, LST-
551, LST-762, NICHOLAS, and SIOUX, with the BELLE GROVE enroute. The GYPSY
departed Kwajalein at 1922 hours on 29 March enroute to Ailinglapalap Atoll tc
perform salvage operations; it was not affected by the fallout on Kwajalein during
30-31 March.

2.1.3 Shot KOON

Shot KOON was detonated at Bikini Atoll at 0620 hours, 7 April 1954, Eight of

the ships of interest were operating in the Bikini area. They were:
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AINSWORTH CURTISS NICHOLAS
BAIROKO EPPERSON SIOUX
BELLE GROVE ESTES

At shot time, all except the NICHOLAS were in assigned areas southeast of Bikini
Atoll. They remained there until around midday, when they reentered the lagoon as
planned. The NICHOLAS, which was patrolling approximately midway between Bikini
and Enewetak at shot time, proceeded to Bikini during the afternoon and anchored in
the lagoon at 1915 hours.

Five other TG 7.3 ships were either at or enroute to Enewetak at shot time.
These were:

APACHE LST-762 RENSHAW
LST-551 PHILIP

The APACHE, enroute to Enewetak from Bikini, was about 25-30 miles east of
Enewetak at shot time. The other ships were all anchored/beached at Enewetak or
Parry Islands.

The GYPSY, having completed salvage operations at Ailinglapalap Atoll on
1 April, returned to Kwajalein where it was anchored when Shot KOON was detonated.
On 9 April, the GYPSY departed Kwajalein enroute to Pearl Harbor. This ship did not
return to the PPG during Operation CASTLE.

Fallout from Shot KOON moved generally to the north of Bikini (as predicted)
and none of the ships operating in the vicinity of Bikini, Enewetak, or Kwajalein Atolls
received significant fallout following this test.

2.1.4 Shot UNION

Shot UNION was detonated at Bikini Atoll at 0605 hours, 26 April 1954. Seven of
task group ships of interest were operating in the Bikini area. These were:
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AINSWORTH CURTISS PHILIP
BAIROKO ESTES NICHOLAS
BELLE GROVE

At shot time, all of these ships except the NICHOLAS were in their assigned areas
southeast of Bikini; the NICHOLAS was again on patrol midway between Bikini and
Enewetak Atolls. During the afternoon of 26 April, the PHILIP began patrolling off
Bikini and the other ships entered and anchored in Bikini Lagoon. The NICHOLAS,
while still on station midway between atolls, encountered fallout between 1313-1429
hours, during which time its washdown system was activated.

The APACHE was at Kwajalein Atoll at shot time. The remaining five task
group ships of interest were at or near Enewetak Atoll: the EPPERSON on patrol north
of Enewetak and the LST-551, LST-762, RENSHAW, and SIOUX at anchor off Parry
and Enewetak Islands.

With the exception of the NICHOLAS, the remaining twelve ships in the vicinity
of Bikini and Enewetak Atolls raceived no significant fallout following Shot UNION,
the major portion of the radioactive cloud having moved generally to the north.

2.1.5 Shot YANKEE

Shot YANKEE was detonated at Bikini Atoll at 0610 hours, 5 May 1954. Eight of
the task group ships of interest were in their assigned areas southeast of Bikini Atoll.

They were:
AINSWORTH CURTISS RENSHAW
BAIROKO ESTES SIOUX
BELLE GROVE PHILIP

The PHILIP and RENSHAW remained on patrol off Bikini until the morning of 6 May,
while the SIOUX remained at sea retrieving instruimentation. The remaining five ships
in the vicinity of Bikini reentered the lagoon for a short period of time during the late
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afternoon of 5 May to transfer passengers. Because lagéon water contamination levels
were still quite high, the decision was made not to reenter the lagoon on a permanent
basis until the following morning. None of these ships received any fallout due to Shot
YANKEE.

The A. ACHE was berthed at Kwajalein Atoll on 5-6 May, during which time this
atoll received munor secondary fallout from the YANKEE cloud.

The EPPERSON and NICHOLAS were patrolling off Enewetak at shot time while
LST-551 was anchored at Enewetak throughout the day. Ncne of these ships received
fallout following Shot YANKEE.

The LST-762 had departed Enewetak on 27 April enroute for Pear! Hartor. Due
to engine failure and other equipment malfunctions, the ship was taken in tow on 5
May by LST-975 which was enroute from Japan to Pear! Harbor. During the morning
of 6 May, LST-762 commenced monitoring for fallout. The ship, still under tow by
LST-975, was about 700 miles east of Bikini at the time. By early afternoon,
washdown* of the weatiier decks on both ships was initiated and continued intermit-
tently until 0930 hours, 7 May.

2.1.6 Shot NECTAR

Following Shot YANKEE on 5 May, the task group ships began to shift operations
to Enewetak Atoll where Shot NECTAR was to be detonated on 14 May. The BELLE
GROVE, CURTISS, EPPERSON, ESTES, AINSWORTH, LST-551, NICHOLAS, REN-
SHAW, and SIOUX had all arrived at Enewetak by 13 May. The APACHE and PHILIP
remained in the vicinity of Bikini until they departed the PPG for Pearl Harbor on 14
and 15 May, respectively. The BAIROKO was enroute to Bikini from Kwajalein on 14
May, while LST-762, still under tow by LST-975, was approximately midway between
Johnston Island and Pearl Harbor.

*Only LST-762 was equipped with a washdown system; the crew of LST-975 used fire

hoses.
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When Shot NECTAR was detonated at 0620 hours on 14 May, seven of the ships
were in their assigned operational areas southeast of Enewetak. These were:

CURTISS LST-551 SIOUX
ESTES NICHOLAS RENSHAW
AINSWORTH

The EPPERSON and BELLE GROVE were enroute to Ujelang and Rongerik
Atolls, respectively. Within several hours after the detonation, all ships that were
southeast of Enewetak, except the NICHOLAS, reentered the lagoor; the NICHOLAS
did not get back into the lagoon until late afternoon. The EPPERSON returned to
Enewetak from Ujelang late in the afternoon on 14 May, while the BELLE GROVE did
not return until the morning of 16 May. The BAIROKO had arrived at Enewetak from
Bikini during the morning of 15 May.

Between 1830-2100 hours on 14 May, light fallout from the NECTAR cloud was
experienced on the residence islands of Enewetak. The CURTISS, ESTES, and
AINSWORTH had departed Enewetak for San Francisco, San Diego, and Pear] Harbor,
respectively, before the fallout began. The EPPERSON, NICHOLAS, and RENSHAW
did not depart the lagoon until approximately 2200 hours enroute to Pearl Harbor and
could have experienced the fallout. Similarly, LST-551 and SIOUX remained at, or in
the vicinity of, Enewetak until 16 and 17 May, respectively, and they too, probably
received the fallout on 14 May. The LST-551 departed Enewetak for Ponape Atoll
while the SIOUX departed for Bikini. As stated earlier, the BAIROKO and BELLE
GROVE did not return to Enewetak until 15 and 16 May, respectively, well after the
fallout had ceased. The BELLE GROVE departed Enewetak fcr Bikini on 16 May and
the BAIROKO got underway to San Diego on 17 May.

2.2 RADIATION ENVIRONMENTS

Extensive radiation intensity readings obtained on How Island (Bikini Atoll)
following Shot BRAVO indicated decay rates that varied considerably from the

"102

traditional t rule (Reference 11). Average values for the decay exponent (k)
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obtained with several gamma ionization time-intensity meters on Bikini (Reference 11)

are as follows:

3<t L10 hours; k=-1.[9
10 < t <48 hours; k = -0.82
48 < t <480 hours; k=-1.50
t > 480 hours; k=-1.20

A varying decay of this type is consistent with the presence of Np-239 (t,, = 36 hr) and

U-237 (t”=l60 hr), which are both generated in significant quantities froin neutron
capture in uranium. After several half-lives, when the presence of these two
radioisotopes no longer dominate the decay rate, it approaches the traditional t-1.2
value. In the absence of radiological survey data, the time-dependent decay rate is
used in reconstructing the radiation environments on the ships and atolls covered in
this report. Generally, radiological data on the residence islands of Enewetak and
Kwajalein support a t-1.5 decay rate between 48 and 480 hours after detonation;

6 10 1719 during the same

shipboard data indicate slighily greater decay rates (!
period. The steeper shipboard decay rates can be attributed to a combination of the
increased effectiveness of "weathering” on a ship's surfaces (as opposed to island soil),

and to decontamination being carried out onboard the ships.

All of the ships addressed in this report encountered fallout following one or
more of the six CASTLE detonations. In most instances, particularly where significant
fallout was encountered, shipboard radiological data are available to define the
topside radiation environment. In some instances, however, shipboard environments
must be inferred from radiological data obtained on nearby islands, such as the
residence islands of Enewetak and Kwajalein Atolls. For each atoll and ship, an
average intensity curve is presented showing the free-field radiation intensity as a
function of time after each shot that resulted in significant fallout. The intensity
curves are then time-integrated to yield a daily free-field integrated intensity for
each atoll/ship through 31 May 1954, when the roll-up phase was nearly complete.

The water in Bikini Lagoon also became contaminated following several of the

five detonations conducted there. As ships steamed or anchored in the contaminated
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water, radioactive materials began to accumulate on the hulls below the water line
and in the saltwater systems within the ships. As a result, radiation intensities below
deck began to increase, adding to the crew's exposure. When compared to the topside
radiation environments resulting from Shot BRAVO and Shot ROMEO fallout, this
radiation was "considered more of an operational nuisance than a hazard"
(Reference 12).

The same phenomenon was observed on the ships at Operation CROSSROADS
conducted at Bikinj Atoll in 1946. A model was developed in Reference 6 to determine
personnel exposure aboard the ships at CROSSROADS due to ship contamination.
Because only limited lagoon water contamination data have been found for Operation
CASTLE, this model cannot be applied directly to the ships participating at this
operation; however, several simplifying assumptions concerning the degree of conta-
mination can be made, which allows portions of the model to be used.

Two basic assumptions are made in developing the ship contamination model.
The first is that the mixture of fission products present in the accumulated radioactive
material on the hull and in the piping of a ship decayed radiologically as t’l'3 . This
decay rate was verified experimentally for fission products deposited in seawater and
on the decks of target ships at CROSSROADS. The second assumption involves the
rate of contamination buildup on the hull and interior piping. The radioactive buildup
on a previously uncontaminated ship is assumed to be initially proportional to the
radiation intensity of the water surrounding the ship, but, as buildup progresses, a
limiting or saturation value of contamination is approached asymptotically. The
occurrence of such a saturation effect is indicated by hull intensity readings taken on
various ships after their departure from the lagoon following CROSSROADS opera-
tions. Based on these assumptions, the exterior gamma intensity of the hull lh(t) of a
contaminated ship at time t is given by:

L = s:""[l-exp {- g-ow(t)t]. ()
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where C and S are constants, and

t
D, (1) jo' 2w (2

Here Iw(t) is the intensity of the surrounding water at time t; hence, this quantity is
dependent on the contaminated water and on the ship's path through that environment.
It is evident that, as a ship spends sufficient time in contaminated water, Dw becomes

large and the hull intensity approaches a saturation value:
L ()—sst” 13, ‘ (3)

The constants S and C were evaluated from CROSSROADS support ship intensity data,
as discussed in Reference 6. The derived values are given below.

S = 1800 mR-dayo‘3 for destroyers, (%)
1570 mRodayo'3 for all other ships.
C=  11.0day"! for all ships. (5)

It was also observed at Operation CROSSROADS that steaming in clean water
reduced the accumulated contamination by about half during the first day after
departing the lagoon, but that subsequent steaming had a much smaller effect. In the
model, it is assumed that both hull and piping intensities were reduced to half their
departure values during the first day after departure from the lagoon, and that
subsequent decay while out of the lagoon followed the 2'1'3 decay rate.

The exterior hull gamma intensity (lh) is then used to determine the average
interior ship intensity. This analysis, as described in detail in Reference 6, results in
an apportionment factor Fa’ which relates average interior intensities “i) to exterior

hull gamma intensities (lh) by the relation:

li = Falh. (6)
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Therefore the interior intensity at any time t after the detonation is given by:

L = F 57! [1 -exp}-§ Dw(t)f] : %)

Since detailed radiological data for the waters of Bikini Lagoon are not available
for Operation CASTLE, several assumptions are made in order to apply the CROSS-
ROADS ship contamination model to the ships at CASTLE. It is documented that the
anchorage areas in the lagoon became contaminated to varying degrees following Shots
BRAVYO, UNION and YANKEE. The assumption is made that ships entering the lagoon
after each of these shots would reach the saturation level of contamination 