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ABSTRACT

The general objective was to obtain data sufficient to characterize the fallout, interpret the
aerial and oceanographic survey results, and check fallout-model theory for Shots Cherokee,
Zuni, Flathead, Navajo, and Tewa during Operation Redwing. Detailed measurements of fallotxt
buildup were planned. Measurements of the radiation characteristics and physical, chemical,
and radiochemical properties of individual solid and slurry particles and total cloud and fallout
samples were also planned, along with determinations of the surface densities of activity and
environmental components in the fallout at each major station.

Standardized instruments and instrument arrays were used at a variety of stations which
included three ships, two barges, three rafts, thirteen to seventeen deep-anchored skiffs, and
four islands at Bikini Atoll. Total and incremental fallout collectors and gamma time-intensity
recorders were featured in the field instrumentation. Special laboratory facilities for early-
time studies were established aboard one ship. A number of buried trays with related survey
markers were located in a cleared area at one of the island stations. Instrument failures were
few, and a large amount of data was obtained.

This report summarizes the times and rates of arrival, times of peak and cessation, mass-
arrival rates, particle-size variation with time, ocean-penetration rates, solid- and slurry-
particle characteristics, activity and fraction of device deposited per unit area, surface densi-
ties of chemical components, radionuclide compositions with corrections for fractionation and
induced activities, and photon and air-ionization decay rates. A number of pertinent correla-
tions are also presented: predicted and observed fallout patterns are compared, sampling bias
is analyzed, gross-product decay is discussed in relation to the t~!-2? rule, fraction-of-device
calculations based on chemical and radiochemical analyses are given, the relationship of film-
dosimeter dose to gamma time-intensity integral is considered, a comparison is made between
effects computed from radiochemistry and gamma spectrometry, air-sampling measurements
are interpreted, and the fallout effects are studied in relation to variations in the ratio of fission
yield to total yield.

Some of the more-important general conclusions are summarized below:

The air burst of Shot Cherokee produced no fallout of military significance.

Fallout-pattern locations and times of arrival were adequately predicted by model theory.

Activity-arrival-rate curves for water-surface and land-surface shots were similar, and
were well correlated in time with local-field ionization rates.

Particle-size distributions from land-surface shots varied continuously with time at each
station, with the concentration and average size appearing to peak near time-of-peak radiation
rate; the diameters of barge-shot fallout droplets, on the other hand, remained remarkably
constant in diameter at the ship stations.

Gross physical and chemical characteristics of the solid fallout particles proved much the
same as those for Shot Mike during Operation Ivy and Shot Bravo during Operation Castie. New
information was obtained, however, relating the radiochemical and physical characteristics of
individual particles. Activity was found to vary roughly as the square of the diameter for irreg-
ular particles, and as some power greater than the cube of the diameter for spheroidal particles.

Fallout from barge shots consisted of slurry droplets, which were composed of water, sea
saits, and radioactive solid particles. The latter were spherical, generally less than i micron
in diameter, and consisted mainly of oxides of calcium and iron. At the ship locations, the
solid particles contained most of the activity associated with the slurry droplets; close in, how-
ever, most of the activity was in soluble form.

Bulk rate of penetration of fallout in the ocean was, under several restrictions, similar for
both solid and slurry particles. Estimates are given of the amount of activity which may have
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been lost below the thermocline for the fast-settling fraction of solid-particle fallout.

Fractionation of radionuclides from Shot Zuni was severe while that from Shot Tewa was
moderate; Shots Flathead and Navajo were nearly unfractionated. Tables are provided, incor-
porating fractionation corrections where necessary, which allow the ready calculation of infinite-
field ionization rates, and the contribution of individual induced activities to the total ionization
rate,

Best estimates are given of the amount of activity deposited per unit area at all sampling
stations. Estimates of accuracy are included for the major stations.



Chapter |
INTRODUCTION

1.1 ’ OBJECTIVES

The general objective was to collect and correlate the data needed to characterize the fallout,
fnterpret the observed surface-radiation contours, and check the models used to make predic-
tions, for Shots Cherokee, Zuni, Flathead, Navajo, and Tewa during Operation Redwing.

The specific objectives of the project were: (1) to determine the time of arrival, rate of
arrival, and cessation of fallout, as well as the variation in particle-size distribution and gamma-
radiation field intensity with time, at several points close to and distant from ground zero; (2)

. to collect undisturbed samples of fallout from appropriate land- and water-surface detonations
for the purpose of describing certain physical properties of the particles and droplets, includ-
ing their shape, size, density and associated radioactivity; measuring the activity and mass
deposited per unit area; establishing the chemical and radiochemical composition of the fallout
material; and determining the sizes of particles and droplets arriving at given times at several
important points in the fallout area; (3) to make early-time studies of selected particles and
samples in order to establish their radioactive-decay rates and gamma-energy spectra; (4) to
measure the rate of penetration of activity in the ocean during fallout, the variation of activity
with depth during and after fallout, and the variation of the gamma-radiation field with time a
short distance above the water surface; and (5) to obtain supplementary radiation-contour data
at short and intermediate distances from ground zero by total-fallout collections and time-of-
arrival measurements.

It was not an objective of the project to obtain data sufficient for the determination of com-
plete fallout contours. Instead, emphasis was placed on: (1) complete and controlled documen-
tation of the fallout event at certain key points throughout the pattern, also intended to serve as
correlation points with the surveys of other projects; (2) precise measurements of time-
dependent phenomena, which could be utilized to establish which of the conflicting assumptions
of various fallout prediction theories were correct; (3) analysis of the fallout material for the
Primary purpose of obtaining a better understanding of the contaminant produced by water-surface
detonations; and (4) gross documentation of the fallout at a large number of points in and near the

lagoon,

1.2 BACKGROUND

A few collections of fallout from tower shots were made in open pans during Operation Green-
house (Reference 1). More extensive measurements were made for the surface and underground
Shots of Operation Jangle (Reference 2). Specialized collectors were designed to sample incre-
mentally with time and to exclude extraneous material by sampling only during the fallout period.
The studies during Operation Jangle indicated that fallout could be of military importance in a-
reas beyond the zones of severe blast and thermal damage (Reference 3).

During Operation Ivy, a limited effort was made to determine the important fallout areas for
a device of megaton yield (Reference 4). Because of operational difficulties, no information on



fallout in the downwind direction was obtained. Contours were established in the upwind and
crosswind directions by collections on raft stations located in the lagoon.

Elaborate plans to measure the fallout in all directions around the shot point were made for
Operation Castle (Reference 5). These plans involved the use of collectors mounted on free-
floating buoys placed in four concentric circles around the shot point shortly before detonation.
Raft stations were also used in the lagoon and land stations were located on a number of the is-
lands. Because of poor predictability of detonation times and operational difficulties caused by
high seas, only fragmentary data was obtained from these stations.

The measurement of activity levels on several neighboring atolls that were unexpectedly con-
taminated by debris from Shot 1 of Operation Castle provided the most useful data concerning
the magnitude of the fallout areas from multimegaton weapons (Reference 6). Later in the op-
‘eration, aerial and oceanographic surveys of the ocean areas were conducted and water samples
were collected (References 7 and 8). These measurements, made with crude equipment con-
structed in the forward area, were used to calculate approximate fallout contours. The aerial-
survey data and the activity levels of the water samples served to check the contours derived
from the oceanographic survey for Shot 5. No oceanographic survey was made on Shot 6; how-
ever, the contours for this shot were constructed from aerial-survey and water-sample data.

In spite of the uncertainty of the contours calculated for these shots, the possibility of deter-
mining the relative concentration of radioactivity in the ocean following a water-surface detona-
tion was demonstrated. During Operation Wigwam (Reference 9), the aerial and oceanographic
survey methods were again successfully tested.

During Operation Castle, the question arose of just how efficiently the fallout was sampled
by the instruments used on that and previous operations. Studies were made at Operation Tea-
pot (Reference 10) to estimate this efficiency for various types of collectors located at different
heights above the ground. The resuits demonstrated the difficulties of obtaining reliable samples
and defined certain factors affecting collector efficiency. These factors were then applied in the
design of the collectors and stations for Operation Redwing.

1.3 THEORY

1.3.1 General Requirements. Estimates of the area contaminated by Shot 1 during Operation
Castle indicated that several thousand square miles had received significant levels of fallout (Ref-
erences 5, 11 and 12), but these estimates were based on very-meager data. It was considered
essential, therefore, to achieve adequate documentation during Operation Redwing. Participation
in a joint program designed to obtain the necessary data (Reference 13) was one of the responsi-
bilities of this project.

The program included aerial and oceanographic surveys, as well as lagoon and island sur-
veys, whose mission was to make surface-radiation readings over large areas and collect
surface-water samples (References 14, 15 and 16). Such readings and samples cannot be used
directly, however, to provide a description of the contaminated material or radiation-contour
values. Corrections must be made for the characteristics of the radiation and the settling and
dissolving of the fallout in the ocean. It was these corrections which were of primary interest
to this project. : - b

1.3.2 Data Requirements. Regardless of whether deposition occurs on a land or water sur-
face, much the same basic information is required for fallout characterization, contour con-
struction, and model evaluation, specifically: (1) fallout buildup data, including time of arrival,
rate of arrival, time of cessation, and particle-size variation with time; (2) fallout composition
data, including the physical characteristics, chemical components, fission content, and radio-
nuclide composition of representative particles and samples; (3) fallout radiation data, including
photon emission rate and ionizing power as a function of time; and (4) total fallout data, including
the number of fissions and amount of mass deposited per unit area, as well as the total gamma-
ionization dose delivered to some late time.
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Figure 2.3 Ship and barge stations.
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Chapter 3
RESULTS

3.1 DATA PRESENTATION

The data has been reduced and appears in comprehensive tables (Appendix B) that summarize
certain kinds of information for all shots and stations. The text itself contains only derived re-
sults.

In general, the details of calculations, such as those involved in reducing gross gamma spec-
tra to absolute photon intensities or in arriving at R-values, have not been included. Instead,
original data and final results are given, together with explanations of how the latter were ob-
tained and with references to reports containing detailed calculations.

Results for the water-surface Shots Flathead and Navajo, and the land-surface and near-land-
surface Shots Zuni and Tewa, are presented in four categories: fallout-buildup characteristics
(Section 3.2); physical, chemical, and radiochemical characteristics of the contaminated mate-
rial (Section 3.3); its radionuclide composition and radiation characteristics (Section 3.4); and
correlations of resuits (Section 4.3). Appendix B contains all reduced data for these shots sep-
arated into three types: that pertaining to the buildup phase (Section B.1); information on phy-
sical, chemical, and radiological properties (Section B.2); and data used for correlation studies
(Section B.3). ‘

Measurements and results for Shot Cherokee, an air burst during which very little fallout
occurred, are summarized in Section 4.1.

Unreduced data are presented in Section B.4.

Each of the composite plots of TIR readings and IC tray activities presented in the section on
buildup characteristics may be thought of as constituting a general description of the surface
radiological event which occurred at that station. In this sense the information needed to com-.
plete the picture is provided by the remainder of the section on particle-size variation with time
and mass-arrival rate, as well as by the following sections on the activity deposited per unit
area, the particulate properties of the contaminated material, its chemical and radiochemical
composition, and the nature of its beta- and gamma-ray emissions. Penetration rates and ac-
tivity profiles in the ocean extend the description to subsurface conditions at the YAG locations.
The radiological event that took place at any major station may be reconstructed in as much
detail as desired by using Figures 3.1 through 3.4 as a guide and referring to the samples from
that station for the results of interest. Each sample is identified by station, collector, and shot
in all tables and figures of results, and the alphabetical and numerical designations assigned to
all major array colliectors are summarized in Figure A.1.

Throughout the treatment which follows, emphasis has been placed on the use of quantities
such as fissions per gram and R¥ values, whose variations show fundamental differences in
fallout properties. In addition, radiation characteristics have been expressed in terms of unit
fissions wherever possible. As a result, bias effects are separated, certain conclusions are
made evident, and a number of correlations become possible. Some of the latter are presented
in Sections 3.3, 3.4, and 4.3.

3.2 BUILDUP CHARACTERISTICS

3.2.1 Rate of Arrival. Reduced and corrected records of the ionization rates measured by
one TIR and the sample activities determined from one IC at each major array station are plot-
ted against time since detonation (TSD) in Figures 3.1 through 3.4 for Shots Flathead, Navajo,
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