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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The objective is to facilitate studies of the
Tow levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
js National Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
and "holes" in the text. Thus the context of the material
deleted is identified to assist the reader in the determination
. of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and that the deleted
material is of little or no significance to studies into the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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ABSTRACT

The objective of this project was to documsat the characterige.
tics of the close-=in radiocactive fallout resulting from the surface
land or water detonations of high yield nuclsar devices in order to
provide information for the evaluation of:(l) the immediate hazards
associated with the residual contamination from such bursts,{2) the
mechanism of particle formation and distribution,and (3) the character-
istics and significence of the radicactive debrils distributed by base
surge phenomena,provided that a significant base surge is caused by
surface water burstse

The objective was accomplished by sampling the fallout with
intermittent fallout collectors and by analyzing the particulate and
ligquid matter for activity, decay, energies, and particle size dis~
tribution,

Fallout stations were set up in varying arrangements for Shots
1’ 2’ 3’ 4’ a!‘d 60

When significant fallout occurred at an island after any of
these shots, it apparently began to arrive there within six minutes
after the detonation, The maximum activity per sampling time interval
resulting from Shot 1 and other shots having yields of the same order
of magnitude arrived at all sampling stations during the first hour
after the detonation. Extrapolation of the beta activity had indicated
rates as high as 1,3x1014 dpm/ft< 1 to 6 min after the detoration.

Most of the activity had arrived at a given station within 3
to 6 hours after the detonation, with smll amounts continuing to
"arrive up to at least 12 hours after ths detonation.

Gamma dose rates at the shot atoll 1 hour after each shot wers
estimated to be as follows from data collected by this project and Rad
Safe:

Shot 1s 1600 to 2900 r/hr along the northern islands, 160 to
630 r/hr on the eastern islands, and 15 to 43 r/hr along the southwest
side of the atoll.

Shot 2:¢ 1100 to 4700 r/hr on the northwest islands close to
ground zero and 2.4 to 14 r/hr on the remining islands.

Shot 3t /10 r/hr at Uncle, just west of ground zero, 10 to
125 r/hr on the north and northwest islands, and 0.8 to 4.5 r/hr else=
wheree.

Shot 43 160 to 440 r/hr on the north and northeast islands,
and 0,1 t0 23 r/hr elsewhere,



Shot 6t (At Eniwetok) Over 1000 r/hr in tue immediate vicin-
ity of ground zero, dropping to 17 to 32 r/hr on the islands westward
and 1 to 6 r/hr eastward from ground zero,

Viithin the atoll, there was no apparent trend of radiocactive
rarticle size distributicn with distance, direction,or time, The
approximate number-median diameters of samples collected ranged from
5 to 20 pe Up to forty-three per cent of these particles were under
10 pe Shot 1 particles appeared to be coral or crystalline; those
from Shot 3 appeared to be mostly crystalline, ashlike, or fused,

In particles from 149 to 1000 n, the percentage of particles
with activity on the outside generally increased directly with size,
while the percentage of uniformly radioactive particles generally
decressed with size, These two types of particles accounted for
atout 90 per cent of the radiocactive particles examined, Activity
was scattered randomly throughout the remaining 10 per cent of
particless

There was no apparent correlation between the lccation of
activity on the particles and their physical appearance,

No conclusions could be drawn about the presence or absence of
radioactivity in the base surge,because no samples were obtained in
the base-surge region.



FOREWORD

This report is one of the reports presenting the results of the
34 projects participating in the Mlitary BEffects Tests Program of
Operation CASTLE, which incdluded six tast detonations. For readers
interested in other pertiment test information, refcrence is made to
WI-934, Sum Report of the Comrmander, Task Unit 13, Programs 1-9
Military E?fec%s er‘ogram. "nis summary report includes the following
information of possible general interest.

8., An over-all description of each detonation, including yield,
height of burst, ground zerc lccation, time of detonation,
ambient atmospheric conditions at detonation, etc., for the
six shots,

be. Discussion of all project results.

Ce A summary of each project, including objectives and results,

de A complete listing of all reports covering the Mlitary
Effects Teats Programe

This report on close-in fallout studies at Operation CASTLE

supersedes the preliminary report; ITR-915, which was issued in May
1954. ‘
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CHAPTER 1

INTRODUCTI ON

1.1 OBJECTIVE

The objective of the project was to document the characteristics
of the close-in radioactive fallout resulting from the swface land or
water detonation of high yield nuclear devices in order to provide
informtion for the evaluation of (1) the immediate hazards associated
with the residual contamination from such bursts, (2) the mechanism
of particle formation and distribution, and (3) the characteristics
and significance of the radiocactive debris distributed by base surge
phenomenon provided that a significant base surge is caused by surface
water burstse

To aceomplish the cbjective, the following specific physical
characteristics were documented where possible,

ae Bets activity and the tims at which it arrived.

b, Beta decaye.

ce Maximum beta erergiese

de Gama energye

ee The activity per unit weight or volume of liquid and solid

fe The size distribution of radioactive particles and distridu-
tion of activity within the sized particles.

1,2 MILITARY SIGNIFICANCE OF THIS INVESTIGATION

Surface and sub-surface nuclear detonations result in the de= ,
position of radicactive debris (fallout) on the earth's surface. The
degree to which fallout may influence military operations depends upon
the magnitude of the significant radiation field and upon the ability
to predict the extent and location of the fielde The amount and
activity of the fallout is primarily a function of weapon yield and
conditions of detonation,i.9e, whether the detonation has taken place in
the air, on the surface of land or water, or underneath the surface of
land or water., This investigation seeks to extend the knowledge of
such variations by studying the fallout results from high yield nuclear
devices. The results from this project will aid in (1) determining
the significance of fallout from surface detonations of high yield

15



weapons, (2) predicting the fallout patterns resulting from other
yields and conditions of detonation, (3) evaluating scaling parameters,
(4) evaluating immediate external and internal hazards from fallout from
high yield devices, and (5) evaluating the logistics involved in de-
contamination procedures. In addition to these basic investigations,
Operation CASTLE results were expected to provide the basis of a

theory for the mechanism of particle formation in the cloud and to sup-
ply data relative to the differences between fallout resulting from
land and water surface detonationse

1.3 BACKGROUND

Residual contamination resulting from fallout was initially
observed at Operation TRINITY4/; subsequent atomic tests have resulted
in residual contamimation which was militarily significant for all
types of nuclear detonations except air burstse. Experiments were de=~
signed to document the fallout from both the Operation JANGLE 2 / and
Operation IVY _2/ surface shotse However, the results from these shots
are of limited applicability to the CASTLE tests because the ylield of
the JANGLE shot was very small and in desert sand rather than coral
rock, while the main downwind pattern of fallout from IVY Mike shot
went out to sea and was not instrumented. The JANGLE surface shot
demonsirated that a low yield weapon could cause a significant degree
of contamination and definitely established the need for further work
on the contamination problem and associated hazards, especially from
higher yield surface detonations. Operation IVY provided the first
opportunity to investigate the general fallout problem resulting from
the surface land burst of a high yield nuclear device,

An unanticipated base surge was observed shortly after the CROSS=-
ROADS underwater detonation_l/. It appears that the base surge dis-
tributed some contamination from this shot, although the evidence is
not entirely conclusive, Attempts to study base surge effects have
since been made at JANGLE and at some high explosive tests. These ex-
periments have not determired whether the base surge is a carrier of
radiocactivity. Operation CASTLE provided the first opportunity to
study bace surge characteristics from surface water shot,

16



CHAPTER 2

EXPERIMENT DESIGN

241  DESIGN CRITrRIA

The collectors were designed to collect liquid and solid fallout
samples at mreset, successive time intervals which could be adjusted
to between 1 min and 30 min. The samples were at least large enough
tc be analyzed by standard counting techniques.

Base surge estimations from work done by the Naval Ordnance
Laboratory Task 152 indicated that the maximum radius of the swrge from
the CASTLE devices could be from 15,000 to 34,000 ft, depending upon
the yield of the devices. The phenomena should he complete within 10
or 15 min after detoration. The base surge was primarily expected from
the surface water shots; however, Shot 1, detonated on a reef, was in-
strumented for base surge samples because it was thought that the reef
was so narrow that thie shot would be, in effect, a water shot. Since
high overpressures are encountered in the base surge region, the falle
out ccllectoers in the region were ruggedly built. These collectors
were set for l-min intervals. Experience at IVY_3/ indicated that the
heaviest fallout on the atoll cccurred within the first 30 min after
the detonation and thzt fallout continued te occwr more than 6 hr after
the detonation, which was the maximum sampling time of the IVY col~-
lector,

Thus, two collectors were generally placed at each station: (1)
one sampling at l—-or-5-min intervals for a total time of 24 min or 2
hr respectively, to document the base surge or early fallout; and (2)
the other sampling at 30-min intervals for a total time of 12 hr,

Basically, the same type of instrumenis were used to sample falle
out on the surface land and surface water shotse

2.2 THE INTERMITTENT FALLOUT CCOLLECTCR

T™he intermittent fallout collector (IFC) consisted of a circular
disc (or "spider") divided intc 24 sectors, a driving and timing mech-
anism and a housing (Figs. 2.1-2.2). Each sector contained a triangu-
lar tray 3 3/7 ine x 10 in., anu 3/4 in. deep. One tray at a time was
exposed to fallout throwgh an opening of equal size in the top covers
The wide end of each tray held four glass counting cups (1 in. in
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diameter and 5/15 in. high), positioned in a quadralateral about 2%
in, on a side. The cups were coated on the inside with silicone grease
to produce a tacky surface, This tacky surface held almost all parti-
cles which cams in contact with it; raimwater collected during the
sampling interval would not wash particles from the tacky surface un-
less the particles themselves were soluble. An 8-0z jar was fastened
beneath an opening in the bottom of the tray to collect liquid fallout
(Fige 2+4). A doar coverad the sampling opening both before and after

The instrument was started by an external timing signale. After
a2 delay of 1 min,the cover door opened and the first tray moved into
sampling position. Succeeding trays moved into position under the
cover opening at set time intervals until the cycle was completed;
(Fige 246). The door then closed and the machine shut itself off.

At the time of the detomation an external timing signal actuated
self-latching signal relay Ry (Fig. 247). Current then flowed through
the clock which had been pre-get for a short time delay before the
door opened (Fig. 2.8). At the end of this delay microswitch in the
clock was tripped, allowing the current to flow through the driving
motor which in turn rotated the spider; the door opened and tray 1
moved into sampling position. Sirce microswitch S3, underneath the
spider rim was nc longer closed by one of the cams on the spider,
microsw.tch C5 openeds "This removed the current from the clock coil
and reset the clocke The driving motor continued to run until the cam
under the next tray moved over S;, When S5 closed, the current path
to the drivfng motor was broken and the mofor stayed off until the
clock finished another cycles. Succeeding trays moved into vosition
under the cover opening at set time intervals until the sampling cycle
was completed, ,

At the time of detomation a spring cam was resting on a micro-
gwitch S;, completing the circuit through the contact points of elec-
trical latching relay R3e As the cycle progressed, the spring cam rode
over the microswitch, S5, completing a circuit through R3, which was
thrown and latchede After the last tray was in sampling position and
the door closed, the spring cam again rode over S4s breaking the cir-
cuits and stopping the instrument,

Push-button switch, S;, was used as a reset switch so that the
operator could easily reset the entire instrument by one simple opera-
tion. Toggle switch S, was mounted wder the clock and was used to
preset the glocke This switch remained closed during the entire opera=-
tion. Resistor Ny controlled the driving motor speed to keep the trays
from overshooting their positione. Variable l-ohm resistors and also
lengths of nichrome wire were used.

2.3 TIMING

Where wire timing signals were available at a station, a minus
1l-sec signal supplied by Edgerton, Germeshausen, and Grier (EGXG) was
used to actuate the IFC. Where no wire tirming signals were available
at a station, an EGXG Mark TII or Mark IV battery-powered bluebox
was used to actuate the IFC, Wire timing signals were initlally used,
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where available, because experience at IVY indicated that blueboxes
were not always reliable, Hewever, toward the end of this operation.
bluebox signals were used where feasible, because of the satisfactory
performance of the modified blusboxes. At the raft stations, the IFC
timing signal came from the Project 2.5a nondirectional,photoelectric,
trigger mechanism,

2.4 MWOUNTINGS

At the Bikini land stations, the IFC and its batteriss were
usvally mounted in concrete foundations (Fige 2.9)e At the Bikini
lagoon stations, the equipment was mounted on wooden platforms bolted
to 60-man Navy life floats (Fig. 2.10). These floats were moored to
floats identical to those used by Project 2.5b. The Project 2.5a
floats in turn were tied to mooring buoys furnished by Holmes and
Narver, Ince At the Eniwetok land stations, the IFC and the wooden
battc;ry boxes were dug into the ground flush with the surface (Fig.
2:11).

2.5 PROJECT PARTICIPATION

This project participated in Shots 1, 2, 3, and 4 at Bikini
Atoll and in Shot 6 at Eniwetok Atoll. It had been originally inten~
ded to participate in Shot 5. However, water wave damage to the
stations from Shot 4 made participation in Shot 5 impracticale

Generally, IFC's were placed in groups of two at Bikini loca-
tions, and singly at the Bikiri raft and Eniwetok stations. Where two
IFC!'s were on an isgland or raft station, one was set to sample for 12
hr at 30-min intervals and the other was set to sample for either 24
min at l-min intervals or for 2 hr at 5-min intervalse. The l-nmin
samples were collected for Project 2.6b to deterrine the degree which
the base surgs was contributing to the residual contamination pattern,
The 5-min interval ingtruments documented the early fallout and the
30-min interval instruments documented the fallout for the maximum
length of time possible with this instrument, Where one IFC was
located at a station or raft, it was set to sample at 30-min intervals
for 12 hre

. The station locations and timing intervals are listed in Tables
2.1, 242, and 2.3 and shown in Figs. 2.12 and 2.16.

2,6 OPERATICNS

Operations were extremely difficult following Shot l. Immedi-
ately following this event, the project's main base of operations at
Tare was razed by fire and most spare parts, auxiliary equipment, and
operational supplies were lost. Thz long delay before Shots 2, 4, and
6 imposed additional difficuliies because the batteries readily dis-
charged in the hot weather,requiring frequent trips to the stations
with battery replacements.

Heavy seas in the Bikini Lagoon caused the cancellation of the
Bildni raft station program. The rafts broke away from their moore
ings with distressing frequency. Locating and mooring the rafts in
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the lagoon proved to be dangerous to perscnnel. Salt spray and water
made maintenance of electrical equivment on the rafts difficulte
Both elactrical and moving mechanical parts cerroded quickly. Only a
rminority of project personnel were able to work at the raft stations
without beconrding seasick. Only two of the original nine raft stations
sampled successfully during Shot 1, All raft instrumentation recover-
atle after Shot 1 was removed from the rafts and used at land stations
Since no saiples were obtained from predicted base surge region
of any CASTLE shot, none of the desired information about the charac=-
teristics and significance:of the radiocactive debris distributed by
base surge vhenomera was obtainede

2.7 RECOVERY AND SHIPMENT OF SAMPLES

Recovery was carried out on the fourth, fifth, and ninth day
after Shot 1, the first day after Shot 2, the first and second day
after Shots 3 and 4, and the first day after Shot 6. A two-man team
used a lO0~passenger helicopter to recover samples from the land
stations, A second two-man team used an LCM to recover samples from
the raft stations after Shot 1, The recovery teams removed the
spider assemblies from the IFC's, placed them in dust-tight boxes,
and moved them tc the packing area,

A1) locations available for packaging samples were somewhat
windy and usually in contaminated areas. Packing was done on an open
barge near Nan after Shot 1, in a Tare temt after Shot 2, in a Nan
tent after Shot 3, on Oboe, in the rear of a closed truck turned on
its side after Shot 4, and in a tent at Elmer after Shot 6., The jars
were removed from the trays and cappede The trays were surveyed
where possible, and a few samples salected for decay measurements at
the Project 2.6b Elmer laboratory. Plastic "snap-on" caps were put on
the glass cups, and the trays were sealed with aluminum foil. The
trays and jars were returned to Army Chemical Center, Maryland by a
special sample return plane which usuvally left Eniwetok one or two
days after recovery was completeds
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with Cups

Fige 2.2 Interior of the IFC, Showing the Motor and Gear Reducer
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Fig. 2.4 Qlass Jars for Liquid Fallout Mounted on the Underslde
of Spider
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Fige 2.0 Cover Door Open and Tray in Sampling Position
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Fig. 2.9 Gensral View of IFC Station, Victor Island, Bikini Atoll
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Fige 2411 Ceneral View of IFC Station, Irene Island, Eniwetok Atoll
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Fig. 2,12 Station layout for Shot 1
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Fig, 2,14 Station layout for Shot 3
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Fig. 2.15 Station Layout for Shot 4
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TABLE 2,1 - Bikini IFC Land Station Data

event3 "b"™ the IFC did not operate because of

) Shot 1 Shot 2
Station Time Interval Time Interval
Distance Distance
= from “?mnsﬂ from Tn.r_lng

Number ‘| Island | gz (ft) 1 5 30 Gz (ft) 5 30
257.14 | Charlie
252,03 | Dog 41,100 xe xe 414100 xa xa
257,01 | Eagy 45,500 xe x8 45,500 xa xa
252,04 | Fox 50,600 xb xb 50,600
252,05 | George 54,800 x8 xs 54,4800 xe xe
252.06 | How 97,700 x x 97,700 xb x
252,07 | Love 111,500 x> xb 111,500 x x
252,08 | Nan 122,300 x8 xe 122,300 xce
252,09 | Oboe 83,700 x x 83,700 x x
257,02 | Tare 78,300 xb x 78,300 x x
252,10 | Uncle 74,700 x x 74,700 xd xd
2521 | Vietor | 62,500 x xb 62, 500 xc xe
257.03 | William | 65,300 x x 65,300 xb x
252,13 | Yoks 544500 xb x 54,500 xd xd
252.14 | Zebra 50,000 x x - 50,000 x x
257404 | Alfa 47,600 xb x 47,600
252,12 | Bravo 47,000 x x 47,000 x x
legendt "x" indicates the timing interval of an IFC; ™a" the IFC operated prior to the

internal failure; "c" the IFC did

not operate through the entire cycle; "d"™ the IFC did not operate because of
water-wave damage; and "e" the IFC was triggered by an EG and G minus 1 sec wire
timing eignal.
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TABIE 2.1 - Bikini IFC Land Station Data (Cont'd)

Shot 3 Shot 4
Station !

Distance Time Interval (min]} Distance Time Interval (min)

from from
Number | Island | G2 (ft) 1 5 30 32 (£¢) 1 5 30
257.14 | Charlise 36,200 x
252,03 | Dog 69,100 x
257,01 | Easy 71,000 x x
252,04 | Fox 72,600 x x 13,400 xd xd
252405 | George 71,500 xe xbe 15,600 xd xd
252,06 | How 76,500 x 56,200 x x
252,07 | Love 72,200 x x 7,300 “xed xd
252,08 | Nan 69,300 xe 84,4500 xce
252,09 | Oboe - 17,000 xb xc 58,800 xed xcd
252,10 | Uncle 9,800 x x
252,11 | Victor 28,400 xc xc 63,300 xcd xbd
257.03 | William 36,800 . 4 xb 64,300 xd xd
252.13 | Yoks 43,200
252.14 | Zebra 52,300 x x 67,500 xcd xcd
275.04 | Alfa
252,12 | Bravo 59,500 x x 69,400 xcd xcd
Legends "x" indicates the timing interval of an IFC; "a" the IFC operated prior to the

event; "b® the IFC did not operate because of intermal failurej "c" the IFC did
not operate through the entire cycle; "d™ did not operate because of water-wave

damge; and "e" the

signale,

IFC was triggered by an EG and G minus 1 sec wire timing
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TABIE 2.2 - Bikini Raft Stations for Shot 1

Station : Distance From
Number Latitude Longitude Ground Zero Remarks
(or )i (0 v n) (£t)

250402 11-39-40 165-17-30 16,700 Raft floor and IFC destroyed by
blast. (1 min interval) Base Surge
station.

250,05 11-38-40 | 165-28-30 754400 Operated (30 min interval).

250.08 11-36~50 165~23=10 50,700 Electrical circuit shorted bafore
shot, Missing after shot. {30 min
interval).

250,09 11-37-00 | 165-20~50 37,700 Not set up because 2.5a trigger raft
was missing before shot. (30 min
interval).

250410 ]i-37-30 165-18=10 27,500 Lost before shdt. (30 min interval)d

250.11 11-37-50 | 165-15-30 25,000 Two IFC's on raft. Lost before shot,
(1 and 30 min intervals). Base surge
Baclup Station.

250,12 11-38-00 | 165-13-10 28,700 Operated (30 min interval).

250,13 11-35-50 165-13-00 39,500 Did not operate. (30 min interval),

250414 11-35-10 165-15=20 39,000 Lost before shot. (30 min interval),
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TABLE 2,3 - Eniwetok Stations for Shot 6

Distance IFC Time Interval
Station From R ks
Number Island GroundZero |5 min 30 min emar
23

257405 Alice 18,200 x

257,06 Belle 13,400 x

25707 Clara 8,500 x x Blast damaged the battery boxes,

: causing instrument failure,

257,08 Irene 8, 500 x x Blast damaged the battery boxes,
causing instrument failure.

257.99 Janet 16,400 x

257,10 Lucy 22,500 x Water wave upset equipment.

25711 Mary 29,800 x

257.12 Olive 35,900 x

257413 Tilda 50,000 x Bluebox was not triggered by
detonation flash,

257.14 Leroy 83,900 x

Barge 35,000 x Located near reef SW of Alice.




CHAPTER 3

RESULTS

3.1 GENERAL

Documentation of fallout included:(1) surveying of fallout
samples and the areas from whence they came; (2) studying decays (3)
extrapolating the beta activity results to estimated activities at
sampling time, and (4) studying the activity per unit weight or volums,
energies, particle size, and particle characteristics of the radio-
active fallout,

3.2 BETA COUNTING EQUIPMENT, TECHNIQUES, AND CORRECTION

The glass counting cups were removed from the trays, externally
decontaminated and counted by Tracerlab G-M tubes with window thick-
nesses of less than 2 mg/cm?. The tubes were mounted in vertical lead
shields, Technical Associates Model ALl4 A,having a wall thickness of
2=in. lead, 0.25-in. brass, and 0.25~in. alumnum. A geometry-defin-
ing brass plate was inserted between the G-M tube and the sample. 4/
The output of the tubes was fed into Atomic Scalers Model 1060 having a
characteristic resolving time of 5 microsacondse

The samples in glass cups were counted for beta activity in the
following manners samples with activities greater than 1000 cpm were
counted for 10,000 counts, samples with activities less than 1000 cpm
were counted for 10 min, Each sample was counted twice; in cases where
~the two counts did not agree within one standard deviation,a third

count was taken and the three counts averaged.

It was necessary to apply several corrections in order to ap-
proximate the disintegration rate of the samples. The method most
commonly used to obtain the disintegration rate of a sample is to
compare the sample under consideration with a known source counted in
an identicel manner., However, there is no one known source which
represents mixed fission products. The procedure used hers evaluates
the various correction factors in terms of the sample itself and thus
avoids the errors associated with a direct comparison with a single-
isotope standard. The procedwre is as followss

1. The raw cpm were corrected for coincidence loss._5/
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2, An 8.3.5-gm/cm2 brass absorber was inserted between the sample
and the tube. This absorber eliminated all beta particles with maxi-
mm energies up to 6 Meve The purpose of this plate was to estimate
the detected results of the radiation interaction in the aperture
plate used for geometry definition. The absorber plate was identical
to this aperture plate except for the aparture., The count thus
obtained was subtracted from the original count of the sample to obtain
the beta activity (Ap) of that sample.* :

3. The count was corrected for geometry (G), defined as the
fraction of solid angle subtended by the sensitive volume of the G=N
tubes This factor was determined by using the first three terms of
the Blachman Series.6 / Succeeding terms of this series are insignifi-
cant and were not used for this correctione The G values in Table A.l
appear to be low because the counting arrangement was designed in such
a manner to insure the correct absorber placement,

4Le Backscattering determinations Fb) were made by mounting a
tube in a hollow support of lead bricks approximately three feet from
the floor. This arrangement provided negligible backscattering from
the floor of the support., The geometry defining aperture tends to
mdnimize the effects of scattering from the walls of the supporte
Equal aliquots of dissolved fallout from the shot under analysis were
dissolved in nitric acid and pipetted into counting cupse One cup
with a bottom of a very thin rubber f£ilm (0.45 mg/cm?) was measured
in the arrangement,which provided negligible backscattering,and one
glass bottom cup was measured in the regular coumting apparatus. The
backscattering correction factor, which was obtained by dividing the
count obtained in the regular apparatus by the count obtained in the
arrangement with negligible backscattering,was used to correct all
samples from that shot. Since the energy distribution of mixed fis-
sion products is known to be time dependent, this correction was made
for various times. - However, it was found that the variation was in-
significant during the tims the measurements were made on the concerned
samplese For examples cf (F,) for various times see Table A.2e

5¢ A correction (Fg) was made for absorption by the air between
the sample and the tube window, and absorption of the tube window it~
self._'?_/ To obtain this correction, precise absorption curves were run
on a sample from each shcte A correction factor was calculated from
the equation

nt _  ~nt
Fa ® lu0 =e (301)

¥ It is now felt that the use of this absorber was not proper because
the geometry factor for the aperture outweighed the geometry factor
for the rest of the plate, resulting in an estimate that was too high,
Yowever, the fact that this estimate in all cases was very small (ap-
proximately 2 per cent) in comparison with the beta count indicates
that the radiation interaction with the aperture 1is of no importance.
The use of the plate has been discontinued. Regular absorption curves
made with aluminum absorbers indicate that the detected gamma back-
ground is of the order of one per cent. This would be expected because
of the low sensitivity of the tube to gamma radiatione
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where ng = corrected counting rate observed with thickness
t between the sample and the sensitive volwme
N, ® true beta counting rate at zero thickness
t+ = thickness of material between the source
and sensitive volume
megs absorption coefficient expressed in
cm</mg

nm

m = 1n (3.2)

2. ot
At T BytA L
nt/A't = counting rate at thickness t A t

The best straight line was drawn through the experimental
points and the slope(m) was calculated accordingly. This method is
applicable for any energy or group of energies as long as the first
part of the absorption curve is a straight line on a semi-log plot.
Jt can be seen from the examples given in Appendix A that this is the
case ana, therefore,the aforementioned determination of Fy was used.

6» Self absorption corrections for the samples in question
were considered ‘negligible, since the weight per umit area was kept
in general between 5 and 10 mg/cmz. According to Coryell and
Sugarman,a radioactive sample which has a weight per unit area of 5
to 10 mg/cm? and has an energy greater than 0.4 Mev requires no self-
absorption correction. 8/ Furthermore, according to Hunter and Ballow,
the nuclides with maximum ensrgies below this value which contribute
more than 1 per cent each to the gross fission activity constitute
approximately 10 per cent of the total activity of the sample at the
time the measurements for this report were made, i.e. approximately
at H plus 200 hr. Therafore, the errcr entailad by the assumption
of a negligible correction should be 10 per cent or less. The
practice of ignoring this correction has been further Justified by
comparison of the defined geometry method with fowr=pi counting
techmques._9/ In these comparisons the experimental error ranged from
3 to 7 per cento ' '

7« The sample beta activity (A,) was treated by the above
corrections to obtain the sample activity (Ag) in disintegrations per
minute. '

by
Ay = R AN (3.3)

A table of correction factors as well as examples of
various correction determinations and the activities A of the samples
at the time of counting are given in Appendix A, '

The above method has been used to determine the disintegra-
tion rate of known mixtures of nuclides with excellent results.10/
Its use in the determination of the disintegration rate for a mixed
fission prcducts sample is believed to result in measurements within
10 per cent of the actual rate, It is true that secondary particles
(8+ge internal conversion electrons) will be detected as primary beta
perticles. However, the error in disintegration rate due to this
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gource should be very small because of the inherent low energy of
these secondary particles and the short half-life of most of the
isotopes concerned with these processes.

3.3 EXTRAPOLATION OF BETA ACTIVITIES TO SAMPLING TIME

The activities Ay were extrapolated to the sampling time of each
intermittent fallout collector traye. Tha method of extrapolation was
determined by the amount of decay data obtained from each shot and
varied for each shot,

In gemeral, the activity consisted of fission activity decay
and the decay from wranium capture productse The fission products
decayed in a menner which can be represented as:

Ap = Alft.n (3.4)
where A= Activity when ¢t =1
A€ Activity at later time

Time after shot
n Decay Exponert

The uranium nsutron capture products activity decay can be represented
best as a sum of individual nuclides which can be determined by radio-
chemical analysise. The form of the equation would be:

Ac.-__- AOO( 2 cie-uit) (305)
where A, = Activity due to capture products at

time ¢ ,

= Proportionality constant such that
hoo Z Oy = 4oc

where Ay is the zero time activity of the

uranium neutron capture activities
C4 = relative initial activity of nuclide
Wy = semi-log decay constant of ith nuclide

Aco

The ratio of yield of the various uranium neutron capture nuclides can
be expected not to vary from sample to sample. This is because they
are all uranium isotopes during the time of fallout formation. These
ratios (which determine the Cy's) may be found from capture to fission
ratios determined by radiochemical meanse

The relative amount of the uranium neutron capture activity with
respect to the fission activity varies from sample to sample. The
values for Ays and n of Eqe 3.4 were found from the decay curve after
2000 hours when the neutron capture activity no longer contributed
significantly to the sample activity. The difference between this
activity (Eqe 3.4) and the experimentally determined activity at times
earlier than 2000 hours was used as a—measure of uranium capture
activity. From this the value of A, (in Eqe 3¢5) could be determinede
This difference was measured at the earliest possible time when the
difference was greatest.



Because the fission representation goes to infinity at zero time,
the ratio of fission activity to wanium capture activity must be
found at some other time. In general, the time chosen was that at
which the uranium capture activity was measured. A variation in this
value could be used as a method of indication of fractionation of
uranium capture products with respect to fission products,

3 o341 Shot 1

Since little experimental decay data were obtained orior to

250 hours, a composite neutron capt decay_curve was ructed
for times shortly after the shot,. ’#37 3 U3§9 Np 39 ’ Uszgftand pr‘o

were found to be significamt contributors to the decay curve, From
the parent-daughter relationship
w  (e”ttgTi2t) (3.6)
A2 = You ! ‘IE-_‘.’E
where Aoy activity of U237 at initial time
A, = activity of daughter Np?39

239
1y = decay constant of U
uy = decay constant of Np<39

t = time after shot

In the case of the U?39 and Np239 decay scheme, uj is much greater
than u, and e™™Y 15 mch less than e~92% at any time after initial
time,

hence hy &2 2 Ame‘“zt (3.7)
o !
thus, setting ¢t = 0O
Ay 2 (3.8)
b ™M
The initial activity of Np239 gan be found from Eq. 3.8, ass a
relative activity of 1 for U239, Similarly, in the case of Np240, it

can e shown that its activity equals uy/(us = wy) times the activity
of after equilibrium is reac

The relative activities of 3597 to U239 and U240 o U239 gpe
determined by the ratio of their decay constants multiplied by ir

ure 1ds, The relative activity and decay constants of U<//,
3583, Npgs, Uél*o, and Np240 are summarized in Table 3.l.
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The composite neut capfure decay curve will then be the sum
of the decay curves of UES;'}’ UBSC), NP239, U240, and Np24°, i.e.,

Ao = Agg (0.000426e~0+00431% 2 =1 77t (3.9)

# 0,0065260+0124t £ 0,01466™0+0495% y

where A, = Activity due to capture products at time t and

Aqo= Proportionality constant

A., can be determined from the ratio of neutron capture to
fission activity measuremonts.

w237 1239
TABIE 3,1 ~ Initial tive Ac ties of U U
Np239, ng , and Npﬁgl ’ ’

The Shot 1 decay curve will then be the sum of Eqe 344
and Eqe 3¢9+ The experimentally determined ratio of uranium capture
products to fission products can then te used to find the value of
Ago if it is remombered that Ajy has already been determined,

Ac|250
A3 ¢(250) -
048 A1£(250)70 & Ago(BCie~it)  (3.11)

The curve was then normalized (set ecual to 1) to 400 hours, at which
time the activity data were known.

The equation for the extrapolation of fission and neutron
induced activities to sampling time is then

= 0.8 (3.10)

A = 1350 £=1+26 £ 2200(0,000226e=0+00431t (312)

£ e=1e77t£0,00652e=0<0124% f0 01 46¢~C0+0495L)
This oomposite curve is showvm in Fige. 3.l

240 240

# The last term includes the activity of both U and No
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TABIE 3.2 - Beta Decay Exponents of Samples from Shot 1%

Timing Timing

Station {Interval | Tray n Station|Interval | Tray n
(min) (min)

Dog 1l 1l =1,22 George | 30 1l =1,31
Dog 1l 2 =1.25 George | 30 22 =0,99
Dog 1 8 -1.19 | Gearge | 30 I 24 =1.32
Dog 1l 13 =1.34 Gearge - Island Sample ~0,94
Dog 1l 17 =1,30 | How 5 1l =-1433
Dog 1 18 ~1,22 | How 5 6 -1.,01
Dog 30 1l =1,30 | How 5 7 ~1.23
Dog 30 14 =1.28 | How 5 12 =1.29
Dog 30 15 =123 | How 30 1l =1.34
Dog 30 b 18 =le22 | How 30 3 -1.31
Dog = Island Sampies =094 | How 30 6 ~1.28
Easy 5 5 =1427 | How 30 11 R Y L)
Easy 5 6 =1.31 How 30 15 -1.09
Easy 30 2 -1,28 How 30 24 =145
Easy 30 3 -1.30 | How ~ Irland Sample <1.01
Easy 30 4 =1.30 Nan 5 |1 =1.05
Easy 30 5 =1.33 Nan 30. 6 =1,04
Easy 30 19 =1.27 Nan 30 7 =1.31
Eagy 30 21 =1,32 Nan 30 8 ~1,28
Eagy 30 23 =133 Oboe 5 9 ~1.24
Easy - Island Samples -1.05 Oboe 5 13 =139
George 5 1 =1.26 Oboe 5 18 =098
George 5 5 =1,10 Oboe 5 20 =1,06
George 5 6 ~1,30 Oboe 30 1l =137
George 5 7 =1.24 Cboe 30 4 -1.18
Georgs 5 8 =1.,28 Bravo 5 4 ~0.80
George 5 11 =1,29 Raft 30 9 «1.,36
George 5 12 =128 | 250,05
George 5 14 =1,30 |Raft 30 l =127
George 5 15 =133 250,12
George 5 16 =1.29 |Raft 30 24 ~0.66
George 5 18 =132 250.12
George | 5 20 =132 - -
Gearge 5 2 =1.30 {Shot 1 A'verage ~1.26

* The deca_x exponent is the exponent of t in the decay expression
for the period of 2000 to 4000 hr after the shot,
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Decay data of a Shot 1 size graded sample are presented in
Table 3.3 from work done by Project 246b.12/ The rate of decay of all
fractions is the same for all but one fraction at times from 5 to 30
days after the shot, The absolute value of the decay exponsnt de-
creased at later times but the smaller fractions exhibited relatively
higher rates of ddcaye

3e3¢2 Shot 2

The Shot 2 decay-curve slopes,as plotted on log-log paper,in-
creased with time when the time scale was based upon Shot 2 This
phenomenon is unlike fission decay either with or without uranium
capture productse The curves as plotted on a Shot 1 zero-time scale
appear to be normal fission decay. The activity collected during the
Shot 2 sampling period could have come from contamination already on
the ground around the collectors either by the action of winds, shock
wavesor by contamination which was displaced from the Shot 1 crater
by the Shot 2 detonation. Undoubtedly, some contamination caused by .
the Shot 2 detonation fell on some Bikini land areas. However, in
the few determinations made, the total amount of fallout activity on
the islands was too small to materially affect the decay rate at-
tributable to Shot 1l

The decay of Shot 2 samples can be represented by:

A=m(t F623)™ (3.13)
where A = Activity at any time ¢
Al:: Activity when t =1

t = Time in hours after Shot 2
623 = The time in hours between Shots 1 and 2

n = The decay exponent

Shot 2 decays are presented in Table 3.4. The data from one
sample plotted to both Shot 1 and 2 times are shown in Fige 3.3

The Shot 2 average decay exponent is about =l.4 between 600
ard 1200 hr and about l.25 between 1500 and 4000 hr. These values
are in fairly good agreement with Shot 1 values. Because of the
paucity of Shot 2 decay data, the Shot 2 activities were corrected
to sampling time by the use of the Shot 1 composite decey curve de-
scribed in the preceding section.

3 03 03 Shot 2

Extrapolation of most Shot 3 acti 1332333 gimilar to that of
Shot 1 activities. The activity due to U3/, U239  ang Np239, re-
spectively, can be represented by:

Ag = Agg(0400076=0:00431t £ =177t ¢ 0006526 0*0124%) (3,14)



TABIE 3.3 ~ Beta-Decay Exponsnts of Shot 1
Size Graded Samples*

. Decay Exponsnt | Decay Exponent
NMD of Fraction| 5 to 30 Days 110 to 170 Days
B e AfternShot 1l A!:*ber ghot 1
l.1 =2.0 =1.32 |
J3e2 =20 ’ =1,20
22 ~240 ~1.31
27 -2.0 -1.,09
38 =240 -1.13
56 -2,0 -1,
9 =2,0 -1.14
69 =240 -1.,18
98 -240 =1422
103 «240 1,17
160 =240 -1.15
17 =240 -1,18
195 -2.0
- 225 -1.8 -1.,20

* Project 2.6b results from How Island
##* Project 2.6b reports the fractions as the mean
volume diamster of the particles
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he tqrms for =39 ang 239 were derived as in Eq. 3.9. The ratio
of U activit to U439 activity, 0.0007, was determined in this
case by a aolution of simultaneous equations using actual decay curves

because capture to fission ratios were una ble for this shot,.
However, because of its short half-life, camnot be calculated
similarly, The fission activity componenb wass

Ag= Alft"l'B (3.15)

where the exponent was determined from decay data after 2000 hr.

A fow decay determinations from early-interval samples of
Easy, Fox, and George show that a high percentage of activity origina-
ted prior to Shot 3, probably from Shot 1e The decay from these
samples follows the relationships

Ashy (¢ # 998)™0 (3416)

where 998 hr is the time elapsed between Shots 1 and 3 and n is the
Shot 1 decay exponent during this period.

The activity values from the first two 30-min intervals and
the first 5-min interval were extrapolated to sampling time oy Eq,
3.16, All other activities were extrapolated using Eq. 3.14 and 3.15.

Shot 3 decay exponents are listed in Table 3.4. A typical
decay cwrve 1s shown in Fig. 3.2.

3 03 04 Shot 4

The activities of Shot 4 samples were corrected to sampling
time by the relations

A= Alt-l b (3 17 )

where lo4 is the average of the Shot 4 decay exponents,

The decay curves for this shot are more nearly straight lines
on log=log paper than the curves from Shots 1 and 3, indicating that
the neutron capture activities in samples from Shot 4 are small or
absent; therefore, no corrections were made for these neutron capture
activities. Shot 4 decay values are shown in Table 3.4 and a typical
curve is illustrated in Fige. 3ede

34345 Shot 6

Shot 6 activities were corrected to sampling time by the re-
lationships
N (3.18)

The curves show little or no neutron capture activity and no
correction was made for neutron capture activities, The value of =1.2
is the average of Shot 6 decays. Values of individual samples are
shown in Tables 3.4 and a representative decay curve is illustrated in
Fige 344
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TABLE 3.4 - Beta Decay Exponsnts of Samples from Shots-2,3,4, and 6%

Timing

Shot Station Imu _ Tray n

2 Dog 30 5 -1 022
2 'Eagy 5 1l -1,18
2 Easy 30 23 =1.,20
2 Easy 30 24 <1.22
2 George 5 24 =1.18
2 George 30 1l =-1.33
2 George 30 n =1.22
2 George 30 23 =116
2 George 30 24 =~1.,14
2 Shot 2 Avg =1425
3 Easy 5 1 =] o24,
3 Fox 30 15 ~1.14
3 George 5 7 -0.98
3 George 5 9 =132
3 George 5 1 =1.30
3 George 5 15 =1.35
3 George 5 16 ~1.23
3 George 5 18 =1.,19
3 George Island Sample «1,02
3 How Island Sample =083
3 Love Island Sample ~0.81
3 Uncle 1 1l -1.32
3 Uncle 1 16 =1,32
3 Uncle 30 2 -1.39
3 Uncle 30 4 =1.28
3 Uncle 30 5 =427
3 Uncle 30 8 =1.25
3 Uncle 30 9 -1.24
3 Uncle 30 12 =1.25
3 Uncle 30 22 =125

% The deca% exponent is the exponent of t in the decay expression

= Al'b"

o The Shot 2 exponents are for the period of 2000 to

0 hr, Shot 3 from 1500 to 3500 hr, except the island samples
which are from 700-4500 hr, Shot 4 from 167 to 2036 hr (except
the Nan 30 min exponents, which are from 1530 to 3064 hr), and

the Shot 6 exponents, from 400 to 1800 hr.

45




TABLE 3.4 - Beta Decay Exponents of Samples from Shots 2,3,4, and 6%

(Contta)
Timing '
Shot Station Interval Tray n
min)

3 Uncle 30 23 -1.33
3 Shot 3 Avg =1.3

4 George 30 6 =1.53
4 How 5 1l =140
4 How 5 2 =1e42
4 How 5 7 =) .50
4 How 5 8 =l.44
l.. HOW 5 10 -1 ° 36
4 How 5 13 -1.38
4 How 30 2 -1.38
4 How 30 12 -1.41
4 How 30 17 =1.34
4 Nan 30 7 -1l.11
Ib Nan 30 8 -1 013
6 Alice 30 1 =l o4b
6 Alice 30 2 «1,19
6 Alice 30 24 -1.11
6 Belle 30 1 =144,
6 Belle 30 3 =1.28
6 Belle 30 a =1.30
é Belle 30 24 =1,33
6 Janet 30 2 -1.32
6 Janet 30 9 ~1.,13
6 Olive 30 2 =1¢55
6 ouve 30 3 ‘1 .60
6 Shot 6 Avg . =] ¢2

# The decay exponent is the exponent of t in the decay expression
M= Ajt8, The Shot 2 exponents are for the period of 2000 to 4000
hr, Shot 3 from 1500 to 3500 hr, except the island samples which are
from 700-4500 hr, Shot 4 from 167 to 2036 hr (except the Nan 30 min
exponents, which are from 1530 to 3064 hr), and the Shot 6 exponents,
from 400 to 1800 hr,
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3e3.6 Decay Exnonent Variations

The variation in decay exponent from sample to sample results
from a real or apparent variation in the zero time activity of various
nuclidese This may result from changes in fission yield because of
different fission processes, from differential deposition of various
nuclides (fractionation), geographic limitations of the station layout,
and limitations of the collecting instruments themselves. However,
no one of these factors has been determined to be the primry cause of
thege decay variations,

344 BETA ACTIVITY

3e4el Interval and Cumulative Activities from Intermittent Fallout
Collector Sampiles

The activities of the IFC samples were corrected to the mid-
point of each sampling time by the methods described in Section 3.3
and calculated in terms of activity in disintegrations per min per 0.6
in.2, The averaged activity values are based upon samples having a
total area of 2¢4 ine2. Figures 3.5 through 3.17 present these data,
It is to be noted that in many of these graphs the early intervals of
the l-and=5-min interval collectors show higher initial fallout
activities than the first intervals of the 30-min interval collectors
on the same island, The correction for decay is reflected in these
resultse Obviously, the mldpoint of the sampling intervals for the
first few l=and=5-min intervals is much closer to the actual time of
detonation than the midpoint of the first 30-min interval., However,
it is believed that the method used is a reasonable method of showing
the relative activity at about the actual time of sampling.

Activity results from Shots 1 and 3 were more complete than
from the other shots, Data from selected intervals from these two
shots can be expressed in approximate units of disintegrations per
minute per square foot, using the relations

d 144 in.2
activity —;%'— = 1,67 -:'éEI;n;? x I (3.19)

These results (in Tables 3.5 and 3.6) indicatc the concentration of
beta activity which could be expected over land areas, assuming that
the material falling into the collector trays fell uniformly over the
land mass being considered.#

The results indicate that when significant fallout occurred
at an island on the shot atoll after any of these chots, it apparently
began to arrive there within six minutes after the detonation. The
mximum activity per sampling time interval resulting from Shot 1 and

¥ 1This assumption has not been investigated extensively. Several
groups of two IFC's ten feet apart and with identical timing
intervals were set up at IVY. 3/ There was a variation in the re-
sults of the two instruments; it was much less pronounced where
the station was subject to heavy fallout than where fallout was
sparse. At CASTLE, no instruments were available to check this
agsumption,
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Cumilative residual activity levels, which are calculated
values reflecting the activity arriving during an interval as well as
the decay of residusl activity deposited in previous intervals,are
also shown in Figures 3.5 to 3.,17. The cumulative activity levels
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is considered a primry beta particle. Tha results also do not in-
clude gamma activity in the fallout; it can be assumed that such gamma
activity will be roughly proportional to the beta activity. In general,
most of the activity had arrived at a given station within 3 to 6

hours after the detonation, with small amounts contimuing to arrive up
to at least 12 hr after the detomation,

Any fallout occwrring at a station 12 hr after a detonation
is, in general, not reflected in the IFC activity results. It is
known, for example, that light fallout occurred on the Oboe-Tare chain
the night after Shot 2., It is possible that such fallout may have ar=-
rived elsewhere at the atoll both after Shot 2 and after the other
shots; however, such fallout at late times should generally be minor.

There is a possibility that some of the activity collected
dwing the later time intervals had reached the ground during earlier
times and was redistributed by the winde It is also posgsible that the
shock wave from a detonation would also raise fallout from earlier
shots off the ground. This fallout could then be redistributed by the
wind, Such an effect was quite possible on the Dog-George chain after
Shot 2 and possible at both other Shot 2 stations and after Shot 4 at
al)l stationse It is beliesved that this effect from Shot 3 is remote
because of the low yield of the device which would produce correspond-
ingly low shock waves, Shots 1 and 6 locations and sampling stations
were in essentially uncontaminated locations.

3¢4e2 Cloud Action Based upon Cloud Photography and Wind Vectors

Project 9.1 photography indicated that the Shot 1 cloud ex-
panded horizontally very rapidly duing the first few minutes after
the detonation; it was 7.2 miles in diameter 1 min after the shot and
70 miles in diameter 10 min after the shot.l3/ Such rapid expansion
may be the reason that fallout was observed so soon after the detona=
tion. The fallout intensity was greatest at the downwind stations on
the north and east sides of the shot atolle. As would be expected from
observing the wind vectors for Shot 1 (Appendix B), fallout was much
less intense at the cross-wind stations.

The clouds and/or stems from Shots 2, 4 and 6 spread almost
as rapidly as the Shot 1 cloud, 13/ but the wind vectors existing dur-
ing Shots 2 and 6 (Appendix B) precluded the“possibility of much sig-
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nificant fallout from these shots being deposited over most land
areas of the shot atolls. Shot 4 fallout was significant from Dog
through How and light or non-existent on the other islands,.

No photographs of the Shot 3 cloud were obtained.13/ The Shot
3 yield was relatively much lower than the yields from the other shots
and it can be postulated that the resultant cloud was much smaller
and did not cover the entire shot atoll. Deposition of Shot 3 fallout
at Bikini Atoll may be accounted for by examining the wind vectors at
shot time, (Appendix B), Surface and low altitude winds carried in-
tense activity to the stations immediately to the west of ground zero
immediately after the detonation. Winds at altitudes above 6000 ft
transported the cloud to the downwind stations 14 miles to the north
of ground zero 1/2 to 1 1/2 hr after the shot.

3e4¢3 Activity in the Base Surge

No evidence of base surge activity from Shots 1 and 4 was
found by this project, because all base surge sampling stations were
made inoperative either by blast pressures or by heavy waterwaves,
The Director, Program 2, has stated that no evidence of a base surge
was found from any CASTLE shot but that secondary disturbances at the
base of the column of the surface water shots (in shallow water) have
. bean observed in photographs.
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TABLE 3,5 - Shot 1

Units of 1010 dpm/ft?

Beta Activity at Sampling Time

Time After Shot

Island

=6 | o=l 10 Taa had |1d2 253 BE4 (&5 [ 556 (78 [9F-10
Min Mn Hr Hr { Hr Hr Er Hr Hr Hr Hr Hr

Dog 466 2@ 24.4 13.1 6.2 2.1 2.? 2-1 2.7 1.2
George | 5770 1200 |17°90 | 207 | 8.9 | 3.6 19| 0.3 | 1.7 | 0,07 3.6 | 1.2
How 3110 31,1 1020 1420 311 1,9| 1.0 beb 4.2 (1042 0.8
Oboe 95.5| 311 204 202 mn 31.1 331 1.2 10.0 1.0 | 0.3 0.2
Tare 54.8 0.8 40 | 0.8 0,05 0.6 BKG BKG BKG BXG
Uncle 37.7 2420 4646 1545 6.7 1 1 0.1 | BKG 0.4 0.2 BKG BKG
Victor | 24 1644,
William BKG BKG | BKG BKCG BKG 042 0.2 0.2 BKG 0.04
Zebra |533 3 66.6| BKG | BKG BKG " BKG BKG BKG BKG BKG 0.
Alpha 49| 26,6 2,9 1044 1649 | 042 0.08 | BKG BKG BKG
Bravo | 33.3| 64e4] 18.7| 842| 6.9 | 1.3 0.2 | 0.1 | BKG BKG | BKG BKG
Raft
250405 6.0 49 3642 12,0 12,4 ] 233 5.1 1145 8.7 249
Raft
250.12 8260 932 0.5 | 0.4 0s2 | 0.3 3.8 0.l 0.06 | 0.07
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TABLE 3.6 ~ Shot 3

Units of 109 dpm/ft?

Beta Activity at Sampling Time

Time After Shot

reiend 0-3 Hr |31 Hr |1-1% Hr(13-2 Hr [23-3 Hr[33-4 Hr [43-5 Hr 536 Hr |7A-8 Br [93-10 Hr
Dog 9e32 |  7.55 B.A| 6466 | 2.22 1.71 0.29} o0.58] 0.82] 0.60
Eagy 9.32 2.22 | 48.8 | 149 8466 466 | 0.89| 0.53 0.93| 0.31
Fox 9.32 2.22 4e22| 22.2 2,44, 1.64 4,00 | 1.47 5.33] 1.60
How 2.00 |2398 7.0 | 1.07 | 033 | 0.0 | 1.62| 0.27] 0.29| 0.78
Uncle (41700 {1230 320 | 393 5747 40.0 9342 | 35.5 5.1 5.33
Victor 1646 22,20 8.66| 1.55 | 3.33 0.22

Zebra 126 13.90 | 1.84] 1.5 | 0.49 0.33 0.24 | 1.89 0.13| 0.10




3ebed Fallout at Elmer

Sacondary fallout was detected by beta laboratory background
counters at Elmer at about 24 hr after Shot 1l; 11 to 16 hr and 45 to
100 hr after Shot 23 4 to 6 hr after Shot 4; and 12 to 14 hr after
Shot 6. The activities found were generally not over 50 times back=-
ground and were not high enough to constitute a real hazard to person=-
mel,.

3.5  GAMMA ACTIVITY

 The Rad Safe Gamma ground readings (Appendix C) measured
shortly after each shot and which were apparently representative
ground readings were corrected back to ome hour after each, shot, the
time by which the peak of sigmificant activity had been reached. This
time was estimated from the time of arrival results obtained from the
intermittent fallout collector. The correcticn is made by the ex-
pression

b \Le2
NETY A ) (3.20)
ti
where Ao is the observed activity at time, t,

A is the activity calculated at time, iy

The exponent 1.2 is an approximatione In the absence of the
actual exponent associated with the gemma decay its use lies within
the accuracy associated with the actual ground readings obtained and
the relatively short period of time involved in the extrapolatione.
The swvey readings resulting from contamination from previous shots
were subtracted as background in determining the level of activity
associated with a subsequent detonation. These dose rates are shown
in Figse 3.18 to 3.22., Segments of isodose rate lines have been
drawn as solid lines where island dose rate readings, together with
wind vector data, make sach approximations reasonable. Where no data
was available, the isodose rate lines are shown as dashed lines.

Infinite gamma dosages, based on Rad Safe ground readings,
were also calculated; they lndicate the hazard associated with perma-
nent occupation of an area with the same degree of contaminatione
These values are underlined in Figse. 3.18 to 3.22.

3.6 BETA ACTIVITY CONCENTRATIONS

The total beta activity per unit weight or volume associated
with a sample composed of mixed nuclides is defined as the activity
concentration. It refers to the plus the low energy garma
activity detected by the beta counting equipment. As used here, the
activity concentration can be thougnt of as being similar to what is
usually referred to as the "specific activity" of a particular isotope
in a sample. ‘

The activity concentration of the liquld phase collected in
the 8-0z jars was deternined by counting an aliquot portion of the
filtrate after it had been evaporated to dryness. The activity con-
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Fig. 3.18 Gamma Dose Rates in Roentgens/hr of Shot 1 Fallout 1 hr after Shot Time.
Infinite dosages (underlined) in roentgens are based upon these dose rates,
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Fig. 3.19 Gamma Dose Rates in Roentgens/hr of Shot 2 Fallout 1 hr After Shot Time.
Infinite dosages (underlined) in roentgens are based upon these dose rates,
There was light fallout at the two islands marked with asterisks during the
night after Shot 2; dose rates on the latter islands are based on readings
after the secondary fallout was completed.
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centration in the solid phase was found by dissolving the solid in
ritric acid (to mke a sample with uniform activity for counting) and
proceeding as above, The activity corrections discussed in Section
3.2 were applied and the results, expressed in d/min/gm or d/min/ml,
were corrected to 15 min after shot time by methods similar to those
discussed in Section 3.3.1.

The Shot 1 fallout as collected was not sufficient to enable a
study to be made of the activity concentration as a function of time
after the shot. However, enough sample was obtained from a few col-
lectors to determine the activity concentrations over the entire time
cycle, The results, presented in Table 3.7, indicate that the con-
centration of activity per unit weight of the solid material was of
the samp order of magnitude for all samples and independent of time and
distance within the area samplede A slightly smaller concentration is
indicated for particles collected during the first two hours than for
those collected during the l1l2-hr period after the shotes The concentra-
tion of activity in the liquid is much less than that of the solid.

It should be poirted out that not much data are available and categori-
cal conclusions should not be made.

liquid fallout samples were collected in the 30-min collector
at How after Shot 4. The liquid exhibited considerable activity. The
beta concentration as a function of time rmas determined 4 days after
Shot 4 at the Project 2.6b laboratory at Elmer. The results are shown
in Table 3.2. Absorption and backscattering corrections were not
determined, hence the activity concentration is expressed in c/min/ml.
The table imndicates that the beta concentration increased gradually up
to 9 hr after Shot 4 and then dropped of sharply.

Activity concentrations in the remaining samples of collected
liquid fallout were too low to be sigmificant, The volums of liquid
collected for all samples is listed in Appendix D. Activity concen~
trations of a Shot 1 size-graded solid sample are shown in Table 3.15.

TABLE 3,7 = Activity Concentrations of Shot 1 Fallout

Tme of
Sample Collection Activity Concentration
" How - 0to 2nhr Soldd | 7.1x107 d/min/gm
Nan 0 to 12 hr Solid | 8.2x107 d/min/gm
Raft 250.12 0 to 12 hr Solid 9.3:10'7 d/min/gm-
Raft 250.12 0 to 12 hr Liquid | 0.79x207 d/min/ml




TABLE 3.8 = Activity Concentration of Shot 4,
How, Liquid Fallout

~ Tme AKerﬁiwt ~Activity Concentration
(¢/min/ml)
3 3.2 x 104
3 43 x 104
5,0 x 104
- 1o 7.2 x 103
1o -11 7.9 x 103
11 =12 1.8 x 104

3.7 BETA ENERGY MEASURENENTS

Aluminum absorbers, inserted between the sample and tube window
very near to the tube window, were used on selected samples to deter-
mine the maximum range amd energy of the beta radiation. A plot was
made of activity vs absorber thickness; sufficient absorbers were used
to obtain the gamma background associated with the beta activity. A
sample plot is shown in Fig. 3.23.

The maximum range, R, of the beta radiation was determined by
visual inspection of the poimt on the curve where the gamma contribu-
tion ceased to be the sole comtributor to the total activity. The
beta energy, E, was calculated using the relation.ls/

E = 1.85R £ 04245 (3.21)
where E ® mximum energy in Mev
R = maximum range in aluminum in mg/cm?

The results are presented in Table 3.9.

Absorption methods for the determination of beta anergies for
fission product samples are subject to error due to the presence of a
significant amount of gamma activity which overshadows the activity of
high energy beta emitters present in the samples. Determination of
the range by visual inspection of the curves when gamma backgrounds
are present will yield an apparent range which is less than the actual
range,

' The data indicate that the apparent maximum beta energy of sev-
eral Shot 1 samples increased from 1.7 Mev to 2.2 - 2.5 Mev during the
period from 9 to 70 days after the shot, The Hunter-Ballou curvesls/
indicate that 9 days after fission the contributors haﬁgg the highest
energies are Lal4C (1,7 Mev) and Prlésd (2,97 Mev). contributes
12 per cent and Prlé4 0,3 per cent of the total activity at the time.
Shot 1 absorption data taken 9 days after the shot indicate the pre-~
sence of Lal40, As the time after the detonation increased, the
curves indicated that the contribution of Prlé4 to the total activity
increased (1.6+5 09 per cent and 2.4 per cent at 24 and 70 days
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respectively.) The increasing contribution of Prléé ig reflected in
the increase of the maximum ensrgies shown in the tables,
Contributions of higher erergy isotopes, such as Rh106, during this
time are megligible,

Since fission product samples contain many nuclides contribu-
ting to the total beta activity of the sample, each of which has its
own erergy spectrum associated with it, no conclusions should be
drawn from these data as to the average beta energies of these samples.

TABLE 3.9 - Beta Range Measurements

Station and Collection | Days After | Range Ener.
Shot | Time Interval Shot (mg/em?) | (Mev
T Yow i -1nr 9 780 17
1 How i- 1 hr 50 1170 2.
1 How -1hr 73 1180 244
1 How ; -1 hr 101 1180 244
1 How 2 -23nr 9 780 1.7
1 How 2 - 24 hr 15 820 1.8
1 How . 2 = 2% hr 25 1080 2.2
1 Nan 1-1% hr 9 780 1.7
1 Nan 1-1% hr 15 840 1.8
1 Nan 1-1% nr 25 1040 2,2
1 Nan 1-1%hr 73 1120 2.3
1 Nan 1=-1%hr 101 1200 245
3 Uncle 0-%nr VA 1 940 240
4 How 3 -1nr 16 800 1.7

3.3 GAMMA ENERGY SPHECTRUM

The gamma energy and decay spectrum of a ground sample picked up
at George after Sho¢ 4 was investigated with a scintillation spectro-
meter, Individual isotopes were identified where possible and their
activities corrected back to the time of detonation.

Viork similar to that done here has been carried out for previous
operations by Bouguet et ale 16/ The method assigned the most energetic
photopeak to & specific nuclide or gamma ray for which a standard
spectrum was available or could be estimatede Since the area under
the vhotopeak is directly proportional to the intensity of the radio-
activity, a quantitative measure of the amount of the ruclide of gamma
ray present in any sample can be made. By normalizing the standard
spectrum of the assigned nuclide or gamma ray to the intensity ob-
served in the fallout sample, its contribution to the total sample
spectrum was subtractede This subtraction exposed the next most
energetic photopeak to the same treatment and the cycle was repeated.
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3e8s1 GCamma Counting Equipment and Techniques

The sensing element of the scintillation spectrometer was &

14 in,~diameter, 1=-in. thick cylindrical crystal of NaI(Tl). The
crystal was mounted with a powdered Mg0 reflector on the photo-cathode
of a gelsected RCA 5819 photomultiplier tubee. The voltage supplying
the photomultiplier was well stabilized, being kept constant to a few
tenths per cent during a particular run. The output of the photo-
mltiplier was coupled to an Atomic 204-B pulse amplifisre The linear
high level output of the aniplifier went to an Atomic 510 single chan-
nel pulse height analyzer, the outpout of which was recorded with a
standard-type scaler, Background was reduced by using a % in. lead
shield surrounding the NaI(Tl) erystal, -

Several grams of fallout, consisting largely of coral-like
material, made up the sample to be analyzed. The material was ground
to a powder and for the first series of runs a 0.0246 gram sample was
useds The sample was placed about 9/16 in. from the face of the
NaI(T1l) crystal. There was 1/8 in. of aluminum betwsen the source
and crystal to stop the high-energy beta rays coming from some of the
decaying isotopeses A channel width of on2 wolt was chosen for the
pulse height analyzer as a compromise between good statistics and
resolution. Data were obtaired by moving the pulse height analyzer
in one volt steps over the whole pulse height spectrum, counting for a
given length of time at each point. Before each run the pulse height
dial of ths spectrometer was calibrated for energy using the 0,511 Mev
ammihilation radiation from the decay of Na22 positrons. Data on each
run were taken for the above emergy scale, In addition, the amplifier
gain was increased by a factor of 4 and the spaectrum rerun to examine
the low energy end of the spectrum, The pulse height spectrum ob-
tained 10 days after shot time is shown in Figs. 3.24 and 3.25

3842 Procedure Used in Analysis of Curves

Analysis of th> experimental data is based on four factss
(1) the gamm decay schemes of most isotopes are known with a reason-
able degree of accwracy, (2) the shape of the spactrum for any ome
isotope remains unchanged for varying amounts of the isotope, (3) the
photo=-peak of the highest energy gamm2 in a spectrum is not affected
by any other reaction in the crystal, (,) the area of a photo-peak is
a valid measure of the amount of the gamma producing that peak. Ad-
ditional aids in the assignment of specific photo~-peaks to individual
isotopes were found in decay data from the sample spectra, and the
information covering the major contributing fission products at any
given time after the fission of U235,15/

The photo-,aizg and part of the Compton distribution of the 1.6
Mev gamma ray of la appeared to be uncontaminated by other gamma
rays, Lalé0 is the 40 hr daughter of 12,8 day Bal40, According to
the table of isotopes,17/ these two isotopes have peak gamma rays at
251 and 3,00 Mev. The l.6 Mev photo-peak suggested the possibility
of normalizing the lnown scintillation counter spectrum of Bal40 and
Lal40 to that of the fallout sample, Then,by polnt-py-point subtrace=
tion of the spectrum,one would remove the effect of the Bal4O and
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Lal40,

Accordingly, a chemical separation of BaliO way made from a -
fallout sample. Nire days after the separation, Ral40 had come to
trensient equilibrium and a scintillation spectrometer pulse~height
distribution was obtained. This distribution was used in the analysis
of all the fallout spectra. '

Upon subtractiog of Bge Bal40 and Lal40, a peak at about 750
kev was founde Since ZrY5- vielded only one major photo-peak at
about 750 kev with only an insignificant peak at 235 kev, a standard
cwrve for Zr95-Nb95 was obtained and a subtraction procedure similar
to that for BaldO0-Lali0 wzs used. Similarly, s peak 33 500 kev was
found after the subtraction of Bal40-Lal40 and Zr95-Nb95, This peak
was assigned to Rul03, A standard curve was also obtained for RulO3,
Two standard spectromster curves at the two amplifier gains used for
the fallout spscira were obtainsd for each of the isotopes mentioned.

At gamma-ray erergies of a few hundred kilovolts or more, two
pulse-height distributions per gamma ray are obtained, 8 bell-shaped
distribution called & photo-peak and a broad, nearly flat, distribu-
tion due to Compton effect. At lower ernergies the amount of Compton
effect becomes increasingly small compared to photo-effect,sc that at
about 100 kev the Compton effect is negligible, In addition, there
are secondary scattering effects which throw counts norrally in the
Compton distribution into the photo-peak which for low gamma-ray
energies resvlts in a great reduction in the theoretical Cfompton dis~
tribution. This effect is illustrated in Fig. 2.26 by ihe theoretical
and experimental curves of the ratio of the photo-peak to total area,

At the low garma-ray energies the procedure was to work first
with the highest energy photo-peak left from the subtraction of known
isotopes. The photo-peak was fitted with a Gaussian curve and its
area determined, The Compton effect is found from the experimental
cuwrve of ratio of photo-peak to total peake The Compton distribution
was then subtracted from the peaks of lower energy and the procedure
repeated., '

At energies below zbout 200 kev the photo-peak of the various
gamma rays overlapped. As an aid in the subtraction procedure it was
assumed that the width of the peaks at one=half maximum followed the
E% law, }§/ where E is the energy of the gammz ray procucing the
photo-peake Thus, tlree conditions were imposed upon the pheoto-peaks,
(1) all available counts were used, (2) the peaks were Gaussian in
shape, and (3) the width of the peak followed the E} law,

3863 Detection Efficiency of the Scintillation Spectrometer

Assume that the gamma-ray sowrce emits gammr rays of one
energy only. The number, Ny, of those garma rays detected by the
crystal are :

N, = N, o~ WE)a1Xa1 (1 - e‘u(E)NaIxr-’afT) _g— (3.22)

where = sowrce strength
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u(E)jq = energy dependent absorption coefficient of
aluminum
Xay = thickness of alumirmm which gamra rays must
penetrate .
u(E)yaT = eneryy dependent abscrption coefficient of
Nal
Z = effective solid angle the source subtends at
the crystal
XNaI = thickness of Nal crystal
if Ape = the area of the photo-peak and Ay = the total
area of the pulse height distribution, then
the number of counts Npe in the photo-peak
will be:
-u(E -u(E :
Nog = ‘EE M.e u( )AlXAl(l_e u( )Nale\aI)i (3.23)
I i A
t

It is assumed that @ is independent of erergy which is only
true to a good approximation. The absorption in Nal at low energies
is much greater than at high energies so that the gamma rays are ab-
sorbed largely near the incident face of the crystal, This results
in an increased solid angle over that for the higher energies, Tests
indicate that this effect is of little importance in the analysis of
the present datae

The above formula has been used to determine the relative de~
tection efficiency. Use was made 31‘ the experimental A../Ay curve.
As a partiel check, sources of Na?< and Csl37 were counte in a G=M
counter so as to get their relative source strengths. From the known
‘decay schemes the number of gamma rays per betz were dstermined and
an efficiency curve plotted which was in excellent agreement with the
above cwrve,

Absolute calibration of the spectrometer was attempted in
order to perform absolute analysis for various isotopes. Products of
the slow neutron fission of a U235 sample that had been recently ir-

-Tadiated at Brookhaven National Laboratory were available. The neu-
tron flux was known and it was possible to calculate the yield of the
various isotopese.

The Project 2.6b_repori discusses the methods of obtaining
- 2r95-m95, Cgui s and Celéd-prléd standards from the thermel neutron
figsion of U 35; it also discusses the Zr and Ce calibration proce=-
dure.}2/ The samples were mounted under the same conditions as the
- fallout samples (described in Sec. 3.2) and gamma spectra were taken
for the known sources. The gamma rays of 2r%5 are 730 kev, those of
Cel4l are 145 kev, and Celé4 are 134 keve The Ce gemms rays were e~
dominantly due to Celé4l as it has a 33-day half life compared with
222 days for Cel44, To determine the amount of Celdl nreseﬂ use was
made of the known U235 fission yields of 5,7 percent for Celdl and 5.3
percent for Celdd, 19 /

Experimentally the intensity of a given gamms ray was deter-
mined through the area of its photo-peake The abscissa of the curve
is in volts and the ordinate in counts per minute so that the area of
the photo~peak is in the units of count-volts per minute, To obtain
the correction factor for converting count-wolts per minute to gamma
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rays per minute the reciprocal of the efficiency was employed and put
on an absolute basis with the Ce-and-Zr data. For the geometry used
in this work Ce gave 3.70 gamma rays per volt count per min at 145
kev and Zr 23.6 gamms rays per wlt count per minute at 730 keve The
curve shown in Fig. 3.27 was normalized to these values,

3.8¢4 Results

The area of the photo-peaks of the various gamma rays was plote
ted as a function of time on semi~log paper and extrapolated back to
shot time, Tigure 3.28 shows such a curve for the decay of the 1600~
kev gamma ray in Lal&4lU, The slope of the curve is in excellent agree-
meit with the accepted value of the parent Bal4D, The decay schemes
of Bal40 gy 1al40 are known, which enabled the gamma contribution of
the other gamma rays from the 1600-kev peak to be calculated (Table

3410,
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PHOTO PEAK (VOLT COUNTS/MIN/GRAM OF SAMPLE)

Fige 328 The Lal40 1.6 Mev Photopeak as a Function of Time

The experimental results are given in Tabls 3.ll. The results
are recorded as the number of gamma rays per minute per gram of fall=-
oute The quoted errors represent the reproducibility of the method or
the precision with which the intensity of a particular gamma ray is
known in the sample. These errors were judged from the fit of the
experimsntal decay poimts to the best straight line represented by the
points. No estimate is made of the absolute accuracy of the data.
However, when varying mixtures of 2r95-Np95, Bald0.1al40, and Celéd -
Prlé4 yere synthesized and analyzed by the techniqus, the maximum
errar between the actual composition and the gamma spectral analysis
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TABLE 3,10 - Derived Values from Known Iptensity Ratio
of 1600 kev Gamma Ray La to the
Other Gamma Rays in Lalé40 gpg pal4O¥

: Gamma Activity at Time of Shot
Isotope {er 106 Gamma Rays,/min/gm
From Lal40 335 0,195 & 0,015
" 490 1 % 0,12
" 820 1.0 + 0.09
" 2510 00195 + 04015
From Balw 30 440 + 003
t 162 204 + 00?
" 304, 0,51 + 0,03
" 537 102 +* Ool

" 41314055140 aye pssumed to be in secular equilibrium with a half-
life of 12.8.dayse

TABIE 3.1l = Important Gamma Conmtributors to Shot 4 Activity*

Gamma Activit
| Game BaY | po1sfdfe | an ime of Shot Possible
(kv Daye 10® Gamme Rays mingm  >sotope
35 and 64 8 93 1049 Not _identified
104 5 L :3 053'7;:14 Np£§8
145 6 1.4 1.0 Not identified
145 33 0,095+ 0,05 Cel4l
209 5¢5 13 " +3 U237 and Np239
264, 5 6 3 0237 and Np239
340 6 3.8 1. 0237 and Np239
500 11 244 +0e5 Nal47 2
500 40 025 + 04,05 Rul03
700 4 Bel +1léb Not identified
750 7 3.0 +043 Not identified
750 35 057 +0.23 Not identified
1600 12,8 366 +043 Lals0

* At times greater than 10 days after the shot
#t Combined
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was only 5.8 per cent. This correlation was maintainea even wnen tne
relative concentration of the nuclides were changed by a factor of 20.
Subsequent analysis of the fallout from TEAPOT indicate a variation of
18i8 than 14 per cent between a radiochemical separation of Bal40 -
La140 ard the gamma spectral analyses.

The peak at 750 kev remaining after subtraction of Ba and la
decayed as if an isotope of 7-day half-life and an isotope of 35-day
half-life were present. Both activities are unassigmed.

The peak at 500 kev left after subtracting the contributions
due to the higher-energy gamma rays decayed with half lives of 1l and
40 dayse These activities are assigned to Ndl47and RulO3,

At low energies, peaks were found at 104, 209, 264, and 340
kev, decaying with an average half-life of about 5.5 days. These
gamma rays are believed due to the combined effects of 6.7-day U<37
and 2¢3=day Np239. The predominant peak at 104 kev is due to the 105-
kev gamma ray reported for Np<39 and to the x-rags following the in-
ternal conversion of a gamma ray of 207~kev in U 37, Unfortunately,
data earlier than 10 days were not available and the data covering
the period 10 to 40 days were not extensive enough to permit the sep~
aration of the two isotopes. Because of the 29-kev energy difference
and about equal decay half lives, the peak at 35 kev 1s believed to
be the iodine x-ray escape peak of the 64~kev gamm ray, Also, the
related number of counts in the two peaks is in agreement with that
expected from the theoretical calculations of Axel,.20/ These calcula-
tions predicate a ratio of escape to non-escape of O.l4 compared with
the present result of 0.i5,

Below the 35~kev peak there is seen a sharp rise in the pulse-
height distribution. These counts are believed to be due to the
Bremsstrahlung radiation formed in stopping high=energy beta particlss.
Since the beta rays were stopped in aluminum rather than in some more
dense material the number was kept to 2 minimum. The actual amount
formed has not been evaluated.

This work indicates that, vithin limitations, isotopic analy-
sis can be carried out on fallout through a study of the gamma-ray
spectrum. In future work, use should be made of the fact that short
lived isotopes almost invariably emit the highsr-energy gamma rayse.
For instance, ‘Nau, which is produced in large quantities in a nuclear
detonation nsar sea water, has a 2476 kev gamma ray and 15-hr half
life, At a tims of about one day after the shot this is the only
gamna ray of apprecia intensity in this energy region. About ten
days after a shot, Ba and la are in transient-equilibrium,
Lal40 emits a l.6~Mev gamma which is the only gamma ray in that energy
‘region at that time after the shote At a period of about 60 days
after a shot, Zr?> may be analyzed with a gamma ray at 730 kev. Also,
at this time, an analysis can be made of RulO3 with a gamma energy of
498 kev by subtraction procedures.

The external radiation hazard, (gamma dose rate) is an energy
dependent phenomsnon, with the effects of gamma rays increasing as the
energy increases. Analysis of the gamma spectrum of fallout used in
conjunction with the known decay schemes of the individual isotopes
could yleld data showing the contribution of the gamma dose rate from
all isotopes of amy consequence in fallout. Not enough isotopes were
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analyzed here to perform such an analysis.
3.9 RADIOACTIVE PARTICIE SIZE ANALYSIS

The dried samples from all trays of each ocollector were combined,
woighed, and then sieved through a 44-n sieve, The weight of each
fraction was determined and a weighed portion of each fraction was
used for radioautographye.

These fractions were washed from the weighing dishes with
tolusne onto the backside of Eastman NTB stripoing film which was pre-
viously mounted on 4=-in. plastic ringse. The transfer was done in dim
light., Canada balsam, which was added before the toluene evaporated
to form a uniform adhesive medium for the particles,did not interfere
with microscopic observation. The celluloid backing separated the
particles from the emulsion so that during processing the particle
medium was not disturbed (Fige 3¢29)e The NTB film has a 10-p thick
emulsion and a 7=-p thick backings

The radioautographs were exposad for the empirically determined
time of 15 hr for samples measwing 100,000 cpm, 25 hr for samples
counting 50,000 cpm, 60 hr for 25,000 cpm, etc. All exposures were
started 6 to 9 days after each shote The radicautograpghs were devel=-
oped in Eastman Kodak D-19 Developer for 5 min at 20° C., then rinsed
and fixed for 10 min, All develcping operations were done without dis-
turbing the particle mediume The particles were projected at a magni-
fication of 1000 times with a micro-projector which consistad of a
Bausch and Lomb research microscope mounted on a micro-projector base
with carbon arc illumination. The particle images we—e projected at
a magnification of 1000X. Radioactive particles cnly were measurede.
The limitations of the optical microscope precluded the observation of
particles below about 1 p,

PANTICLES  BACKING  CANADA BALSAM

i

=

4 R N—

(HUI‘JQN
PREPARATION POSITION

DEVELOPING
S0LUTION EMULSION

UCKWGI PARTICLES HOLDER
CANADA BALEAM

DEVELOPING AND EXAMINATION POSITION

Fige 3429 Preparation of Particle Medium; Developing
and Examination Position of Stripping Film
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The number median diameter (MMD), geometric standard deviation
(0,), and average diamster (Davg) wére obtained for each sample
anilyzed,

The NMD is defined as that size such that 50 per cent of the
number of the particles are smaller and 50 per cent are larger than
the stated size. The value is obtained by interpolaticn of two valwes
bracketing the 50 per cent line on a cumulative graph of number dis-
tribution.

The geometric standard deviation (0' ) is a measure of the de-
gree of homogeneity of the sample, It is gefined by either of the
following relationships.2l/ |

cumidative 84.1, percent particle size on log-probability plot
= cumulative 50 percent particle size on log-probability plot
(2.24)

%= cumlative 50 percent particle size on log-probability plot

cumulative 15.87 percent particle size on log-probatélét plot
o25

The range from 15.87 percent to 84.13 percent is cne standerd de-
viation. 9g may theoretically be any value from 1 to infinity. Values
neer 1. indicate a homogencous sample. As the value increases, samples
are indicated as being more hetrogeneous. In practice, values rarely
are higher than 4 to 6 for field samples.

%

The average diameter Dpy, = 2Dn {3426)
>n
where 2Dp is the sum of the diameter of all of the particles

2 n is the sum of the number of particles

Particles as large as 3000 p wore found during the enalysis.
The procedure of separating each sample into two fractions eliminated
the requirement of a common exposure time for both small and large
particles and the smaller particles were more easily distinguished
than they would be in an unfractionated sample. Since a gross particle
size distribution was not made, the data from both fractions of each
sample could not be recombined to give one NMD for each station. How-
ever, the nunber of particles in the larger fraction was found by
mlcroscopic examination to be only a smll percentage of the number of
particles in the gross sample; hence, the small fraction NMD would not
be raised by any great extemt, if it had been possibla to combine the
two fractionse Thus, the NMD of the small fraction may be considered
to be the approximate NMD of the entire sample. It should be pointed
out that the use of sieves in fractionating particles may have some
tendency to break up agglomerated particles into their smaller com=
ponents, although some experimental evidence indicates that this effect
is minor. Particle size results are preseated in Tables 3.12 and 3.13
and are gsummarized as follows:
SHOT 1: The NMD of the small fraction ranged from 5 to 17.5.u.
The NMD of the large fraction ranged frou 61 tc 118u.
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TABLE 3,12 - Shot 1, kadioactive Particle Analysis Results

Tme _ Under 44 n !( _— Over i p B
Statio.n Duﬁ;}on D og Davg | og Davg
Easy 2 161 2624 19.0 a1 3.21 170
George| 2 15.0 2.53 1749 phkl 1.78 143
George| 12 112 1.96 144
How 12 16.5 2412 1847 94 2.66 196
Nan 12 17.0 2,09 19.1 118 2420 170
Oboe 12 13.1 2,06 1508 105 3.52 182
Uncle 2 8.4 2,50 11.9 94 2.98 184
Uncle { 12 8.0 294 12.4 66 1.98 96
Victor] 2 Insufficient Sample 73 2441 piea
Victor 12 540 2000 6.6 63 1075 80
William} 2 12,0 2458 1647 61 2462 116
Yoks 2 10.8 23 13.9 Insufficient Sample
Zebra 2 1245 232 15.1 Insufficient Sample
Zebra | 12 1047 2466 1461 70 2,70 182
Alpha | 12 9.7 227 1343 74 223 186
Bravo 2 13,2 2.88 17.3 || 112 1.88 | 146
Bravo | 12 11.8 2,12 1448 Analytical Samplp Broken
Raft
250,051 12 11.5 2.70 16,0 117 1.75 i
Raft
250.12 | 12 1447 2.1 17.9 100 230 149
Averagel 2 1245 2458 1544 89 2455 152
Average| 12 1049 2.29 15.1 g0 2.25 1.9




SHOT 2 Only one station, George, collected enough fallout to be
analyzeds The small fraction NMD's were 12.6 and 10.7 p for the 2-hr
and 12-hr collectors, respectively. Not enough of the large fraction
sarple was collectsd to be analyzed. It appears (Sect. 3.3.2) that
these particles were largely remains of Shot 1 fallout which had been
redistributed during Shot 2.

SHOT % The small fraction NMD's ranged from 9.4 p to 20,0 p3 large
fractions varied from 77 p to 127 e

SHOTS 4 AND 6 Not enough radioactive material was collected from
these two shots to be analyzed for particle size distribution.

There was not enough fallout material in each collector interval
for a meaningful analysis; so the fallout from all intervals in each
collector was mixed together and analyzed. The only timing intervals
which can be compared are the entire cycling times of each collector.
On the basis of these cycles (2-hr and 12-hr) there is no trend of
particle size with time after shot, within the limits of sampling time,
Neither is there a trend of particle size with distance or direction
from ground zero within the limits of the area covered by the col=-
lectorse

The behavior of the cléud, which is discussed in Section 3.4.2,
is believed to account for the lack of trends of particle-size data.
The particle-size data obtained indicates that the Shot 1 cloud and
the Shot 3 cloud particles were both fairly homogeneous within the
lirmts of the area sampled. Lack of data {rom Shots 2,4, and 6 pre-
clude any statements about the particle size distribution character-
istics from these shotse

A difference was noted between the radioactive particle~size
distributions of Shot 1 and those of Shot 3, The samples collected
from Shot 1 were found to have 20 per cent of the particles under 5 pn,
which was 2% times as many as those collected from Shot 3 (Table 3.14)

TABIE 3,13 - Shots 2 and 3 Radiocactive Particle Analysis

Results
"' Under 44 Over 44 p
Shot Station Tig ion L 1 I,; Dy
72 [George* 2 12,6 | 1.83/15.1 | Insufficient Sample
2 George* |12 . (10.7 | 2.0013.2 " "
3 |Easy 2 17.5 | 1.77:19.4 || 101 | 1.57| 125
3 Easy 12 | 9e4 | 2.02)12,3 112 | 1.47| 14
3 Gear ge 2 [16 8 2.01 : 19 09 107 1 069 1100
3 Uncle 0.4 11.8 | 1.82;1449 127 | 1.77| 160
3 Uncle 12 1647 | 1498,17.4 118 | 1.64 14{
3 Victor 2 2060 2.102.05 95 1.49 11
> oEn 8 3y ik 7))
3 eDra . . . .
3 Average | 2 15.8 | 1.97119.0 | 105 | 1.60| 123
3 Average 12 512 9 {1.98/15.1 102 | .92 106

l . .
# These particles probably originated at Shot 1 and were re-
distributed by Shot 2
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TABLE 3,14 -~ Averages of Cumulative Fer Cent of
Radioactive Particles Under Stated

Size Ranges
Shot Under 5 2 | Under 10 p Under 20 p |
1 20 43 %
3 8.8 N 68

The Shot 1 particles were also found to have 43 per cent of the parti-
cles under 10 p, which was about 1% times as many particles in the

same size range as those collected from Shot 3, However, the percen-
tage of particles under 20 p was approximately the same (about 70 per
cent) in the samples collected from both shots. Apparently, Shot 1
produced a larger percentage of particles under 5 p and 10 p than did
Shot 3. The size range urder 5 p is the range of particles which is
most likely to be deposited at soms point in the respiratory system,_%/
except for particles below O.1 n or 0.2 m, which tend to be exhaled.23/
These results also indicete that Shot 1 particles would be harder to
decontaminate than particles from Shot 3. The Shot 1 percentages are
higher than those that have been found at previous tests and may be

dus to improvements in analytical technique, but it is felt that .the
difference in the results is more likely to be dus to the differences
of the particle characteristics themselves,

349.1 Activity in Size-Fractionated Particles.

The percentage of total activity of each fraction of a size
fractionated sample, which was collected from How Island after Shot 1,
was determined by ProjJect 2.6b. 12/ It should be pointed out that these
particles were primarily fractionated for radiochemical analysis.
Particles below 44 n were separated by a roller analyzer so some age
glomerates were probably broken upe. The particles above 44 n were
fractionated by sieves so fewer agglomsrates were probably broken up.
Table 3.15 presents data which is a by product of the radiochemical
analysis procedureses The per cent of total activity in the two
smllest fractions is about 23.4 per cent of the activity found in
the entire sample and second only to the activity in the largest
fraction (32.9 per cent). The activity in these two smallest frac-
tions would constitute the principal pulmonary hazard in this fallout,.
However, the inmternal hazard caused by these particles is almost
always overshadowed by the external radiation Lazard existing in the
same region and so the internal regpiratory hazard may be relatively
unimportant. It should also be poimted out that these results
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are based mostly on activity which has condensed or become connected
to Pacific Island coral or sand particles and the results may not be
applicable to other types of environment, Activity information for
each of several isotopes in each fraction are presented in the Project
2.6b report.

TABLE 3,15 ~ Per Cent of Total Activity of Shot 1
Size Graded Samples from How Island#*

Total Per Cent of
hctivity | Total
NMD of Weight Per Cent of Frac~ Activity in
Fraction (gm) of tion in Fraction
st Total Weighti Arbitrary
Seede Units at
Df 7 Days
l.1 24901 9447 731 17.8
342 0.975 3.19 2.29 5459
2 0.112 04366 04323 0.788
27 0.923 3.02 2645 5498
38 06597 1.95 1.96 478
69 0.400 1.71 ' 1.16 . 283
79 0.522 1.31 1.30 3.17
98 0.408 1.33 0.950 2,32
103 0.646 2.,11 1445 3.54
160 0.691 2426 1.56 3.8
i 0.757 247 1.58 3486
195 0.983 3.21 1.98 4483
>225 19,662 6420 1345 32.9
TOTAL 30.608 100 410 100

Project 2.6b results 12

Project 2.6b reports the fractions as the mean volume
diameter of the particles, not as the number mean diameter
s+  Both radioactive and non-radioactive particles in the
fraction

i*

3,10 PARTICLE CHARACTERISTICS

The average density of all particles was about 2.6 g/cce The
index of refraction of all Shot 1 particles was about l.544.

The fallout material from Shots 1, 2, and 3, which remained
after the removal of samples for particle-size analysis, were mixed
and sieved through 420, 210, 149, 105, 74 and 44 micron sieves. (Not
enough fallout was collected from Shots 4 and 6 to make these analysesh
Rach fraction from each shot was separated into two groups,
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3.10,1 Particle Appearance

The particles from one group were radioautographed for the
minimum practicable length of time. Those which were found to be
radioactive were classified according to appsarance. The results are
presented in Table 3.16. Representative particles are illustrated in
Figures 3.30 to 3.36. The large particles from Shots 1 and 2 appeared
to be coral, whereas the smallsr particles had a more crystal-like
appearance, Fallout from Shot 3 had a smaller psrcentage of coral
particles, most of which were in the larger size ranges; the remaining
particles had & fuzed, porous, or ashlike apvpearance.

3.10.2 Location of Activity in the Particle,

The particles from the second groug were treated by the method
employsd by Cadle24/ to determine their internal activity distribution
This process could not resolve the location of activity on particles
boelow 149 p. Thess data are presciied in Table 3.17 and selected
radiocautosraphs ara illustrated in Figures 3.37 through 3.39. Active
ity on tha Shot 1 particles was on the surface in 60 to 70 per cent of
ihe number examined, evenly distributed throughout 1 to 36 per cent
of the particles and unevenly distributed throughout 1 to & per cent
of the particles examirede. The activity on the outside of the Shot 3
particles varied from 32 to 37 per cents Uniformly radioactive
particles varied from 3 to 55 par cent and activlity was unevenly dis-
tributsd in zerc to 13 per ceunt of the particlec, The percentage of
particles with activity on the outside generally increased directl:’
with size, while the percentage of uniformly radiocactive particies
generally decreased with size. No tremnds werc roted in the small
group where ths activity was scattered rarndemly throughout the
particle.

There was no apparent ccrrelation batween the location of
activity on the particles and their physical appearznce.

Fige 330 Shot 1 Transparent Crystalline Particle 45-149 p.
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Fige 3432 Shot 1 Coral Particle 420-1000 p,
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Fige 3.34 Shot 3 White Fused Particle 210-420 nu,
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Fig. 3.35 Shot 3, Grey, Ashlike, Irregular,
and Porcus Particle 210-420 p,

Fige 3436 Shot 3, White, Opaque, Porous, Irregular
Particle 420-1000 A,
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TABLE 3,16 ~ Particle Appearance

Percent of Total Nc. Observed in Each Fraction for Varicus Particle Types
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# Some and perhaps most of these particles originated from Shot 1 and were redistributed
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TABLE 3,17 - Activity Distribution Within Individual Particles

Total Number |Total Number ([Total Number
Number of of Particles |[Particles With|Particles With
Shot Size Range Particles with ActivityjActivity Evenly|Activity Scat-
(p) Examined on the Sur- |Distributed [tered ThrougRout
face (pct) |Throughout the Particle(%)
(pct?
1 420-1000 95 70 28 1
210~-420 144 69 pal 8
149-210 327 60 36 4
£9-149 Indistinguishable
420-1000 113 67 20 12
2% 210420 75 53 36 11
149-210 75 20 g0
L4=149 Indistinguishable
420-1000 62 87 13
210-420 33 97 3
3 149-210 80 60 40
(dry sample) 44149 Indistinguishable
3
(wet sample - | 420-1000 85 85 5 11
which was 210-420 53 53 40 7
dried) 1/9-210 44 32 55 13
44=149 Indistinguishable

# Some and perhaps most of these particles probably originated from Shot 1 and were

redistrituted by Shot 2




Fig. 3.37 Example of a Sliced Particle with Activity only on the
Cutside. The particle is at the top and its radloauto-

graph at the bottom.
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Fige 3.38 Exawple of a Sliced Particle with Activity
Distributed Irregularly Throughout it. The
particle is at the top and its radioautograph
at the bottom.
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Fige 3.39 Example of a Sliced Particle which was Uniformly
Radiocactive. The particle is at the top and its
radioautograph at the bottom.
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

In order to completely document the hazardous fallout activity
resulting from the fission products and wanium neutron capture pro-
ducts on Operation CASTLE, one would have had to anticipate the wide-
spread contamination that was produced. The scope of this project was
1limited to documentation (primarily on land and secondarily on water)
at the shot atolls. Documentation on water, as it was done by this
project, was not practical and was discontinued after the first shote.

Fallout zta‘bions were set up in varying arrangements for Shots 1,
b 9 3 » 4, and 6.

When significant fallout occurred at an island after any of these
shots, it apparently began to arrive there within six minutes after
the detonation. The maximum activity per sampling time interval re-
sulting from Shot 1 and other shots having yields of the same order of
mgnitude arrived at all sampling stations during the first hour after
the detonation, Extrapolation of the beta activity has indicated
rates as high as 1.3x1014 dpm/f£t<, 1 to 6 min after detonation.

The major part of the activity had arrived at a given station
within 3 to 6 hours after the detonation, with small amounts continu-
ing to arrive up to at least 12 hours after the detonation.

Gamma dose rates due to each shot at the shot atoll 1 hour after
each shot were estimated from data collected by this project and Rad
Safe to be as followss
Shot 1+ 1600 to 2900 r/hr along the northern islands, 160 to 630
r/hr on the eastern islands and 15 to 43 r/hr along the southwest
side of the atoll.

Shot 2: 1100 to 4700 r/hr on the northwest islands close to ground

zero and 2.4 to 14 r/nr on the rest of the atoll,

Shot 3t 410 r/hr at Uncle, just west of ground zero, 10 to 125 r/hr

on the north and northeast islands, and 0.8 to 4.5 r/hr elsewhere,

Shot 4¢ 160 to 440 r/hr on the north and northeast islands, and 0.l
r/hr elsewhere.

Shot 63 (At Eniwetok) Over 1000 r/hr in the immediate vicinity of

ground zero, dropping to 17 to 32 r/hr on the islands westward and

1 to 6 r/hr eastward from ground zeroe

Within the atoll, there was no apvarent trend of radioactive
particle size distribution with distance, direction, or time. The
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approximate number median diameters of samples collected ranged from
5,2 to 20 pme Up to forty-three per cent of these particles were under
10 p in diameter.

Shot 1 particles appeared to be coral or crystalline; those from
Shot 3 appeared to be mostly crystalline, ashlike, or fused.

In particles from 149 to 1000 p, the percentage of particles
with activity on the outside generally increased directly with size,
while the percentage of uniformly radioactive particles generzlly de-
creased with size. These two types of particles accounted for about
S0 per cent of the radioactive particles examined. Activity was scat-
tered randomly throughout the remaining 10 per cent of particles.

There was no apparent correlation between the location of active-
ity on the particles and tneir physical appearance.

No conclusions could be drawn about the presence or absence of

radioactivity in the base surge, because no sarmples were obtaimd in
the base surge region.

4+1 IECHNICAL RECQM(ENDATIONS

The properties and effects of fallout from new and untried types
of detonations should continue to be studied at future operations.

The time and rate of arrival of primary fallout should be de-
termined at the great distances at which fallout can be a hasard to
huran life, as well as at close-in locetions.

When a base surze 18 predicted as one of the effects of a detona=-
tion, attempts should agein be made to determine whether radicactivity
is carried in that base surge.

The differences in charecteristics of fallout between land and
water shots should be more thoroughly determined at future tests.

Rates of beta and ganma activity should be known with more cer-
tainty at early times, and hence, efforts should be made to observe
and study decay at early times after the detonation.

The characteristics of fallout particles, partiocularly from wvater
shots, should be investigated at future tests.

The presence or absence of an internal radiological respiratory
hazard should be established when new type detonaticn conditions
become available,

Systematic recording of gamme radiation levels should continue to
be made at varying distances from ground zero.

Ground level activities around ground sero should be deteminod
by employing helicopter aerial survey system or other means,

4.2 QFERATIONAL RECOMMENDATIONS

When devices to be detonated have a yield of the order of msg-
nitude of the larger CASTLE shots, documentation of fallout should
cover extensive areas,

Fallout sempling stations should be located in areas which are
most likely to receive significant fallout. Determimation of such
areas should be made in consultation with those who are responsible
for deciding what weather conditions are required to detonate a
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device. If the predominant direction of fallout cannot be dstermined,
then sampling stations should be located in all directions from
ground zero. Such an array should be avoided where possible because
of the large amownt of work required to maintain the resulting large
number of stations.

Water-based stations should be used at the Pacific Proving
Grounds to provide proper area coverage to document the fallout,
Land stations at the shot atoll do not by themselves provide enough
fallout documentation.

Largser bases, such as barges, should be used where practicable
as instrument platforms in the lagoon rather than the rafts used at
CASTLE., The rafts used at CASTLE were inadequate bases on which to
mount fallout collectors. Seas in the lagoon are generally so rough-
that it is difficult for personnel to moor rafts to buoys, transfer
equipment from boats to rafts,and work on the raftse.

New types of fallout collectors should be designed to sample
fallout in locations subject to more or less continuous salt water
spray and occasional immersion before and after the instrument has
operated. Present fallout collectors, though adequate to keep
ordinary rains from working parts, are not adequate when mounted on
low rafts at sea stations and at land stations subject to water waves
from close=-by nuclear detonations,
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APPENDIX A

COUNTING CORRECTION FACTORS AND
ORIGINAL COUNTING DATA

-
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TABIE A,]1 - Counting Correction Factors

Absorption (F Back
Shot [Shelf p a) Soostring Geometry (G)
Tube Wirdow Thickness, ng/cm’ (Fy) Aperture |Aperture|Aperture
1,5 1.6 1,7 | 1.2 | 1.9 1 2 3
1 2 0.925 0,223 0922 | 0,922 | 0,920 1.14 0.00675
and 3 0.902 0.900 | 0.2 0.898 | 0,297 1.11 0600420 | 0.,00650
2 4 0,879 0877 | 0.876 | 0,875 | 0,874 1.1 0.00180 | 0,00318 | 0,00685
5 0.856 0.855 | 0.854 | 0.852 | 0.852 1.10 0,00102 | 0,00190 | 0,00397
3 2 0,900 0,898 | 0.897 | 0.895 | 0.894 1.0 0.00675
3 0.870 0.867 0,865 | 0,864 | 0,864 1,02 0.00420 | 0.00650 |.
FA 0.840 0838 | 0,837 | 0.835| 0.834 1,02 0.,00180 | 0.00318 | 0,00685
5 0.812 0.810 | 0.808 | 0.807 | C.206 1.00 0.,00102 | 0,00190 | 0.00397
4 2 0842 1.18 0.00675
) 4 0.753 1.14 0.00180 | 0,00318 | 0,00685
5 0.713 1.10 0.00102 | 0.00190 | 0.00397
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TABLE A.2 -~ Backscattering Corrections for Various Times

Shelf Aperture Correction
287 SE'M Amr,[%gi 1 T2
2 1 1.284 1,262 1.187 17
3 2 1.163 1.180 1133 1117
4 3 1.136 1.143 1116 1.083
5 3 1,07 1.091 1.061 1,053




TABLE A.3 - Beta Activities at 400 Hours After Shot 1, 5 min Interval Collectors*
(Units of 105 Disintegrations/Min)

Interval | STATION
How Nan Oboe Uncle | Victor |William | Yoks Zabra Bravo
l 20.5 6.94 04635 0.253 0.166 4415 3.62 0,226
2 0,310 0,0866 | 3.00 0.231 0.154 3.05 0.614
3 0.854 0,0548 | 0,507 0.636 0.155 0.105 0.161
4 0,550 0.,0831 | 04244 0.166 0.133 0.0318| 3.9
5 1,73 0.518 0.163 0.0767 0.891 0.0227 | 0.124
6 13.4 1647 4.7 0.184 0.0703 | 0.144
7 .6 0.0695 | 7.35 0.0933 04325 0.0678
8 48,2 0.7 2.2 0253 0.230 0.0727
9 38.2 2,8 11,0 2.55 0.1168 0.147 0,243
10 4646 8.6 19.1 O.14 0.126 0270 0Jd4 0.0853 | 0,400
11 119 37.0 0.378 0,101 0.179 0.213 0,216 0.397
12 78.4 11.1 29,6 0.106 0369 0.414 0.879
4 N6 27.7 2.86 0.945 0,196 1.59 0.108 0.363
15 153 35.9 0.231 0.865 0.178 0.683
16 24.8 15.7 0.188 0.123 0.0969 | 0,144
17 17.6 a.d 0.271 , 1.05 0.0419
18 20.5 18.9 14.0 0.288 0.0912 0.149 0.268
19 2644 YA 4452 0,194 | 0.503 0.137 0.175 | 0.132
20 369 3.1 15.5 0.256 0.178 0.351 0.131
2a 4.5 491 6.37 0.357 | 0.157 0.131 0.126
2 19.3 4484 725 0.583 0.192 0.577 0,798
23 17.1 145 0.938 0.434 0.184 0.778 0.,0664 | 0,305
24 4l.1 4406 0.273 0.828 0.197 0.176 559

# Refor Yo Tabls A5 for Bagy and George 5 min collecter activities
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TABIE A.4 - Beta Activities at 400 Hours After Shot 1, 30 min Interval Collectors*
(Units of 10° disintegrations/min)

Interval STATION :
How Nan Oboe Tare Uncle Wlliam

1 45,0 28.5 9.02 2.2 0213

2 232 102 33.1 0.128 2452

3 207 109 2A.5 1.23 2.02

4 154 62,4 i VAV A 0.383 0.529

5 95.0 16.3 10.1 0.359 040846

6 16.5 2247 2.9 0.043) 0.114

7 1642 4.6 S5e44 0,368 ,

8 12.4 8.38 1.59 0.0810

9 6.38 144 2.15 0.137 0,117
10 7.85 1.79 1.71 0.631 0,270
1 4433 1.04 l.72 1,01
12 9.00 144 2.25 0.319 04360
13 4.82 0.996 1.69 04242 0.750
14 8.12 1.59 1.02 0.196
16 3.13 2.01 0.882
17 4413 1.65 1.39
18 403 3.28 1.09 0.288
19 4627 3.2 2,91 0.503
20 3.15 324 1.02 0.178
a 344 2.84 4.66 0.157
22 3.69 2.05 0.969 0.192
23 2.54 0.641 0.184
24 3.59 0.863

# Refer to Table A.5 for Dog, Easy and George 30 min collector activities




TABLE A.4 (Cont'd) - Beta Activities at
{Units of 10° disintegrations/min)

l.Og Hours After Shot 1, 30 min Interval Collector

‘ Intam]} STh TION
Yok Zebra Alfa Bravo Raft 250,05 [Raft 250.12

1 0.360 2,91 0,217 0.824 0.269 365

2 433 1.33 0,810 152

3 8.66 2.09 1.1 0.156

4 5.02 0.603 0.581 0.198

5 ) 1 024' ) 0240 0 0550

6 147 0.199 1.09 0.171

7 1.96 0.108 0.787 04409

8 0.170 0.212 0,127 2,97 0.392

9 1.85 3.16 0.399
10 0.218 0147 0.875 0.645
1 00335 0.0925 3.67 0.554
12 0.133 ' 2.48 0.262
13 0264 065 3.5 0.310
u 0.165 1.93 0.307
15 0.391 0.180 0.0744
16 04460 2.67 0.197
17 0.0673 0.15 be&7 0.369
18 0.0525 0.609 0.288
19 0.152 0.0M17 0.127 06437 0,200
a 04242 : 0.182 3.72 0.20)
22 0.127 0.166 0.139 0.720
23 0127 0.,0499 06233 0.139 0.712 0.329
24 0.168 0.48 04243 0121 04420

#Refer to Table A.5 for Dog, Easy and George 30 min collector activities
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TABIE A.5 - Beta Activities at 800 Hours After Shot 1

(Units of 10° disintegrations/min)

1 Min 5 Min Interval Collectors 30 Min Interval Ccllectors
Station Station
Interval
Dog Easy - Qeorge Dog Easy George
1 30.9 36.1 151 8.04 529 22,2
2 1,0 3.82 443 13.2 8.41 13.0
3 3,92 3.31 8.13 2.85 651 1.06
FA 2.83 4069 9.98 243 8.05 0.658
5 4456 4470 3423 3.63 8.16 154
6 6.28 54,70 45.6 2.09 5429 0.647
7 5.13 3.07 9.7 253 6.38 1.41
8 6.37 447 g82.1 1.03 4.60 1.67
9 1,62 4419 48.8 0.860 236 2.41
10 1.90 222 26.0 1.50 3.00 1.15
1 2.14 2,05 62,0 1,97 2.56 1.0
12 6.18 5457 69.1 1.80 2.57 0.556
13 404 3.d5 7.8 1.37 484 l.58
14 0.618 3.58 79.3 1.73 724 2,00
15 2.11 2.26 90.2 438 7,03 3.46
16 6424 2.14 91.8 3.1e 8445 4430
17 13.9 1,38 98.8 6.36 12,0 1.2
18 17.8 1.42. 58.5 8.35 10.0 1,06
19 [ 9.31 3.10 42 ks 527 8.7 2,09
20 F 5.36 3.64 7AW A 1.85 6.80 2607
a 3.47 0.797 17.4 3.67 12.0 3.5
22 40.0 3.32 16.4 254 6425 6.24
23 245 232 11 429 7.98 3.96
24 433 2,80 9.60 6.18 1367 524
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TABLE A.6 - Beta Activities 165 Hours After Shot 2, 5 min Interval Collectors

(Units of 10° disintegrations/min)

Interval STATION

George Love Zebra Bravo
1 16.71 0.39 0.2032 0.2140
2 36231 3.7860 0.,1918 0.1930
3 1,630 0.1760 0.€170 0.1906
4 1.878 0.1760 0.,1932 0.1921
5 2512 0.1760 0.1932 0.,1921
6 5.005 0.1760 0.1932 0.1921
7 1.782 042292 0.,1932 0.1924
8 1.616 0.1775 0.1932 0.192
S Lel21 0,2975 0.1945 0,192
10 20209 0.2433 0.1945 0.1921
1n 2,318 0.1789 0.1945 0.1921
12 1.718 0.1789 0.1945 0.1936
13 3384 0.1789 0.1945 0.1936
14 2,686 0.1995 0.1945 0.1936
15 24220 0.3519 01945 0.1936
16 . 54643 0.1995 0.1945 0.1936
17 2,014 0.1995 0.1945 0.1936
18 1,938 0.1995 0.2478 0.1936
19 1.566 0.1995 0.2016 0.,1936
20 26441 0.1995 0.2295 0,2128
21 3.780 0.1995 0.1987 0.1989

22 5.685 0.1995 8.%3% 8.%%
31 15%:6 8:4332 0.2805 0.1966




TABIE A,7 ~ Beta Activities at 1055Hours After Shot 2

(

n

s 30 Min Interval Collectors

STATION
Interval
George How Love Nan Oboe Victor Zebra
1 2.130 042401 0.4038 0.5308 04000 0.1981 0.6478
2 1.060 0.8188 24687 042209 064431 0.1981 0.1770
3 045637 0.6928 05678 042209 0.2178 044035 0.1783
4 0.5010 042936 064525 042780 0,2178 043280 0.1783
5 1,024 043830 02209 0.2209 0.2178 0.2033 0.1783
6 1.7 0.2168 042209 0,2209 0.2178 042033 0.1783
7 14429 0.6793 0.422 042240 0.3576 0.2033 0.1796
g 0.,7372 0.8182 0.2474 U.6808 0.2281 045736 0.1796
9 0.7236 044378 0.2174 042240 0.2209 0.5314 0.1796
10 066152 0.8727 02174 0.2240 042209 0.2056 0.1810
n 0.8379 042989 062240 042209 0.2056 0.1810
12 1.687 0.1535 0.2514 0,2209 042056 0.1810
14 0.2372 0.2388 0.3278 0.2548 042056 0.1823
15 042002 0.2768 02072 0.2240 0.3735 0.1823
16 042002 042152 042072 0.2240 0.2071 0.1823
17 064434 0.270 0,2072 062240 0.2071 0.1823
18 2,090 0.3536 0.2072 062240 0.2071 0.1823
19 2,590 0.509 042072 062240 0.2071 044147
20 2,944 9,728 0.3019 0.2240 043979 042357
21 34300 2,880 0.,2898 0.2240 0.2058 0.1863
2 36440 043632 0.3321 062240 0.2058 0.1863
23 12,90 045164 0.,708% 042240 0.2058 0.1942
24 042137 0.2284 2.582 0.3228 0.2058 0.8453




TABLE A,8 ~ Beta Lct.iviuoa at 200 Hou.'s After Shot 3, 1 and 5 Min I
(Undte of 10 disiubggratl.o /m!.n) 5 Min Interval Collectors
| 3 el 5 Min Tnterval Collectors
Interval | Collecton STATION
Uncle Easy Fox -George |Victor William | Zebra Bravo
1 54.16 | 680.,0 0.1964 | 0.1691 | 1.038 0.1294
2 46,63 1.282 5.828 22,63 0.5674 | 0.1691 0.1149 0.1294
3 44..88 1.004 0.3368 16,63 0.5040 | 0.1648 0.1149 0.1294
A 2438 0e2948 | 0.6527 16.28 0.1635 | 0.2202 0.1149 0.2741
5 13.12 1.,638. | 0.6807 12.24 0.4465 | 02914 0.1149 0.1294
6 15.80 0.1700| 043427 6,112 | 0.6584 | 0.1691 0.1149 0.1294
7 1446 0.1626 | 0.6772 12.32 0.1964 | 0.1691 0.1204 0.1294
8 2,51 0.,1430] 0.1908 11.46 0.8257 | 0.1691 0.1412 0.1302
10 27,02 0.11371 0.2334 | 307.5 0.1691 0.1695 0.1203
11 55.46 2.73%4 0.244 | 304.1 0.1691 042615 0.1311
12 24460 0.2691 | 0.3928 | 165.4 0.1691 0.3331 0.1688
13 12.00 044038 | 34246 197.9 0.6916 0.2152 0.2236
14 12,71 1.034 5.680 34.04 0.1353 1.023 0.1983 -
15 6032 2.668 0.8793 14420 0.1353 0.7777 043465
16 69.52 1.472 0.4285 12.29 0.1353 044453 0.6513
17 28.90 0.,2286 | 0.8147 3731 0.1353 0.1487 0.7114
18 15.78 0.2286| 24497 58,50 0.1353 0.1487 065394
19 41.60 03381 1l.411 31.80 0.1353 062305 0.212
20 23.43 0.4383 | 5.072 4895 062490 0,2222 0.1093
a4 8.252 0.5363 | 10.11 11,29 03324 0.1513 0.1626
22 12.90 0s4444 | 0.3884 8,707 0.1353 0.1770 0.1626
23 7.950 0.5625| " 0.5355 9,043 0.8956 0.1540 0.1626
24 50476 2,511 | 18.97 0.1353 | 3.650 0.1626




TABLE A,9 - Beta Activities at 200 Hours After Shot 3, 30 Min Inteml Collectors
(Units of 10° disintegrations/min)

Interval STATION
Dog Eagy Fox How Uncle Victor | Zsbre
i
1 2,27 0.4738 0.7078 4492 4470 01773 | 1363
2 043260 1.470 064772 102,.8 50.60 0.9838 | 0.5000
3 0.6903 3.2868 0.3617 64092 26.95 0. 738 | 0.556
A 0.8849  [19.98 3,099 0.1442 52,87 0.2084 0.1546
5 0.7307 1,958 04620 042066 105.7 0,732 | 0.1224
6 045940 2.2 0.6399 | 0.,08359 13,75 0.08351 & 0.122%
7 0.7318 041347 0.7377 , 0.08359 33.72 0288 | 0.1254
8 0.6575 1.766 0.6312 0,1493 15.58 0.08703 @ 04300
9 0.3078 24451 0.9715 0.1610 126,0 0.09103 0.1930
10 0.1505 0.4530 2,059 0.08359 48.02 | 0.1240
11 1.223 0,2071 2.356 { 0,08359 4064k 00,1240
12 0.3780 03554 0.9628 i 0,1702 22.70 © 0.1240
13 0.7986 0.4069 0.8991 0.8340 16.68 L 042834
15 0.3714 0.2745 9.000 0.7705 6348 Co0.1268
16 0.7684 - | 0.8880 5,177  0.2712 4,787 10,1268
17 3.952 0.9167 0.5571 0.09753 5,302 | | 0.1268
18 045278 0.9106 1.000 0.09753 7227 P 0.1268 .
19 0.7181. 1.322 1,009 0.09753 5,101 L 04,1765
21 0.8738 0.62G1 1.792 0.2419 16,41 P 0,129
22 1.384 0.3569 0.8584 0.09753 29.16 b 0.1963 |
23 1.320 2,650 2,116 0.2854 26,01 [ 0.5359 |
24 048470 2,942 0.6248 21149 2,780




TABLE A,10 -~ t% Activities, Shots 4 and 6
(Units of 10° disintegrations/minute)
- Shot 4 ~ 30 min Shot & = 50 min
Interval __mré_g;_éoﬂggggg Interval Collectors Interval Collectors
How Love# Charlis# How# Alice*# Belle#$ Janet##*
b § 21.63 - 060311 0.1900 0.3065 0.2079 1,057 0.4481
2 1.463 0.1763 0.1756 83.43 042320 0.5523 0.5399
3 0.0996 0.03162 0.3440 064420 0.1555 3.724 0.1354
4 0,0492 0.03162 0.3020 0.3147 0.1345 0.2642 0.1354
5 041445 0.03162 0.1920 . 24920 0.1354 0.1800 0.1354
6 01546 062274 0.1165 002920 0.1354 0.1532 0.1354
7 74635 0.6381 0,1080 062716 0.1808 01744 0.1354
8 6.000 0.0654 0.0970 - 0.6768 0.1955 0.5298 0.2716
9 16464 0,2085 1,920 041862 0.1980 0.6880
10 8.128 0.1530 1.265 0.4421 02702 0.2957
11 1.265 0.,0782 1.194 045674 0.1988 0.3492
12 7.853 0.0782 7.185 0.4488 0.2617 0.2336
13 1.942 0,0782 01740 063722 0.6265 0.4238
14 6,063 0.1188 0.2397 04638 0.3288 0.2332 .
15 10,22 0.3296 045150 1,518 063316 0.2332
16 0.,0037 0.1750 0.7150 0.5153 0.2819 0.2775
4 0.2394 0.1134 12.10 044587 0474 0.2332
18 0,035 0.3411 6.890 0.5193 0.9024 042332
19 00547 0.1820 0.9743 0.6218 0444778 042332
20 0.0501 02964 1.114 1.226 2,053 042332
pal 042052 0.5433 0.6938 2,080 0.3118 0.2332
2 043186 0.4472 0.3758 043991 043843 042332
23 0.3568 0,747 0.6650 0.5023 0.3286 0.2332
24 0.6591 0.6260 0.8452 0.,2863. 0.4144 0.2332
% At 400 hrs

W At 200 hrs




APPENIIX B

WIND VECTORS

The following wind vector representations (i‘igs. B.,1 to B.5)
are drawn from data furnished by the Joint Task Force Ssven Air
Weather Service &t Eniwstok to Task Group 7.1. These drawings repre-
sent the wind vectors taken at 2000-ft vertical interwvals up to
20,000=ft and 5000«ft vertical intervals from 20,000 ft up to the
altitude at which data were no longer taken. These vectors show the
genaral wind conditions existing in the vicinity of the shot atolls
at about the time of each shot, Contamination on the shot atoll can
be adequately explained by observing these wind vectors. More refined
patterns based on particle setiling rates are not applicable to this
experiment, since within the relatively small area sampled no trends
of particle size with distance from ground zero or with time after shot
were found in the analysis of the samples,
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Altitude in Foot
Wind Velocityr m o

Fig. B.1 Vertical Profile of Wind Vectors at Bikini, Shot 1.
Cbservations startsd at 0600 local time,

Fig. B.2 Vertical Profile of Wind Veotors at Bikini During Shot 2.
Observations started at 0600 local time.
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Altitude in Feet

Wind Veiely. .,

Fig. B.3 Vertical Profile of Wind Vectors at Bikini During Shot 3.
Observations started at 0620 loocal time, '

ep

Wind Velocity: |

Fig. B.4 Vertical Profile of Wind Vectors During Shot 4.
Observations started at 0610 local time.
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7ige. Bo5 Vertical

NORTH PACIFIC OCEAN

LAGOON

ENIWETOK ATOLL cAYDE

M-«un

Profile of Wind Vectars at Emiwetok During Shot 6e

Altitude in Feet
wind Velocity: IEEEE=S

[ 80 100 xXNOTS

Obeervations started at 0600 local “ime.
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APPENDIX C

RAD SAFE GAMMA SURVEY READINGS

The following tables contain a fairly complete list of gamma resid-
ual radiation readings as obtained by the Task Group 7.1 Radiologiocal
Safety unit. These readings were primarily intended to be used as a
guide for the Rad Safe Unit Commander to determine the conditions for
access of personns]l to contamirated areas during the field phase of the
operation. The readings were subject to a multitude of variables, as
was to be expected in field measurements of this type: readings were
not always taken at the same location on or above the island; winds may
have moved the debris around and concentrated it in “hot spots® and
conversely, "cold spots"; rain may have leached some of the activity
from the debris; and the AN/PDR-39 gamma survey meters which were used
for the surveys were subject to both instrumental and operational errors.

In the field, Rad Safe used a rough "rule of thumb® to convert the
air readings taken from helicopters to ground readings which could be
used as a guide for recovery and working parties in contaminated areas,
The readings at 50 ft or higher above the ground were multiplied by 3
to estimate the corresponding ground readings, und readings taken at
25 £t were multiplied by 2 to estimate the corresponding ground read-
ingc, It must be borne in mind that these readings are subject to a
variety of influences such as the energles of the redioactive muclides
in the contaminated area, vhich may vary with time after the shot, the
sise of the island and the radiation field from it, and the radiation
field which may come from the water surrounding the island., As an ex-
ample of the latter, note the 25 £t readings on Yoke, Zetra, Alfa, and
Bravo on three days after Shot 2. The 25-ft readings are from 2.3 to 5
times higher than the land ground readings as a result of the contam=
ination in the water around these islands. It should also be noted that
secondary fallout ocowred on the Oboe~Tare chain during the night
following Shot 2,

These data are used here with the permission of the Task Group 7.l
Radiological Safety Unit Commander and are included in this report be-
cause they provide a background for understanding the results of the
fallout and residual contamination projects. Where several readings
were available from one island on the same day, an average of the read-
ings was usually made. An asterisk by a reading demotes a reading made
by Project 2.5b personnel at the Project 2.5b station on that island.
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TABLE C.1 - Rad Safe Gamm Survey Readings After Shot 1

Aotivity in mr/hr st Various Beighte Above Oround

Days After Shot 1

Toland
] 2 3 4
120,000 &t 50' | 6,000 at O' 4,000 at 500
Anle * : 1,000 at 50*
J 2,000 at 50! 5,000 at O
Charlie 7.‘m as 0 » at 50 ‘:m o 500
w 10,000 st 50'. | 20,000 st O 3,600 at 500
e ﬁ,oo."” at O ’ 5,000 at %' '
Basy 3,200 st 20!
Yox 20,000 st O 2& s 0! 2,900 at 300
0 ] 000 at O
[— 's%o:'o at 100* 2,500 a4 50 | 6,000 at 50 b0 &b 0L
B &ooo s 430t 3,000 at 25 3,000 at O €00 at 50
ot
Item 900 st 50°
g 800 st 50 40 at 500
King 800 at 30°
love 600 at SO &0 at 50
e 800 at 50' 350 at 50"
Ten 10,000 at 25° 2,000 at O' 1,500 at 0’ 500 at O
B 600 at 75 20 st 50
' t 25 t O &75 at O 360 at O
Gooe 3,900 a4 25 oo 120 a¢ 500 110 at 50°
Peter 220 at 200 250 st 50 110 at 50
Roger 200 at 10t 200 at 50
Sugar 1,500 at 25 220 at 20 © ot 50
at o t o 130 at O'
- mag | wman | wsw
Unode 120 at 20! 100 at 50' n’g::g:
Viotor 120 at O 125 at OV 40 a% %0*
0 at 500 42 st 7%
-m- ‘m.‘ o 7’“0. 200 ay O'%
80 at 50! 42 at 750
Yol 100 at O lz::g;' 80 at O's
Zotws 120 at 0 80 at 500 200 at O*
e 100 st 0' o 160 at O
e mag | gag | wee

® Projess 2.5 station resdings




TABLE C.l - Rad Safe Gamms Survey Readinges After Shot 1 (Cont'd)

e — ]
uuu!u-/h-nwum!mm
Island Deys Afer Shot 1 ‘
s é 9 [ 9 10
Able 1000 at 30! {1000 at $0° | 5000 at 50 | 2000 st 50 | 6000 at 2% % [
&00 av 25°
Charlie | 1 Bk at O | 1400 & 9 1 1200 at 25 J 1
500 st 20 17'”19 \t” 25 | 2000 at 25 _ﬁgif?_,-
Dog 2700 at 507 {9000 &t O [ 3000 at 50! {2400 et 25! | 3500 at 0' {4000 at O?
4000 at 25* 2500 ab 25! | 2100 at 25°
Ragy 2000 at 50t | 2900 at 25° | 1500 at 50! | 2200 at 25 2000 at 25¢
2200 at 50! 2500 at Ote
Fox 2000 at 50! | 2600 at 50° | 2500 at 30% [ 2100 at 25' | 3300 at O' ]2200 at Ot
. 2200 at 25
George 2700 at 50* | 4200 at O | 2500 at 50' {1900 at 25t | 2000 at O* | 2600 at 25¢
3000 at 25° 2000 st 25°
How 2000 at O* |1500 st O* 750 at 50° | 900 at 25*' | 500 at 25' | 550 at O
290 at 50!
Item 420 at 50 | . 360 st SO' | 350 at 25' ] 260 st 25¢
Jig 400 at 4O | 700 st 20¢ 360 ay 25'| 350 at 25¢ 240 at 25!
340 at 50t
King 300 at 50' | 400 st 20¢ 280 at 25
340 at 50*
Love 450 at 50" | 530 at 200 32% at 50 280 at 50¢| 300 at OV 200 at 25¢
800 at O 300 at 25
Wie 380 at 10 250 at 50" 200 at 50'| 250 at 25! 160 at 25°
Nan 600 at O'¢ | 300 at 30! 390 at O 2508t O | 270 at O0 250 at O
290 st 50°
Obos 250 at O 160 at Ot 175 at O 100 at O' | 120 at O 90 st O
50 at 15¢
Peter 175 st O
Roger 50 at 20¢
Sugar 70 st 50t
Tare 120 at Of 110 at O 100 at O' 90 at O 60 at OF & at O
: - 40 st 23 -
Uncle 150 at O* & st 50 30 at 50* 30 at 25¢ 38 at O 20 st 25
b 32 at 50!
Victor 40 at 50* 35 at 50 27 at 500 30 at 250 15 ot 35 2 ot 25
’ 28 at 50"
Willies 40 at 50° 45 at O 50 at O 32 ot 25 30 at O 20 st 25¢
30 at 50* 2 at 35
’ 4 85 at O 18 at 25¢ 15 at O! 16 st 25!
Yoke 2 :: go' 35 st 20 23 :t O 8 L
2Zebre 70 at O* . 25 at 25! 33 at 50 45 at O 30 at O 20 at 2%
L ay 200 28 at 50!
l t 50% 12 at 25¢ 35 at O 22 at 25
Alfa 35 at 50 25 at 50 35 a5 250
) ¢ 22 at 25¢ 30 at O 0 at 25"
Brevo atlon) e 20 30 at 25°
H

#Project 2.5 station readings



TABLE C.1 - Rad Safe Gamm Survey Readings After Shot 1 (Cont1a)

Activity in mr/hr at Various Heights above Oround )
Island Days After Shot )
12 13 U 15 16 17
Able 2000 st 25' | 2400 at O 1500 at 25 1200 at 0
t 2200 a¢ 25¢ 600 at 25
Charlie 700 at Ot 900 at Ot 800 at 25! 420 at O
700 at 25' | 600 at 25 360 st 2%¢
600 at 50° | 420 at 50! 240 at 400
900 st 100 | 320 at 100% 240 at 1004
400 at 200° | 200 at 200' 100 at 2009
180 at 400°| 110 at 400 80 at 4004
Dog 200 at 0! 16800 at 25* | 2000 at O* 1600 at 0! 1200 at O!
1600 at 25' { 1000 at 2s* 800 at 25
Tasy 2100 st O* 1000 at 25
Tox 2200 at O 1400 at; O 900 at Ot
1300 b 25¢ 1000 at 25!
1200 at 50°
1000 at 100°
500 st 200%
240 st 400*
Gecrge 1900 at 00 1400 st 0! {1400 at O' 1200 at O ‘900 at 0% 1000 at O*
1200 at 25' | 1000 st 25°' 600 :t 25¢
How 380 at O 290 at O 250 at O'e 240 at C*
290 at 25' | 220 at 25 " 1P0 at 284
Item 270 at O 130 at 25 320 at O
170 st 25¢ 120 at 28
Love 260 st O! 160 at 25 170 at CY
130 at 25¢ 100 at 25!
Wie 150 at O 60 at O 80 at C*
100 at 25¢ 0 st 25¢ 70 at 25!
Nan 100 at 0! [150 at O 100 at O! 90 at Ote 90 at O%
130 ut 2s¢ T st 250 70 at 254
100 at 50
Poter 30 at O
Roger 20 at O
Tare 26 at OV st O 26 at OV 18 at O 30 at O 19 at O
19 at 25 12 at 25
Uncle 16 at 25 20 at O* 14 at 25¢ 10 at O¢
14 at 25 8 st 25!
Victor 14 st 250 U at C* 11 at 250 8 at 0O°
12 & 25¢ 6 at 250
Wlliam 20 at O 12 at 25
14 at 250
6 at 500
Yoke 19 st O 8 at 25 2at 0
10 at 25¢ 4 at 25
Zetre 18 at O 9 at 25 310 at O'
13 ot 25¢ 2 at 2%
Alfa 2080 12 st 28 14 at Ot
13 ot 25 10 at 2%
Brevo 20 at O 11 at 2% 14 at Ot
14 at 290 310 at 25¢




TABLE ca-nkasueoc— Survey Readings After Shot 1 (Cont'd)

Aouivity in mr/hr at Varisws Neighte Adove OGrowmd
Isdand M After Shot )
19 2 a 2 24 25 .
Able 1200 a¢ O 1100 st 200 600 at 15*| 60D L] ¢ |
600 at 25¢ bd 8 15'| X0at 25
Charlie 700 at OF 500 at 25¢ t 18t J '
50 &% 29 5000 15t 500 at 15'} 250 at 25
Dog 500 at O 800 at O 900 at 108 J
480 ot 250 ¢ 4D s 25
sy 360 st OV 500 at 25'] 700 at 100 400 at 285%
Fox ‘1200 at O 600 at O ‘900 at O N0 at O°
340 at 75 700 at 10!
George 1000 at O! 700 at O 290 st O 600 st 10° | 400 at O 220 st OF
400 st 100! 300 at 0!
How - 200 at O 140 at O 140 at Ot 140 ot O? 195 at O
100 at 75*
90 st 1250
Item €0 at 25 80 at 25°
120 at O
Hg 70 at 25'
King 60 at 10!
Love 90 at O 60 at 25!
60 at 25!
ke 60 at 25! 50 at 25!
Nan 80 at 0! 60 at O 60 at O 42 st O L2 a4 O 30 st O
20 at 25!
Oboe 19 st O 18 at Ot 9 at O
30 at 50
tare 12 st O 12at O 8at O
6 at 25¢
Unols 14 at O 6 at 25 8 at O
Victor sat 25 | Satas 2,6 at 25
William 10 at O 4 at 250 4 at 25 442 at 280
Yoke 10 at Of 2 at 250 4 at 100 2.5 at 25!
Zebre 14 at O 5 at 25 6 at 10? 4eS 8L 280
Alfs 15 at O 8 at 25
Brawo 16 at O 6 at 25¢ 8 at 10t 8 at 10* 12 at 2%°
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‘TABLE C.2 - Rad Safe Gamma Survey Readings After Shot 2

Activity in =/hr at Various Heights Above Orownd

Teland Dayp After Shot
[ b 2 3 4
Able 50,000 at 200% | 75,000 at 25 | 26,000 at 2§¢ 20,000 at O
| 2,000 st 400! 9,000 at 25!
Balny 12,000 at 15¢ 28,000 at 25
Charlis | 1100 st 300' | 2,900 at 3000 | 6,000 at 400! [ 32,000 at 25' 5,000 at O
Dog 900 at O 900 at Ot 340 at 50t 800 at O'» 680 at 0!
500 at 25 40 at 28
Rasy 1100 at O 800 st O'» 280 at 50 800 at O+ 480 at O
500 at 25¢ 330 at 25!
Fox 1600 at 0! 800 at 25¢ 240 ot 50 800 at O'& 500 at Of
360 at 25¢
Gearge 800 at 0f 700 at O'¢ 240 at 50 800 at Ote 420 at O*
360 at 25'
How 120 at O 115 at Ote 130 at O* 175 at O'® 100 at O
0 at 25° 32 ab 25!
Iten 60 at 25 90 st 25°
g 60 st 25 95 at 25
King 60 at 25 90 at 25!
love 70 at 0% 60 at 25! 80 at 23
4 at 25
= 50 at 25¢ 60 at 250
Nan 35 at O 28 st O'» 60 at O 60 at Ote 35at O
: 50 atv 25¢ 30 at 28
Oboe 34 at O 30 at O
30 at 25°
Peter 20 as O
Roger 4at 25 22 ot 29
Sugar 4 a4 25¢ 26 at 25
Tare 4 st 280 6 at 25 42 at O & st O
28 at 25
Unole 4 at 50 sat O 32 at Ot 25 at O'»
24 at 25 a at 25
Tietor 2 st 25¢ 1.5 at Ot 26 at 25 20 at O'e 25 at O
) _ 18 at 25 st 25¢
4e$ B8 25! 6at O 26 at 25 28 ay O
A 20 at 25
Yolm 4 at 25 300 at Ote 125 at 25 20 at O'®
90 at 25
Sshre 4 at 2% 100 at O'® 80 st 25 30 at O'® 18 ot O
200 st 100 7 st 250
|Alfe 10 at 25 100 at O'e 130 et 25*. 42 ot O'e
5 200 at 25¢
Bravo 200 at O 40 at O'e 45 at O?
100 ot 290

# Project 2.5 station resdings




TABLE C.2 - Rad Safe Gamma Survey Readings After Shot 2 (Cont'd)

;‘;M
Activity in w/ar st Various Neights Above Orownd
5 6 9 [ ] 9
Avde | 25,000 at O* 4000 at 400*
Charlis 2000 at loo'
4000 st O
Dog 380 at 25° 600 at Ot 380 at O £70 at O'»
400 st Ot ' :
Baqy 360 at 25 480 at O'®
Fox 400 at Ot 350 at O 300 st 25 &0 as 0%
39 st 25
George 320 at 25¢ 310 at O 200 at O 500 at Ot®
How 125 at O 120 st O 70 at 25 200 at Ot®
Lave 50 at 25" 6 st O'®
Mo 35 at 238
Nan 45 at 0! 20 at O! 40 at Of 22 ot O'
30 at 25¢
Oboe 30 at O 14 at O? 15 at OV U
1 12 at 25 3. st 0o
Tare 20 at O' 14 st O 18 at O 10 at Ot
12 at 25t
Uncls 20 at O 10 st O! 10 at O 10 at Ote
10 ab 25*
Victer 14 at 25 9 at 25! 6 at O
William 14 at 25 40 a8 O 6 at O
7 at 280
Yoke 10 at 25! 12 st 25 8 at Ote
Zabre 14 at 25¢ 14 at 25 " gat O
Alfa 16 at 25 - 20 at O 12 at Ot
12 at 25!
Brevo 16 at 25 30 at Of 18 at Ot®
14 at O

#Project 2.5 station readings
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TABLE C.3 - Rad Safe Gamma Survey Readings After Shot 3

| Activity in sr/hr at Varioup Heights Above Ground

Island JDayn Aftar Shot 3
0 1 2 5 i
Able 3600 at 25¢ 180 at 400! 300 at Of
Charlie 15000 at 25t 1500 at Ot 300 at 25¢ 700 at OY
: 12000 at O
500 at 300% 1200 at Ot 600 at O 600 at O
Do 460 at 25 300 at 200!
Basy 600 at 200°? 1800 at O's 150 at 200¢
Pox 300 at 600° 3000 at O'# 150 at 200" 1000 at Ot 900 at O's
800 at 25! 180 at 400!
George 4000 at 25¢ 3000 at Ot® 410 at Ot 700 at Of 600 at O
1200 at 25'% 180 at 400t 700 at 25
How 1300 at Of 4P st O 160 at O 120 st O 110 at O'»
500 at. 300 120 at 25
Iten 44 at 25
Jig 42 at 25°
Love 4B at O'% 100 at O 80 at Ot
27 at 250
Min 26 at 25
Nan 20 at Ot 28 at Of 30 at O 23 at O 20 at O
15 at 25
Oboe WO at O 20 at Otw 10 at O 4 at OV
Peter 5 at 250 10 at 25 4 at O 7 at 0!
Roger 15 at 25 9 at 25°
Sugar 10 at O 9 at 25¢
11000 at 500' | 50000 at 200! 1000 at 500t
Hy7 hr crater
3000 at 200¢
B2 hr on island .
Uncle %5{20&“ 100! | 2300 at 100¢ 3500 at O 2400 at Ot 800 at Of
Victor 120 at 25 100 at Ot 50 at Of 28 at O
' 28 st 25¢
Wlldan | 100 at 25¢ 80 at O'» 4S5 at Ot 2 at O
28 st 25°
Yok & st 25! 18 at 25¢ 30 at O 10 at Of
Zabre 28 at 25 40 at O's 2 at 00 16 at O
18 at 25
Alfa 33 st O 18 at 2% 22 at OV 8 at O
Brawo WO at O 32 at O's 24 at 0! 10 at O

# Project 2.5b station readings




TABLE C.3 - Rad Safe Camma Survey Readings After Shot 3 (Cont'd)

Activity 4n mr/nr st Various Heights Above Ground

Island Days After Shot 3

7 10 12 15 16
Able 8000 at 25! 4500 st 25' | 3000 at 25¢
Charlis 5000 at 25¢ 800 at O« 2500 at 25¢ 1% :: ;-?'
Dog 250 at 25 260 at 25" | {gg st g;.
Eagy 300 ‘_t 25¢ 260 at 25¢ g :: g;'
Fox 435 at 250 825 at Ot 450 at OF loaog :: g;.
o | gmue, | wsow | wea| giug
o Bavds | TN QRL| Dames © at o
Iten 35 st 25¢ 25 at 25!
Jig 40 at 25! 25 at 25!
King 40 at 25¢ 20 at 25¢
Love 35 at 25¢ 29 at O'» 25 at 25¢ 25 at O'&
W ke ‘ 35 at 25 6 at 25
Nan ig :: g;' 20 at O'» 13 at 25¢ 15 at O
Cbos 10 at 25¢ 12 at O 7 at 25 8 at Of
Peter 10 at 25!
Roger 11 at 25!
Sugar 7 at 25 6 at 250
Tare 21000 at 25! 16000 at 25! 45000 et 100t
Uncle 400 at 250 500 at 25! 900 at O 450 at O'e
Victor 15 at 25¢ 12 at OV 5 at 25 4 at 25
Wllianm 15 at 25 1) at O'# 5 at 25 5 at 25t
Yole 7 at 259 7 at 25 2 at 25
Zebra 9 at 25! 8 at O 5 at 25 4 at 25¢
Alfa 9 at 25 6 at 25 5 at 25
Bravo 9 at 250 8 lt' Ot» 13 at 25¢ 4 at 25!

*Project 2.5b station readings




TABLE Co4 -~ Rad Safe Gamma Survey Readings After Shot 4

Activity in mr/hr at Various Heights Above Ground

Island Dsn.&narr_ﬁnot A
o 1 2 4 6 8
Able 200 at 100t 2200 at O' | 2000 at O' |2000 st O°
[y o A ms _.anss PR N == =
Chariie 4100 at 300° 2000 at OF p 1 J A\
1100 at O'* 000 at 0 | 500 at 0
Dog 7000 st 200%) 4000 at 1007[ 2000 at 25| 1300 at O' | €CO0at O '
1800 &t 500 5000 at 25' 1000 at 0
Basy 3000 at 1007) 3200 at 25'| 1000 at O 800 at O | 250 at Ot
4000 at 100¢ . 0 02
Fox 4000 at 100'{ 4500 at Ot»| 2400 ator 700 at Ot J
3800 at 250 | . 900 at 0
Gearge 3000 at 500%| 3000 at 100t} 3800 at O'«| 2000 at Ot 00 at Ot '
g B iR g
How 9000 at O' [3500 at O [1500 at O'#| 800 at O 420 at 25'] 320 at Ot
2600 at 200°| 1600 at 100°| 600 at 10CH 5[ 320 as
1800 at 400!
Item 1000 at 25¢
Jig 1000 st 200t| 800 at 25 240 at 0! { 150 at O
King 140 at 25¢ 250 at 25' | 100 at O'
Love 260 at 25' | 180 at O'» 80 at 50' | 100 at O!
1/0 at 25!
154~ 200 at 25* | 60 at 25 60 at 50! Wat ot] 27 at Ot
Nan 280 at OV | 100 at O'# | 50 at Of 30 at O 20at 00| 25at 0
240 at 25Y 160 at 100¢ 30 at 25
Obos 184t O' | 20 at O'» 2.5 at 0! 3at O
4 at 25
Roger 4 at O
Sugar 6 at 259 4L at O
Tare 18 at O! %ﬁ” at 100 2.6 at OV | 5000 at O' | 3000 at 25'
6020 até6M'Crater 2000 at 25' |Crater Crater
Crater Crater
Uncle 200 at 50! 100 at Of 38at 25t | 20 at O
130 at 25!
Victor 13 at O'» 5 at 50° 2at O 5 at Ot
3 at 250
Mllian 8 at O'% 4 at O 8 at O
5 at 25¢
Yoke 8 at 25 300 at 25 20 at O¢ 80 at O
Zebra 6 at 25 280 at 25! 15 at O 8 at Ot
8 at Ot
Alfa 18 at 25° 220 at 25" 12 at 0* | 160 at O
Bravo 25 at O 500 at Of “15at O' | 12 at 25!
6 at 25

* Project 2,5 Station Readings




TABIE C.5 - Rad Sefe Gamma Survey Readings After Shot 5

Days After Shot 5

Activity in at v

Island
0 1 2 3 4 6

Able 800 at 500! 450 at 25
Charlie 120 at 2001 500 at 25¢
Dog 20,000 at 25 | 1200 at 25! 2600 at 25'}1200 at 25!
Eagy 3,800 at 25| 500 at 25t 700 at 25!
Fox 2,500 at O' | 600 st 25t 600 at 25'| 600 at 25!
Gecrge 20,000 at100| 5,000 at O' | 600 at 25! 500 at 25%] 400 at O
How 18,000 at200| 9,000 at 40 | 3200 at O' | 2,600 at 15| 1400 at 25'|1400 at 25'
Item 2,600 at25¢ | 1100 at 25* | 1,000 at 25! 40 at 50'! 400 at 25!
Jig 4,100 at25' | 1400 at 25' | 1,200 at 25¢
King 3,400 at 25 1,000 at 25! 600 at 25!
Love 800 at 25% | 1,000 at 25! 600 at 251
Mie 2,600 at 25' | 1100 at 25' | 1,000 at 25| 240 at 1004 400 at 25!

Nan 8,000 at 25'] 2,000 at O' | 180 at 25! 500 at O'] 100 at S* 220 at 25¢

3,% :: {g‘ 400 at 100° 300 at 25' 140 at 100¢

Oboe 5at 0' | ‘10 at O 6 at 25 5 at O

Sugar 5at O

Tare %“500 “:t 25Y

Uncle 35 at 200 4Lat O' | 25at 25 60 at 251

Victor |30 at 100 gatDo' | 15at 25 S at 25!

willdam |30 st 200 12 at O 10 at 25

Yok 200 at 100¢ 120 st 25' | 160 at 25 50 st 25¢

Zebra 110 at 100 40 a¥ 25¢

Alfa 200 at 100! 100 at 100 | 250 at 25" 50 at 25'

Bravo 300 at 0O | 300 at 25!




. TABLE Ce6 - Rad Safe Gamma Survey Readings After Shot. 6

Activity in mr/hr at Various Heights Above Ground
Island Days After ghot 6
0 1 2 3
Alice 2200 at 100t 230 at 25¢ 300 at O* 180 at O's
700 at O'»
Belle 220 at 25! 180 at 250 170 at O'»
400 at O'»
Clara 400 at 25¢ 180 at 25¢ 100 at Ot#
(The water's edge
at Clara
3000 at O'#
Daimy. 4000 at 25! 500 at 25¢
Bdna 4000 at 25! 12,000 at O
2,000 at 25¢
Gene 3400 at 25* 3,500 at 25¢
Helen 1100 at 100? 110 at 25! 300 at 25¢
Irems 850 at 100! 60 at 25 70 at 25¢ 40 at O'%
. 130 at Ot»
Janet 350 at 100! 40 at 25 0 at 25 30 at O'»
90 at O's
Kate 60 at 400! 24 at 25¢ 30 at 25!
Lucy 20 at 25t 22 at 25!
50 at O'% '
Mary 12 at 25 14 st 25
30 at O
Nancy 40 at -400! 11 at 25¢ 12 at 25!
Olive 60 at 400* 8 at 25! 14 at 25!
Pearl 6 at 25° 12 at 25!
Ruby 11 at 25¢ 12 at 25¢
Sally 11 at 25¢ 10 at 25°
Tiida 28 at 400¢ 7 at 25¢ 8 at 25¢
10 at O'»
Ursula 22 at 400! 6 at 25¢ 10 at O?
Vera 12 at 400 5 at 25 4 st 25
Wilme 5 at 400 Jat 25 . 3 at 25¢
Leroy 2 st 200° -
Project 2.5 at O
6.5
Barge
# Readings Taken st Project .50 Stations
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APPENDIX D

TABIE D,) - Liquid Fallout Collected in IFC Trays

HI1I- WIli-
Shot |Station Time After Shot liters |{Shot (Station Time After Shot | liters
1 Yoke 1=« 6mn 115 3 Victor hr 2
1l Yoke 6 - 11 min 225 3 Yoks 0 - % 3
1 Yoke 11 - 16 min 225 3 Yoke - 1 hr 72
1 Yoke 16 ~ 21 min 30 3 Yoke 1-1%hr 76
1 Yoke 116 ~ 121 min 63 3 Yoke ui:m hr 22
3 Dog 0 - gm- 13 3 Zebra 118-12 hr 92
3 Eagy 2 - 2%hr 11 3 Alfa 0~ #hr 96
3 Easy 2;- 3 mr 16 3 Alfa 1 hr 16
3 Easy 113~ 12 hr 8 3 Alfa 11%-12 hr 14
3 ‘Fox 11 - 114 hr 3 . 3 Bravo 114-12 hr 49
3 Fox 1Ni- 12 2 4 How 13- 3 hr 75
3 Oboe 0O~ #hr 220 4 How 3% 5 hr 5
3 Oboe 2= 1 hr 90 4 How 8-9 hr 250
3 Oboe 1- 1hn 145 4 How 9 =10 hr 400
3 Obose - 2 Ir 3 4 How 10 <11 hr 275
3 Oboe 2- 2thr 2 4 How 1 =12 hr 5
3 Oboe ni- 12 nr 205 6 Janet 0O- #hr 140
3 Uncle 0- 3hr 50 6 Janet 1l hr 140
3 Uncle 3= 1 hr 22 6 Janet 113-12 hr 27
3 Uncle 1- 1 hr 9 6 lary 3%- 4 hr 41
3 Uncle 1; 2 hr .20 6 Olive 0~ %hr 5
3 Uncle 3 L hr 4 6 Olive 3=1 hr 51
3 Uncle 4 - 4% hr 20 6 Olive 1-1%hr 4
3 Victor 22~ 3 hr 5 6 Olive 11412 hr 13
3 Victor 3~ 3hr 31 6 Barge 108-11 hr 170
3 Victor 3% 4 hr 12 6 Barge 11%-12 hr 17




APPENDIX E

PERSONNEL ROSTER

The following people participated in the project at the test

sites
Robert Beclkelhseimey Luther Hardin
Nicholas Capasso Je P. iitchell
Pfe Harry Crawford Pvt Louis Nidus
Carl Crisco Cpl Poger Stenserson
1t Col Richard Entwhistle Pfc Walter Tallon
Pfc Donald Hamilton - Edward Wilsey

In addition, groups from Projects 2.6b and 2.5a aided this
project in the installation and maintenance of the 2,5b and 2.6b
- land stations and the 2.5b raft stations,

The following personnel carried out the activity and particls
size analysis:

Cpl William Andrews Cpl Dean Miller
Pfc Arnold Berman Dora Meyers

Cpl Leonard Bird Cpl Leroy Ornella
Henry Chambers David Rigotti

Pfc John Daley Cpl James Sauers
Pfc Robert French Marray Schmoks
Pfc Fletcher Gabbard Pfc John Shewell
Malcolm Gordon Pfc Daniel Smith
Phyllis Gordon Robert Smith

Pfc Paul CGrant Martha Stickel
Pfc Howard Holler Mayms Talbott
8Sgt Francis Holley Cpl Semowr Tarras
Cpl John Kinch , Pfc Harry West
Pfc John Kish Cpl Bruce Whitlock

Pfc Paul Michael
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