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ABSTRACT

The objective of this project was to document the distrilution
and intensity of fallout from all shots at Operation CASTLi.,

Data were obtained for Shots 1, 2, 3, 4, and 6 by wse of land
stations, anchored lagoon stations, and free-floating sea stations., A
complete analysis of the Shot 1 fallout to 300 nautical miles downwind
including the development of an experimental model based on fallout
particle trejectoriec is presented as well as data on Shot 2 fallout
to 52 nautical miles dowrwind and the close-in fallout from Shots 3, 4,
and 6,

Gamma fields from fallout decayed at rates differing from the t~1e2
approximation cammonly applied to fission weapons,

Fallout from the surface land detonations wes in the form of irreg-
ular solid particulates. The geometric mean particle diameter decreased
with the distance from the shot points; for Shot 1 the geometric mean
varied from 112 M at Bikini Atoll to 45 p at Utirik Atoll. The average
density of “he solid particles from Shot 1 was 2,36 g/cu cm. . Little
data were obtained on the nature of the fallout from over-water detona-
tions. There was some indirect evidencé that the fallout 50 nautical
miles downwind from Shot 2 arrived as a fine mist or aerosol. The rate
of arrival of fallout at distances close to surface zero was character-
ized by & rapid rise to a peak; the maximum level of radiation occurred
within the first half of the period of fallout,

A continuous 100 hr unshielded exposure after the detcnation of a
15-MT device on land, will result in & minimum free field total dose of
100 r over an area as large as 25,000 sq mi,

. There is developed an experimental model that provides a means of
reconstructing fallout patterns from limited gamma field data and par-
ticle trajectories as determined by comprehensive analyses of the
meteorological situation,
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FOREWORD

This report is one of the reports presenting the results of the
34 projects participating in the Militery Effects Tests Frogram of
Operztion CASTLE, which included six test detonations. For readers
interected in other pertinent test information, reference is made to
wI-934, Sumary Peport of the Commander, Task Unit 13, Proprams 1-9,
Filitary £ffects irogram. This summary report includes the foliowing
informaticn of poscsible gener:zl interest,

a. 4n over-cll description of exch detomztion, including
yield, height of burst, ground zero locstion, time of
detonation, ambient atmospheric conditions zt detomation, -
etc., for the six chote.

b. Discu:sion of all project results,

c. A cuumery of ezch project, including objectives and
results,

d. 4 complete listing of all reports covering the
lsilitery Effects Tests rrogram.
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CHAPTER 1

INTRODUCTION

Surface and sub-surface detonations of nuclear weapons on land
produce hazardous gamma-radiation fields over areas far beyond the
range of physical damage, Fallout which is responsible for the gamme-
radiation fields is inherently the least predictable of all weapons
effectc. Variations in the dispersal and deposition of radicactive
debris are affected by meteorological conditions during and subseguent
to detonztion as well as by the device yield, the charge depth, and the
explosion media, Yet, the exploitation of this anti-personnel capability,
cnd the -apacity to defend against it, are directly dependent upon the
ability to predict those target areas which will be involved. The
investigation of fallout, and of the factors which influence it, are
therefore important to the development of nuclear weapons and to both
military end civil defense planning,

1.1 PREVIQUS FALLOUT STUDIES

Fallout has been observed and documented in some degree at all
previous nuclear test programs. In addition, swiace and sub-surface
high explosive detonations on land and underwater are being studied for
their usefulness as models for fallout distribution from nuclear deto-
nations.

1.1,1 Huclear Tests

Out of a total of 43 nuclear test explosions carried out by the
United States, four have produced significant residusl radiation flelds,
the Baker shot,. Operation CRUSSROADS, surface and underground shots,
Operation JANGLE, and Mike shot, Operation IVY, Of these four, only the
JANGLE series adequately had documented fallout.

At JANGLE, the residual gamme fields were recorded im detail;
in addition, extensive sampling of the fallout events was carried out.%ﬁ/
Results of the JANGLE surface test were used to predict fallout from
Mike shot, IVY, They also formed a basis for fallout predictions for
" the CASTLE series reported here.
At IVY, although only partial documentation was accomplished,
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the operctional success of the free-floating buoy station phase was
sufficient to encourage the emrloyment of this fallout sampling tech-
nigue at CASTLE d/ IVY provided vaiuable data on the extent of the
crosswind and upwind fallout and on the nature of the contaminant to be
exrected from the land surface detonations at CASTLE,

1.1.2 High Explosive Tests

Six high explosive field tests have been conducted to study
fallout. Charges varying from 250 to 50,000 1b of TNT were fired.
Emphasis has been placed on shallow underwater explosions.16/ Of a total
of 38 s%ots, 26 were fired in shallow water; 5 in deep water; and 7 on
land, both surface and underground. Non-radioactive cobalt and lithium
were incorporated in the charges to trace the explosion products., Vari-
ables under study include energy yield, charge depth, explosion media,
and wind.

1.2 JBJECTIVES

The surface detonations of thermonuclear devices at Operation
CASTLE were expected to produce significant fallout over considerable
portions of the oacean at the Pacific Proving Ground. The primary pur-
pose of Project 2.5a was to document these fallout areas and determine
the militarily important radiation fields which would have resulted had
all of the material been deposited on land. Specifically, Project 2.5a
was designed to determine the following information for selected shots:

a, Time and rate of fallout and final distribution patterns.,

b. Particle size ranges of fallout with respect to time and

distance.

c. Amount and distributioncf radioactivv materiuls in fallout.

d. GCross gamma decay rates, :

The gathevring of fallout data at CASTLE was a logical extension of
previous-fallout documentation., Variation in proposed yielde as well as
the opportunity to document surface water detonatioms for the first time
made the study of fallout in this operation extremely important,




CHAPTER 2

OPERATIONS

Fallout of military significance generally is characterized in
this report as that material vhich arrives at r«iatively early times
and forms a well-delineated pattern in which the radiation intensity is
high enough to affect the conduct of a military miscsion.* This has
been designated "primary" fallout to distinguish it from continent- and
world-wide ("secondary") fallout. ¥From IVY it was concluded that "the
areas of primary fallout particularly from super-weapons, are quite
extensive, and many hours can elapse before the fallout gama field is

completely defined,"?/
P Theypresent operations were directed toward documeutrtion of the

primary fallout, with investigations of sccondary fallout included only
where tbey contribute to the former. Operation plans were made on the
following assumptions: ,

a% adherencz to a reasonably firm shot schedule

(b) availability of adequate logistic support to make

necessary collectlons '

(c) scaling of the fallout pattern by the cube root law,

Unavoidable circumstances, the most significant of which prevented the

‘firm shot schedule required by these plans,caused much of the work to

be dcne under less favorable programming devised in the fleld.

2,1 EXPERIMENT DESIGN

Since the fallout from the CASTLE series was deposited largely

. over ocean areas, the experiment design requirsd methods of documentation

that permitted estimation of what the radiation field would have been
had it fallen on land, The estimation was accomplished by: (1) estecb-
lishing a ratio between the fallout collected per unit area over land,

* A quantitative definition of the terw "military significance" cor ,
"military importance" depends entirely on the situation existing when the
term is applied, Such factors as the target affected, the distance from
ground zero, and the arrival time of the debris as well as the exter’: of
its fallout pattern must all be considered., The lower limit below which
no combination of circumstances will create a leveldf military signifi-
cance may be taken as 5§ r/hr at 1 hr,




(FOp) and the corresponding field radiztion intensity, (Rp); (2) aceter-
nining the fallout per unit area over water, (FO,) and; (3) calculating
the radiation field, (R;) which would have occurred had the water areas
been land, from the assumed rel-tionship,

Ry = Ry, == (2.1)

This method of approach required the following measurements:

(a) Fallout per unit area on available iglends of the test atolls
in terms of quantity of radiocactivity.

(b) Gumma fields produced at sampling locaticns.

(¢) Fallout per unit area in the lagoon &nd over the surrounding
ocean, It was also important to obtain information concerning particle
size and note times of errival and cessation of the fallout as well as
the variations in the radiation field with time,

2,1,1 Predicted Camma Fields

Estimates of the extent and level of gcmma fields expected from
the fallout vere nade for each of the originally planned shots, These
predictions were based on scaled surface JANGLE datz using the cube root
relaticnship with modifications in the crosswind and upwind jatterns
indicated by IVY data.7/ It was estimated that the fallout would carry
dowmwind at the rate of 15 miles per hour and that the durationaf fallecut
at any one point would be 2 hr for megaton yields. Values calculeted
for 2 and 3 hr after detonation represent the levels thut would exist
haa the fallout deposited over extended land areas, Table 2.l sumrtarizes
th: predictions for three of the detonstions; the effect of decay ard
the d2lay in arrival of fallout on the gamma fields can be noted. A
discussion of this scaling is presented in tection 5.2,8.

201.2 Sam!zli!g Stetions

On the basis of the predictions given in the prec:ding section,
it appeared thut the minimum area of military interest would extend to
a distunce of 50 miles from tue shot point and would have a meximum
width of 20 miles, Since it was not possible to predict the ssctor in
vhich the primary fallout would arrive sufficiently in advunce of shot
time to permit proper placement and activetion of sampling stztions, an
array completely surrcunding the chct point was needed. Experience at
IVY showed that, it would not be feasible to document the fallout more
than 50 miles from grcund zero with available logistic support. The
radial array of sampling staticns chown in Fig. 2,1 was evolved from
these criteria, This plan was modified within the atolls to take advon-
tage of available islands and to permit the placement of simple rectan-
gular grid arrays in the lagoons. In addition, limited sampling stutions
wvere arranged at a number of outlyinsg islands,

Operationally, Project 2.5a was divided into two phases - one

‘requiring the collection of data from lend and lagoon stations, and the

other from sea stetions., lLoglstic support for the lend and lagoon phase
involved the use of sm:ll boats and helicopters while mounting of the
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basic Sanpling Array Proporced for
all Shots bxcept Echo Where a Smaller
Array was Flznned for the Lower Yiel: Test




TABIE 2,1 - Predicted Downwind Contamination Levels for Shots 1,2, and 5
after Detonation
(r/hr at times indicated)

. Shot 5nml 10nmi |150m | 20 nmi ] 25 nmi | 30 nmi
e _ 2 hr |3 hr |2 hr|3 ar|2 hr|3 hr|2 hr|3 hr|2 hr[3 hr{2 hrlJ hr

1
(based on

’ 6 MT

yield) 10,000} 5000 | 5000 {4000 |3000]3000}1200 2000| 800{1500f O | 800

2
(based on
3 MT
yield) | 7,000]4000 | 3000 {2500{1300{1500| 700|1100| 200| 400} O 200

5
- (based onl
- S5 NI
yie.l) } 12,000} 7000 | 6000{5000}4000]4000}2000}2000]1000}2000} O }1000

sea phase required employment cf sea-going vessels under the Navul Task
Group Comnmand.

2.1.2,1 Land Stations

At Bikini, the islands of Able, Fox, How, love, lan, Ctoc,
Uncle, william, Yoke, and Zebra, were used for sempling and obtairiug
garma {ield moasurements, Stations consisted of concrete emplacements
with instruments installed in and a¢bout them.
_ At Enivetok, the islands of Irene, Bruce, Yvonne, Wilma, Leroy,
Alice, Jenet, and Nancy were used for sampling &nd for ob:uining gemma '
field measurerents. where possible, stition emplzcements remaining {rem
IVY fallout sampling werc utilized; otherwise inctruments were placed in
the open and suitable tie-down arrangezents improvised.,

Stations were estublished on the following outlying islands:
Rongerik, Kusaie, Majuro, Ponape, Vizke, Guam, Kwajalein, and Johnson.

2.1.,2,2 Lagoon Stations

, Rectangular-grid arrays of stationms were cstablished for
. lagocns of both test atolls, as shown in Figs, 2.2 and 2,3. These ccn-
sisted of anchored buoys to which rafts were attached (see Fig. 2.4).

2.1.,2.3 Sea Ststions
) Sampling in the open ocean was accomplished by means of free-
. floating buoys to which, in some cases, refts were attached. Flans were
- made to provide the complete coverage indicated by Fig. 2,1 for one land
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and two water shots in the megaton yield raenze. A smaller array extend-
ing to 15 miles was planned for the lower yield Echo shot.*

2,2 LAND AND LAGOON PHASE

The land and lagoon phase of operatlons took pluce at Bikini Atoll
for Shots 1, 2, 3, and 4 and at Eniwetok for Shot 6. In addition exten-
sive preparations for Echo were made at Enivetok. The instrumentation
of the islend and the lagoon raft stations is discussed in Chapter 3,

The preshot preparations at 8ikini involved reudying the e uipment, .
calibrating the instruments, and emplacing them at the island und lagoon
raft stations, This was completed a week prior to Shot 1. Final checks
vere made on the equipment at all the existing stutions 1 to 2 days
before shot time to assure ccmrlete readiness and operational efficiency.
rreparations vere also made for the r-covery operations and for the
re-instrurentation of the stations. ,

Participation in 211 detonations except Shot 5 was achieved although
not to the extent originally pianned. The lesser participetion was due
to the destruction of equipment by the fire:in the compound at Tare fci-
lowing Shot 1, Tables G.1l through G.20, Appendix G, chow the degree of
instrurentation and recovery for each shot.

2,3 SEA PHASE

Free-floating buoys were selected for sampling fallout in the open
ocean on the basis of their evalustion at IVI.Z/ Each buoy station was
so located that it was expected to drift to the desired positicn by shot
time. Records were kept of the locations and times of placement and
recovery of each buoy., From these data, positions at shot timec were
estimated by assuning that each buoy drifted in a straight line at a
constant speed, It was essential that the time the buoys were ut sea be
held to & minimum so that their loc:tion at shot time could be estimated
as accurately as possible, For this reason the array for each test was
laid out within 36 hr of the proposed shot time =nd recovered as soon as
possible afterwards.

. Sea phase operaticns were mounted from Eniwetok Atoll for all shots,
Detailed direction, once Naval wnits wvere committed, was accomplished
from ships based at Bikini Atoll or from vessels actively participating
in Project 2.5a operations.

2.3¢1 Pretest Preparsztions

The buoys and asscciated equipment were assembled and tested at
Parry Island., Lialson was estublished with the Navul Tacgk Group and
plans for conducting the sea phase were made. These plans consisted of
loading two sea-going tugs with »quipment at Eniwetok Atoll, after which
the vecsels proceeded to sea to lay the bucys. After compietion of the
buoy leying operctions, the tugs retired to a safe area to await the
shot. Upon receipt of clearance from the Naval Task Group Commander
folloving the shot, the tugs proceeded to recover buoys after which they
returned to iniwetok to off-load, Detailed plams for laying the buoys,
* Not fired,
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taking into account steaming times; time required for laying, and drift

and set of the currents, were prepared by the project for each shot in ‘ -
which it participated. They were then forwarded to the Naval Task Group - \
for approval and incorporation into their event plan. Project personnel A L

accompanied the ships on their missions to advise and assist in the
handling of samples and employment of project equipment.

2.3.,2 Rehearsals

Arrangements were made with the Task Force to schedule ship and
aircraft support for pre-operation rehearsals for the following purposes:

(a) To indoctrinate personnel in the process of laying and
retrieving buoys and rafts and in the handling and mounting of project
equipment at sea, .

(b) To test the radio identification and location systems to ,
be used, \

(c) To obtain infcrmation on current velocities in the ocean
about the two test atolls.

(@) To test radio transmission from the buoys for compatability
with other tr:nsmissions used throughout the Task Force.

In the rehearsals a limited number of buoys were laid around the
atoll. Location and recovery operations were sturted the following day.
These rehearsals furnished vilusble information regerding various phases
of the operztion and acquainted the crews of the ships with the problens
to be solved. Under normal condi‘ions the rudio transmitter oper:ted
successfully. . It usually could be detected on the ship!s direction-
finding gear out to 15 or 20 miles and greatly facilitated locating the
buoys. The ocean currents were found to vary greztly both as to set and
drift. (See Appendix H.) It becume apparent thut the ability to mount
the sea phase would be strongly influenced by the sea state. The hand-
1ling problem aboard ship, the verformance of the buoys &nd transmitters
at sea, and the detection and homing problem all were adversely affected
as the sea state incressed. It wes concluded that a full array could be
placed as planned only if the seas were relutively calm, and that the
cut-of{ point at which buoy operations must be discontinued would be a
sea state of four., It was further concluded thut operations in seas
approachip.: state four vould result in damuge and loss of equipment in
some degree, as well as extending the time required to carry out all
phases,

. The rehearsals showed thaut the loss rate of buoys would probably
be greater than unticipated. Thus in the planning and conduct of the
sea phase for euch shot careful considerction had to be given to conser—
vation of equipment for the remaining shots in the series.

2.3.3 Shot Participation

At the start of CASTLE, 124 buoys completely equinped with radio-
transmitters and sampling devices were aveilable. Twenty of these wiis
less radiotransrmitters were used to augment the sampling program at -
£ikini following the destruction of Project 2.5a equipment and facilities
after Shot 1. The disposition of the buoys during the sea phase
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)
Buoys
N Prepaied No, of Buoys laid Buoys |Buoys|Cumulative
Operatdon for 1st 2nd 3rd |Recovered| Lost| Losses
Test |Attempt [Attempt]|Attempt
Rehearsal 12 11 - - 4 7 7
Saot 1 60 none 15 - 9 6 13
Shot 2 6C 6 1 h VA 11 23 36
: (all from
3rd
laying)
Additional
Eniwetok
Drift Test 4 4 - - 2 -2 38
Shot 4 40 26 - - 7 19 57
Shot 5 20 hVA 6 - pA 16 73
Shot 6 5 4 - - 0 4 il
L

TABLE 2,2 - Summary of Sea trhase Operation

is summarized in Table 2,2, For the sea phase 114 buoys were laid; of
these 77 were lost., Of the 37 recovered, 10 were damaged beyond repeir
and 17 required a major overhaul.

The conditions umder which the shot participation in the sea
phase were made are best illustr.ted by Shot 4, Here placement and
recovery of the buoys were done under the direction of CTG 7.3 and Lis
staff with the advice and assistance of a project regrecentative. Con-
trol was maintained through the Combut Information’ Center (CIC) aboard
the command ship, US3 Curtise. All necessary communication facilities
were made available., Information on planting progress was relayed
regularly to the CIC where it was immediately plotted. On the advice of
the staff aerologist, late changes were effected in the array correspond-
ing to shifts in wind patterns which would affect fallout, The first
deferment was a 24-hr delay of the shot aftsr all laying operations had
ceased, The ships involved were directed to proceed to favorable posi-
tions tc commence placement of additional buoys. With the second defer-

- ment announced before additional buoys were laid and it being an indefi~

nite delay of the shot, recovery operetions were started immediately.
Using a standard CIC system of coordinated aircraft and surface search,
radar fixes were rapidly obtained on 11 of the 26 buoys and recovery
ships were directed to pick up positions. Buoys were located by homing
on the radio signal transmitted from each. After recovery of seven buoys,
the search was discontinued and the ships were ordered to Eniwetok to

_prepare for the next test scheduled there 48 hr later.

On the basis of this experience along with recovery from Shots
1l and 2, it was concluded that the buoys and associated equipment per-
Tormed satisfactorily. Although rough seas interfered to a great extent
in the sea phase operations, fallout from most of the shots could have
been collected fairly satisfactorily had the shot schedule been firm,
The corbivation of deferments and rough seas resulted in the loss of
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considerable eguirment, Of the buoys recovered fallout data were
obtained from only 20 on Shots 1 and 2,

vata were obtained on the currents in the vicinity of the two
atolls, These data alone.with similar data from IVY are included in

Jppendix H.
2e343.1  Shot 1

The array planned for the first shot is shown in Figs. 2.5 and
2.6, This wus consilered to be a reasonable effort based upon rehearsal
experience. IHeavy seas pravented placiment of all except the portion
shown in Fiz, <.6. This aitempt to sample the fallout was unsuccessful
because the primary fellout occurred in another sector. This failure
indicated the importance of huving a 360° array around growund zero.

2e3e3e2 Ehot 2

The orizinzl plan for Shot 2 called for a complete 360° array
eimiluzr Yo thet plenned for Shot 1. A portion cf this plan was executed
tvice but in ezch case the shot was deferred for an indefinite period.
The buoys plcced -n these occasions vere lcst, an alternate clan which
reguired less time to implenent was developed for use in case notice of
the shot dute was given too near sho® time to permit laying the uriginsl
wrray. This ulternute plen was used for Shot 2. See Fig. 2.7.

2.303;3 Shot &

The buoy urray and detuils of the operation plan for Shot 4
cre given in Appendix A, This plun was successfully carried out on the
busis of a firm schedule for the fourth test. However the effort was
nullificd by u very lat: deferment of the shot. Cnly 7 of the 26 buoys
were r-cevered. When the shot finally did occur no buoys uvere in the
vrizary fullout zone,

2.30 ol Zhot ﬁ

Buovs were izid in two separate atiempts to d:cument fellout
on Shot 5, The tirst array vas cimilar to that employed for Shot 2
(F13. 2.7). The cecond was intended to augment the first folloving a
2/L-hr delay of the test, Further deferment ..ullified this effort, also,
Participation by project personnel in the wuter samnling pro.run was
cffected for Shots 5 a2nd 6. desults of this field work have been reported
¢lcewhere,

234345 Shot 6
Four buoys were planted from the rhips assirmed to Project 6.4,

correncing S-hr prior to the shot. livavy seas prevented recovery of any
wits.
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CH/PTER 3

INSTRUMENTATION

The apparatus used in this operztion wac designed: (1) to collect
fallout semples, and (2) to measure the gamma radiation from the fallout.
Various collecting devices were used to gather total fullout on a known
arca and increments of fallout as determined by a time or gquantity basis.
Also, aerosols from & known volume of air were collected. Many of the
devices were similar to tho<e used in Project 5.4 at IVY; 7/ cthers were
prototypes being field tested for the first time. Besides the fallout
collectors and the devices for measuring radiation fields, accessory
equipment was required Lo start and stop the apparatus and to furnish
power, In some cases the accesscry equipment had to meet more stringent
requirements than did the primery collecting devices. A prime example
was the {r:.e-floating buoy which had to be pcsitlively identifiable by
Task Force security patrols and had to be provided with a means for
locating . © from a ship many miles distant, A vear of intensive inves-
tigation and testing was spent in selecting and developingz & satisfactory
system,* for locating the buoys.

3.1 DESCRIFTION AND OPERATION OF THE EQUIRLENT

Instrument designs were based on specific collecting requirements
within the limitations imposed by certain mechanical, electrical and
operational restrictions. The following sections give a brief sumery
of the design and operation of the equipment.

3.1.1 Total Fallout Collectors

“wo methods were used to obtain samples of total fallout. 4
polyethylene funnel-and-bottle arrungement consisting of a 7-in, diam-
eter funnel and l-gal bottle (Fiz. 3.1) was used at all stations to
collect and retzin deposited material. The other collector, also used
at all stationc, concisted of a horizontal 1-ft square of transparent
’"Developnent and Testing of Identification System for Project 2.5a
Free-floating Stations at Operaticu CASTLE," Project Officex, Froj. 2.%a
1tr 3-905C-443A of 24 Nov. 1953 to 2TU 13, USNRDL Documert 00972 liov.
1953 (SECRZT), ’
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. Fig. 3.1 Total Collector




gummed paper mcunted on water resistant cardboard. In both methods,
the collectors were continuously exposed from the time of their rlace-
ment until recovery. Samples obtained were used primarily in deter-
mining the final fallout distribution patterns.

3.1.2 Differential Fallout Collector

The differential fallout collector (Fig. 3.2), employed to
collect fallout as a function of itime was an improved version of the
belt sampler used during IVY, It was employed on most land and many
lagoon stations., It was designed to expose 40 jars consecutively at -
5 min intervals after heing started by a signal from a light-activated
trigger. This equipment was powered by a 6-v, 1lO0-amp-hr storage
battery.

3,13 Filn Badge Pack |
Use was made of the lationul Bureau of Standards film badge
pack to measure the integrated germa radiation dose at each station
where fallout was collected, Thesc dosimeters were provided and pro-
cossed by Project 2.1 personmnel. '

3.1.4 Gamma Time-Intoncity Recorder

The geamma time-intensity recorder was used in conjunction with
a data reduction system, to provide long-term, continuous information
relative to radiation fields, It consisted of a series of ionization
chambers, acsoclated electrometer and relay circuitry, and Esterline-
Angus pen recordersJES/ The information for euch chamber was stored us
8 zimple pulse, euch of vhich correspcnded to the basic increment of
garma radiation for the given chamber, The syster was essentially of
the churge integrating autorecycle type, the charber being recharped to
its original voltage as each basic increment of radiution was received
and recorded. The basic chamber increments were 0,1 mr, 10 mr, 1 r, and -
100 r covering the range from O.1 mr/hr to 10,000 r/hr. The instrument
was powered by ten 150-amp~hr batteries, eight of which were in series
providing 48 v for the relay circuits and power to drive the pens in the
Esterline-angus recorder; the other two were in parallel providing 6 v
for the filements of the amplifier tubes in the detector hesus., 4
spring-driven mechanism moved the paper in the Esterline-Anguc recorders.

3.1.5 Prototype Collecting Devices

Severzl protctype instruments were tested for their possibilities
as fallout and bare surge sumplers, Two such instruments vere the elec=
trostetic precipitster cnd the automatic water drop collector. The
samples collected by these ingtruments wero analyzed at the USHRUL. The
resulis are given elsewhere.%g/

The electrostutic precipitator was developed &s a fog sampling
device to obtain information on cize, rediocactivity, snd ionic content
of individual liquid acrccol purticles, The sarpling was accomplished
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Fig, 3,2 Differential Fallout Ccllector




by precipitating the fog by means of en electrostatic field onto a con-
tinuously moving, specially sensitized film. Film reels were later
removed from the device, developed, and analyzed., The electrostatic
precipitator was powered by a 1 KVA motor generator and was capable of
sampling for a maximum of 6 hr., At island stetions it was started by a
signal from a light trigger and munually on the YAG's,

The automatic water arop collector was a device for collecting
raindrops in flour filled trays when they were retained as pellets of
dough. after a pre-~determined numoer of rain drops had been collected,
the device automatically changed trays. The collector was started by a
signal from a light trigger. The mechanism for changing trays was
driven by compressed gas and was c¢riggered by a rain drop contecting a
sensitive element, The area of the censitive element was adjusted so
that there was a high probubility thut a tray would be changed only after
a pre-determined number of drops had fallen into it.

3.1.6 Triggers

The principal trigger was a light-activated device consisting of

?Ftrigger)head, a trigger boxX, and a battery and pover catle assembly
ig. 3)e

A prototype radiuticn trigger was also tested as a buck-up trig-
ger. Its sensitivity was so high thct it could not be used on the ccn~
tuminated islands zfter Shot 1, It may prove to be satisfactcry aftier
some modifications,

timple precsure-uctuated trigsers were designed and ccnstructed
at the site {o elleviute the shortage of triggers that occurred when
spares vere burned zfter -hot 1.

3.1.7 Free-floating Buoys

Free-floating buoys vere used as collection stations in the cea
ereas around oikini atoll. Figure 3.4 shovs the following details of
construction: Flatform to mount the gummed peper collector; antenns
whips; antenna coils; identification flag; total collector; buoy float
conlaining the radio transmitter and buttery nower; and keel mount. Not
shown are the weight «t the bottom of keel mount and the film badge cn
the mast 2 £t above deck, ‘

The identificrc on the floats were sinpgle-stuge crystal-controlled
radlo transtdtters, operating on the following zutnorized frequencies*
1309.375, 1243.75, 1206.25, 1159,375, 1129,375, 1087.5, 1062.5, 1026,875,
987.5, and 1.875 kc. These units had a useful life of 4 to 6 days
before the batteries hud to be re-charged. The buoys were identified end
1§categ,by radio dir.ction-finding gear avoard Naval Task Group chips and
alrcraft.

3.2  EVALUATICN CF STATICHS AND EQUIPMENT

It ic difficult to m2ke a fair evalustion of the station and equip-
nent, at CASTLY because mumerous chances in chot scheduling and the

* Circuit Ho. J113, assigned bty letter from Headquarters, TG 7.1, JIF-7,
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extended period of the operation
required the equipment to function
under conditions considerably dif-
ferent than anticipated. Destruc-
tion of supnlies and spare parts by
the fire after Shot 1 severely
bampered re-conditioning damaged
apparatus and correcting anomalies
as they developed., Changes in shot
scheduling particuliarly curtailed
the usefulness of the free-floeting
bioys. llany of the devices which
had performed satisfactorily at IVY
and at the HE!Y tests were badly cor-
roded during the long period of
CASTLE., In genersl, experience at
CASTLE emphasized the advantages of
simple equipment that could be modi-
fied readily to meet a variety of
conditions, Likewise, it stressed’
the need for using non-corrosive

.materials in the construction of all

apparatus exposed to the atmosvhere,
A brief evaluation of the stations
and apparatus used at CASTLIE is
given here as an sid for planning
future field programs,

3.2,1 Islend Stations

Colliecting devices were
located in concrste-lined dugouts.
The IVY stations//had been constructed
on the grourd level. In both cases
sand tended to drift into collecting
devices indicating a larpger quantity

"of solids then actually fell after a

shot. It would be preferable for
future operations if the collecting
equipment could be located above the
ground level and still be protected
egainst blast damage.

3.2.2 Legoon Stations

The raft staticns were well
designed except for a few details.
Greater care should be taken to
insure that the battery is protected
from sea water, The mooringms were
not installed as specified originelly
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and many had to be replaced during the operation. After Shot 1, f veral

rafts capsized although they were deslgnea to withstand the effect of &
10-4T weapon, 5 miles distant.

3.,2.3 Free-flosting Sea Stations -

The performance of free-floating buoys as collecting staticns
was important to the main objectives of the present work. Although
1ittle data on fallout were secured from these stations, sufficient
information was obtzined to determine the performance of the equipment
and the suitability of the method. The following observations are
pertinent: )

(a) Peformance of the buoys and associated equipment was
satisfactory. The low—frequency transmitters together with the radio
direction-finding gear aboard Naval units provided an adequate system
for locating and identifying the buoys. The handling problem in place-
ment and recovery raised some difficulties, perticularly in increasing
seas, but was satisfactorily met,

(b) The free-floating buoy systew was unsatisfactory for docu~
menting fzllout under the conditions of shot scheduling which prevailed
after the first test, This statement would be true of any similar sys-
ten having the prerequisite that the test take place within a 24-hr
period specified 24 to 48 hr in advance,

3.2,4 Total Collectors

From evidence given in Sectioms 4.2.,1 and 5.1.2, modificaticns
in the design of total collectors are indicated. Nevertheless, both
devices uscd made satisfactory collections under some exposure conditions.
As errected from other experience, the principle of using simple continu-
ously open (collecting) sampling devices was fourd satisfactory whenever
only total radioactivity deposited per unit area was to be determined,
Such devices are not satisfactory where it is desired to preserve the
charucteristics of the fallout because dilution by extraneous rain and
dust occurs.

36245 Belt Sampler

The belt sampler was handicapped by too many moving parts which
were exposed to the elaments. It was badly corroded by sea spray; sard
lodged in the gears or under the belt and caused the sampler to function
poorly. The collecticn from this sampler on Shot 1 was much better than
on subseguent shots. Considerable valuable data were obtained as shown
in Clatptoer lp.

3.2.,6 Ligquid Droplet Sampler

The prototypes tested at CASTLE falled to operate in most
instances. This {ailure was due both to a faulty iriggering mechanism
for indexing the trays and to the abcence of liguid droplets in the
fallout from most shots. Nonetheless this differential collector has




several promising features, one of vhich is its adaptation for collect=-
ing dry particles. The riechanical parts are entirely enclosed. It 1is
powered by compressed gas which makes a compact source that ic easily
recharged and largely unaffected by atmospheric conditions. This device
needs further engineering development, It will be field tested agein
at future operations,

' 3,2.,7 Electrostatic Precipitator

This device for colleciting smsll aerosol droplets was the most
complicated sampling anparatus used on Project 2.5a., Its large pover
requirements were sup.lied by a notor-generztor set. It was almost
impossible to keep this equipment in operating conditicn, particularly
after the fire cauced by Shot 1 which dectroyed all the spare parts for
the electrostatic precipitator. Definite evalustion of the ucefulness
of the electroststic precipitator ... collecting aerosols at nuclear
tests cannot be made at this time. .

3.2,8 Trigger Deviges

The light trigzcer was a modification of the one used at IVYI, On
Shot 1, of 14 triggers surviving the blast effects 10 worked satisfac-
torily. The fire destroyed all spare perts co the permanently d:maged
triggers on the capsized rafts could not be replaced or repaired. A%
islan3 stations these devices operated more satisfactorily than on rufts.
The electrenic circuitry was improperly protected aguinst atmospheric
conditiors, : . :

A simplc blast trigger designed and constructed at the site
operoted successfully at island and lagoon stwtions for megaton weapons
but was not sensitive enough for low yield weapons. Further aevelopment
of thistype of trigser is indicated for future field oper:tions,

3.2,9 Gamma Time-intencity Recorder

: This device was the sume type as those used in large numbers on
the YAG's in Project 6.4. Two stations were operating before Shot-1.
The one on Yoke was damaged by a water wave which occurred after that _
shot, The station on How operated satisfuctorily throughout the operation
until it was destroyed by a wave after Shot 5., It collected valuabie
information concerning time and rate of arrival of fallout and its decay.
The dem:zed equipment was repaired and placed on Janet in preparutiocn for
Shot Echo and later moved to lercy. It did not record any activity after
Shot 6 because no fallout arrived on thut islend. A more complete evalu-
ation of thir type cf inctrumént will be found in the Project 6.4 final
report.:2 /



CHAPTER 4

SAMPLE ANALYSES AND DATA REDUCTION

4.1  SALPLE ANALYSIS

Besic analysis consisted of gamma ccunting those‘samples collected
for the determination of fallout contrurs snd measuring the fellcut par-
ticle size distribution and the amnarent density of the narticles.

4.1.1 Couating Technique

Two instruments were emnloved in counting semnles., The AT zamme
ionizetion chamber was used where conversion of measured activities to
garma field intensities was desired., The pamme scirntillation counter was
used where relative levels of activity were desired,

The 4T pamme ionization chamber and its calilration ere identicel
1o that descrived in RECD-2367, Thie instrument consists of a pressurized
ion chamher, vitrating reed electrometer, and a Brown millivolt recorder.
The chamter is fillecd with arson st a pressure of 600 psig end onerates
at a collection potential of €00 v, For low beckgrcund the assembly 3s
lead-shielded. 3amnles are lowered into the center of the chamrer. Be-

ctase the position of the source material is not critical, activities of
~ large volumes of either licuid or solié semples cen be measured. The
gammg lonization chanler reaedings were converted arbitrarily from milli-
volts to mr/hr in order that all readires taken on fellcut te exvressed
on a conventional bacsis, A relationship between the chember readinge
in mv and a calibrated AN/PDR-T1B Survey meter was determined. Corres-
ronding readings of '5 randomly chosen sarples from Shot 1 were tesken by
both instruments. The eguation of the resulting linear nlot showed

mr/hr = _TV__ | o
’ 5019

%ith thizs relationship determined from ~amples of hish levels of activity
conversion of semnles of low activity, accurstely measured in the 4inm
1othhamher, resdings could then be relial:ly converted 4o equivalent
mr/hr,

The scintillation counter’gconsists of a detector assembly and
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scaler unit Radiac Computer Indieator CP-79/UD (NavShips 91892). The
detector assemhly mcunted inside a commercial lead castle consists of
a cylindrical sodium iodide crystal 1.5 in, in diameter and 0.5 ir.
thick, an RUA 5319 photomultiplier tube, and a pre-amolifier unit. The
crystel is shielded from the sample chamber by 0.25 in. of aluminum,

The counters used were completely evalusted for coincidence loss
by using six paired sources and employing a least square evalvation.3/
Coincidence loss varied from 1 per cent: at 100,000 c¢/m to 10 per cent:
at 2,000,000 c/m. : . ’

A1l differentiel fallout collections were counted under fixed
geometry and corrected for background and counter coincidence losses.
No attempt was made to obtain any more than relative counts between
samnles.

4.1.1.1  Totsl Collectors

Many of the total collectors contained consicersble quantities
of rain water which fell during the relatively long period between place-
ment and recovery of the instruments but not during the period of fallout.
In these casec there was leaching of the fallout activity into the liquid.

Preliminery separations of the Jiquids and solids were achieved
by decanting the gross samples. Final separations were then obtained by
centrifuging which left the resultirz liquid clear or, in some cases,
conteining colloids, '

The 1iquid volumes were measured and the solids dried and
weirhed, The samples were placed in 100-ml lusteroid centrifuge tubes
and gamma activity measurements were made on these samples with a irr
gemma ionization chamber., In instances where the liquid fraction ex-
ceeded 100 ml, these samples were concentrated to the desired volume
after acidification.

4.1.1,2 Cummed Paper Collectors

The acetate-backed 1-ft squares of gummed paper were remnoved
from their cardboard mounts and folded to fit into 100-ml lusteroid
tubes, Their gaxrma activities were measured with a 4T gamra lonization
chamber,

4.1.1.3 Differentiel Fallout Collectors

Each of the 40 volyethylene collecting jars was removed from
the collector and decontuminated on the outside. The jar operings were
then canped with cellovhane 0,001 in. thick held in position with a
rubber bend, Garma counts were then made vith « scintillation counter.

4.1.2 Particle Size Measurements

The particles were fixed with Krylon cn a framed cellcophane
membrane, Contsct autoradiographe were made using Eestman Ccmmercial
Ortho film., The outer island analysis employed nuclear emulsion strip-
ping £ilm with the varticles fixed to the non-emulsion side of the film
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with Krylon. Use of nuclear ermulsion striroing filn is the better
technique. However, because of the unavailability of the stripping
film, the majority of the work was done using the autoradiographic
techniaues described above,

Al]l diemeter messurements were made on one axia cnly ueing an
opticel microscope with a micrometer eyepiece, The least count of the
micrometer was 24 .

Esch plate was scanned and measurements on the radioactive
particles were recorded. The minimum diemeter of particles measured
in this analysis was of the order of 5 u.. '

4.1.3 Particle Density Measurements

An optical microscope having a calibrated micrometer eyeriece
was used to measure particle diameters along 2 axes. Relatlve activities
vere deternined wit: a gamme scintillation counter under conditions
identical to those used in counting the gross sanples from the Jiffer-
ential fallout collector. ,

Particle density was determined by a flotation methoc. witbh mix-
tures of bromohbenzene and bromoform as the liquid phase. In a liquid
system containing only two comncnents, the densities and refractive
index valves are an additive function of the compositions. Correspond=-
ing densities and index of refraction with composition are available
from the literature., Pure bromobenzene has 2 density of 1.499 end an
index of refraction of 1.560 while pure bromoform has a density of 2,290
and an index of refraction of 1,598,

Each particle was pleced in & precision l-rml glass-stoppered
volumetric flask half filled with a solution of density approximating 2.
Inverting the flask allowed verticsl movement of the particle along the
flask stem, Drops of the eppropriate liquid then were added and mixed
until vertical movement of the particle ceased, indicating that the den-
sitlies of the liquid and perticle were identical., an Abbe refractometer
was used to determine the index of refraction of the resulting liquid
and hence its density from the known relationshivs,

4.2 DATA REDUCTION

Equation 2.1 implied & constent ratio between the measuréd sanple
activity and the infinite ganma field at the sampling station. This
implication was found to be valid only for the gummed psper collectors.

Trhe ratio was not constant when anplied teo the total collectors,

4.2,1 Total Collectors

All measurements of gamma activity were made in the 47 ioniza-
tion chanmter, Aomendix B tabulates all dats as measured, Where activity
in the total collectors was found to exist in both the liquid and solil
phases the total activity for that collectocr was determined by simply
addine the liquid and solid phase measured values, ihe data from the
land stations, after being converted to equivalent mr/hr values, were
compered to the equivalent field survey data obtained by hoth Task Force
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Rad Safe surveys and Project 2,52 surveys. Comparisons of these values
were dene by converting all measurements to mr/hr at O + 4 days after the
dotonations, This period was selected because these island survey mea-
surenents were felt to he more valid than at earlier times when the
majority of the survey readings were obtained by helicopter at verious
heizhts above the surface, Conversion of all measurements to O + 4 days
was mede by usins the composite gamma field decay curve in Fig. 5.1.
Although this decay curve was constructed from loth theoretical and ex-
perimental eveluation of Shot 1 deta, iis use in reducing deta from
Shots 2,3,4, and 5 does not introduce arprecieble error as is shown by
& comparison of the experimentsl and theoretical decasy curves for these
shots.18/ It does introduce some srror into the Shot & colculetions be-
cause of the significantly different capture to fission ratios existing
for Shot 6.

The ratio of actusl pamma fields to measured activity fournd in
the totul collectors located on the atoll islarnds was not a constant
for the many islands evaluated. Figure 4.1, & plot of field readings
to readings as determined from the totsl collectors, wus constructed
by considering all data that were available; this included measure-
ments from Shots 1,3,4, and 6, A curve was fitted to the data which
indicated a 1 to 1 ratio at high levels of activity and & 10 to 1 ratio
where the total collector measurements were of low intensity. This curve
was extrapolated at total collector levels below 1.0 mr/hr with a constant
slope inlicating a 10 to 1 ratio between field survey mvasurements and
total collector measurements, Since this variable ratio was found to be
independent of the shot detoneted, it is reasonable ts believe that the
explanation for thec variance is inherent in the characteristics of the
collecting instrument.

The fallout in areas of high residual gamms activity were thoze
where the larger particles predominsted. These particles with cotivara-
tively high rates of fall aprarently do not tend to follow the strearm-
lines about the collector. This tendency may explain the higher collect-
ing efficiency resulting in those areas of high residual gamma fields.
The tact that the ratio of gamma rield measurements *o gamma measurements
from the total collector approaches 1 in the areas of high gamme activity
is fortuitously coincidental.

The activity collected in the totel collectors employed &t the
lagoon stations was converted to equivalent infinite {ield values by
using the curve in Fig. L.1.

A1l deta were then converted to r/hr et 1 hr using the composite
gamma decay curve in Fig. 5.3.

A similar evaluation of the gummed paper collectors was made,
The curve in Fig. 4.2 was constructed using data from Shots 1, 3, and 6
to determine the ratio of gamma infinite field measurements made with
survey inst—uments to those made on the gummed papers with the 47 garma
jonization chamber. A constant ratio of 2 to 1 was determined for thie
collecting device, -

The gummed paper measurements from lagoon and free-floating sea
stations were then corrected to infinite field values at C 4 4 days by
use of Fig. 4.2 and then converted to r/hr at 1 hr using the composite
ganma decay curve in Fig. 5.3.
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CHAPTER 5

N CHARACTERISTICS OF FALLOUT

ook

) 5.1 GAIPMA FIELD DECAY

E%?:; The decay rate for the gamma radiation from the fallout as measured
:gtf; in the field was analyzed from a theoretical as well as an experimental

s viewpoint, Data are presented on decay for Shots 1, 2, and 3, Since
TS the capture to fission ratios have been reported as substantially the
same for Shots 1 through 5% these data should be applicable to all five
detonations, Their use on Shot 6 radioactive debris may be questionable.
In general, the laboratory samples measured with ionization instruments
in this study compare well with the field da*a read with an ionlzation
survey meter, AN/FDR-T1B, '

N The standard gamma decay constant, k « 1,2, that is presently
I used for nuclear detonations,is invalid for themonuclear devices over
A the period from time zero until the contribution fror. induced activities
SE;;A is insignificant as is evidenced by the followirg anairsis.

5¢1.1 Theoretical.and Field l'ecay

R Theoreticul beta (d/m) decay curves (Fig. 5.1) were constructed
MR for Mike shot, IVI** as well as for Shot 1, CASTLE,*** Data for these
& e ) curves were calculated “rom the fission product decay and the reported
j::;. capture to fission ratios of the important nuclides and were normalized
g to 10,000 fissions at O time.l8/A theoretical gamma decay curve based
\{«f on the cepture to fission ratioe from Shot 1 (Fig. 5.2) was also con-
?*iix structed. The calculated curve gives the gamma energy =mission rate

ST (Mev/min) from a redioactive source of Shot 1 composition as & function
' of time after detonztion, It will correspomd to the experimental gamma
ionization decay curve if (a) the detector response is indvepurdent of

energy (flat) at all pamma energies and (b) the geometry of the source,

™ *  Private communication with N, Ballou, U L.
BRI *% By N.Ballou, USNRDL,

- ##%+ By R. Cole, USNRDL,
2 50
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scattering, and absorption do not affect the detector resnonse or gamna
spectrum secn by the detector. Since the latter condition is never fullw
satisfied, the calculated curve always differs from the experimentzl one.,
Table 5.1 tshulates the slopes of the theoretical decsy curves considered.
The experimental heta decay curve for Shot 4 (Fig. 5.1) and the experi-
mental gamma ionization decay curve (Fip, 5.2) for Shot 1 are presented

for compericon, The two theoreticel beta decay curves are in very close
agreement and each epree well with the experimental beta decay curve,

Tha experimentel janua ionization decay curve for Shot 1 and the cal-
culated gamma (Mev/min) decay curve (Fig. 5.2) ere not in food agreement
from 5 to 100 hr after detonation. This lack of asreement may te due to
the nature of the response of the ionization instrument or to other fsctors.

TABLE 5.1 -~ Theoretical Decey Data

Type of Decay Slope of Decay Curve over Period lndicated |
(hr after ABD)

1-3{1=5[3-48{5=9612, ~1440{96 - 672

Calculated gamma
ionization decay -- 1.37 1.08 1.33
Shot 1 (kev/min) .

Calculated beta | N

;

|
decey -- Jhot 1 (d/m){1.42 0.83 | ! 1.40 i
Calculated beta ;
decay == Mike Shot, 1.44 0.865 ’ 1.37 |
vy (d/n) |

-

Fipure 5.3 is a corposite gamma ionization decsy curve con-
structed from all aveilable field data; it has been used in this renort
for conversion of 21l field data taken with an AN/PDR-T.B, AN/PDR/39,
or the gesmme ionization time-intensity recorders as well as for conver-
sion of the 4w gamma ionization chamber laboratory data., Comparison
of How Island Task Force Rad Safe measurements and the Project 2,52
gamma time-intensity measurements shows very close agreement from O + 2
to 0 + 20 days after Shot 1 (Table 5.2),

This agreement of the time-intensity recorder curve with field
survey readings was assumed to hold between O + 2 hr and O + 2 days.
Therefore, for the time interval (0 + 3 hr to O + 20 days) the time-
intensity recorder data were used to construect the composite curve
(Fig. 5.3). However, for the interval from O + 1 hr to O + 3 hr the
gemma tine-intensity recorder must be compensated for fallout that was
still arrivi:;~+ the compensated curve would then have a slope steeper
than the experime.’ -1 decay curve, For this interval (O + 1 hr to
0 * 3 hr) the calculateu -°mms decay curve was used in thie construction
of this composite decay curve.
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TABLE 5,2 = Experimental Field Decay Data

L el L D IITI T LITIT B b i
Type of Decay -TSIOpe of Decay Curve over Period Indicated
_(hrafter ABD)
2-10 10 - 48 48 - 480
i
Gamma Ionization !
Time-Intensity 1.19 0.815 1.52
. {Recorder, How Island- ‘
Shot 1
Gamma Ionization
Task Force Rad Safe , - ' - 1.50
T1B Survey

5.1.2 Exmerimental Laboratory Decasy

Table 5.3 summarizes the slopes of the decay curves obtained
from samples measured in the latoratory on two instruments., Gamma decay
was measured with a 4w gamma ionization chamber and a gamma scintilla-
tion counter. The average slope of the decay curves measured on 6 in-
dividual fallout particles with a gamma scintillaticn counter is -2,08
from 9 to 30 days and =1,50 from 30 to 60 days. Project 2.6a reportedl8/
an average slope of-2.11 for measurements with a similar gemma scintilla-
tion counter on the first four shots from total collector samples over
the period O ¢ 7 to O ¢ 22 days, The Jecay curve slopes obtained from
meesurements on the Lr gamma ionization chamber are of more general
interest since its response is close to that of the AN/PDR-T1B survey
meter. A comparison of Samples 1, 18, and 21 (Teble 5.3) shows that the
decay curves of tliese fallout samples have comparable slopes; however,
the liquid fraction of Sample 18 hes a slope of =1,22 while the solid

fraction has a slope =1.60. The ionization-counted gurmed paper semples

from Shot 2 have ar average slope of -1,61 from 170 to 480 hr; for Shot
3 samples the slope was -1,73 from 200 to 600 hr, These slopes suggest
that the leaching of activity preferentlally removed the longer lived
nuclides both in the case of Sample 18, Shot 3 and the rain- and sea-
washed gurmed papers from Shots 2 and 3, It further suggests that the
gumed paper collectors lost a portion of their collected fallout from
leaching by sea spray and rain,

The date are consistent with little fractionation of activity
within the sampling area.

5.2 FARTICIE SIZE

Fallout particles from the differential fallout collector were
analyzed for size distribution with respect to both time and distance.
Data are presented primarily for Shot 1 with limited data on Shot 6.
The amount of visible particulate collected after Shots 2, 4, and 5 was
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TAB_LE 5.3 - Experimental Laboratory Decay Data

] b —ﬁ—Si;i:;—:f*b;&ély Curve over Pe;h;d Indicated
(hr after ABD)
Sample N Y
No ~ Type of Decay 170 | 200 | 216 | 216 |264 |300 | 600 [720 900
¢ ‘ to to to to to to to |[to |to
480 | 600 | 600 | 720 1440|900 | 1440/1440/1700
1 Solid sample - station 251.07
Shot 1 (47 Gamma Yonizaticn Counted) 1.34 l.l6i
2 | Individual particle - station 250.04 f
' Shot 1 (Gamma Scintillation Counted) 2,25 1.80¢ i
: ; :
3 Individual particle - station 250.04 i ! ! g
~ Shot 1 (Gamma Scintillation Counted) 1.90; | 1.50 !
4 - Individual particle - station 250,04 | é i ! |
Shot 1 (Gamma Scintillation Counted) : i i 1.75. . ‘
5  Individual particle - station 251,03 b L i
+ Shot 1 (Gamma Seintillation Counted) , ; 2,20, ‘1.40 |
H . H . i
6 Individusl Particle - station 250,24 | o S T | g
: Shot 1 (Gamma Scintillation Counted) | ; ; ' 245 ; | 150
| ’ . '- S
7 Individual particle - station 251.10 | : 5 : o
Srotv 1 (Gamma Seintillation Counted) | l l | 1.95 i { 11-10' |
’T‘ . Gusmed Paper Samples ,
g Sample TI. Shot 2 (4r Gamma Ionization 1.82 !
Counted) l
9 Semple TI. Shot 2 (47 Gamma Ionization 1.85
——.__._Counted) . l




/\/' :

- V7 T el
TABLE 5.3 - Experimental Laboratory Decay Data (Cont.)
Slope of Decay Curve over Period Indicated
N | (hr after 4BD)
a 170 | 200 | 216 | 216 | 264 | 300 600 | 720 {900
1
°a§g:e Type of Decay to to to to to to | to to jto
480 | 600 | 600 | 720 | 1440} 900 | 1440{ 1440}1700
Gummed Paper Samples (Cont.) L
10  Sample 4; Shot 2 (4w Gamma Ionization
! Co;.nted) 1070
11 | Sarple 4, Shot 2 (47 Garma Ionization
12 Sample P, Shot 2 (47 Garma Ionization
Counted) : 1051
13 Sample Q; Shot 2 (4m Gamma Ionization
Counted) 1.68
14 Sample O; Shot 2 (47 Gamma Ionization
Counted) 1,38 .
15 Sample 250,18-1 Shot 3 (47 Gamma Ioniza-
| tion Counted) 1.77
16 Samnle 250,17 Shot 3 (4T Gamma Ioniza-
' " tion Counted) 1.64
17 Sample 250.18-% Shot 3 (47 Gamma Joniza- :
~ tion Counted) 1.77
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TABLE 5.3 = Experimental Laboratory Decay Data (Cont. )

"~

Slope of Dacay Curve over Period Indicated
(hr after ABD)

Sample Type of Decay 1701 200 {216 | 216 | 261 300 T600 '720 | 900
No, ' to ' to |to to | to to i to
480| 600 {600 | 720 [11.40 L9oo Lwo 1440 | 1700
Total Collector Samples'
18 Sample 250,18 Shot 3 (47 Gamma Ioniza-
tion Counted) 1,30
19 Sample 250,18 (Liquid Fraction) Shot 3
(4ir Gamma Ionization Counted) 1,22
20 Sample 250.18 (Solid Fraction) Shot 3
(4 Gamrma Ionization Counted) 1.60|
21 iSample 250,06 Sho* 3 (47 Gamma Ionization
! Counted) \ 1.33




small. No samples suitable for particle annlysls were obtained from
Shot 3. Fcllowinz Shot 1, 6971 radioactive particles were analyzed from
the area within the Bikini Atcll and 621 particles collected on the outer
atolls of Ailinginac, Rongelan, and Utirik were eveluated. The differ-
ential fallou® collector on the island of Alice contsined some parti-
culate from Shot 6, These data are also presented.

5.2.1 Shot 1, Close-in Fallout

The size distribution of close-in fallout particles wiih resnect
to time for four lagoon end thrie island stations are given in Apnendix
C. Only radiocactive particles ave inciuded in the date., Of the 4O
available sampling increments within each differential collector, those
increments that visually appeared to contain a large amount of parti-
cuiate were selected for analysis. Increments over a wide time period
were likewise selected. Aralysis of the bar gravhs with resrpect ‘o
rate of arrival or time of arrival is therefore en approximetion., Data
on time of arrival are presented in Section 5.6 of this report.

Fig:re 5., shows the 2ize frequency distribu*ion of the Shot 1
close-in particulate, It is a comsosite of the bar gravhs for the four
lagoon and three islend stations. (Figs. C-1 through C-7.)

Firure 5.5 is a plot of the cumulative size distritution of
Shot 1 particulate presented cn a log probability sravh. The size
distritution is very close to log norral with a geometric mean particle
diareter of 112 .

Dea2 Shot 1, Cuter Island Fallout

Samnles of earth were collected ty the outer icland survey :eam
following Shot 1.15/ The radicactive rarticulste found in these scil
sarrles was analyzed Tor size Jistrirution an? *he recults are presented
in Fir, 5.6, These atolls were 70 to 270 nautical miles from Shot 1.
Firure £.7 shows a lor nomol size distritution for particles collected
on ihree atolls, The reometric meen particle diareters are presented
in Tutle £.4.

Ta3l” R,L -~ Geometric hean Particle Niareter

Atoll l Dictznce from’ Geometric Mean ?
Shot Point i?&rticle Dinnetar ;

. (r mi) (u)
1 i
; © Bikini 10 | 112
i Ailinginae 70 ' 20
' Reageloan 107 ’ 70

Utirik 277 A
L l > )

59



09

RELATIVE FREQUENCY

r
.y,
‘4’

0.200 |-

0200}

0.100

BAND WIDTH
{micrans)

NO OF
PARTICLES

RELATIVE
FREQUENCY

251 =300 ¢ccveree}e

201 =8GO eecan-
531 ~600cerosse-

60'-700" ...... ..

801 =900 ecevrre

90 ~1000-+---{-

> 1000 esanes

.......2070....
.........‘3|7...-

Jeieoeree i 78050

N 451 eens

vereieen s 36T ounn
R 3l R T
cerrcrccoet] §4 40sn
IR T AREY }: KRR

R AR EEEERE. I LR

TR RTINS p

Ry
TOTAL = 6971

N IR 2T

ceessfesiessa0 0327

ceeeideneiiai 0189
IR A N R
weeenfaiiiai 0.0647
creeee0 0455
veiiidienes.. 0 0526
..... ceree s O O™IO
vereedienn..00164
veeesdiiiiec 00113
ceveed e 0 00704
PRI P 00053?
tesssleeniee s 00215
ciseriecneae.0 00890

Fig. 5ed

400

PARTICLE DIAMETER
Shot 1, Composite barticle Size Distribution

500 = 600 700

i

(MICRONS)

1000

udo

ey



9

1000

PARTICLE OIAMETER (MICRONS)

)

("]
[PPSR S

100 —_f——

A NG
b S Sy

10 - —i.
001 00501 02 0S5 + 2 s 10 20 32 40 SC 60 T 80 90 95 98 99 9935 998999

PER CENT LESS THAN DIAMETER

Figs 5.5 Shot 1, Curulative Particle Size Distribution

99 99



Vi

<9

NUMBER OF PAR™ICLES

60t

SMALLEST PARTICLE - (6 MICRONS
LARGEST PARTICLE- 394 MICRONS

TR N e
N R AN \,
BO[

Ir AILING!NAE

. SMLLIEST PARTICLE - 16 M!CRONS
60 LARGEST PARTICLE - 172 MICRONS

0 100 200 300

RONGELAF
(NCRTH END)

200 300 400 0o

RONGELAP
VILLAGE

SMAL!LEST PARTICLE-10 MICRONS
LARGEST PARTICLE—-126 MICRONS

. . R
(o] 100 200 300

518 MICRONS

DIAMETER (MICROMNS)

Fige 5.6 Shot 1, OJuter Atoll Particle Size Distribution

RONGELAP - UTIRIK
(KABELLE)
SMALLEST PARTICLE-
SMALLEST PARTICLE ~ i 6 MICRONS
16 MICRONS LARGEST PARTICLE-
LARGEST PARTICLE- 134 MICRONS

300



1 0 R S S S ST !
m “ m : _ i |
AR L «
IR P ) w
t -t -1 S
B | i
] S S
; ’) i . .
| o P
: \ ol
__ \ _ ! i .
. e + - -+ - - e —
Do b P '
i A i
l ! N ; i 1
] “ ! : 4 t N
N L .
o ' i
b
[ _ _ '
— 4
b
i |
: ¥
— *
M i _
L . !
, ! i
; ! * :
L ; w
.I..?l+ - -+ S VU
o [ !
. 1 b *
; e o e e
R “ ;
S S . S
| w !
) i i
1 ﬂ | !
| S T T T
L .
P : _ _
i — : ]
! | w
_ : | ,
} s N
4 - =1
i i ¢ :
— R e .
. . M T
_ ” ! H
: _ ,
IR _
._-m-qu‘ A _ o e ]
SR G, . e -+ —_— - —————— e - e
L | | B
e S — + o emese [P
P : “ ;
IR w
! !
L . i i
o~ 0 0 < " m ~ mw

(SNOHDIW) H313WVIC 3710118Vd

99 99

99 995 998 999

98

95

90

80

70
PER CENT 1 .ESS THAN DIAMETER

40 50 60

30

290

2

00350102 05

0 Ot

Shot 1, Outer Atoll Cuninlative Par.icle Size Distribution

Fige 5.7

B¢



The fact that the mesn particle diameter at Ailinginae is smaller than
et Rongelap cen be partially explained by esnalysis of the wind profile
which indicates, as one moves south from the axis of symmetry of the
fellout pattern,that the particles delivered have smaller diameters (see
Chapter 6).

5.,2,2 Shot 6, Particle Size

The differential collector stationed on Alice contained visille
particulate as well as sonme liquid; the anelysis of particle cize dis-
tribution 1s presented in Appendix C. With a total of 321 particles
measured the distribution was nearly log normnl with a geometric mean
diameter of 180 ¥ &s shown in Fig, 5.8. Alice was 3 nautical niles
from ground zero. ' -

5.3 RATIO OF ACTIVE TO INACTIVE PARTICLES

One of the most difficult problems to resolve is the ratio of
active to inactive fallout particles that arrive at a collecting irstru-
ment. This is especially true of the smeller diameter particles because
it is extremely difficult to avoid pollution of the sample hy extraneous
particulate., In this anelysis many small invctive particles were observed
during thke meacurement of varticle diameters. in many cases these parti-
cles were less than 5 4 in dismeter, To arrive at a vatio, all parti-
culate was ignored that did not have the characteristic white opaque
color of fallout.

Two samples were analyzed from Shot 1 fallout collected at legoon
stations where the effect of island dust pollution was minimized. The
results are shorn in Fig. 5.9. Approximetely 25 per cent of the parti-
cleos were found to be inective with the mean puarticle size of the in-
active particles smsller than the active,

5.4  PARTICLE DENSITY

Particles from the Shot 1 legcon station differential fallout
collectors were analyzed to determine their apparent density which is
defined as the specific gravity of the particle as a whole. Because of
the station locations and the collecting instrument used, these particles
had a very high probability of being true fallout, Seventy-nine particles
from stations 250,04, 250.17, end 250,74 were measure¢, Density, average
diameter, color, and relative activity were determined for each particle,

Table 5.5 shows the particle density found at each station. The
overall averagre density of the 79 particles was 2.36 g/cu cm with a
standard deviation of 8,2 per cent.

Attempts to find relationships between particle size and activity;
particle size and density; and density and activity proved unsuccessful.
A1] particle density data are tabulated in Appendix D.
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TABLE 5,5 - Particle Density

—— o l -
t—- No. of Ferticles Average Standard l
Station Invaestigeted Density Deviation

: (g/cu em) | (rer cent)
250.04 32 | 2,24 Tﬂ 9.2
250,17 29 2.0 | 7.
. 1
250,24 12 245 | T4

5,5 GROSS PHYSICAL CHARACTERIZTICS OF FALLOUT

Comprehensive date on ohysical and chemical characteristics of
fallout are presented ir the Project 2.6a report.18

5.5.1 Surface Lard Shots

It is well established that the fallout from the island shots
was very similar to that which occurred after Mike shot at IVY,namely
dry, white, opaque, irregularly sheped particles. Figure 5.10 shows
Shot, 1 fallout as it arrived on *he gurmed paper collector loceted at
station 250.04, It ic typical of fallout from islerd detonations in

the Pacifiec Proving Ground,

5.5.2 Surface Water Shots

Positive evidence of particulete fallout was found in tke dif- -
ferential collector icested at Alice Island after Shot 6. However, the
gurmed paper collec*ers located on the free fioating buoys after .Shot 2
showed no eviderce cf ary particles visible to the naked eye¢. It is '
felt ty come observers that the fallout tiom the surface weter detona-
tions was primarily in the form of a micst or aerocol. This is substan-
tiated to some degree hy the observation of the identificetion flags
located on the sea stations after Shot 2, These flags were highly
radioactive, many times more active than the total collectors of the
same station. It is reasonatle to assun~ that a moist fine lallout
would bte ahsoried bty the flapping flegs much more easily than would a
dry perticulate, ‘

5.6 TIME OF ARRIVAL OF FALLCUT

The primary instrument for determining the peried over which fell-
out took place was the differential fallcut collector. Information on
time of arrival wes alsc obteined from the ganma time-intensity recorder
stationed on How Islend; further infoimation mey te obtained from time-
intensity recorders operated by Project 2.2. A4lso,limited evidence of
arrival tirme is availalle from the Task Force Ship's logs and Project 6.4.
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Fiz. 5.10 Shot 1, Fallout Particulate, Station 250.04
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506.1 _S_}ﬁt_l_

Tourteer, dif"~-crsinl fallout collectcrs were recovered from

‘the land ard lagoon sta‘ions after Shot 1. Of these, eight had ssanled >

prorerly end the data therefrcnm ere nresentec in Anpenchx C (Fi» 5. C=0O

- through C=16), Of the 40 samoling increments, Samples 10 and 1), 20

and 21, and 30 ané 31 were collected over the seme time interval (see
soints A ,B, ard C of Figs. C-C throurh C-16.) With perfect sampling
these increments would collect identicsl amounts of fallout and the
reduced data could then be used ‘5 determine not only the period of
fallout hut also the rate of esrrisl, However, £s indicated from
incroront groups A,B, and C, the levels of activity varied by as much a-
an order of mapnitude. This varirtion was undoubtedly the result of
samnling small amounts of meterial over a small area for short time
‘ntervalc, This deficiency does not affect the usefulness of the i.-
‘trunent in performing its primery function of determining the time of
arrival tut it does explain the orretic nature of the curves. Relative
counts of each increment were mede —mith 8 gamma scintillation counter
under fixed geometry. The level of activity es indicated in Figs. C-©
through C-16 should not be construed as indicative of the rate of arrival
of fallout meterial. i

Several differential fallout collectors that failed to trigger —
were analyzed to determine the field backercund of the collecting in- ‘
crements, Ficure C-17 shows the genersl level of contaminetion found in
a non-cperating sampler located at station 251,09 that was exposed to
fallout,

Table 5.6 tabnletes time of errivsl period and time of cessa-
tion of fallout within the 3ikini Atoll area. Date collected from Proj-.
ect 2.2 and Project 2,58 time-intensity recorder traces are also pre-
serted.

TASLE 5,6 - Time of Arriva) of Fallout

—— - T T /
Time of f I Time of
Station Sampler Arrival | Period | Cessation A
- | (min) : (min) (min) : \
250,05 Differential Collector | 0 + 20 125 0+ 145 -
i 250,06 Differential Collector | O + 25 - 115 0+ 10
| 250,22 Differential Collector . O « 35 ! 60 O0e¢ 95
| 250.24 Differential Collector | O ¢+ 25 | 80 0+ 95
251,04 Differential Collector | O + 30 . | 125 0+ 155
251.05 Differential Collector | O + 35 . 90 0+ 125
251,06 Differential Collector | 0 + 25 | 70 0+ 95
251.10 Differential Collector | O + 40 50 - .0+ 90
251,03 ”ige Intensity Recorderf C ¢+ 15 - -
t DOg . a P!‘Oj. 202 <0 + 15 ’ - -
l Oboe Proj. 2.2 <0 + 15 i - -

(a) See Teference 2 for an account of this project
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Analysis of the gamma time-intensity recorder trace located at How gave
the best evidence of the rate of arrival of fallout.

Use of the differentinl fallout collector end the time-intensity
recorder for determining the period of fallout was restricted to the
lapoon and islands of Bikini Atoll thereby limiting the distance to 15
nauticel miles. The average arrivel time within the area was O ¢+ 28 nin
with cessation averaging O + 117 min resulting in an average period of
89 min, These data compare well with that obvserved at I 7/ wher- the
period was somewhat less than 2 hr, Residual fallout which war of such
quantity thet it contrituted little to the overall field was found to
deposit for a period of soveral hours after the deposition of the main
bedy of materiel,

The Bikini Ltoll islands along the axis of the fallout pattern
experienced fallcut over a longer period of time than did those islands
located in a crosswise direction,

506.2 M

No evidence was found of primary fallout at early times in the

Bikini Logoon. Secondary fallout of meximum intensity of 40 mr/hr

arrived at How Island 37.5 hr after Sh.. 2, as shown by the gamme time- ;
intensity recorder. .

5.6.3 Shot 3 | s

No differertial fallout collectors were operative for Shot 3.
The gamma time-intensity recorder at How Island indicated a time of
arrival of O + 38 min, Project 2,2 ectablished an arrival time on Dog
Island of aporoximately O ¢ 20 min.%/

5.6.4 Shot 6

One differentiel falloui collector located at Alice Island,
Enivetok Atoll, received significant fallout and indicated anm arrival
time of O + 35 min with the period of fallou* teing 65 min (Fig. C-18).

E7 RATE OF ARRIVAL OF FAL.LOUT AND INTEGRATED DOSE

Of the two gamma icnization time-intensity recorders instslled
on Yoke and How Islands of Bikini Atoll, only the one on How survived
end recorded data from Shots 1, 2, and 3, These data give accurate
information cn rate of arrival of fallout <43 well as time of arrival,

8,71 Rate of Arrival

Tarle 5.7 vresents the time of arrival of fallout end time of
peak activity for Shots 1, 2, and 3. The time at which the activity
peak- is not the time of cessation of fallout. It is bert described as
the time at which the rate of decay is greater than the rate of build-
up of fallout,
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TABLE 5.7 -~ Rate of Arrival of Fallout

Time of |Time to Peak {Time Retween Fallout
Shot Station Arrival Activity Arrival and Peak
(min) (min) Activity
(min)
1. "How Island 0+ 15 0+ 65 50
3 How Island 0+ 38 0+ 66 28
2 How Island 0+ 2250 0 + 3280 1030
(secondary
fallout)
5472 Total Dose

Figurec 5.11 and 5.12 indicate the inte,.ated garma dose to a
time aprroximately 100 hr after detonation for Shots 1 and 3.

Shot 2

depocited only secondary fallout on How Island and the data are not

presented,
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CHAPTIR 6

PRIMARY FALLOUT PATTERNS

The extent of fallout documentation urder the two operciional
phases of Project 2.5a was different for the various samots. Data were
obtained under tne 1lznd and lagoon phase for Suots 1,3,4, and 6. The
lugoon and islends were not contaminated after Shot 2 and no data were
taken for Shot 5. Although there was some stem fallout vest of tae saol
roint as indicated by the trajectory analysis precented in Section 5.5,
the free-flozting sea stations fe~ Shot 1 were luid juct beyond tae
westward limit of the gamma field. Conceasuently tae buoys showed that
inappreciable amounts of muterizl from Snot 1 fell in tue area sampled.
For Shot 2, free-floatinz stations docunented fallout to a distcrice of
50 nautical miles.

A complete analysis of the fallout patierns to a distance of 300
nautical miles is presented for 3a0t 1. Because of the limited experi-
mental data available for tais shot it was not possiile to reconstruct
the contours on tnis basis alone. The ramma field data were surple-
nented by developing an exverimental model of tne fallout mechanisn
whica defined the axis of symmetry of thne ratctern. This addition en-
abled one to construct a couplete contour pattern,

Fallout patterns for Shots 5 and 6 were derived from weater sam=-
pling data and are considered in Project 2.7.%/

6,1 FALLOUT 'EAR GROU'D ZERO FOR SHOTS 1,3,4, AND 6

To obtain the infinite field ga~ma levels witnin the atolls, taree
basic collectinz devices were pleced on the islands and on the rafts
within the lagoon as follows:

(a) Totsl collector - a 7-in, diameter pelyethylene funnel
fitted to a l-gal polyethylene bottle.

(b) Gummed paper collector - 1 sq ft of Xum-Kleen ecetete-backeu
paper stapled to a cardboard backing supported in a metal tray. :

(¢) Project 2.1 film badges yplaced toth verticuelly and horizomn-
telly.

By comparing the laboratory mes:ured levels of gamma activity ob-
tained from samples that were collected on islunds with the actuul in-
finite field gamma survey readings, a relctionship was developed and
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erplied to the sa~les collected at the lagoon stations, tnereby ver-
ritting estimatior of infinite field levels for those locations, Using
the totzl collector as the primary source of data, famma field contours
vere thus constiructed. Vhere total collector data were missing, activ-
Ity levels obtainced from the gurmed poprer collectors were used. All
data presented are barzd on tae levels of activity th-t would have
existed had the fallout deposited on an infinite land plene.

The fields as indicated oy the film badges were erratic. Iecause
of poor location of tiae film bodses during sampling aud unsatisfactory
history during and ofter recovery, these data are not considered in
tais analysis.

6.1.1 Shot 1

Table 6.1 shous correlation amcne the data obtained by survey
measurcments on Cikini Atoll and Adata cobtained from the total collect-.
oras and gurmed peper collectors located there. All measurements have
been conterted to r/hr at 1 hr for comparicons.

Figure 6.1 is an isodoce rate rlot of ~amma activity over tae
atoll, Tihere is indication of a very steep gradient from north to
South acreoss tae lagoon. Tais gradient is zlso indicated in the analy-

- £is of Shot 1 particle trajectery data zs illustrezted in Fig. 6.5.

TASLE 6,1 - Shot 1, Gama Tnfinite Tield Levels st Bikini Atoll Converted
to r/ar -t 1 hr as Determined bty Various Tecaniques

\ N Yenr e . | Total Gunred
Stztion | Code {fasufed by | leasured by Collector | Paper

Rad 3Safe Proj. 2.5a anclysis Analysis
251,02 ' Pox 1920 1390 1630 -
251,03 :low 510 £90 725 528
251.0/, Love 270 415 L50 -
251,05 Nan 23 208 265 -
251,06 | Choe 74 .5 51 -
251.07 Uncle 25 17 12 )1
251,08 | William 21 17 28 26
251,09 | Yoke - - - -
251.10 Zebra 38 21 23 -
250,0/, Lagoon - - 113 -
250,05 Lagoon | - - 68 112
250,06 Lzgoon : - - - 86
250.17 Lagoon | - - - 60
250018 L&goon a - - 901\- bad
250422 Legoon | - - 75 50
250.24 Lagoon ' - - 20 -
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6.1.2 Shot 3

The  Shot 3 pattern was well defined because the direction* of
fallout crossed the collectins array rerfectly. The highest measured
level of gamma activity was 360 r/hr at 1 hr at Station 250.17 (sce
Tatle 6.2). Figure 6,2 presents the gamma fallout pattern in r/ar at
1 hr.

TAPIZ 6.2 - Shot 3, Garma Infinite Field Levels at Bikini Atoll Converted
to r/hr at 1 hr as Determined by Various Techniques

, . Totel Gunmer

Station | Code ;nggra;d by ?:asur;d-ghy Collector | Paper
: vele 0je 2.38 Analysis Ar:lycis

251,02 | Pox 158 - 98 107
251,03 | .ow 15 | 33 25 0
251.04 | Love 3.2 | 3.3 3.4 -
251,08 :illiam Le5 - 8.1 -
:51010 Zebra 208 l.L 402 1.9
250,01 Lagoon - - S5e1 -
25C,02 Lagoon - - Le2 -
250,05 | Lagoon - | - 107 103
25C.06 Lagoon - ! - 62 39
250,07 | Lagoon - - 64 8/
250,08 Lagoon - : - 33 -
250,09 Lagoon - ! - Leb -
250,12 Lagoon - . - 0.9 -
250.13 Lagoon - | - 1.5 -
250,14 Lagoon - : - 2.7 ' -
250.15 Lagoon - ! - 24 -
250,16 Lagoon - i - L9 65
250,17 Lagoon - - 340 360
250,18 Lagoon - - 203 201
250.19 Lagoon - - 8.5 2.3
L250. 22 Lagoon - - 7 -

6.1.3 Shot 4

.The direction* of fallout limited gamma levels of military sig~
nificence to the northern islands of the atoll. The majority of the
legoon stetions were in the fringe area of tue fallout pattern. Figure
6.3 ard Tuble 6.3 indicate the extent of the gamma fallou% in r/hr at
1 hr for Shot 4.

*  Determined from wind lata:
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TABLZ 6.3 -~ Shot 4, Ganma Infinite Field Levels at Dikini Atoll Converted

to r/bor at 1 hr as Determined by Various Techniques

T T

~ erf e

Collector
Anslysis

158
15
5¢3

156
1.7
1.5

11.9
14

Measured by | leasured by
Station | Code Rad Safe Proj. 2.5a
251.03 How 128 300
251.04 Love 15 26
251005 Nan 5 1907
251,06 Oboe 0.9 0.8
251,08 William - 0.4
251,00 Yoke - 1.0
251,10 Zebra - 0.9
250,05 Lsgoon - -
250,07 Lagoon - -
250,18 Lagoon - -
250,19 Lagoon - -
250,22 Lagoon - -
Coca Lsgoon - -
601.4 _Sllot 6

5.5

[

I Gummed
Paper :
Analysis |

0.9

1.9
1.3

A very complete array of collecting instruments was enployed
for Shot 6 in the Eniwetok Lagoon and on the atoll islands.

Since the

fallout went in a northerly direction from siiol point very few of the

stations received significant fallout.

The island of Alice, approxi-

nately 3 nautical miles from surface zaro, was contaminated to 45 r/br

at 1 hr as indicated in Table 6.4.
The' fallout collected was primarily upwind fallout with the
gamma field pattern defined in Fiz. 6.4.

The relatively low levels

about surfzce zero fit w-1l witn the overall contours as determined
b}' Pro:ject e

6.2  EXTENDED FALLOUT PA”TEQN FOR 50T 1

- - .

The contamination of the outlying atollsiz/to the east of J3ikini
and the mcasured values of the levels of residual gamma activity follow-
ing Shot 1 offered an excellent opgortunity to evaluate the fallout

pattern resulting from a super wearon.

A couplete analysis of Shot 1

fallout based on available field resdinis and a comprehensive analysis
of the wind structure with respect to its effect on particle trajecto-

ries is presented.

6.2.1

teasured Tield Veiues of Resi

—— e - - -

al Gemna Activity

S

The measured values of residual gamma activity obtained by

H. Scoville, 1% were converted to r/hr at 1 ar ucing tne composite

zumma ionization decay curve, Fig. 5.3.

One hour post detonation is

simply a convenient refercice; as will be noted in later sections,
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TABLE 6. ~ Shot 6, Gamma Infinite Field levels at Eniwetok Atoull Con-~

verted to r/hr at 1 hr as Deternined by Various Techniques.

Total Gummed
Station | Code §§ESE§§§ by g:g%urgésby Collector | Paper
> Jo <038 | Analysis | Analysis

Alice 26 L2 L5 -

Janet Ioo 7 50 8 1203 -

Leroy - - 0.13 -

Nancy - 3.3 3.5 -

250,27 | Lagoon - - 6.5 -
250,28 Lagoon - ' - 1.7 -
250,30 | Lagoon - - 0.6 -
250432 Lagoon - - 7.5 -
250433 Lagoon - - 1.5 -
2504 34 Lagoon - - ; 2.7 -
250435 Lagoon - - . 0.2 -
250, 36 Lagoon - - t 2he5 -
250,37 Lagoon - - ! 1.6 -
250-39 ¢ Lagoon - - ! 0.3 -
250,41 ! Lagoon - - i 0.19 | -
250,47 é Lagoon - - ' 0,19 | -
250,48 | Lagoon - - 0.4 -
250,49 Lagoon - - Cc.2 g -
250.50 Lagoon - - 0.4 i -
250,51 Lagoon - . Ce2 -
250454 Lagoon - - 0.2 -
250,55 | Lagoon - - O.l11 -
250,58 Lazoon - - n 0.13 -
MAC-1 Llagoon - - 0.7 -
Barge Lagoon - - 8.3 -
Oscar Lagoon \ - - 0.3 -

- fallout first arrived at the outlying atolls several hours after duiona-

tion. These data (Table 6.5), along with the measurements made witnin
the Bikini Atoll as shown in rig. 6.1, represent the avallable gamma
field measurements used in tais anelysis.

6.2.2 Dateruination of Experimental liodel - Siot 1

Although significant gama field data were obtained, they fell
far short of completely defining tne fallout patiern. .lowever, with
the added knowledge of the axis of symmetry of ithe fallout pattern,
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TAELS 6.5 - Shot 1 Residual Gamma Activity on Cuter Islands

Location Gamma Activity r/hr
at 1 hr

Ailinginae
Znibuk 92.5
Sifo 71
Tokonikaiaru 108

Rongzelap
aen 24,20
Arrik 1950
Lonuilal 1950
Gejen 1950
Lukuen 1160
Eriirippu 1,80
Kabelle 1050
Anidjet 737
Enialo 264,

_ dosch 342
Rongelsp 197
Argar 132
Sniran 316

Rongerik
Bok 770
Latobs ™ 385
Mortiook 347
Rongerik 308
Eniwetak 216

Utirik
Aon 26.6
Utirik 20

Bikar
Bikar 03,3

garma field contours were constructed.

This information was obtained

by completely analyzing the wind structure existing at and after shot
time with respect to its effect on fallout particles originating in tae
stem and cloude To establish a pattern on this basis it was necessary
to make the following assuaptions:

(2) The relative contribution of particles less than 25 M in
diameter to the residual gamma field defining the area of primary fall-
out was negligible. et

(b) The particle size distribution is the same at all eleva-
tions and homogeneous throughcut the visitle dimensions of tae cloud
and stem. 7Thlc assumption was arbitrarily chosen as tne best

a3




approximation to the actual case. Consideration of the extreme verti-
cal velocities and violent turbulence existing within the cloud before
stabilization makes it appear unlikely that any major fracticnation of
particle size would occur within the cloud and stem at early times.
Jdowever, any error introduced in the resultant axis of symmetry as a
consequence of tnis essumption would be minor because of tne particular
wind situation throughout Shot 1 fallout, P

(c) A verticael line from ground zero to the maximum elevation
of the clou” represents the axis of syrmetry of the stem and cloud.

(d) The physical dimensions of tne cloud a: i stem can be
satisfactorily reprecented by assuning they define cylinders about the
vertical axis of symmetry of the detonation.

The above assumptions defined a simplified model of the Shot 1
cloud from waicn, with information obtained experimentally and the com-
Plete wind data, the particle trajectories were calculated and their
points of intersection with the surface of the earth determined as well
as were particle transit times.

6.2.3 Experimental Data Arplied to Model Evaluation

The following experimental data were used to complete thnis
analysis:

(a) TFrom the particle size aralysis of the Bikini Atoll and
outer iclend atoll fallout, (see Section 5.2) it was determined that
the particulate were almost entirely irregular in shape.

(b) The average apparent density of thece particles was de-
ternined to be 2,36 g/bu cm as discussed in Section 5.4.

(c) The size distribution of the fallout particulate ranged be-
tween 2000 and 254 in diameter,

(d) The cloud dlmen51ons boti vertical and horizontal were
obtained by cloud photography. _/

(e) Meteorological data of the variation with height of both
the wind direction and gpeed and the air temperature were obtained
from tne Task Force Weathér Central.

6.2,/ Determination of Particle Trajectories

fron consideration of the above essumptions and aprlication of
the neasured particle data the terminal velocitles of the fallout
particles were calculated from aerodynamic feliing equatious. (See
Arpendix E.) The atmosphere was then divided into 5000-ft increments
fron the surrece to 10C,000 ft and thne average wind speed and direction
within these increments was determined. Witu knowledge of the rate of
fall of the verious size particles and the wind vectors acting on these
perticles their trajectories were computed. Particles of 2000, 1500,
1000, 750, 500, 375, 250, 220, 150, 100, 75, 50, =nd 25 K in diemeter
were placed at 5000-ft increments in the cloud model. Each particle
size at each starting elevation wes then tollowed through the atmosphere.
Comprehensive use of the available wind data was made in computing the
particle trajectories. Zffects of both space und time variations on the
winds were fully considered. The upper air date from Eniwetok, Bikini,
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and Rongerik Atolls from O hr througa O ¢ 6 hr were used. Since the
primary fallout was deposited over the area between Bikini Atoll and
Rongelap Atoll within the first 8 hr, no extrepolation of the wind
data was necessary for these particles, Hewever no wind data after -
H + 6 hr were available for the area beyond the Rongerik Atoll and a
time extrapolation had to be ured in determining tae winds that fixed
the particle trajectories there. In plottinz the trajectories it be-
came obvious that particles abowve 1000 p in diameter would fall very
near ground zero. Conseqguently, no calculations were made on tae 1000,
1500, and 2000 M particles,

_ Firure 6.5 shows the terminal points of the 231 trajectories
evaluated. The primery effect of tie larger perticles is evideni, at
distances close to ground zero,

6.2.5 Consideration of Cloud Dimensions

The maxirmm lateral width of tae fallout arca was determined by
expendins each particle's arrival point to the diameter of the stem or
cloud from which the particle originateds From the cloud photosraphy
data the stem diameter was found tc ie 6.6 miles, the stem heignt
60,000 f't, the cloud diameter 66 miles and the cloud height 100,000 ft
at 0 ¢+ 10 min. These dimensions were chosen a2ltucugh the cloud con-
timed to exp:nd laterally efter 0 4+ 10 min. TFor simplicity it was
assumed in this model that the cloud and stem were cylinders having
these dimensicns. “his eviluastion assuncs no cloud diffusion viith tinme,
but fully considers shear.

6.2.6 Determination of Axis of Symmetry ol tae Fzllout Pattern

From the swath of points (Fig. 6.5) the direction of fallout
was determined. Since the particle arrival points hud & narrow spresd
it seemed reasonable to construct an axis about wiich the fallout was
symetrical. Such a symmetrical fellout pattern results only if the
upper win‘s have the necessary configuration for so restricting the
particle trajectories, The time of arrivel of the particles was alco
calculated, Table 6.6. Some of the calculated trajectories of the smaller
particles starting at high elevationc did not reach the surface until
many Lours after the main bLedy of material haed ceposited. 7These arrival
points indicative of seconiary fellout were not corsidered in the deter-
mination of the axis of symmetry.

6.2.,7 Construction of the Fallout Pattern

Using the established axis nf symmetry of falloul in conjurction
wita the measured levels of gemma activity on the availeble atollc a
complete fallout pettern (r/or et 1 hr) was constructed as presented in
Fig. 6.6. This patiern shows the lcvels of fallout thet would exist on
an infinite land plane shouid the basic assumptions used in the defini-
tion of the experimental model a20ld. It is important to note thal this
pattern was consiructed solely on ccnsideration of the garma field
measurencnts and the axis of cymmetry: however, there is other suprorting
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evidence availatle from the analysic of the particle trajectories. The

maxirmn lateral dimension of the falloul pattern as indicated in Fig.6.5
agrees well with the constructed pattern. The density of arrival points
Snould be related tn the levels of activity; this offers rurther reason

to construct the arew of peak activity to the north of Rongelap Atoll.

6.2.8 Evelustion of tha Shot 1 Fallout Fattern

To delermine the time of errival of fallout, Fiz. 6.13 was con-
Structed basel on the times as deternined from the particle trajectory
analysis. Included iu the analysis wes the effect of the cloud dimer-
sions. Comparison of this calculated time of arrival with the reportied4/
time of arrival cn the cuter islsnis indicates the validity of the
calculated rates of fall of the particles, Table 6.5 presents tils
corparison. ' '

TAILE 6.6 - Shot 1, Comparison of Calculated and Observed Times of
Arrival of Fallout

Distance Calculated Time Observed Tire(&)
(n miles) of Arrival (hr) | of Arrival (hr)
1, 1.1 1
50 2.1 -
27 447 7
100 569 -
126 7.8 8
150 8.9 -
200 11.] -
250 13.2 -
302 15.4 18

(a) Taken fror Reference 1.

The reliability of the observed “imes of arrival on the atolls
innebited by natives are open to some question becsuse of poor documen-
tation. Tais appears to be especially true of the 7 hr corrival tine
at the atoll of Rongelap. <he weather island of Rongerik st 126 nauti-
cal miles reported orcerved arrivel times that compare well with the
calculated values,

An attempt to determire the average period of fallout was made
by eveluating the trajectory data as shown in Fip. 6.13. Tais was done
by obtaining an averege time of cessation of fallout. The rate of
arrivel of fellout at How 1slaund cauced the majerity of the activity
to e derosited early in the total period of fallout (see Section 5.7).
Cn the basis of this otservation the curve indicating the time of cessa-
tior of fzllout (Fig. 6.13) was weighted showing the period of fallout
ending before all particulate had arrived. It is at tuis time that the
level of gamme activity peoks. Continuing fallcut after inhis time is of
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such small magnitude that decay is greater than build-up.

Another check on the validity of the analysis using the experi-
meniel model was a comparison of the particle size distribution as
measured from samples collected on the atolls and the size distribution
that would be expected from consideration of the trajectories of the
particles. Table ©,7 tabulates the measured particle size distribution
found in samples from uhe atolls a8 taken from the data presented in
Chapter 5. ‘ -

TABLE 6,7 - Shot 1, Measured Particle Size

Smallest Largest Geometric

Station Particls Particle Mean

(») () (»)

Bikini <25 >1000 12

Ailinginae 16 , 172 60
Ronzelap Village 10 126

Rongelap North Ead 16 394 70
Rongelap, Kabelle 16 518

Utirik . 6 134 45

The celculated trajectories showed particles from 2000 to 100 p
arrived as primary fallout within the Bikini Lagoon. This fact agrees
very well with the measured size distribution shown in Table 6.7. Con-
sideratiun of the cloud diameter and stem diameter, in the experimentsal
model, on the arrival points of the particle trajectories indicates
particles from 150 to 75 ¥ diameter would arrive at the north end of -
Rongelap with the 1imit of the 250 p particles falling approximately
10 nautical miles north of Rongelap Atoll. The steep gradient of
particle size distritution in a north-south line is also clearly indi-
cated from the model study which agrees well with the size distribution
tound at Ailinginae some 15 nautical miles south of north Rongelap. Also
the calculated size limits the particles arriving at a distance or 300
ngatical miles to a maximum diameter of 75 p as compared to a measured
geometric mean size of 45 H.

The only discrepancy of eay magnitude between observed data and
those calculated from the experimental model is that no fallout arrived
at Utirik based on the mcdel analysis. It must be realized that at
this distance the model analysis is weakest because the wind data used
were extrapolated as being constent from O + 6 hr to O + 20 hr, the
latter being the time of arrival of fallout at a distance of approxi-
mately 300 nautical miles., This extrapolation was necessary because no
wind date for periods beyond O + 6 hr was available at the time of this
analysis,

Even better corr:lation of measured o calculated particle size
would be obtained if a larger cloud diameter were used in the experi-
mental model. For this analysis the value used of 66 nautical miies
was conservatively chosen; Project S.1l cloud dimension data indicate

&
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the cloud contimed tc grow laterally to a diameter larger than 66
neutical miles at the time of their last reported measurement,
0 +10 min,

The fallout contours from this analysis indicate higher levels
of activity 60 nautical miles distant than those existing within 10
miles of the detonation point. The pattern is much wider than would be

- ovtained by sceling the surface shot from Operation JiNGLE. For matters

of comrarison surface JANGLE was scaled to 15 MI by the cube root scal-
inc relationship. This pattern is shown in Fig. 6.7 on the same map
scale as the S.ot 1 pettern presented In Fig. 6.6. The resulting com-
paricon is interecting, primerily frou the point of view of the extreme
variation in the configuration of the two patterns. Justification of
fellout contours of higher yield devices having little or no relationship
to the scaled JANGLE surface detonstion contours_is evidenced in en anal-
ysis of cloud dimensions with respect to yield.l}/ The reference indi-
cates thot & chbange of cloud shape takes place with increasing yields

becoming srodually flsttened for hicher ylelds. Tais flattening effect

would indiczte a resulting wider pattern then one would obtain ty simply
scaling the JANGL: curf'ace datu.

Tais confipuration is also evidenced in the analysis of the
Shots 5 and 6 fallout patternc.4/

£.2.9 aterial Balance for Snot 1

™o material balances were made on the resulting Snot 1 fallout
pattern. The bgses for these balances were theoreticul in one case and
experimental in the other. (See Appendix F.)

The theoreticsl calculations resulted in 57 per cent of tae
measured yield of the Shot 1 device being accounted for witnin the
100 r/ar at 1 hr contour, Also, the theoretically calculsted fraction

of the device deposited at Station 251.03 was found to be 7.0 x 10‘16/sq cm.

The fallout in a total collector located at Station 251.03 was
anelyzed radiochemically and the results showed 3.7 x 1016 of the device
was devosited per square centimeter at tals location. Extrapolating this
retio over the fallout patiern after taking into consideration the vary-
ine levels of activity resulted in avproximately 30 per cent of the de-
vice beine accounted for. This value is questionsble because of tae
fragrentery data upon which it is btaced. However, the two results indi-
cate thet the fallout petter: as constructed for Shot 1 is within reason.

Teble 6.8 indicates the average gama activity in »/hr at 1l hr
with respect to the areas over which these fields existed.

__TABIR 6,3 ~ Aress of Average Gamma Activity

[ Ares [ Residual Average Gemma Activity
(sq. miles

gtatute) (r/br at 1 hr)
2,040 3,000
2,830 2,500
34860 _ 1,500
6,030 750

12,900 300
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6.2,10 Growth of Shot 1 Fallout Pattern with Time

It must be realized that the reconstructed fallout pattern de-
scribed irn Fig, 6.6 indicates for convenience the levels of activity t
thzt would exist should all of “he fallout particulate be down at
O+ 1 hr. Of course, this is not the cese, for the primary pattern out
to arproximately 280 nauticel miles was not static until some 20 hr
after shot time. Firures 6.8 through 6.12 show the growth of the pattern
with time, The garma field levzls are those that would exist at these
times over a land area. In construction ol these patterns consideration .
of both decay and time of arrival as indicated by Fig. 6.13 were taken
into account,

6.3 EXTENDED FALLOUT PATTERN FOR SHOT 2

Bikini Atoll was not heavily contaminated after Shol 2 was deton
nated due to the primary fallout falling to the north of tne siaot point.
Eleven of the samples from the free-floating see stations recovered
after Shot 2 were evalusted and it was founc taat the main swath of fall-
ou* crossed over the ctation array. Of the 11 stations recovered seven
vere in the fallou® arca as indicated by Table 6,9, The total collector
date were veduced uznd znalyzed by Froject 2.6a.

TABLE 6.9 - Shot 2, damma Infinitn Field Levels Converted to r/hr
at 1 hr as Deterﬂwned by Various Techriques

Beering from ' Distance from | Cimmed Faper Total
j Station | Ground Zero . Ground Zero Collector Collector
| (degrees true) ! (n miles) Analycis Analysis\a
i ' (r/4r) (r/hr)
A4 352 43 b 120 12¢
0, 27 , KA 0.2, | 20
P4 27 ; gIA 1.0 0.l
QA 295 i 34 33 110
Ry 308 ‘ 36 435 ! .80
T, 337 L3 220 90
As 347 52 147 ; 90
D5 054 53 i 0 ' -
35 075 53 t 0 -
Gs 115 53 l o - ! -

(a) As evaluated by Project 2.6a.
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The fallout contours constructed fron tane gumed paper data are presented
in Fig., 6.14. Since the data were frugmentary, linmited reliazbility’
should be placed on the -cenfiguration of tie contours, No analysis of
the pattern based on particle trajectory data has lLeen attempted.’




C4APTER 7

SUMMARY

7.1 GENERAL OBSERVATIONS

The study of thermormclear explosions at CASTLE has shown tne fall-
out problem to be of considerably greater magnitude than predicted.

This denonstration of the radiolcgical capebilities of superweapons
makes it imperative that scaling relationships for fallout be derived
which will apply over the antire range of possible weapon yields. A
corron basis of development is required if predictions are to be valid
for the now undocumented medium yield runge (high yield fission--low
yield thermonuclear). Such a basis may be found in the changes in
cloud geometry which are Xmown to occur with cnengz2s in yield.

The increased coverage by fallout appeers to be due to the flatten~
ing of the source cloud at high yields in contrast to the more nearly
spherical cloud shape of the nuclear model used for tne predictions.

The following cgeneral observations may bte drawn concerning fellout fron
the more diffuse source:

(a) The extont of land ganma radiation fields of military signif-
icance is increased beyond thal directly attridbutable to the increase
in yleld over the nuclear range.

(b) This increese in the area of lethality is the result of e
more even distribution of ©allout over a larger area. Stating it
ancther way, reduction of the extra-lethal or over-kill factor extends
the lethal range for fallout.

(¢) The increased efficiency with which superuespons disperse
radioactive meterials is to some extent counter-acted by the delay in
errival of fallout from the high source cloud and the rapid rate of
decay which occurs in the interim,

7.2 PLANS FOR TURTHER WORK

Further study of the interaction of these three factors and com-
parisons with model data are expected to reveal the pert .loud geometry
plays in the distribution of fallout., Correlation of data from all
CASTIE sources, including the results of water sempling under Project 2.7,
will be made using the USNRDL experimentel model., Idealized garmma
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isodose and isodose rate contour plots will be developed for the two
types of explosions, surface-land and surface-water, taking intc account
the time of fallout arrivel, Comparisons with other models erd with
nuclear data will be carried out and the cloud geometry factor exanined.
The centribution wihich these upper yield limit data make to the develop-
rent of scaling relstionships can then be fully evaluated.

Inmprovements of and generalizations: on the experimental nodel are
expected tc accompany the foregoiny analyses. Use of the method as a
tool for forecastinz primary fallout arpears prenising and will be ex-
plored,

"~ Additional development and eveluation of data on gamma field decey
vill te carried out. Idealization of the decay curve from 5 to £00 hr
post detonation is expected to produce a simplified approxdmation suite
gble for military planning and field use. This approximation may reduce
to two strainnt line functions on a logaritimic plot, one covering the
period from 5 to 50 hr, and the other, 50 to 5CU hr. Later decay ic
assumed to follow the normal fission product function.

7.3 SEECIFIC CCNCIUSIONS

The following conclusions present evaluation of data on primary
fellout at CASTLE:

(a) Gamma fields from fallout decayed at rates differing from the
t~1+2 approximation common to fissicn weapons. The extent of tnis dif
ference is militarily important over certain time periods. '

(b) TFallout from the surface land detonations was in the form of
irresular solid particulates. The geometric mean particle diameter de-
creesed with distance from the shot points; for Shet 1 the geometric
mean varied from 112 ¢ at Eikini Atoll to45 g at Utirik Atoll.

(c) Of the solid particulates studied, approximately 25 per cent
vwere insctive with their mean particle size smaller then the active.

(@) The average density of the solid particles from Shot 1 was
2.36 g/cu Chle

(e) Little cdata were obtained on the nature of the fallout from
over~uater shots. There was some indirect evidence that the fallout
50 nautical miles from Shot 2 arrived as a fine mist or aerosol.

(f) Time and rate of arrival of fallout were documented only with-
in the atolls by Project 2.5a. tlowever, limited results on more distant
islands were obtained for Shot 1. Arrival vas characterized by a rapid
rise to a peak followed by a decline which, in the measurement of garma
dose-rate, merged imperceptibly with radioactive decay. ‘'iaterial first
arrived ot approximately 1/2 hr after detonation and continued for
1-1/2 to 2 hr.

(g) A contimous 100 hr unshielded exposure after the detonation
of g 15-MT device on land will result in a minimur free field total dose
of 170 r over an srea as large as 25,000 sq mi. '

(h) The development of an experimental model has provided a means
of recouctructing fallout patterns using limited gemma ficld data 2nd a
comprenensive analysis of the .'~teorological situation as applicd to
particle trejectories.

Conclusions as to the usefulness of free-flo-ting buoy stations for
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documeniing fallout can also te drawn. Contrary to the results obtaired
st IVY, the epolicability of this method without modification to super-
weapon tests avpears questionabla, Late chenges in the prediction of
winds aloft induced uncertainties in shot scheduling of an unprecedented
nature at CASTLE defeating efforts to mount any operations requiring
advanced timine of the order of 2.4 to 4% hr. Yowever, in one of the two
instances where buoys were in place at detonation, valuable and otherwise
unaveilatle data were obtained. In general, modifications of the tech-
nique are indicated prior to use at any future weapons! test, particu—
larly superweapons.,

7.4  RECOMMENDATIONS

Knowledge of the goomeiry of the source cloud and the manner in
which radioactivity 1s associated with it has been shown to be of major
importance in the prediction of the fallout. More detailed study of
the cloud reometry factor and of the particulate. nature of fallout at
future tests is rscommended. Such studies will require cloud sampling
of some type.

Continuous wind data to 48 hr post detonation with adequate
sctellite station coverage should be obtained at future tests where
significant fallout is expected.

Re-evaluation of rethods for documenting primary fallout patternms
at the Pacific Proving Ground is recommended., This re-evalustion should
take into account the increased importance of the fallout problem with
reference to both operations and security.
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APPENDIX A

SHOT 4 OPERATION PLAN— BUOY PHASE, PROJECT 2.5a

A.l1 PLANS AND PREPARATION

Ships will load at Eniwetok according to the "Union Schedule of
Ever.ts" and be ready for laying operstions by the eve of U=3, They will
proceed late U-2 in tinme to lay first buoy of COMPLETE ARRAY at 0200 on
U-1, sea couditions permitting. (See CTG 7.3 ltr ani accorranying chart.)*

A.2 LAVING PROCEDURE, COMPLETE ARRAY

(a) aTF 75 will lay western portion of array, as follows:
P-1 clockwise through A-1; thence to T=-2 counterclockrise through P-2;
total buoys, 1ll; completion time, 2000, U-1.

(b) ATF 67 will lay eastern portion of array, as follows:
F-2 counterclockwise through 4-2; thence to B-1, clockwise through F-1,
Totel buoys 1l; completion time, 2200, U-1,

NOTE: For buoy designations, see aczompanying chart*
"RADIO BUOY ARRAY FOR UNICL, PROJECT 2.5a,"

A.3  LAYING PROCEDURE, PARTIAL ARRAY

(2) ATF 75 will lay western portion, dropping first Luoy no
later than 1200 U~1: A-1 counterclockwise through P-1. Total buoys,
6; completion time, 2000, U-1.

(b) ATF 67 will lay eastern portion, dropping first buoy no
later than 1200, U-1: A-2 clockwise through F-2, Total buoys 6; com-
pletion time, 2200, U-1,

A,, PROCEDURE FOR ADVANCEMENT OR DELAY OF SHOT

(a) If, on U-3, & 2,~hr advance in shot time is announced, load-

‘ing can he completed and the complete array planted; if & 48~hr advance

is announced loading of necesgsary buoys can be carried out ard the par-
tial array can be planted, :

* Letters and enclosures are not included in this report.
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(b) If placement of either the complete array or the partial
array is proceeding and a 24-hr delay is announced, buoys alreedy plan-
ted can be ieft to drift into new positions and additional buoys laid
upstream at the proper time to round out the array.

(¢) If placement of either array is proceeding and a delay of
48 hr or more is announced, buoys planted must be recovered. Either
the complete or partial array may then be set out as time and circum-
stances permit,

A,5 RECOVERY PRCCEDURES

Recovery operations are expected to commence on U day. Each ATF
will recover orn buoys, commencing with stations in probable fallout.
If recovery ships themselves enccunter fsliout, they may retire and re-
cover buoys in adjacent areas, Every effort shouid be made to recover
the imvportant stations as early as possible; however, if recovered buoys
produce dangerously high radiation fields aboard ship, it may be neces-
sery to break off and return to Snivetok to off-load. The ships should

then return immediately to recover remainder.

A.6 MESSAGES TO ATF'S FROL CTG7,3

The following information should be included in messages to ATF's.

(a) Message to proceed to lay tuoys -should specify plan desired
(complete or partial). Project will provide informaticn.

(b) Message to proceed to recover buoys should indicate probable
area of fallout by buoy designations. Project will provide information.

(c) Messages to ATF's to modify laying procedures on-site should
irclude specific recommendations. Project will provide inforwation,

A.7 MESCAGES FROM ATF!S TO CTG 7.3

(a) Each ship should report nrog.2ss in laying operations every
L hr, Stations and their positions should be reported along with the
time of laying.

() During recovery, each ship should report progress every 4 hr,
givinz time and position, and radistion levels of sampxe bottles as '
determined by Project personnel aboard,.

(¢) Info CTC 7.1 on all messages.
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s . APPEIDIX B

GAMMA ACTIVITY MEASUREMENTS FOR THE TOTAL AND GUMMED
PAPER COLLECTORS

TABLE B,1 - Gamma Activity Measurements, Shot 1, Total Collectors -

l Sample | Wt. of 50lid Wt. of | Gamma Activity |Dete and Time
No. (g) Liquid (mr/hr)  iNeasured (PST)

| , (ml)  "Liquid | Solid
251,621 29.69 35 79.6 | 504.8 |3/18/54 - 1400
251,03 { 803 ; 174 8.1 | Li4.5 |3/18/54 - 1400
251,04 5.01 ‘ A 1.2 8547 |3/18/54 - 1400
251,05 1.6 i 6 0.91 | 27.7 {3/18/54 - 1400
251,06 1.17 0 o 2.9 | 3/18/54 - 1400
251.07 0 120 0.9 0 |3/1%/54 - 1400
251.08 1.25 138 0.13 | 1.3 |3/18/54 - 1400
251.1o§ 3.58 124 | 0.2 0.9 3/18/54 - 1,00
250,04 0.26 40 6.96 7.2 | 3/18/54 - 1400
250.05 0,14 | 78 0.58 3.5 | 3/18/54 - 1400
25018 0 s 0.13 | 0.35]3/18/54 = 1400
250,22 o 16 0.058|  0.31]3/18/54 - 1400
20201 0.2 | 82 0.0 |  0.6L(3/18/54 ~ 100




' TABLE B.2 - Gamma Activity Measurements, Shot 1, Gurmed
Paper Collectors

Sample No. Gaxméxa Activity | Date and Time
oo mr/hr)~ Measured (PDT)
\\ 251,03 | 20.3 4/28/54 = 1240
R 251.07 1.2 4/28/54 = 1240
,\  251.08 1.0 4/28/54 = 1240
// ' 250.05 43 4/28/54 - 1240
/ 250,06 | 3.3 4/28/54 = 1240
| 250.17 2.3 4/28/54 = 1240
;_;.5';' 250.22 1.9 4/28/54 = 1240
T, —— b J

TABLE B,3 - Gamma Activity Measurements, Shot 1, Gummed

e Paper Collectors

A—— b T T T T —
ff‘"* s . Gamma Activity | Date and Time
“\3< ample No (mr/hr) | Measured (PST)
.‘"-Q-z{:‘ i o !
L | 1-5-D,, 0.0008 | 3/18/54 - 1400 g
/ :
o 1-S-D% 0.0012 | 3/18/54 - 1400 .
:«f‘/.' . { :
L 1-S-DWJ ! 0.0069 | 3/18/54 - 1400 i
e | | !
e 1-S-D¥K : 0.,0021 L 3/18/54 - 1400
5 [ :
/ i . 1-S-DWL | 0.0021 l 3/18/54 - 1400

S L .

\'\4\‘
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TABLE B,/ - Gamms Activity Measurements, Shot 2, Gumed
Paper Collectors

Sample Bearing - Distance from GZ | Gamma Date and Time
No. (Degrees True) | (nautical miles) | Activity|Measured(PST)
(wr/hr)
B, | 352 43 1200 13/27/54 - 1930 |
1 o, : 247 34 5 |3/21/54 - 2045
PA 271 34 20 |3/28/54 - 1820
Q, 5 3% 280  |3/28/54 - 0845
R, f 308 36 5000 |3/28/54 - 1200
T, 337 43 2200  |3/28/54 - 1300
| A 347 52 00  [3/28/54 - 1520
| b, 054 53 0 - -
E, 075 53 0 - -
Fs 095 53 0 - -
Gs 115 53 0 - -
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TABLE Bo,5 ~ Gamma Activity Measurements, Shot 3, Total Collectors

/
P ]
P2 Vol. of | Wit, of | Gamma Activity | pore and Time
E Liquid ! Solid (mr/hr) &
- Sample No., . (z1) ; (2) ISEE {iquia Measured (PST)
AN 251.02 - |- 300 - 4/8/54 = 1000
251,03 1785 0 ) 3.28 | 4/15/54 - 1500
. 251.04-1 | 1630 | 0.34 0.17 | 0.1 | 4/15/54 - 1500
ah 251,04-2 | 1475 | 0.34 0.16 | 0.33 | 4/15/54 - 1500
251.,04-3 | 2130 | O ) 0.25 | 4/15/54 = 1500
251,08 | 1150 2.30 0.37 | 0.42 | 4/15/54 - 1500
251.10 | 325 344 0.17 | 0.39 | 4/15/54 = 1500
250,05 | - - 275 - 4/8/5L - 1630
7 250,06 | 1665 | O 0 9.92 | 4/15/54 - 1500
' 250,07 . = |- 150 - | 4/8/54. - 1530
250.08-1 | 110 ! 0,12 3.37 | 3455 | 4/15/54 - 1500
i 250.08-2 ; 170 ' O 0 2.45 | 4/15/54 - 1500
250,09 | 615 .0 0 0.59 | 4/15/54 = 1500
= 256,12 0 75 0 0 0.11 | 4/15/54 = 1500
o 250,13 | 245 L0 ) 0.19 | 4/15/54L - 1500
250.14-1 & 235 0 0 0.28 | 4/15/54 - 1500
250.14=2 ; 320 - O 0 0.41 | 4/15/54 - 1500
- 250.15-1 ; 380 ' O 0 0.21 | 4/15/54 - 1500
250.15-2 | 248 0 0 0.41 | 4/15/54 = 1500
— : 250.16 |, 260 0 0 7.32 | 4/15/54 - 1500
- 250.17 | - - 280 - 4/12/54 - 0900
L 250,18-1 | 515 2,81 51.8 [134.6 4/15/54 = 1500
g 250,18-2 | 560 0 0 19.3 4/15/5L - 1500
250.18-3 | 365 i O 0 6.94 | 4/15/54 - 1500
250.19 938 ) 0 111 | 4/15/54 = 1500
250.22 915 0 0 0492 | 4/15/54L - 1500
-3
N
A
/>\ -
N
{f\ 109




TABLE B,6 - Garma Activity Measurcment

s, Shot 3, GﬁmmedAPaper

Collectors
-
‘' Sample No, Gamma Activity - | Date and Time
(mr/hr) Measured (PST)
251,02 165 4/12/5L - 0900
| 251.03 32 4/12/54 - 0900
§ 251,10 3 L/12/54 - 0500
: 250,05 140 L/12/5L - 0900
250,06 17.7 4/15/54 - 1500
250,07 37.9 L/15/5L - 1500
250,15 - 29.4 L/15/54. = 1500
280,17 15545 L/15/54 = 1500
250.1% 90.7 4/15/5L - 1500
250,19 | 1.06 L/15/5L = 1500
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TABLE B,7 - Gamma Activity Measurements, Shot 4, Total Collectors

Gamma Activity

Gamma Activity

Sanmple No. | Total Vol, | Wit, Solid (nr/hr) Date and Time (mr/hr) Date and Time

(m1) (g) Sonld Measured (PDT) Liquid Measured(PD?)
251,03-1 11 0.234 28.9 5/5/54 - 0900 6465 5/4/5L = 1600
251,03-2 9.4 0,432 22,5 5/5/54 - 0900 4464 5/4/54 = 1600
251,03-3 11.4- 0.332 27.0 5/5/54 = 0900 4.82 5/4/54 - 1600
251,03-4 22 0.345 27,9 5/6/54 = 1100 6.51 5/5/54 - 1600
251,04-1 250 9.18 0.19 5/5/54 - 0900 3,08 5/L/54 = 1600
251,04=2 1620 77.8 0.48 5/6/5. = 0900 0.30 5/7/54 = 1000
251,05(a) 370 0.324 0.84 5/6/54 - 0900 0.64 5/5/54 - 1500
250,05-1 450 0 0 L4471 5/4/54 = 1500
250,05-2 370 4] ) 29.3 5/4/54 - 1500
250,07 288 0 0 0.2 5/L/54 = 1500
250,18-1 33 ) 0 0.043 5/4/54 - 1600
250,18-2 . 133 ) o 0.35 5/L/54 = 1500
250,19 124 0 0 1.93 5/3/54 - 1500
250,22-1 |- 22 0 0 0427 5/L/54 - 1500
250,22-2 238 0 0 0.12 5/L/54 = 1500
Coca-1 585 ) 0 0427 5/L/54 - 1600
Coca=2 25 0 0 0.178 5/4/54 - 1500
Coca-3 25 0 0 0.25 5/3/54 = 1500
Coca-4 19 0 ) 0.26 5/L/54 - 1600
Coca~5 211 0 0 0.62 5/4/54 = 1500
Coca~-b 137 0 0 1,03 5/L/54L - 1600
Coca-7 450 0 145 5/6/5L - 0900 0.88 5/5/54 = 1500

L ]

1 w
~
N

(a) Three samples combined.
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TABLE B.8 - Gamma Activity Measurements, Shot 4, Gummed Paper

Collectors

. Gamma Activity Date and Time
Sample No. (nr/nr) Leasured(¥DT)
251,05 2.81 5/5/54 = 1500
250,05-1 145 5/5/54 - 1500
250,05=2 115.3 5/5/54 = 1500
250,07 0.54 5/5/54 = 1500
250.19 1.07 5/5/54 - 1500
250,22-1 1.14 5/5/54 = 1500
250,22-2 0.37 5/5/54 - 1500
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TABLE B,9 -~ Gamma Activity Measurements, Shot €, Total Collectors

Total fit, of Gamma Activity

Sample Volume | Solid (mr/nr) Date and Time
No. (m1) (g) Solid “Liquid | Measured(FDT)
Alice~l - 410 - 0 1,95 6/1/54 - 1300
Alice-2 610 0 0.478 | 2.76 6/3/54 = 1400
Alice-3 LA5 0 0 0.355 6/1/54 - 1300
Alice-4 460 0.081 | 0.356 | 0.816 6/3/54 - 1400
Alice-5 450 1.09 0.500 | 2,47 6/3/54 = 1400
Japet-1 332 5.53 0.360 | 0.0982 6/3/54 = 1400
Jaret~2 275 4.31 0.328 | 0.0797 6/3/54 - 1400
Janet-3 250 4,37 0.382 | 0.0621 6/3/54 = 1400
Janet~4 415 0.072 | 0.241 | 0,171 6/3/54 - 140G
Janet-5 465 0.430 | 0.232 | 0.237 6/3/54 - 1400
Janet-6 455 1.35 0.424 | 0.220 6/3/54 - 1400
Leroy-1 725 0 0 0,0077 6/1/54 ~ 1300
Leroy=2 720 0 0 0.00579 | 6/1/54 ~ 1300
Leroy=2 725 0 0 0.00482 | 6/1/54L = 1300
Leroy-/ 750 0 0 0.00482 6/1/54 - 1300
Leroy-5 760 0 0 0.,00635 | 6/1/54 - 1300
Leroy=6 705 0 0 0.00482 | 6/1/54 - 1300
Leroy=7 815 0 0 0.00540 | 6/1/54 = 1300
Leroy-8 705 0 0 0.00500 | 6/1/54 ~ 1300
Nancy 305 0 ) 0.149 6/1/54 = 1300
250,27 593 ) 0 0.280 6/1/5L = 1300
250,28 655 0 ) 0.0742 6/1/54 - 1300
250,30 660 o} 0 0.0282 6/1/54 = 1300
250432 450 0 0 0.322 6/1/54 - 1300
250,33 455 0 0 0.0685 6/1/54 - 1300
250434 462 0 0 0.117 6/1/5L. - 1300
250,35 450 0 0 0.011 6/1/54 - 1300
250.36 350 0 0 1.11 6/1/54 - 1300
250.,37-1 | 2110 0 0 0.00635 | 6/1/54 - 1300
250,37-2 | 1750 0 0 0.00715 6/1/54L - 1300
250.37-3 1500 0 0 0.0077 6/1/54 = 1300
250,39 230 0 0 0,0135 6/1/54 = 1300
250,41 935 0 0 0.0081 6/1/54 - 1300
250447 . 875 0 0 C.0C3 6/1/54 -~ 1300
250,48 1315 0 0 0.0154 6/1/54 - 1300
250.49~1 1520 0 0 0.00635 6/1/54 - 1300
250,49-2 1335 0 0 0.0054 6/1/54 - 1300
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TAELE B.9 - Gamma Activity Measurements

, Shot 6, Totsl Collectors

(Cont,.)
Total Wt. of | Gamma Activity
S;mple Volume | Solid (mr/hr) Eate ang(;gg§
O« (m1) (g) [So1id Liquid | ~easure
250,49-3 1310 0 0 0.00482 | 6/1/54 = 1300
250449~/ 780 0 ) 0.0247 6/1/54 - 1300
250,49-5 1085 0 0 0.00425 | 6/1/54 = 1300
250.,49-6 | L™ 0 0 0.,0077 6/1/54L - 1300
250,50 1225 ) 1o 0.0164 | 6/1/54 - 1300
250,51 1110 0 0 0.00906 | 6/1/54 - 1300
250454 1085 0 0 0.00925 | 6/1/54 - 1300
250,55 960 0 0 0.005 6/1/54 - 1300
250,58 765 0 0 0.00578 | 6/1/54 - 1300
Barge-1 1115 0 0 0.146 6/1/54 = 1300
Barge-2 10 | © 0 0427 6/1/54 - 1300
Barge-3 1010 0 0 0.0151 6/1/54 - 1300
Barge~4 1050 0 0 0.139 6/1/54 - 1300
Mack-1 1915 0 0 0.0338 6/1/54L - 1300
Mack-2 1528 0 0 0.0278 6/1/54 - 1300
Oscar-1 710 0 0 0.0117 é/1/5L - 1300
11/,
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APPENDIX C

PARTICLE SIZE DISTRIBUTION AND PERIOD OF FALLOUT DATA,
SHOTS 1 AND 6
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APPENDIX D

FALLOUT PARTICLE DENSITY, SHOT 1

TABLE D,1 - Differential Fallout Collector 250,04

. I
Sample|Sampling Time| pengity | Average | yactivity| Date
No, | -®™im after I(gp/cy cm)|Plameter (c/m)  |Counted Color
AED (u)
1 25 2,28 1480 £3 7/20 }white with
orange tinge
2 40 2.05 1020 a4 7/20 |white
3 40 2.54 900 86 7/19 | grayish white
A 50 2.2. 580 89 7/20 |white
5 55 2,22 730 230 7/20 |white
6 75 2.42 1060 110 7/19 |gray
7 80 2426 810 230 7/19 |white
8 85 2,52 350 21 7/20 white
9 90 2,52 750 47 7/23 iwhite
10 95 2,18 675 502 7/20 |white
11 100 2,17 550 66 7/19 lwhite
12 105 2,10 500 40 7/21 !white
12 110 2.2, 630 0 7/21 iuhite
VA 125 2.19 590 105 7/21 jwhite
15 130 241 540 6/ 9/21 vhite
16 135 2,22 260 19 7/21 - white
17 130 1.78 490 13 7/19 iwhite
18 140 2.18 350 4, |7/21 jwhite
19 140 2,35 590 84 7/21 |white
20 140 2,21 530 231 7/21 |white
21 145 2423 310 34 7/21 {white
22 145 2440 480 36 7/21 iwhite
23 145 2.0, 650 106 7/21 lwhite
24 150 2,38 340 61 7/22  |uwhite
25 160 227 | 380 64, ' 7/22 |white
26 160 1.94 700 99 | 7/23 |white
27 160 2.38 5.5 62 7/23 [white
28 165 1.65 620 66 | 7/23 iwhite
29 165 2.10 375 2 ] 7/23 |white
30 170 2.7 1 570 13 | 7/19 lwhite
31 175 2,32, 325 44, 7/19 |white
2 185 2,20 | 325 R4 {7/19 {vhite
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TABLE D.2 - Differential Fallout Collector 250,17

' Sampling Time Average
Sample Density N Y Activity] Date

Yo, (min after (g/cu cm) Diameter (c/m)  |Counted Color

AED) vB)

1 5 2.42 800 61 | 7/28 | graylsh

2 10 2,52 820 461 | 7/28 | white

3 10 2,50 830 13 | 7/28 | white

4 10 2.39 460 26 | 7/28 | white

5 15 2,22 330 163 | 7/28 | white
% 6 15 2,66 840 55 7/28 gray
b 20 2440 525 L | 7/28 v
;8 25 2.51 480 27 | 7/29 | gray
.9 35 2,55 360 38 | 7/29 | gray
.10 40 2,46 260 0 | 7/29 |gray
L1 40 2455 1750 20 | 7/29 | vwhite with

‘ ‘ brown tinge :

12 ! 40 2,52 480 0 | 7/29 | white |

13 45 2,44, 680 54 | 7/29 | white

B VAR 50 2,37 425 6 | 7/29 | white

15 50 2,23 350 0 | 7/29 | white

16 50 2,36 610 0 | 7/29 | white

17 50 2,54 320 0 | 7/28 | white

18 50 2,31 900 127 | 7/29 | white

19 50 2,71 440 4 | 17/28 | white

20 50 2,38 640 0 | 7/28 | white

21 95 1,95 560 0 | 7/28 |wkite

22 110 247 600 10 7/28 | white

23 135 2447 530 13 | 7/28 | white

24 135 2,49 770 5 | 7/28 |white

5 160 2,45 300 17 | 7/29 | white

L_ze 175 2.34 470 292 7/29 | white




TABLE D,3 - Differentiul Fallout Collector 250,24

Sarpling Time . Average Y

Sample g Density . Yhctivity Date .

No. (min Azgg,er (g/cu cm) Dla“(‘ff‘ er (c/m) | Counted Color -

1 5 2.11 420 0 7/22 white ‘ ot

2 10 2,40 980 0 7/22 vhite R

3 15 2.38 425 0 n/22 white o

L 20 2.22 240 26 7/22 white

5 25 2.75 275 12 7/22 white |

6 35 2,66 675 160 7/22 white |

7 50 2,62 1410 146 7/23 white .

8 60 2.6 335 0 7/23 white .

9 65 2.3 220 0 7/23 white

10 65 2,5/, 535 33 7/23 vhite|’

1| 65 2,55 440 42 | 7/23 | vhite

r 65 2,60 340 43 7/23 vhite

13 65 2.59 250 65 7/23 white .

1. 65 2..8 250 L4, 7/23 white

15 65 2.36 590 hVAY 7,/23 white

16 80 2.58 200 7 /23 white .

17 90 2.45 270 31 7/23 white ‘

18 150 2.C5 310 24 ) 7/23 white




ArcrduIX B

PARTICLE FALLING RATES

The determination of the fallin: rates for the faliout particles
vwac made by initially c:lculating the terminal -welocities tor purticles
at vzrious altitudes, A selected range of purticle dizrmeters was used
in meking therce celcwlations. The dizreters considered vere: 10, 25,
50, 75, 1C0, 150, 200, 240, 375, £CO, 750, a.d 1C00 K. Terminal vel.o-
cities for these particles vere calculated for sturting altitudes at
5000 ft incremente from O to 100,000 ft. From these duta the aver:zge
rates of full of the rarticles through £000 ft increments of the atros-
rhere were determined,

The calculation of the terminzl velocities involved the uce of
knovn laus of settling of suspended narticles from guses, The tyves of
flov which these purticles underge wre divided intc three regions:

streamline, where viccous forces predomin:te; intermediate; and turtulent,

where inertie forces predominate, In simplified form, the laws govern-
ing these types of flow are:3/ :
Strearline motion,

vy = Kg (B=Lo) 42 y-1 (E.1)
_ Po .
Intermedicste regicn, - =
' = KI (_p_-‘_pg)z/B v l/3do (E.Z‘)
o
Turbulent region, P 5
& - 1 ~
Vg = Ep (_F;O_PQ) /2 al/z (E.3)

Vp < terminal velocity

K = constant, for irregulsr qusrtz particles:
}% = 36, KI = 17,2 ard KT = 50,

P : dencity of the particle

> = dencity of the fluid

d = true diameter

¥ = kinematic viscosity = L

Po
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B = absolute viscosity of the fluid
do =d - §dt
- 0027
S=0%r w2 W
a' = 33— —— = liuiting diame-
g P (P-8 ter to which the .

streamline law
applies

g = acceleration due
to gravity

The values for Ko, Kp and P were given as determined for irregular
quartz perticles, which for this application is rxore suitable than those
velues given for spherical particles, The wilue of Ky was determined by
solving the Eqs. E.1 and E.2 at the point of trensition (85 K) fro
streamline motion to the intermediate region.Z/

The density of the particle was determired experimentally for
actual fullout particlec collected in the field (see Section 5.4). The
densityﬁ/of the air and the viscosityld/of the air which is temperature
aependent are shown in Taeble E.l1. The values for the viscosity are
based on temperature messurements tcken in the Bikini area at Shot 1
time by the Task Force iveather Cential, Temyer:ture data were not taken
for altitudes above 50,000 £{, so the temperzture above that elevetion
wes arsimed to be isothermal,

Since choice of the applicuble equation is dependent upon the type
of motion experienced by perticles felling through air, it was necessary
to determine the limiting diameters to which the various lavs apply. The
expresrion for the limiting diameter to which the streamline law applies
was given above, The expression for the intermediate region, '

ar = 43.5[~£2-—]1/3
E P(P-R)

was uvailable from another source.8/ The caleulated velues for the 1limst-
ing verticle diameters at different altitudes for the two types of motion
are zlotted in Figs. E.1. These plots define the areas in which the var-
ious equations for the uetermination of terrinal velocities are applice-
ble, It is seen thut for some of the particle sizes considered (100, 150,
200 B) the terminal velocity calculaticns follow the intermediate law to
th« altitudes indicated and beyond th:t the streamline law. Also, for the
particle sizes considered from 250 to 1000 b in diaceter, it is evident
th:t the intermediate law only governs the “erminal velocity determina-
tions.

when the density of the fluid is small as compcred to that of the
perticle, the buoyuncy correction becomes negligible and Eq, .1 takes

the form, . -%pg
m_
B

Since the temper .ture above 50,000 ft was assumed to be isothermal, the
viecosity of the air remains coust.nt and the terminal velocity is pro-
portional to the square of the diameter. Thus for & given particle
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Tal’s 2,1 - Viccosity, Terterciure and Lensity of air at V.rious

_ altitules -
? altitude Jemp ¥ Vi:COSity(a) uens;ty(b) !
‘ (ft) (oc) ! (poise) g/cu ez ‘
‘ 0 | 26.7% | .03 x207% | 12,74 x 107%
t 2C00 21 1.79 11,50
4CCO 16.4 1,75 10,70
6000 13.8 75 10.00
8000 13.7 75 9.4
| 10000 a.l o712 o
z 12000 .1 72 .
! 14000 2.7 o7 .
| 16000 -1.9 07 .
1€000 </ o6 .68 .
25000 =27 .65 WAS
S5000 ~1€.8 .63
30000 -31.8 56 .

35000 -l!.2
LOOOO -56 07
45000 7.8
ZCo00 ~7¢7
E8020 -30.4
600100 -20.4
65000 =-80.4
70000 =40,/
72000 -3.4
82000 =204
25000 =20.4
a00C0 =30.4
a5C00 =30,4
1(.3C00 -30.4

*
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& &
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—— - p—

{a) Sec Refer-nce 13
(b) cee fefcrence 3

dicceter the tervminal velocity tecores corstant at a cortuin elovation;
L.1r elevation is denendent on the vurticle size as shovn in Tuble c.2.

The cilculated values for the terxinal velocitics ure tabuluted
in Table Z.2 ¢nd the averuzze rates of full wre tabulited in Wable .3,
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Talle E,2 = Trbul:ted lerminal Velocit;lcs of Vi-_rious Sized tarticles oturting et Verious Slevations

w1titude T forminal Velocity (efiry ==

(ct) |10 W[5 P[50 B[ 75 K100 K| 150 K] 200 K| 250 B] 375 B[ 500 # | 750 k | 1000 ¥ |

Lurface | 49.3 | 308 | 1230 | 2780 | 4220 | 7,375 | 10,300 {13,100 | 20,400 | 27,600 ' 42,000 | £6,500
2,000 | 55,8 | 349 1390|3140 | 420 | 7,370 | 10,900 |14,000 | 21,600 | 29,300 | 44,500 | 49,800
4,000 | 57.1 | 357 | 1430|2210 | 4950 | £,100 |11,700 |14,4C0 | 22,200 | 30,100 | 45,800 | 61,600
6,000 | 57,2 | 358 |1430 (3220 [ 5030 | 8,250 |11,500 |14,700 | 22,700 | 30,700 | 46,8001 62,900
8,000 | £7.3 | 359 | 1440 {3230 | £100 | #,380 {11,700 |1/,900 | 23,100 | 31,300 { 47,700 | 6,100

10,000 | £7.7 | 361 | 1440 | 3250 | 5210 | 8,570 | 11,930 {15,300 23,700 | 32,100 | 48,930 | 65,800
17,000 | £8.3 | 365 | 1460 |3:80 | 5370 | 8,760 {12,200 ;15,660 | 24,300 | 3::,500 | 50,100 | &7,300
14,000 | 5.0 | 369 | 1470 | 3320 | 5400 | &,930 |12,500 {16,000 | 24,800 | 33,600 | 51,200 | 63,800
16,000 | £9.1 | 370 | 1480|3330 | 5520 | 9,140 | 12,800 | 16,400 | 25,400 | 34,500 | 52,500 | 70,600
18,000 | §9.6 | 373 |1490| 3360 | €630 | 9,340 |13,000 16,700 | 26,000 | 35,300 | 53,800 | 7,300

20,000 | 60.6 | 3791520 (3420 | 5760 | 9,570 | 13,400 | 17,200 | 26,700 | 36,200 | 55,200 | 74,300
- 25,000 | 61.1 | 382 | 1530|3440 | 6000 {10,000 | 14,000 {13,000 | 28,100 | 38,100 | 58,100 | 78,200
30,000 | 64,1 | £01 |1600 | 3610 | 6370 |10,700 | 15,000 19,300 | 30,000 | 40,700 | 6,200 | 83,700
35,000 | 67.1 | 4201680 | 3780 | 6900 |11,600 | 16,200 | 21,000 | 32,600 | 44,400 | 67,700 | 91,000
40,000 | 69.4 | 434 {1730 | 3910 | 6940 |12,400 | 17,400 | 22,500 | 35,200 | 48,000 | 73,400 | 98,800

45,000 | 71.4 | 446 | 1780 | 4020 | 7140 {13,200 | 18,800 | 24,300 | 38,100 | 51,900 | 79,400 | 107,000
50,000 | 7L.9 | 46G |1870 | 4220 | 7500 |14,300 | 20,300 {26,300 | 41,300 | 56,400 | 85,500 | 117,000
55,000 | 74.9 | 269 1970 | 4220 | 7500 {14,500 | 20,700 | 26,900 | 42,500 | 58,000 | 89,200 | 1.0,000
60,000 | 7..9 | 4691270 | 4220 | 7500 |1v,200 | 23,300 | 30,400 | 48,300 | 66,100 | 102,200 | 137,000
65,000 | 7..9 | 46918704720 | 7500 | 16,900 | 24,800 | 32,500 | 51,800 | 71,200 {110,000 | 18,000

70,000 | 74,9 | 46911870 | 4220 | 7500 | 15,900 | 26,200 | 34,600 | 55,400 | 76,300 | 118,000 | 160,000
75,000 | 7..9 | 469 | 1870 | 4220 | 7500 | 16,900 | 27,700 | 36,800 | 59,300 | 81,900 |127,000 | 17.:,000
80,000 | 74.9 | 4691870 4220 | 7500 | 16,900 | 29,000 | 38,700 | 62,900 | 87,100 | 135,000 | 184,000
85,000 | 74.9 | 46918704220 | 7500 | 16,900 | 30,000 | 40,800 | 66,900 | 93,000 | 145,000 | 197,000
90,00 | 74.9 | 469 |1870| 4220 | 7500 |16,900 | 30,000 | 43,400 | 71,700 100,000 | 157,000 | 213,000

95,000 | 74.9 | 4691870 4220 | 7500 | 16,900 | 30,000 | 45,500 | 75,200 {106,000 | 167,000 | 228,000
100,000 | 74.9 | 469 | 1870 | 4220 | 7500 | 16,900 | 30,000 | £7,700 | 80,400 |113,000 | 179,000 | 244,000




TABLE E,3 -~ Average Falling Rates of Various Sized Particles for 5000 ft Increment

Altitude Averace Rates of Fall (ft/hr)
(1000)£t | 10 5 125 1150 p] 75 51100 p| 150 ] 200 w| 250 u] 375 R 1 500 B | 750 p | 1000 k
0- 5 | 56.5 | 341 {1360 | 307¢ | 4780 | 7,840 {10,900 | 13,900 | 21,600 | 29,200 | 44,400 | 59,700
5 10 | &7.4 | 359 {1230 | 3230 | 5100 | 8,370 |11,700 |1%,900 | 23,100 | 31,200 | 47,600 | 64,000
10 - 15 58.4 | 366 [1460 | 3290 | 5330 8,790 112,300 | 15,700 | 24,400 33,000 | 50,320 67,600
15 - 20 59.% 373 11490 | 3360 5610 | 9,310 {13,000 16,700 25,920 | 35,200 | 53,500 72,000
20 =25 | 60.9| 581 1530 | 3430 | 5880 | 9,790 |13,700 | 17,600 | 27,400 | 37,200 | 56,700 | 76,300
25 - 30 | 62.6 | 392 |1570 | 3530 | 6190 | 16,400 | 14,500 | 13,700 | 29,100 | 39,400 | 60,300 | 81,000
30 - 35 | 65.6 | 211 |1640 | 3700 | €640 ;11,200 |15,600 | 20,200 | 31,300 | 42,500 | 65,000 | 87,400
35 - 20 | 68.3 | 427 [1710 | 3840 | 6920 | 12,000 |16,800 | 21,800 | 33,900 | 46,200 | 70,600 | 94,900
40 - 45 | 70.4 | 440 {1760 | 3970 | 7040 | 12,800 | 18,100 | 23,400 | 36,700 | 50,000 | 76,400 |102,900
45 - 50 | 73.2 | 458 [1820 | 2120 | 7320 | 13,800 {19,600 |25,300 | 39,700 | 54,200 | 83,000 | 112,000
50 ~ 55 | 72.9 | 469 |1870 | 4220 | 7500 | 14,400 | 20,500 | 26,600 | 21,900 | 57,200 | 87,900 |118,500 '
55 - 60 | 74.9 | 469 1870 | 4220 | 7500 ;15,400 | 22,000 | 28,700 | 45,400 | 62,200 | 95,600 | 129,000 '
| . f :
60 - 65 | 74.9 | 469 {1870 | 4220 | 7500 | 16,600 ;24,100 | 31,500 | 50,100 | 68,600 |106,000 |143,000
65 - 70 | 74.9 | 269 |1870 | 4220 | 7500 | 16,900 |25,500 | 33,600 | 53,600 | 73,800 ‘114,000 |154,000
720 - 75 | 74.9 | 469 |1870 | 4220 | 7500 {16,900 |27,000 | 35,700 | 57,400 | 79,100 122,500 |166,000
75 - 80 7L.9 | 469 {1870 | 4220 | 7500 | 16,900 | 28,400 | 37,800 | 61,100 84,500 i131,000 178,000
80 - 85 | 74.9 | 469 |1870 | 2220 | 7500 | 16,900 | 29,500 | 39,800 | 64,900 | 90,100 140,000 {191,000
85 - 90 74,.9 | 469 {1870 | 4220 | 7500 | 16,900 | 30,000 (42,100 69,300 | 96,500 |151,000 205,000
90 - 95 | 72.9 | 469 |1870 | 2220 | 7500 | 16,900 {30,000 | 44,500 | 73,900 |103,000 |162,000 |221,000
95 - 100 | 74.9 | 469 |1870 | 4220 | 7500 |16,900 |30,000 | 46,600 | 78,100 [109,500 |173,000 |236,000




APTENDIX F

DETERMINATION OF MATERIAL BALANCE FOR SHOT 1 FALLOUT
PATTERN (r/hr at 1 hr)

In determining the meterial btalence for a riven fallout pattern,
it is necessary to relate the amount of activity acecunted for mithin
the fallout contours to that produced in the detonstion,

The gamma field surveys of the outer islands were made from € to 10
days after Shot 1. The following meterial balance was calculated for
time t = O ¢ © cdeys. Selection of this time elimirated the introduction
of eny possible errors cdue to extr:inoletion of the field meesurements ‘o -
early times., Furtherrore, experimental data on the gamma energy specctrum
were availetle for this time period. '

F.1 FER CEXT OF DEVICE ACTIVITY AT TIVE (t}

Let Y, = totel No. of photcus/sec at time (t)
F = fission yield of the device in KT
A '= Yo. of fissions/KT of yield

N, = d/s/104fissions at time (t)

Ty - beta particle to gamma thoton ratio et time (t)

then
F AN x 1074

T, = T vhotons/sec

F = 9000 4 1000 KT
L = 1.5 v 1023
N = £4.93 x 1072

r = 0045

L
.



Computaticn of iy was made for Shot 5 at 0+ 9 deys.h/ Consideration
was made of the contribution from fission products as well as that from
U232 and U237 induced activities. Since the capture to fission ratio
for Sho* 1 and Shot 5 were nearly thc same these data were assumed reason-
ably valid for Shot 1 calculations. Similarly the beta particle to
gemma photon ratio calculated for Shot 5 at C + 9 days was used in this

’ eveluation.b/

Therefore,
y, = {ox 1¢3)(1.5 x 10233(4,92 x 10-3)(1074)
0.45
Y, = 1,47 x 102 photons/sec at C + 9 days.

F.2 HRELATIOI OF DEPOSITLD ACTIVITY TO GAM'A FIELD AT 3 FT FOR AN
INFIKITE CONTAVINATED PLANE

Let I, = radietion intensity in r/hr at time (t) 3 ft ebove an
infinite contaminated smooth plane

i K = a constant vhich includes the air absorption ccefficient
A, = deposited activity in pe/sq cm et time (t)
i/ Et = averare garma source erergy in Mev/disintegration at
time (t)

It = mtEtc
' Let B = dose “uild un factorf/or the ratio of the Cose from all
’ : , A photons to thst from unscattereé photons
R = source energy degradation crused by roughness of the
planell
then,
]
= E 2
10 = (BE)E)R),
where
]
e I, ¢ rediastion intensity at time (t) in r/hr at 3 ft as
measured in the field

144
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or

]
A = —lt ue/sq em
K E, BR

however,

photons/sec/sq cm = (ue/sa en)(3.7 x 104)

Ty
and
1
E, = -Eb
t r
t
where
s
E, = aversje gemva energy in Mev/photon,
Therefore,
'yia o - o 1
A, = (?t)("' x104) . 347 x’l 1 photons/sec/sq cm,
(K)(Ey/ry ) (B)(R)(ry) K E¢ BR
]
Let I, =1r/hrat O+ 9 days
K =0.2 (ref?7)
B = 1.5 (ref 6)
R = 0.0 (ref 10)
EL = 04344 Mev/photon at 0+ 8 days,

The value of the averape garma energy was experimentslly determired

from a Shot 5 samnle at O + & days.?/ The jaums spectrum experienced
little chanpe over the period 0 + & to O + 10 days and its applicability
to Shot 1 calculations has heen indicated.*

. 7 x 10402
t Tb.127%%.3445!1.45520.667‘

1,03 x 10% photons/sec/sq cm at 0 + 9 days

Tharefore,

A

i

A

# Private communication from C,S.Cook, USNRDL

1.5
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ey

or

1 r/hr at 0 + 9 days is produced by en infinitely Eontaminated
plane of uniformly denosited activity of 1.03 x 10° photons per
sec per sq cm.

F.3 CALCULATION OF FATERIAL BALANCE

The fallout pattern was evaluated out to the 100 r/hr at 1 hr
contour by measuring the areas between contours in sq ¢m and agssuming
the arithmoticel average of the perinheral contours as the averagc level
of activity for the area segment batween the contours. There is some
indication that the average value of activity between ccntours is not
arithmetical, However, existing fleld data do not indicate any one
cortinuous function that describes it precisely. Llaterial balance data
for Shot 1 are given in Table F.l. »

TABIE F.1 - Material Balance, Shot 1

Cont;;rs concidered hverage levels A Total ret

in determination of between contours ( rea ) (o at ra/e )
areas (Fig. 6.6) at 0+ 9 days sq cm photons/sec
(r/hr at 1 hr) (r/hr) '

300C to cen{ér of ' : ‘ 20
pattern 3442 5.3 x 1013 1.87 x 10
2000 to 3100 2.85 ' 7.5 x 1083 | 2.2 x 10%°
1000 to 2000 1.7 1.0 x 10% 1.76 x 100
500 to 1000 0.9 1.56 x 102 | 1.38 x 1070
100 to 500 | 04342 3.35 x 10 | 1,18 x 10°0

Therefore, within the 100 r/hr at 1 hr contour 2.39 x 1020'photons per
sec are accounted for at O + 9 days.

£a39 x 1070 2 0.57
1.47 x 10<

Thus, 57 per cent of the device activity is accounted for.
Fo.4  FRACTION OF THE DEVICE COLLzCTED IN TOTAL CCLLECTCR, STATICN 251,03

A radiochemical analysis]f/on the fallout collected at Station
251,03, where the gamma field reading was 1 r/hr at 0+ 9 days1 yielded a
value of the bomb fraction over a 1 sq ft area to be 1.3 x 107 3. This

6
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value was obtained from a total collector sample and must be corrected
for collector efficiency which at this dose rate was 43 per cent (see
Fig. 4.1 ). Therefore, the experimentally determinsd bomdb fraction per
square foot for a gamma field of 1 r/hr at 9 days equals

-1 -1 |
1_,_8_2;3_?__3. 2 3.5 x 10 3,’sq ft= 3.7x 10"16/sq cm,

Since 1 r/hr a9 days is produced by 1.03 x 10° photons/sec/sq cm and
Y, = 147 x 1‘3‘1 photons/sec/sq cm the calculated fraction of the device
at this station is

6
L2210 _ -90x 10'16/sq cm.

1,47 x 1041

147



APFENDIX G

STATION INSTRUMENTATION

TABLE G,1 - Shot 1 - Lagoon Station Instrumentation

Station| Total |Pifferential|gumed| Filn!Triple () |
Code |Collector| Fallout Paper |Badge |Collector! Remarks
Collector
250,01 ‘ Not set out
250,02 x(®) X x | x X |Chemical Corps raft
present
250.03 X X X X X
250.04 X X X X X Chemical Corps raft
present
250,05 X X X X X Chemical Corps raft |
present ]
250,06 X X X X X ¢
250,07 X X X X X i
250,08 X X X X X Chemical Corps raft :
present ;
250,09 LASI, and Chemical i
, Corps rafts present .
250,10 X X X X X LASL raft present ,
250,11 X X X X X i
250.12 X X X X X Chemical Corps and i
' two LASL rafts present’
250,13 X X X X X Chenicel Corps and
| two LACL rafts present
250,14 X X X X X
250,15 X X X X X
250.16 NRDL raft missing
250.17 X X - X X X -
250,18 X 5 X X X X
250.19 NRDL raft missing
250,20 NRDL raft missing
250,21 NRDL raft missing
250,22 X X X X X
250.23 I NRDL raft missing
250,24 ! X X X X X
250,25 X X X X X
250,26 X X X X X located on reef between;
William and Yoke
(a) For Project 2.6a,
(b) X indicates jnstrument placed,
18
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TABLE G.2 = Shot 1 = Iglend Station Instrumentation

- . PR |

T L
- i : Electro-
2i€§2§ ,‘ - ‘Automatic static Gamma Time-
Station Total Fallout Gurned 'Filn - Triple [iater Dro?a) Preci 35 Intensity Rain
Code Collector Coliector Papor .Badge ?Collect.ox'(a),;conecmr tator'®’ Recorder  Gage | Remarks
251,01 ! ‘ ! . Kot cet
. i ! . ' up
251,02 x(%) X X X | X X X
! f ‘ .
251,03 X X X X X e X X
2 251.04 X % X XX X X
© ! i
| 251,05 b X X x| X X X
251.06 X X X X . X X . X
251.07 X X x x| x X X
251,08 X X X X , X X X X
251,09 X x |z X | X i X X ;X X
‘ b | ! ; :
251,1C X X ¢ X X X : X D ¢ ] X
- I : i I | T -
(a) For Project 2.6a
(t) X indicates instrument placed

rid




TAOLE 5.3 =~ Chot 1 - L. ocn ttution lecovery

e

ot 1 - =y

Station| Tetal Differential?cnmed Film §rrip1e (&)

Code [Collector{ <Fallout . japer{ladg: Collector Renarks
Collector
, :
250,02 ! Raft demolished
250,03 . Raft miesing
250,04 x (b) X 2 @) ()1da cie

+ not close

250.05 X X A J(E)ur ) (L)Lia éie
rot close C
250,06 Y X ¥ (X)liae (X)Lid zid i
| not close' !
250,07 t ‘raft missing ;
250.08 ' | Raft missing ‘
2£0.09 : Cherical Corps und Lail -
| rafts precent
2£G.10 i Nl rafy upside down:
i LaSLl deck smushed
250,11 i Rzft unside dovn
250,12 t LaSL roft decks btroken

: WL reft uneide & n
, ' ' Chez.Corps raft prosent

250,13 | ; : tLASL raft Sook smechad

' : Wbl raft upcide down

; L ChemoCorps ruft prorent

250.14 i Raft uzside down

<5C.15 . cAaft apeide down
280,17 | liesing X A VORKIA X . :
450.18 f ‘Stetion not urepsred
270,22 2 X X Jh3 ()Lic di4d
' i not.close

250.2/ X X X (a)iss (X)1id eid;

i ' ! no% close;
250425 | N Did not work X @)oo X i
20426 | | i i |Raft upside down 1

(27 For Praject ©.éa,
(B % adiates iactrument recovered,
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TABLE G.4 = Shot 1 - Island Station Recovery

(a) For Project 2.6a

pifferential
Station Total Fallout Gumred | Film
Code  Collector] Collector | Paper |Badge
251.02 x(®) X r  tows
251,03 X Did not work X L (x)N6 |
|
- 251,04 X X I ¢ }(x)mz
251,05 X X X | (X)N11
251,06 X X ‘ X ) (X)N13
| .
251,07 y 4 X ’ X (X)n25
. (X)N31
251,08 X Did not trigger X (X)u26
! (X)ni29
251,09 |liesing [Full of sand. X (x)n27
, Did not trigger (X)n2e
i
251,1C X X X (X)N30
i (X)N32

{b) X indicates instrument recovered

S e -y

Triple(a)
Collector

X

>N MM M M

X

Did not
trigger

X
Bottles

full of
water.
Did not
open

X

1 R
Automatic Gamma Time-
Vater Dro? Intensity | Rain _
Collectort®) Recorder Gage Remarks
Did not
function |
Did not 1 X
function
Did not
function
Did not
function
Did not X
Function
Did not : X
function :
Did not ? Sand Trigger did
trigger 3 present |not work
Full of ‘Damaged Danaged.!iave over
sand ! Full of | island damaged
: sand and{ equipment
j water
Damaged { "ull of [ Station
1 send damaged
l
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TABLE G.5 - Shot 2 - Lapoon Station Instrumentation

250,02
250,04

250,05
250.06
250.7
250,08
250,09

250,10
250611

250,12
250.13
250.14
250.15
250,1€

250,17
250,18
250,19
250,22
250.24
250425

l

I Total
Station Code , Collector

e e

x(a)

DE b4 4

>4

PASI P MBI BE D DM

J Paper

Gummed

pe

DM D e

Lo

YD DA D MDD

Film

D N

MM BENPE MDY Lo T

Remarks
Buoy
Buoy missing
25 March
Buoy and reft
Buoy and raft
Buoy
Buoy
Buoy ané raft
missing 24 hiarch |
Buoy and 2 rafts |
on reef 2/ March
Buoy and raft, U
boat ran down huoy,
Buoy and raft
Buoy and raft
Buoy and raft i
Buoy and raft
Buoy nerr Coca
2/, March
Raft
Buoy and raft
Buoy
Buoy and raft
Buoy and reft

Buoy and raft

(8) X indicates instrument placed
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TABLE G.6 - Shot 2 = Island Station Instrumentation

t

g

Differential
Stution 5 Total Gummed Fallout Electrostatic | Film
Code - iCollectors Paper Collector Precipitator Pack
251,62 x(b) X X
% 257,03 X X X X
251,04 | X X X X
251.C5 X X )A
' i
i 251,06 X X X X
!
i 251,07 X X X
i 251,08 | X X X X X
| 25109 1 X X X
i i
200 X X X X X

Triple(a)
Collectors

Remarks

M= X M

~

(a) For Project 2.6a

(t) X indicates instrument placed.



TABLE G.7 - Shot 2-Legoon Station Recovery

Station Total Gummed [ Film

Code Collectors Paper ' Pack Remnrks

250,02 Buoy missing

250,05 Raft OK

250,06 Stations OK

250,07 Replaced mast on buoy
250,08 Buoy missing

250.190 Buoy OK, raft turned over
250.11 Buoy OK, raft turned over
250,12 Buoy CK, raft turned over
250,13 Buoy OK, 1 raft upside down,

other OK '

'250.1£ Stations OK

250.15 Buoy OK, raft upside down
250,16 | Buoy OK

250,17 | Raft OK

250,18 Stations OK

250.19 Buoy OK

250,22 Raft OK

250,24 Station missing

250,25 Station missing

A1) the equipment in the lagoon was left in place since no fallout was

received,

All buoy masts were broken,
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TABLE G.8 - Shot 2 - Island Station Rccovery

Station Total Gurmed Dlg‘;ﬁg:“l Film | Triple(s)

Code Collect»cfs“« | raper Coliector Pack Collectors‘ N
251.02 Periolished (x) (®) Cpened

Did not close

1 251,03 (x)n62

251,04 Did not operate Did not open !
1 251,05 Did not operate ;
* 1 251,06 (X)p2 g
251 008 X ] i
[251.10 (} )N63 J

A1l the samples were left in place as no fellout co‘lected except for
film badges a< noted.

(a) For rroject 2 Ha.
(b) X indicates instrument recovered.

TablE G,9 - Qho'c. 3 ~ Laroon Station Instrumentestion

1_ Tt o T e 8

Stetion | Total Gwmed Film
| _Code ' (Collector | Faper | Pack Remurks
L 250,05 ( x(@) X X Ruft and buoy !
© 250,06 X X X Buoy and raft ;

250,07 X X Buoy i
. 250,08 X x | Buoy !
. 280,09 X ‘ Chem,Corps raft ?
;280,10 X | X . X Buoy and raft |
Po2s0,11 X X X Buoy and raft !
. 250,22 X : X D 4 Bucy and raft

250,13 X i X X Buoy and vaft

250,14 X X X X Buoy ¢nd raft
: 250,15 X ; X X Buey and raft
t 7 250,16 ¢ X : X X Buoy '
i 250,17 | X ; X D ¢ Raft
. 250,18 , X i X ' X | Buoy and reft
250,19 X X X Buoy
! 250,22 X X X Bucy and raft
L Coca X X B

(a) X indicates instmment placed,
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TABLE G.10 - Shot 3 — Island Statio

n Instrurentation

Station | Total |Gumea |Film [PIEferemtiel tppsppela) | o
Code Collector | Paper | Pack Collector Collectorg
251,02 x® | x X
251.03 X X X X
251.04 X X X X X
251.05 X X X
251,06 - X X X X X
251,07 X X X X
251.08 X X X X
251,09 X X X
251,10 X X X X Klectrostatic
Precipitator
placed
(a) For Project 2,.6a,
(b) X indicates instrument placed,
TABLE G,11 - Shot 3 - Lagoon Station Recovery
Station Total Gummed Film
Code Collector | Paper Pack Remarks
250,05 x(a) X Raft and buoy
250,06 X X (x)p-8 Raft
250,07 X X Buoy
250,08 X Buoy
250,09 X Chemical Corps raft
250,10 Missing
250.11 Raft turned cver, buoy broken
250.12 X (X)P-12 | Buoy mast broken
250,13 X X Raft
250,14 X X Raft
250.15 X X Raft upside dowm, buoy OK
250.16 X X Buny
250,17 X X X Raft
250,18 X X Raft and buoy
250,19 X X Buoy only
250,22 X bestroyed
Coca X

(a) X indicates instrument re-overed.
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.TALE 6,12 - Chot 3 - Island Stztion Recovery

f_......_-.. ].A_.'.m,- L L e | e _
f Stution, Total 'swmed | Film | Triple(a) lulgferential v lee
| Code I!Collector Faper | fuck ' Collectors | allout derarks
i : ; ‘ + Collector
Lo e e I R e
251,020 x(® x| - :
' 251.03 X % idrsing’ (&) Opened. '
1 !Did notrclose .
i ; ,
251,04 X Torn (X)W7 | X - :
' v
251,05 (x)0 !
751,06 (%)L (%) Opened - CZ Did not |
Did not close lio samgles  recover i
151,07 ()20 |
251,08 X ()16 RS
' i o sample
? [
£51.09 L (X)uLs E |station
A ‘ . - ruined
1,10 i i ()5, A ()oK ‘Recovered
: ; zlectro-
f ; o \ statie
L | . 5 : L J:recipitatoq

(a) For Froject 2.6a, ‘
(b) X indicziec instrument recovered,

157



-

TABLE G.13 - Shot 4 - Lagoon Station Instrumentation

Station
Code !

|

Total

Collectors

!

Film Remarks

Puck

Gummed
Paper

250,05 |
250,06 .
250,07 !
250,08
250,12
250,13 .
250,14
250.15
250,16
250.17 .
250.18 |
250.19
250,22
Coca

x(a)

B4 B B Bt B B B BE B4 B B b B

X

D4 Bd D b B b A D B B B4 B B4 B4

b4 MBS

(a) X indicates instrument placed.

TABLE G,14 - Shot 4 -~ Icland Station Instrumentation

Station | Total Gummed | Film !Triple(a) ]oigferential
- Code |Collectors | Feper | fack !Collectors ! rallout Remzrks
Collectors
251,02 x (b) X X Removed
281,03 X X b4 X £
251,04 X X X | (X) Wired | X
open .
251,05 X X ! ' (X) wired ! (L) lot oper-
‘ : : cpen ating
251,06 X X X j(X) Wired X
{ open
251,07 | ot set up
251,08 X roox %) liot oper-
i ating
251.09 X pA X Removed Removed
251.10 X X X X X i

(a) For Project 2.6z,
~(b) X indicates instrument placed,
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TABLE G,15 - Shot 4 - Lagoon Station Rescovery

Sté:é:n Co§;:itors GEE::: Film Pock Remarks
250,05 x(a) X (X) NL-10 |Buoy end raft

ug, 033
250,06 | Station missing
250.07 X X
250,08 Station destroyed
250.12 Station missing |
250.13 Sfation missing
250.14 Station zdssing
250.15 Station missing
250,16 Station missing
250.17 Missing Destroyéd (x) u3s-U39
250.18 X Missing | (X) U28-U37
550.19 X X
250,22 X X () B5-06
Coca l X X (x) s, w9

(8) X indicates instrument recovered.
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e £ A g S s
TallLl G,16 - Shot 4 - Island Statior Recovery
= e B ————
'station Total awrmed Film Pack P Triple(®) i Remarks
' Code | Collectors : Faper A t  Collectors
251.02 é Not recovered
251,03 % (b) X (X) L2 (%) openea but did not
i close
|
251,04 ! % (X) iL12 Y Equipment destroyed
| \lave cver island
1 i
251,05 | X X (X) nL=% | X TG und triple collector
I ; cor.bined
251,06 X Destroyed (¥) ML~17 ; (X) conbined with total , Eyuipment ruined by wave
! 1 ' collector '
251,08 | Did not i (2) HL-1 |
recover .
H
251,09 (x) LL-9 i Bgquipment ruined by wave ;
* \ s
251.10 % i . (X) NL-19 i Zquipment ruined by wave |
() For Project ~.5a,
(v) X indicates instrument recovered,
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TABLE G,17 - ECHO Lond end Lagoon Station Instrumentation
(Shot Cancened)
: 1s T

Statdon! PHELSTONMaLiprs 16 () | Low Pilm |High Film | Totel | Gummed
i Code C‘;ile%i or Collector Fack Pack Collector | Fraper
X ’

LAND
i Irene x (o)

, Bruce X
| Yvonne X

WJ.lma X

LAGOuN
| 250,27 (X)s34 (x)ss8 X X
| 250,28 (x)s36 | X X
250,30 . (x)s24 X X
1250,31 : X (x)333 X X
*250 32 (X)s32 | (X)sé X X

250.33 - ; (x)s31 | (X)s7 X X

250 34 ; x) 2 |

250.35 X (x)s37 1 X X
.250.36 D ¢ (x)s35 | X X
250,37 ! , i
250,38 | - (X)316
1 250,39 ¢ X v (X)sso0 b (X)S9 X X
250,41 I (%)s17 X X
L 250,42 X D 4 | (a)s28 X X
| 250.43 \ | (x)s26 ! (x)s2 X X
1 250,44 ! | (x)s23 | (X)s3 X X
| 250,45 ! | (X)s15 | X X
| 250,46 | ‘ (X)s4 | X X
| 250,47 i (x)s22 | X )4
1250.48 | LX x1829 | (X)s81 X X
125049 ¢ X X (x)s39 X X
1 250.50 . (X)s41 (x)s10 X X
| 250,51 |
| 25052 | (k)13 (x)s¢, X X
| 250,55 X (X)s22 X X
250,57 | (x)s14 X X
| 260,58 | (x)s12 | X X
| Tokx | (x)s30 | X X
| fack | (X)327 X X
! Oscar (x)s25 i X
(a) For :roject 2.6a,

(b) X indic:tes instrument plzced,
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TABLE G,18 - Shot 6 - Land and lLagoon Station Instrumentation

..
£

Differential (a) Automatic(8)
Statlon | rallout  |gqbecter | Low Film Pack High Filn Pack | Water Drop | golteator | Pases
Collector ' Collector
LAND
Leroy x (b) X (X)S48 :5tn43,5tn37 | (X)U51 :5tn28,5tn27 X
Alice X X (X)S50:5tn44,Stns5 | (X)S55:5tn34,5tn35 X X X
Jaret X X (X)s54 or S43: (X)S54 or S43: X X X
Stni0, Stnil Stn32, Stn33 .
Nancy X (X)S47:5tn38,5tn39 | (X)Stn30,Stn31 X X X
LAGOON
250,27 (X)s34 (X)s8 X X
250,28 (x)s36 (x)us7 X X
250.30 (X)524 (X)U50 X X
20,31 (X)e33 (xX)Us3 X X
250,32 (X)s32 (X)sé X A
25C,33 X (X)s31 (X)s7, w9 X X
250.34 (x)s18 (X)ss6 X X
250,35 (X)s37 X X |
250,36 \r)s35 (X)us2 X X
250,37 X (xjs20 (x)s5, Us2 X X
250,38 X (x)s16 (X)uss X X
250,39 : (X540 (x)s9 X X
250.41 (X)817 or S19 (X)ss8 X X
250,.,2 X X (X)s28 (x)us0 X X
250,..3 (X)s26 (X)s2 X X
250,44 (x)s2° (x)s3 X X
250,45 (X)s15 (X)Us6 X X
250,46 (X)c42 X X
250,47 (x)s22 X X
250.48 (x)s29 (x)s1 X X

(a) For Project 2,6a,

(b) X indicates instrment placed.
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TABLE 3,2 = Chot 6 - Land ur Lagoon Stution Instrumentction (Continued)

T

b e e s e B - e -

[ 14
p Differential | o (a) r ! Automatic(e) - !
nggéon ﬂFallout é:%giztor Lov Film kack | High Film rack ; Water Drop Co§;::tor |GEE;§i
Collector Collector ;
LAGLON {
250,49 % (b) % (:.)539 (w3 X X
250.50 (£)541 (X)s10, Ui X l X
250.51 (x)338 (r)ug X PX
250,5/ A (.)s13 (x)ss X DX
250,55 X (x)s21 (z)uLs X Lo
2£0.57 (1)514, 849 (x)s57 X X
251,58 (x)s12 X X
liack (x)s27 X X
Uscar (x)s25 X X
Tok (X)s30 X | *

(2) For Project 2.6a,

(b) X indicates instrument placed,

In addition, there were "reproducitility arrays" on leroy and Alice,

Both were circular arrangements (100 ft dia,) of steel posts hoiding
total collectors (TC) and gumred papers,

The Alice station was composed

of 5 TC (and gummed papers) on the periphery of the circle, and 1 TC in
center; the Leroy arruy wus made up of 6 IC (and gummed papers) on the
periphery and 1 TC in center,




TABLE G,19 - Shot 6 - Lagoon Ctaticn Recovery

e ol
Station! Total |Gurmed [Film Digfif iﬁtlal Triple (&) comarke
Code |Collector| Fkaper |Fack Céiléctor Collector
250,27 x®) | x X Evidence of burning
280,28 X X X
250,30 pX ldesing] X
250,31 Superstructure on
raft missing
250,32 X idssing| X Evidence of burning
250,33 X X X X
250.34 X i X
<50.35 X A X
280.36 % ticsingl X
250.37 X X ¥ Did not Raft drifted to posi-
operzte tion on reef 2 mi Nd
of Leroy
250.38 Reft missing
<52.39 X X X '
250,41 X X X
28G.42 Raft on reef -
| | inaccessible
250,43 | 'Raft missing
250,44 | X )4 X P
250.45 | ,Raft missing
1250.46 |Raft wissing
280,47 X X X |
250.48 X ¥ X :
250.49 ! X X X X X ‘Triple collector
| : opened, did not shut
250.50 | X% X X |
250.51 X X X !
250.54 X b2 X X |
2£0.55 X X X X :
280.57 Not recovered
<50.58 b3 X X i
Mack X Missing X
Oscar X X X
Tok Not recovered

(s) For froject 2.6a,
(b) X indicates instrurent recovered.
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TABLE G.70 = Shot 6 -~ Lund Station Recovery

—
‘ o i) (8
Station | Total | cuwwea | Film |DLEFoTentiel |gpuo(a) | Autematicle)
Fallout water Drop Remarks
Code Collector Fuper Pack Collector Collector Collector
leroy 1(b) A A Did not Did not Did not Blast trigger
cperate operute operate did not work
Alice X Missing | X Jamsed Destroyed Did not
opercte
Janet X Mirsing X X (X) Opened, Did not
did not opercte
close
ilancy X X X Jarmed Did not
' ~operate

(2) For Project 2,%a,

(b) X indicates instrment recovered, .




APPEXDIX H

MARSHALL ISLAND OCEAN CURRENTS AS DETERMINED FROM
FREE FLOATING BUOYS

TABLE H.l -~ Ocean Current Daﬁa Obtained at IVY

|
| __Launched __ _Recovered . Set | I?r f
Code | Time Position Time Position I\Degrees ”'“eJ anovs
Oct=-iov 1952 |
J 312245 | 10°37'N 02110 10°/3,5'%
164°45'E 1640138 281 0.70
K |312048 | 11°01'N | . 030650 | 11°23.5'W 37 0.60
1649548 1640258
I 311858 | 11926'N 031410 ' 11044'N 305 0443
' 165°00'E i 164936,3'3
B[ 312652 | 11952.5'N| 071930 . 12010.3'N 203 0.%1
164058,0'R . 164920'%
N 1311451 | 12°19.2'N| 032200 t 12039,5'N 202 0.73
164°5¢2 ,9'H 16/°0/4'E
o 1311248 | 12042.0'%| 040000 | 13°06tN 295 0.70
16495018 - 16395818
! S
o9 310800 | 13°25'K 041355 | 13°932,8'N 250 0.77
| 16/0221E ©163%02,811 |
R 1310557 | 13°08'N | 041740 | 13°13.3' 274 0.78
| 164°06 'E 16203912
! S {310340 ! 12%50'N 042040 | 12°46% 268 0.85
1639/9'E 162°10'E
A 292030 | 12020y 042150 | 12941'N 275 0.%¢
16402112 162018,8'E
B 1299830 | 12905'N 050520 | 12°09'N 272 0.87
| 16/°42'E 162923'E
) i |
t
g 1901230 | 1050 | ooo115 | 10°45.50N 247 0460
L 164°33'E 162°23,0'g
The above buoys were standard Navy balsa wood DAR buoys equinved with

sea anchor 12-ft mast,,

166

2nd wire mesh corner radar reflector stop

mast.



TABLE H.,2 -« Ocean Currgnt Data Obtained g?_CAS‘;’LE

___L=2unched Recovéred Set Drift
Code Tire Position Time 1 Position (degrees true)|(knots)
February 1954
A3 MlOZl! 12°00'N 161725 | 11°955'N 261 0.60
1650231E 164049'E
B2 1315431 11%3'W | 141450 | 11°45.5'N 278 0457
© 162023'E 162°09.6'E
B3 131635 | 11951.3'N | 141532 | 11°49,1N 261 0.64
162925,2'2 162°10,2' - _
February-llarch 1954
s e g
o 20740 | 11950,5'N | 021258 | 11°55.5'N 258 0,40
1649448 164°26,5'E
{
ou1 221705 | 11°36,5'K | 021104 | 11%52'W 253 0,37
164°/9'E | | 164933.5'E '
J M
DiC 201254 | 11%43,5'% 021204 | 11%21.5'% | 255 0.35
164°55,7'E 164°40.5'E -
D70 281630 | 11955,2'K | 021625 | 11950.5'N 255 037
164°34,2'E | 164016.3'E
March 1954
as 270018 | 11°25'N 271615 | 11°19*N 216 043
166°081E 166°03. 1% ,-
F5 262250 | 11°42W1 271738 | 11°34'N 207 0.48
166°111E 166°07'2 ‘
ES 262146 | 11°57.5' | 271900 | 11°50'N 215 0.43
166°11'E | 166°051E
1
D5 262027 | 12°14'N 272100 | 12003'N 232 0.39
166°01 . 7'E 165°54'E
AS 261613 | 12035,3%% | 281518 | 12°20,5'N 255 1.18
165921 ,2'K 164°26'E
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TARLE H,2 - Ocean Current Data Obtained et CAS“LE (Cont )

- —a—

T — \
V¥ Leunched . Rocovered A Set Drift

Code | Time Position | Time [Position k(degrees true) , (knots)
| A4 | 261232 | 12010 281313 |12°32'N 291 0.77
‘ . | 165921, 7'8 16L°481E ;
| T4 | 261520 | 12°15.3'N 281210 |1202%'N | 293 0.65
i 165°09'E 164°41,51E !

| [ .
| R4 261705 | 12°04.5'N 280845 [12%01'H ¢ 251 L 0,27 |
i 164°52'E | 164°41,3'8 !
: ‘ : 1
' [
' Q4 261758 | 11956.5'N | 281823 11°32'N 248 {0425
: 164°48,3'8 ! 36.6'E '
L P, | 261850 { 11044'N | 272045 11°g9'u 204, L 0.21
g 164°43.5'E | 64°41.6'% | ,
i !
A 261946 | 11°29,3'N !271930 11°26.6'N 238 . 0.19
; 1 164°46.5E | 184943 'E |
b April 1954 .
a1 | 021242 | 11928.6'N | 031450 [11%34.5'N 290 0.67
| ’ ! 1620448 162°26,6'E | '
: i . } '

Bl 021415  11°50.5'N - 031325 11%8'N 258 0.50 .
: ! 162937,518 116202618 !
D1 021732 - 11934'N 031035 11%40'K 336 0.37
, 162001 161°52,51E
| D2 150700 | 12°18'N 17075 12°31'N 201 0.7

; 166°19.5'E 11659468

E2 150500 ' 12°01'N | 171300 .11°59'N 265 0.50 .
! - 166°2812 1 166°00°E :
i i . | o | Cod

Fl 151313 11937'N  [171600 {11°24'N 249 [ 0,82

: 1669058 1165030'E ,

i ; i ; . !

i : ! !

F2 150300 . 11942°'N 171600 11°29'N 2.9 ¢ 0.82 -
. 166°31'E 11659561% o

The above tuoys were constructed of a metel can 30 in, in diameter
They were equipped with a sea
anchor and a 10-ft mast, and had approximately 1 sq £ wind resistance

with epproximately 12-in. freeboard.

aton the mqst.
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