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ABSTRACT

The objective of this project was to document the distritution
and intensity of fallout from all shots at Operation CASTLI..

Data were obtained for Shots 1, 2, 3, 4, and 6 by use of land
stations, anchored lagoon stations, and free-floating sea 3tntions, A
complete analysis of the Shot 1 fallout to 300 nautical miles downwind
including the development of an experimental model based on fal)lout
particie trajectories is presented as well as data on Shot 2 fallout
to * nautical miles downwind and the close-in fallout from Shots 3, 4,
and 6,

Gamma fields from fallout decayed at rates differing from the t71.2
approximation commonly 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
varie3 from 112 b at Bikini Atoll to 45 Hat Utirlk Atoll. The average
density ot the 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 evidence that the fallout 50 nautical
miles downwind from Shot 2 arrived as a fine mist or aerosol. The rate
of arrival of fellout at distances close to surface zero was character-
ized by a 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-—’T device on land, will result in a minimm 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 cf
Cperetion CACTLZE, which included six test detonetions. For readers
interected in other pertinent test information, reference is made to
wT~934, Summary Report of the Commander, Task Unit 13, Proprams 1-9,
Military Effects rrogram, This summary report includes the foliowing
informaticn of possible genere] interest.

Q. An over-all description of exch deton:tion, including
yicid, height of burst, ground zero locstion, time of
detonation, ambient atmospheric conditions ct cetonation,
etc., for the six shots.

b. biscu sion of 411 project results.
c. A cummery of ecch project, including objectives and

results.
d. & complete listing of all reports covering the

wllitery 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
effects, Variations in the dispersal and deposition of radioactive
debris are affected by meteorological conditions during and subsequent
to detonztion as well as by the device yield, the charge depth, and the
explosion media, Yet, the exploitation of this anti-personnel capability,
end 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 PREVIOUS FALLOUT STUDIES

Fallout has been observed and documented in some degree at all
previous nuclear test programs. In addition, suw:face 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 Nuclear Tests

Out of a total of 43 nuclear test explosions carried out by the
United States, four have produced significant residual radiation fields,
the Baker shot, Operation CROSSROADS, 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 in detail;
in addition, extensive sampling of the fallout events was carried out 14/
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 cnly partial documentation was accomplished,
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the operetional success of the free-floating buoy station phase was
sufficient to engourage the emcloyment of this fallout sampling tech-

nique at CASTLE M/) IVY provided valuable data on the extent of the

crosswind and upwind fallout and on the nature of the contaminant to be

expected from the land surface Jetonations 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 shots, 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 wins.

1.2 JBJSCTIVES

The surface detonations of thermonuclear devices at Operation
CASTLE were expected +o produce significant fallout over considerable

portions of the ocean at the Pacific Proving Ground. The primary pur-
pose of Project 2.5a was to document these fallout areas and deternine
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 distributionaf radioactive materials in fallout.
d. Gross gamma decay rates,
The gathering of fallout data at CASTLE was a logical extension of

previous fallout documentation, Vuriation in proposed yields as well as
the opportunity to document surface water detonations for the first time
made the study of fallout in this operation extremely important.
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CHAPTER 2

OPERATIONS

Fallout of military significance zenerally is characterized in
this report as that material which arrives at r.tatively early times
and forms a well-delineated pattern in which the radiation intensity is
high enough to affect the conduct of a military mission.* 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 gamma field is
completely defined."//

The present operations were directed toward documeats tion of the
primary fallout, with investigations of secondary fallout included only
whers they contribute to the former, Operation plans were made on the
following assumptions:

a adherence to a reasonably firm shot schedule
(>) availability of adequate losistic support to make

necessary collections
(c) scaling of the faliout pattern by the cube root lav,

Unavoidable circumstances, the most significant of which prevented the
firm shot schedule required by these plans, caused much of the work to
be dene under less favorable programming devised in the field.

2,1 EXPERIMENT DESIGN

Since the fallout from the CASTLE series was deposited largely
over ocean areas, the experiment design required methods of documentition
that permitted estimation of what the radiation field would have been
had it fallen on land, The estimtion was accomplished by: (1) estub-
lishing a ratio between the fallout collected per unit area over land,

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

 

 



eeoe

(FO;,) and the corresponding field radiction intensity, (Ry); (2) ueter-
mining the fallout per unit area over water, (FQ;) and; (3) calcwlating
the radiation field, (R,) which would have occurred had the water areas
been land, from the assumed rel-tionship,

FQ)= —t 2.1

This method of approach required the following neasurements:
(a) Fallout per unit area on available islands of the test atolis

in terms of wuantity of radioactivity.
(0) Gamma fields produced at sampling locations.
(c) Fallout per unit area in the lagoon and oer the surrounding

ocean, It was also important to obtain inforwation concerning particle
size and note times of crrival and cessation of the fallout as well as
the variations in the radiation field with time.

Zelel Predicted Camms Fields

Estimates of the extent and level of gcomma fields expected from
the fallout were sade for each of the originally planned shots, These

predictions were based on scaled surface JANGL: data using the cube root

relutionship with modifications in the crosswind and upwind ;atterns
indicated by IVY data.7/ It was estimated that the fallout would curry
dowmwind at the rate ot 15 miles per hour and that the durationof fallcut
at any one point would be 2 hr for meguton yields, Value3 calculeted
for 2 and 3 hr after detonation represent the levels the.t would exist
haa the fallout deposited over extended land areas, Table 2.1 sum:arizes
the predictions for three of the detonstions; the effect of decay and

the delay in arrivas of fallout on the gumma fields can be noted. A
Giscussion of this scaling is presented in Cection 5.2.8,

2.1.2 Sumpling Stetions

On the basis of the predictions given in the prec. ding section,
it appeared tht the minimum area of military interest would e>tend to
a distance of 50 miles from tue chot point and vould have s maximum
width of 20 miles. Since it was not possible to predict the sector in
which the primary fallout would arrive cufficientiy in advance of shot
time to permit proper placement and activetion of sumpling ststions, an
array completely surrcunding the chet point was needed. Experience at

IVY showed that, it would not be feasible to document the fallout more
than 50 miles from greund zero vith available losistic support. ‘he
radial array of campling staticns chown im Fig. 4,1 was evolved from
these criteria, This vlan was modified within the atolls to take adven-
tage of availceble islands and to permit the plucement of simple rectan-
gular grid arrays in the lagoons. In addition, limited samling stations
were arranged at a number of outlying; islends,

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

requiring the collection of data from lund and layvoon stations, and the

other from sea stetions, Logistic support for the land and lagoon phase

involved the use of smi]] pouts and helicopters while mounting of the
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TABLE 2,1 - bredicted Downwind Contamination Levels for Shots 1,2, and 5
after Detonation

(r/hr at times indicated)
 

 

Shot 5 n mi 10nmi [i15nm

|

20nmi

|

25 nmi

[

30 nmi
a 2 hr [3 hr|2 hr|3 arf2 hr|3 nel2 hr|3 hr/2 hr[> hr[2 brid hr

1

(based on
6 MT

yield) 10,000} 5000 5000 [4000 3000 3000 1200 2000} 800/1500 oO 800

 

 

2

(based on
* 3 MT

yield) 7000! 4000 3000 {2500} 1300 1500] 70071100} 200] 400 oO} 2¢0

5
~ (based on
- S.5 NT

yie.) 12,000] 7000 6000 500014000] 4000} 2000 [2000/2000] 2000 O 11000               
sea phase required employment cf sea-going ves:els under the Navel Task
Group Command,

Zeletei Land Stations

At Bikini, the islands of Able, Fox, How, Love, han, coc,
Uncle, William, Yoke, and debra, were used for sempling and obtaining
gamma field moasurements, Stations consisted of concrete emplacements
with instruments Installed in and ubout them.

. At Enivetok, the islands of Irene, Bruce, Yvonne, Wilma, Leroy,
SO Alice, Janet, and hancy were used for sampling end for obtuining gumm

field measurements, where poscsibie, st-tion emplecements reraining fren
IVY rallout sampling were utilized; otherwise inctriments were pleced in

a ne open and suitable tie-down errangerents improvised.
- Stations were estublished on the following outlying islands:

: Rongerik, Kusaie, Majuro, Ponape, wake, Guam, Kwajalein, and Johnson,

Relevek Lagoon Stations

Rectangular-grid arrays of stations were cstablished for
ny lagoons of both test atolls, as shown in Figs. 2.2 and 243. These ccn-

sisted of anchored buoys to which rafts were attached (see Fig. 2.4).

a Zeleced Sea Stutions
eee

vampling in the open ocean was accomplished by means of free-
~. floatinz buoys to which, in some casec, rifts 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 ranze. A smaller array extend-
ing to 15 miles was planned for the lower yield Echo shot.*

2e2 LAND AND LAGOON PHASE

The land and lagoon phase of operations toox plece 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 Eniwetok, The instrumentation

of the island and the lagoon raft stations is discussed in Chapter 3.
The preshot preparetions at 8ikini involved readying the e,uipment,

calibrating the instrmments, and emplacing them at the island ond lugoon
raft stations, This was completed a week prior to Shot 1. Final checks
were made on the equipment at all the existing stetions 1 to 2 days
before shot time to assure ccmplete readiness and operational efficiency.
rreparations were also made for the r-covery operations and for the

re-instrumentation of the stations.
Participation in all detonations except Shot 5 was achieved although

not to the extent originally planned. The lesser participation was due
to the destruction of equipment by the fire in the compound at Tare fci-~
lowing Shot 1, Tables G.1 through G.20, Appendix G, snow the degree of
instrumentation and recovery for each shot,

2.3 SEAPHASE
Free~floating buoys were selected for sampling fallout in the open

ocean on the basis of their evalwtion at IVY// tach 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 time were
estimated by assuming that each buoy drifted in a straight line at a
constant speed, It was essential that the time the buoys were et sea be
held to a minimum so that their locetion at shot time could ve estimted
as accurately as possible, For this reason the array for each test was

laid out within 36 hr of the proposed shot time snd recovered as soon as
possible afterwards,

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

2.3.1 Pretest Freparetions

The buoys and asscelated equipment were assembled and tested at
Parry Island. Liaison was estublished with the Navel Tack Group and
plans for conducting the sea phase were made. These plans consisted of

loeding two sea-going tugs with csuipment at Eniwetok Atoll, after which
the vecsels proceeded to sea to lay the buoys. After completion of the
buoy lcying 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 inivetok to off-load, Detailed plans 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 carticipated. They were then forwarded to the Naval Task uroup
for approval and incorporation into their event plan. Project personnel
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,

(ob) 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.
(2) To test radio transmission from the buoys for compatability

with other trconsmissions 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 aay.
These rehearsals furnished vuluable information regerding various phases
of the operection and acquainted the crews of the ships with the problens
to be solved. Under normal conditions the rudio transmitter oper: ted
successfully. It usually could be detected on the ship's direction-
finding gear out to 16 or 20 miles and greatly facilitated locating the
buoys. The ocean currents were found to vary gre.tly 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~
linz problem aboard ship, the cterforwance of the buoys 4nd transmitters
at sea, &nu the detection and homing problem all were adversely affected
as the sea state imcressed. It was concluded that a full array could be
placed as plunned only if the seas were relutively caln, snd thet the
cut-off point at which buoy operations must be discontinued would be a
sea state of four. It was further concluded thut operations in seas
approachin.; state four vould result in damege and loss of equipment in
some degrea, as well as extending the time required to carry out all
phases,

The rehearsals showed th:t the loss rate of buoys would probably
be greater than anticipated. Thus in the plenning and conduct of the
sea phase for euch shot careful consider.tion had to be given to conser-
vation of equinment for the remaining shots in the series,

2Reded Shot Participation

At the start of CASTLE, 124 buoys completely equinped with radio-
transmitters and sampling devices were available, ‘Twenty of these units
less radiotransnitters were used to augment the sampling program at
cikini following the destructicn of Project 2.5a equipment and facilities
after Shot 1, The disposition of the buoys during the sea phase

2
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TABLE 2,2 -— Summary of Sea rhase Operation
 

 

 

 

 

T
Buoys

Prepeved No. of Buoys Laid Buoys |Buoys|Cumulative
Operation for lst 2nd 3rd Recovered] Lost} Losses

Test |Attempt |Attempt|Attempt

Rehearsal 12 1 - - 4 7 7
Snot 1 60 none 15 - 9 6 13
Shot 2 6C 6 uw u ll 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 uw 6 - 4 16 73
Shot 6 5 4 - - 0 4 77
L          
4s 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 repair
and 17 required a major overhaul.

The conditions under 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 his
staff with the advice and assistance of a project representative. Con-
trol was maintained through the Combat InformationCenter (CIC) aboard
the command ship, Us Curtiss, 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 aeroiogist, 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 after 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 operations were started immediately.
Using a standard CIC system of coordinated aircraft and surface search,
radar fixes were rapidly obtained on 11 of the 26 ouoys amd 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 busis of this experience along with recovery from Shots
l and 2, it was concluded that the buoys and associated equipment per-

formed 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 combination of deferments and rough seas resulted in the loss of
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considerable eyuinment. 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
. ppendix H,

2363-1 shot 1

The array planned for the first shot is shown in Figs. 2.5 and
2.6, This was considered to be a reasonable effort based upon rehearsal
experience, Heavy seas prevented plac.ment of all except the portion
shown in Fi;. £.0. This attempt to sample the fallout was unsuccessful
beeause the pri:ary fullout occurred in another sector. This failure
indicated the importance of huving a 360° array around ground zero.

Rededee Shot 2

The originz1 plan for shot 2 called for a complete 360° array
sinilur to thet planned for Shot 1. A portion cf this plan was executed
tvice tut in ezch case the shot was deferred for un indefinite period.
The buoys placed cn these cecasions vere lest. «an alternate clan which
re.juir:d less time to implement was dev>loped for use in case notice of
the siiot date was given too near shot time to permit laying the -riginal
urray. This ulternu.te plen was used for Uhot 2. See Fig. 2.7.

Pededed cChot 4

The buoy urray and cetuils of the operation plan for Shot 4
nme given in Appendix a. This plun was successfully carried out on the
basis of a firm schedule for the fourth test. However the effort was
nullificd by a very lat: deferment of the shot. Cnly 7 of the 26 buoys
here r ccvered, when the shot finally did occur no buoys were in the
orlinury fLllout zone,

Keledek thot 5

Buovs were lid in two separate attempts to d cument fallout
on Shot §, The first array vas cinilar to that employed for Shot 2
(Fig. 2.7). The cecond was intended to aument the first follovin, a
ei-hr dela; of the test. Further deferment . ullified this effort, also.
Participation by projcct personnel in the water samplin.: procrum was
effected lor Shots 5 and 6, wtesults of this field work huve been reported
elcewhere,.

230305 Shot6

our buoys were planted from the chips assimned to Project 6.4,
covceneing i-hr prior to the shot. il:avy seas prevented recovery of any
units.
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Fig. 2.5 Shot 1, Planned Sea Station Array
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CHAPTER 3

INSTRUMENTATION

The apparatus used in this operetion was designed: (1) to collect
fallout samples, and (2) to measure the gamma radiation from the fallont.
Various collecting devices were used to gather total fullout on a known
area and increments of fallout as determined by a time or quantity basis.
Also, aerosols from a known volume of air were coliected. hany of the
devices were similar to thoce used in Project 5.4 at IVY; 72/ others were
prototypes being field tested for the first time. sesides the fallout
collectors and the devices for measuring radiation fields, accessory
equipment was required vo start and stop the apparatus and to furnish
power, In some cases the accessory equipment haa to meet more stringent

requirements than did the primery collecting devices. A prime example
was the fr-:e-floating buoy which nad to be positively 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 developing e satisfactory
system,* for locating the buoys.

3.1 DESCRIPTION AND OPERATION OF THE HQUIPLLNT

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 swmery
of the design and operation of the equipment.

3.1.1 Total Fallout Collectors

Two methods were used to obtain samples of total fallout. A

polyethylene funnel-and-bottle arrengement consisting of a 7-in. diam-
eter fumiel and l-gal bottle (Fig. 3.2) was used at all stations to
coltect and retein denosited material. The other collector, aiso used
at all stations, consisted of a horizontal 1-ft square of transparent

“Development and Testing of Identification System for Project 2.5a
Free-floating Stations ut Operuticn CASTLE," Project Officer, rroj. 2,5a
ltr 3-905C-4434 of 24 Nov. 1953 to STU 13. USNRDL Documert C09472 lov.

1953 (SECRET),
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‘A

gummed paper mcuntead on water resistant cardboard. In both methods,

the collectors were continuously exposed from the time of their place~
ment wtil recovery. Samples obtained were used primarily in deter-
mining the final fallout distribution patterns.

31.2 Differential Fallout Collector

The differential fallout collector (Fig. 3.2), employed to
collect fallout as a function of time 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 being started oy a signal from a light-activated
trigger. This equipment was powered by a 6-v, 110—amp-hr storage
battery.

301.3 Badge

Use was made of the Nation.l Bureau of Standards film badge
pack to measure the integrated gamma radiation dose at each stetion
where fallout was collected, These dosimeters were provided amd pro-
cossed by Project 2.1 personnel.

Zeled Gamma Time-Intensity Recorder

The gemma tine-intensity recorder was used in conjunction with
a data recuction system, to provide long-term, continuous information
relative to radiation fields, it consisted of a series of ionization
chambers, associated electrometer cand relay circuitry, and tsterline-
Angus pen recorders 2</ The information for euch chanber was stored us
& simple pulse, euch of which corresp:nded tc the basic increment of
gama radiuticn for the siven chamber, The system was essentially of
the churge integrating autorecycle type, the chember being rechar;ea to
its original voltaze 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 0.1 mr/hr to 10,000 r/hr. The instrument
was powered by ten 150-amp-hr betteries, eight of which were in series
providin,, 48 v for the relay circuits and power to drive the pens in the
esterline-angus recorder; the other two were in purallel proviaing 6 v
for the filemente of the anvlifier tubes in the detector heaus, A
spring-driven mechanism moved the paper in the isterline-Angus recorders.

3.1.5 Prototype Collecting Devices

Severul protetype instruments were tested for their possibilities
as fallout ind bare surge sumplers., Two such instruments vere the elec-
trostetic precipitatcr cond the automatic water drop collector. ‘The
samples collected by those instruments wero analyzed at the LENVL, The
results are given elsewhere ,18/

The electrost:tic precipitator was developed cs a fo; sampling
device to obtain information on size, radioactivity, snd ionic content
of individual liguid sercsol purticles., The serpling was uccomplished
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by precipitating the fog by means of an electrostatic field onto a con-

tinuously moving, specially sensitized film. Film reels were later

removed from the device, developed, and analyzed. The electrostatic

precipitator vas powered by. a 1 KVa motor generator and was capable of
sampling for a maximum of 6 hr. At island stations it was started by a

signal from a light trigger and munuaily on the YAG's,
The automatic water drop 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 criggered by a rain drop contacting a
sensitive element. The area of the censitive element was adjusted so

that there was a high probubility that a tray would be changed only after
a pre~determined number of drops had fallen into it.

3.1.6 Trigsers

The crincipal trigger wus a light-activateda device consisting of
‘ prbegerhead, a trigger box, and a battery and yover cable assembly
Fis. Ber)e

a prototype radiuticn trigger was also tested as a back-up trig-
ger. Its censitivity was so high tht it could not be used on the ccn-
tuminated islands efter Shot 1, It may prove to be satisfactory after
some modifications.

Simple precsure-.ctuated trigsers were designed and ccnstructed
at the site to elleviute the shortage of triggers that. occurred when
spares vere burned after whot 1,

3.1.7 Free-floatinz Buoys

Free-floating buoys vere used as collection stations in the cea
@reas around pikini atoll. Ficure 3.4 shows the following details of
construction: flatform to mount the gummed peper collector; antenna
whips; untennz coils; identification flags; total collector; buoy float
convaining the radio trunsmitter cnd b:ttery mower; and keel mount. Not
shown are the weight «et the bottom of keel mount und the film bedge on

the mast 2 ft above deck,
The identifierc on the floats were single-stage crystal-controlled

radio transmitters, operating on the fcllowine eutnorized frequencies*
1309375, 1243.75, 1206.25, 1159.375, 1129.375, 1087.5, 1062.5, 1026,875,
987.5, and 241.875 ke. There units had a useful life of 4 to 6 days
before the batteries hui to be re-charged. The buoys were identified end
located by radio dir.ction-finding gear avoard Naval Task uroup chips and
aircraft.

3.2 EVALUATICN CF STATIONS AND EQUIPMENT

It is difficult to mike a fair evuluction of the station and equip-
ment at CASTiY because numerous chunses in shot scheduling and the

* Circuit No. J113, assigned by letter from Headquarters, TG 7.1, JIF-7,
J-22227, 15 Dec. 1953.
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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
hampered re-conditioning damaged
avparatus and correcting anomalies
as they develored. Chanres in shot
scheduling particularly curtailed
the usefulness of the free-floet ing
buoys. Many of the devices which
had performed satisfactorily at IVY
and at the HEM tests were badly cor-
roded during the long period of
CASTLE. In general, 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 exnosed to the atmosohere,
A brief evaluation of the stations
and apparatus used at CASTLE is
given here as an sid for planning
future field programs.

3.2.1 Islend Stations

Collecting devices were
located in conergte~lined dugouts.
The IVY stations//had been constructed
on the ground level. In both cases
sand tended to drift into collecting
devices indicating a larger quantity
of solids than 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 stations were well

designed except for a few details.
Greater cere shoule be taken to

insure that the battery is protected
from sea water, The moorings were Fie. 3.4 Free-flosting Sea

not installed as specified originelly Station Beince Launched
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and many had to be replaced during the operation, After Shot 1, several

rafts capsized although they were designed to withstand the effect of 4
10-Hf weapon, 5 miles distant.

3.2.3 Free-flostine Sea Stations

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

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

(0) The free-floating buoy syste. was umsatisfactory for docu-
menting fallout under the conditions of shot scheduling which prevailed
after the first test. This statement would be true of any similar sys-
tem having the prerequisite that the test take place within a 24-hr
period specified 24 to 248 hr in advance,

3.2.4 Total Collectors

From evidence given in Sections 4.2.1 and 5.1.2, modifications
in the design of total collectors are indicated. Nevertheless, both
devices used made satisfactory collections under same exposure conditions.
As exrected from other experience, the principle of using simple continu-
ously open (collecting) sampling devices was four? setisfactory whenever
only total radiouctivity deposited per unit area was to be determined,
cuch devices are not setisfactory where it is desired to preserve the

charucteristics of the fallout because dilution by extraneous rain and
dust occurs,

362.5 Belt Sampler

The belt sampler was handicapped by too many moving parts which
Were exposed to the elements. It was badly corroded by sea spray; sand
lodged in the gears or under the belt and caused the sampler to function
poorly. The collection from this sampler on Shot 1 was much better than

on subsequent shots. Considerable valuable data were obtained as shown
in ClLupter 4,

3.2.6 Liquid Droplet Sampler

The prototypes tested at CASTLE failed to operate in most
instances. This failure was due both to a faulty triggering mechanism
for indexing the trays and to the absence of Jijuid droplets in the
fallout from most shots. Nonetheless this differential collector has
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several promising features, one of which is its adaptation for collect-

ing dry particles, The rechanical parts are entirely enclosed. It is

powered by compressed gas which makes a compact source that is easily

recharged and largely unaffected by atmospheric conditions. This device
needs further engineerin, development. It will be field tested agein

at future operations.

3.2.7 Electrostatic Precipitator

This device for collecting smell aerosol droplets vas the most
complicated sampling anparatus used on Project 2.5a. Its large pover
requirements were sup lied by a motor-generztor set. It was almost
impossible to keep this equipment in operating condition, purticularly
after the fire cauced by Shot 1 which dectroyed all the spare parts for
the electrostutic precipitator. Definite evaluation of the usefulness
of the electrest:tic precipitator .. collecting aerosols at nuclear
tests cannot be nade at this time.

3.2.8 Trigger veviges

The light trig,er was a modification of the one used at IVY. On
Shot 1, of 14 triggers surviving the blast effects 10 worked satisfac-
torily. The fire destroyed all spare parts so the permanently dimaged
trigsers on the capsized rafts could not be replaced or repaired. At
island stations these devices operated more satisfactorily than on refts.
The electronic circultry was improperly protected against atmospheric
conditions.

A simple blast trigser designed and constructed at the site
opersted successfully at island and lagoon steutions for mezaton weapons
but was not sensitive enough for low yield weapons. Further uevelopment
of thic type of trigver is indicated for future field oper:tions.

3.2.9 Gamma Time-intensity Recorder

This device was the seme type as those used in large numbers on
the YAG's in Project 6.4. Two stations were operating before Shot i,
The one on Yoke was damaged by a water wave which occurred after that
shot. The station on How operated sutisfectorily 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 preparution for
Shot Echo and later moved to Leroy. It did not record any activity after
Shot 6 because no fallout arrived on thit island. A more complete evalu-
ation of this type cf insetrumdnt will be found in the Project 6.4 final
report.</
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CHAPTER 4

SAMPLE ANALYSES AND DATA REDUCTION

4-1 SAMPLE ANALYSIS

Besic analysis consistec of gamma ccuntineg thoce samples collected
for the determination of fallout contcurs ond measuring the falleut par-
ticle size distribution end the anrarent density of the rnarticles.

4.1.1 Counting Technique

Two instruments were emnloved in counting semnles. The 47 7amra
fonization chamber was used where conversion of measured activities to
gamma field intensities was desirec. The camme scinti}letion counter was
used where relative levels of activity were desired.

The 47 ramma fonization chamber and its calilration ere identicei
io that deserited in -ECD-2367, This instrument consists of a pressurize?

ion chamber, vibrating reed electrometer, and a Brown millivolt recorder.
The chamrer is filled with arson st a pressure of 600 psig and onerstes
at a collection potential of 600 v. For low beckercund the assembly is
lead-shielded. Samples are lowered into the center of the chamter. Be-
ctise the position of the source meterial is not. critical, activities of
larre volumes of either licuid or solic samples cer. be measured. The
gamma ionization chanter readings were converted arbitrarily from milli-
volts to mr/hr in order that all readircs taken on fallcut te excressed

on a conventional basis. A relaticnship between the chanher readings
in mv and a calibrated AN/PDR-T1B Survey meter was determined. Corres-
poneing readings of ‘5 randomly chosen sarvles from Shot 1 were taken by
both instruments. Tne eoustion of the resulting linear vlot showed

mr/or = —0V__, “
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With this reletionship determined from ~arples of hich Jevels of activity

conversion of samnies of low activity, accurately messured in the 47
tonchanl er, readings coulc then be reliatly converted to equivalent
mr/hr.

The scintillation counterVeonsi sts of a detector assembly and
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scaler unit Radiac Computer Indicator CP-79/UD (NavShips 91892). The
detector assembly mcunted inside a commercial lead castle consists of

a@ cylindrical sodium iodide crystal 1.5 in. in diameter and 0.5 in.
thick, an ROA 5819 photomultiplier tube, and a pre-anvlifier unit. The
crystel is shielded from the sample chamber by 0.25 in. of aluminun.

The counters used were completely evalusted for coincicence loss
by using six paired sources and employing a least square evalvation.9/
Coincidence loss varied from 1 per cent at 100,000 c/m to 10 per cent:
at 2,000,000 c/n.

All differential fallout collections were counted under fixed
geometry and corrected for background and counter coincicence losses.
No attempt was made to obtain any more than relative counts between
sammles.

41.1.1 Total Collectors

Many of the total collectors contained considerable 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 cases there was leaching of the fallout activity into the liquid.

Preliminery separations of the liquids and solids were achieved
by decantine the gross samples. Final separations were then obtained by
centrifuging which left the resultir.z liquid clear or, in some cases,
containing colloids.

The liquid volumes were measured and the solids dried and
weiched. The samples were placed in 100-ml lusteroid centrifuge tubes
and gamma activity measurements were made on these samples with a é7
gamma ionization chamber. In instances where the liquid fraction ex-
ceeded 100 ml, these samples were concentrated to the desired volume
after acidification.

4Zelele2 Cummed Paper Collectors

The acetate-backed 1-ft squares of gummed vaper were removed
from their cardboard mounts and folded to fit into 100-ml lusteroid
tubes. Their gamma activities were measured with a 47 gamra ionization
chamber.

4.1.1.3 Vifferentiel Fallout Collectors

Each of the 40 colyethylene collecting jars was removed from
the collector and decontaminated on the outside. The jar openings were
then canped with cellovhane 0.001 in. thick held in positisn with a
rubber band, CGarma counts were then made rith : scintillation counter.

4.1.2 Particle Size Measurements

The particles were fixed with Krylon cn a framed cellophane
membrane. Contact autoradiographs were made using Eastman Commercial
Ortho film. The outer island analysis emvloyed nuclear emulsion strip-
ping film with the particles fixed to the non-enmulsion side of the film
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with Krylon. Use of nuclear emilsion 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
techniszues described above,

All diameter meesurements were made on one axis cnly using an
optical microscope with a micrometer eyepiece. The least count of the
micrometer was 2}. .

Each plate was scanned and measurements on the radioactive
particles were recorded. The minimum diameter of particles measured
in this analysis was of the order of 5 p.

4el.3 Particle Density FKeasurements

An optical microscope having a calibrated micrometer eyepiece
was used to measure particle diameters along 2 axes, Relative activities
were deternined wit a gamma scintillation counter under conditions
identical to those used in counting the gross samples from the viffer
ential fallout collector.

Particle density was determined by a flotation methoc. with mix-
tures of bromotenzene and bromoform as the liquid phase. Ina liquid
system containing only two comnenents, the densities and refractive
index ‘valves are an additive function of the compositions. Correspond~
ing densities and index of refraction with composition are available
fron the literature. Pure bromobenzene has a density of 1.499 and an
index of refraction of 1.550 while pure bromoform has a density of 2.290
and an index of refraction of 1.598,

Each particle was pleced in a precision l-rl glass-stoppered
volumetric flask half filled with a solution of density approximating 2.
Inverting the flask allowed vertical movement of the particle along the

flask stem, Drops of the appropriate liquid then were added and mixed
until verticsl] movement of the particle ceased, indicating that the den-
sities of the liquid and particle were identical. An Abbe refractometer
was used to determine the index of refraction of the resulting liquid
and hence its density from the known relationshins.

4.2 DATA REDUCTION

Equation 2.1 imnlied 4 constent ratio between the measured sanple
activity and the infinite gamma field at the sampling station. This
imolicaticn was found to be valid only Sor the gummed paper collectors,
The ratio was not constant when anplied to the total collectors.

4.2.1 Total Collectors

All measurements of gamma activity were made in the 47 ionize-
tion chember, Annendix 2 tabulates all cata as measured, Where activity
in the total collectors was found to exist in both the liquid and soli2
phases the total activity for that collector was determined by simply

adding 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 deta obtained by both Task Force
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Rad Safe surveys and Project 2.5a surveys. Comparisons of these values
were dene by converting 811 measurements to mr/hr at O + 4 days after the

detonations, This veriod was selected because these island survey mea-
surements were felt to he more valid than at earlier times when the
majority of the survey readings were obtained by helicopter at verious
heights above the surface. Conversion of all measurements to 0 + 4 days
was méde by usins the composite gamma field decay curve in Fie. 5.1.
Although this decay curve was constructed from toth theoretical and ex-
perimental eveluation of Shot 1 deta, its use in reducing data from
Shots 2,3,4, and 5 does not introduce aroreciable error as is shown by
& comparison of the experimental ane theoretical decay curves for these
shots.12/ It does introduce some error into the Shot 4 crlculetions he-
cause of the significantly different capture to fission ratios existing
for Shot 6,

The ratio of actual gamma fields to measured activity found in
the total collectors located on the atoll islands was not a constant
for the many islands evaluated. Figure 4.1, a plot of field readings
to readings as determined from the total collectors, was constructed
by consicering all data that were available; this included msasure-
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 a 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 inticating a 10 to 1 ratio between field survey moasuremenzs and
total collector measurements, Since this variable ratio was found to be

independent of the shot detoneted, it is reasonable to believe thet the
explanation for the variance is inherent in the characteristics of the

collecting instrument,
The fallout in areas of high residual gamma activity were those

where the larecer particles predominated. These particles with conmara-
tively high rates of fall aprarently do not tend to follow the strear-
lines abvuut the collector. This tendency may explain the higher collect-

ing efficiency resulting in those areas of high resicual pamma fields.
The fact that the ratio of gamma rield measurements *o cama measurerents
from the total collector approaches 1 in the areas of higs: gamma activity
is fortuitously coincidental,

The activity collected in the totel collectors emnloyed et the
lagoon stations was converted to equivalent infinite “ield values by
using the curve in Fig. 4.1.

All data 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 mace with
survey inst-uments to those made on the gummed papers with the 47 gamma
fonization chamber. A constant ratio of 2 to 1 was determined for this
collecting device,

The gummed paper measurements from lagoon and free-floating sea
stations were then corrected to infinite field velues at C # 4 days by
use of Fig. 4e2 and then converted to r/hr at 1 hr using the composite
gamma decay curve in Fig. 5.3.
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CHAPTER 5

CHARACTERISTICS OF FALLOUT

5.1 GAMA FIELD DECAY

The decay rate for the gammn radiation from the fallout as measured
in the field was analyzed from a theoretical as well as an experimental
viewpoint. Data are presented on decay for Shots 1, 2, and 3. Since
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 data read with an ionization
survey meter, AN/PDR-71B.

The standard gamma decay constant, k « 1.2, that is presently
used for nuclear detonations,is invalid for thermonuclear devices over
the period from time zero until the contribution from induced activities

is insignificant as is evidenced by the following anai;sis.

5.1.1 Theoretical-and Field Lecay

Theoretical beta (d/m) decay curves (Fig. 5.1) were constructed
for Mike shot, IVY** as well as for Shot 1, CASTLE.**#* Data for these
curves were calculated “rom the fission product decay and the reported
capture to fission ratios of the important nuclides and were normalized
to 10,000 fissions at O time.18/A theoretical gamma decay curve based
on the capture to fission ratios from Shot 1 (Fig. 5.2) was also con-

structed. The calculated curve gives the gamma energy 2migsion rate
(Mev/min) from a radioactive source of Shot 1 composition as a function
of time after detonation, It will correspomd to the experimental gamma

fonization decay curve if (a) the detector response is inuepordent of
energy (flat) at all pamma energies and (b) the geometry of the source,

 

* Private communication with N, Ballou, 0 OL.
“* =€6By N.Ballou, USNRDL.
wet 6By R. Cole, USNRDL.

50



"d

  

 

   

  
  

 

  

   
  

 

 

   
 

 

  

  

 

    

 

  

   
 

 

Poo ToNDaieeeeeeeoe
b — NGSooCALCULATED BETA (47%) t-- a

PENS (SHOT 1) YoUTTT

|

100
= to a

+
PERIMENTAL BETA

(SHOT 4) ~
 

  

 

 

 

   

 
 

To
—}-
 

~~" CALCULATEO BETA (d/M

(MIKE -ivy)     

 

  

 

A
C
T
I
V
I
T
Y

  
 

 

 

 

 

  

  

 
 

  

     
  

 
 

  

  

 
    
          0.01 

Time (HR)
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scattering, and atsorption do not affect the detector resnonse or gamna
spectrum seen by the detector. Since the latter condition is never fullr
satisfied, the calculated curve always differs from the experimental one.
Table 5.1 tahulates the slopes of the theoretical decay curves considered.
The exoerimental beta decay curve for Shot 4 (Fie. 5.1) and the experi-

mental gamma ionization decay curve (Fir. 5.2) for Shot 1 are presented
for compericon. The two theoreticel beta decay curves are in very close
apreement and each arree well with the experimental beta decay curve.
Tha experimental carma ionization decay curve for Shot 1 and the cal-
culated gamma (Mev/min) decay curve (Fig. 5.2) ere not in food arreement
from 5 to 100 hr after detonation. This lack of acreenent may te due to
the nature of the response of the ionization instrument or to other factors.

TABLE 5.1 - Theoretical Decay Data
 

 

Type of Decay Slone of Decay Curve over Period Indicated
(hr after ABD)

L-3/1-+5)3 - 48/5 - 96:2 - 1440 {96 - 672
 

 

 
 Calculated ramma

ionization decay -- 1.37 1.08 | 1.33
Shot 1 (Mev/min) i

 
 

Calculated beta

    
decey -- Shot 1 (d/m)i1.42 0.83 | 1.40

t

Calculated beta
decay -- Mike Shot, {1.44 0.265 | 1.37

Ivy (d/m) |

  

ab
 

Firure 5.3 is a composite pamma ionization decay curve con-
structed from all avcilable field data; it has been used in this renort
for conversion of ell field data taken with an AN/PDR-T1B, AN/DR/39,
or the gemma ionization time-intensity recorders as well as for conver-
sion of the 47 gamma ionization chamber laboratory data, Comparison
of How Island Task Force Rad Safe measurements and the Project 2.59
gamma time-intensity measurements shows very close agreement from 0 + 2
to 0 + 20 days after Shot 1 (Table 5.2).

This agreement of the time-intersity 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 0 + 20 days) the time-
intensity recorder data were used to construct the composite curve

(Fig. 5.3). However, for the interval from 0 + 1 hr to O + 3 hr the

gamma tine-intensity recorder must be compensated for fallout that was
still arriv.--+: the compensated curve would then have a slope steener
than the experime...-1 decay curve. For this interval (0 + 1 hr to
0 * 3 hr) the calculateu cemma decay curve was used in tlie constructionwt

of this composite decay curve.
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Fig. 5.3 Composite Gamma Ionization Decay Curve
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_|Recorder, How Island-:

|

TABLE 5.2 - Experimental Field Decay Data

a | oeere
 

Type of Decay : Slope ofDecayCurve over Period Indicated

_.-.(nrafterABD)
{ 2-10 10 - 48 48 = 480
1

‘Gamma Ionization

|

   
‘Time-Intensity 1.19 0.815 1.52

Shot 1

Gamma Ionization

Task Force Rad Safe - - 1.50

T1B Survey     
501.2 Exnerimental Laboratory Decay

Table 5.3 summarizes the slopes of the decay curves obtained
from samples measured in the latoratory on two instruments. Gamma decay
was measured vith a 4m 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 39 to 60 days. Prosect 2.6a reporteal&/
an average slope of-2.11 for measurements with a similar gamma scintilla-
tion counter on the first four shots from total collector samples over
the period 0 + 7 to 0 # 22 days, The Jecay curve slones obtained from
meesurenents on the 4r 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 (Tebdle 5.3) shows that the
decay curves of these fallout samples have comparable slopes; however,
the liquid fraction of Sample 18 has a slope of -1.22 while the solid
fraction has a slope -1.60. The ionization-counted gummed paper samples

from Shot 2 have ar average slope of -1.41 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 preferentially removed the longer lived
nuclides both in the case of Sample 18, Shot 3 and the rain- and sea~
washed gummed papers from Shots 2 and 3. It further suggests that the
gumied paper collectors lost a portion of their collected fallout from
leaching by sea spray and rain.

Tne data are consiatent with little fractionation of activity

within the sampling area.

5.2 PARTICLE 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.
Ths amount of visible particulate collected after Shots 2, 4, and 5 was
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small. No samples suitable for particle analysis were obtained from
Shot 3. Followins Shot 1, 6971 radioactive particles were analyzed from

the area within the Bikini Atoll and 621 particles collected on the outer
atolls of Ailinginac, Rongelao, and Utirik were eveluated. The differ-

ential fallout collector on the {sland of Alice contsined some parti-

culate from Shot 6. These data are also presentec.

5.2.1 Shot 1, Close-in Fallout

The size distribution of close-in fallout particles with resnect
to time for four lagoon and torse island stations are given in Apnendix
C. Only radioactive particles are included in the data. Of the 40
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, Analysis of the bar graphs with resrect ‘o
rate of arrival or time of arrival is therefore an approximation. Data
on tine of arrival are presented in Section 5.6 of this report.

Figire 5.4 shows the siza frequency distribution of the Shot 1
close-in particulate. It is a comzosite of the bar granhs for the four
lagoon and three island stations. (Figs. C-l through C-7.)

Fivure 5.5 is a plot of the cumulative size distritution of
Shot 1 particulate presented en a log probability ceranh. The size
distribution is very close to log normal with a geometric mean particle
dinareter of 112 4,

e262 Shot 1, Cutec Island Fallout

Satoles of earth were collected ty the outer island survey veam
following Shot 1. 15/ The radioactive narticulate found in these acil
saccles was analyzed for size distritution and the recults are presented

in Fir. 5.6. These atolls were 70 to 2°0 noutic2i miles from Shot 1.
Ficure °.7 shows a lov normal size distribution for particles collected
on whree atolls. The eeonetric meen particle diareters are precentod
in Tatlle ©.A.

TasL7 45,4 = Geometric Lean Particte lareter
 

 
 

 

  

-—— _ 2 =—— 4

Atoll lpDictinee from’ Geonetric hiein
Shot. Point !rertic’e Die.eter

{ t

| (n mi ) (u) |
— — —_—|

#ikini 190 | 112 |

| Adjlinginae 70 £9 |

Reaselon | 107 . 70 |
‘ i

Utirik 277 45 iL { ___!
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The fact that the mesn particle diameter at Ailinginse is smaller than
et Rongelap cen be partially explained by enalysis 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, ParticleSize

The differentinl collector ststioned on Alice contained visible
particulate as well as some liquic; the anelysis of particle size dis-
tribution 1s presented in Appendix GC. With a total of 321 particles
measured the distribution was nearly log norm] with a geometric mean
diameter of 1°80 b es shown in Fig. 5.8. Alice was 3 nautical niles
from ground zero.

6.3 RATIO CF ACTIVE TO INSCTIVE PARTICLES

One of the most difficult problems to resolve is the ratio of
active to inactive fallout particles that arrive at a collecting instru-
ment, This is especially true of the smaller diareter particles because
it is extremely difficult to avoid pollution of the sample hy extraneous
particulate. In this anelysis many small in»ctive particles were observed
during the measurement of rarticle diameters. ‘Jn many cases these varti-
cles were less than 5 b in dismeter, To arrive at a ratio, all pirti-
culate was ignored that. did not have the characteristic white opaque

color of fallout.
Two samples were analyzed from Shot 1 fallout collected at lagoon

stations where the effect of island dust pollution was minimized. The
results are shorm in Fig. 5.9. Approximetely 25 per cent of the parti-
cles were found to be inective with the mean purticle size of the in-
active particles smaller then the active,

5.4 PARTICLE DENSITY

Particles from the Shot 1 lagcon station differential fallout
collectors were analyzed to determine their apparent. density which is
defined as the specific gravity of the narticle as a whole. Because of
the station locations and the collectin;: instrument used, these particles

hac a very high probability of being true fallout. Seventy-nine particles
from stations 250.04, 250.17, and 250.°4 were measured. Density, averase
Clameter, color, and relative activity were determined for each particle.

Table 6.5 shovs the particle density found at each station. The
overall averare density of the 79 particles was 2.36 e/cu cm with a
standard deviation of 8.9 per cent.

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

I

|

 

No. of Particles Averare Standard

 

a
e
d

 

 

Station Investige ted Density | Ueviation

eo, Ag/ewem) i (ver cent)

! 250.04 32 | 222k F942

| 250,27 29 2.40 | 7h

Ln250,24 1@ 2.45
 

5.5 GROSS FEYSICAL CYARACTERICTICS OF FALLOUT

Comprehensive date on ohysical and chemical characteristics of
fallout are presented in the Project 2.6a renort.28

551 Surface Lard Shots

It is well established that the fallou' from the island shots
was very simiiar to that which occurred after Mike shot et IVY, namely
dry, white, opaque, irrempularly shaped particles. Figure 5.10 shows
Shot, 1 fallout as it arrived on the purmed paper collector loceted at
station 250.04. It ie tynical of fallout from Islerd detonations in
the Pacifie Proving Groum?,

52562 Surface Water Shots

Positive evidence of particulate fallout wag found in the dif-
ferential collector iucated at Alice Island after Shot 6. However, the
furmed paper collecters located on the free floating buoys after Shot 2
showed no eviderce of ary particles visitle to the naked eye. It is
felt ty come olservers that the fallout tvom the surface weter detons-

tions was primarily in the form of 4 mist or aerosol, This is substan-
tiated to some degree vy the observetion of the identificetion flags
located on the sea stations after Shot 2, These flags were hivhly

radioactive, many times more active than the total collectors of the
same station. It is reasonatle to asswn- that a moist fine fallout
would te absorted by the flapping flags much more easily than would a
dry particulate,

5.6 TINE OF ARRIVAL OF FALLCUT

The primary instmment for determinine the period over which feli-~
out took plece was the differential fallcut collector. Information on
time of arrival wes also obtained from the ganrs time-intensity recorder

stationed on How Islend; further information may te obtained from time-
intensity recorcers onerated by Project 2.2. Also, limited evidence of
arrival tire is uvailabLle from ‘he Task Force Ship's logs and Project 6.4.
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Fourteen difce--rcinl fallout collectcrs were recovered frem
the lend ard lagoon sta*ione after Shot 21. Of these, eieht ficd sa anled
proverly end the data therefrom ere presentec in Anpendix C (Firs. C-°
throuch C-14). Of the 40 sarrlinr increments, Samples 10 and 1}, 20
and 21, and 30 and 31 were collected over the same time interval (see
ooints A,B, ard C of Figs, C-° through C-16.) "ith perfect sampling
these increments would collect icentie:1] amounts of fallout and the
reduced data could then be used +9 determine not only the period of
fallout sut also the rate of errivsl, However, cs indicated from
inererent groups A,B, and C, the levels of activity varied by as much a-
an order of mernitude, This varietion was undoubtedly the result of
sampling small amounts of meterial over a small area ror short time

‘ntervalc, This deficiency does not affect the usefulness of the 1i..-
trument in perforzing its primery function of determining the time of

arrivel fut it does explain the crratic nature of the curves, Relative
counts of each increment were mede “ith a gamma scintillation counter
uncer fixed geometry. The level 2f activity es indicated in Figs. C-9
through C-16 should not be construed as indicative of the rate of arrival
of falleut material.

Several differential fallout collectors that failed to trigger
were analyzed to determine the “leld backerc und of the collecting in-
ecrements. Firure C-17 shows the genersl level of contamination found in
a non-orerating sampler located at station 251.09 that was exposed to
fallout.

Table 5.6 tabuletes time of errivul period and time of cessa-
tion of fallout within the Bikini Atoll area. Date collected from Proj-
ect 2.2 and Project 2.5a time-intensity recorder traces are also pre-
sented,

TALE5.6-Time of Arrival of Fallout
 

 

 

c-: ~ ol aeenSnanenneiaenttieneettieeee -- ’_ Tp =

Time of Time of
| Station Sampler Arrival = Period | Cessation 7

(min) (rin) (min) L

| 250.05 Differential Collector | 0 + 20 125 O+ 145
» 250.06 Differential Collector: OQ +25 = 115 O + 140
, 250.22 Differential Collector 0+ 35 § 60 O¢* 95
| 250.24 Differential Collector | 0+ 25 ‘| 8&0 O+ 95 ;

251.04 Differential Collector O + 30 ; 125 O + 155
251.05 Differential Collector 0 + 35 90 O + 126
251.06 Differential Collector 0+ 25 | 70 0+ 95
251.10 Differential Collector 0 + 40 50 0+ 90
251.03 Fime Intensity Recorder, 0 +15 - -

' Dog (a Proj. 2.2 <O4+15 { ~ -
j Oboe Proj. 2.2 <0 +15 | ~ -     
(a) See Xeference 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 and the time-intensity

recorder for determining the period of fallout was restricted to the
lagoon and islands of Bikini Atoll thereby limiting the distance to 15
nauticel miles. The average arrivel time within the area was 0 + 28 min
with cessation averaging O + 117 min resulting in an average period of
89 min. These data compare well with that observed at I 7/wher- the
period was somewhat less than 2 hr. Residual fallout which war of such
quantity thet it contributed Little to the overall field was found to
deposit for a period of soverai hours after the deposition of the main
bedy of materiel.

The Bikini £toll islands along the axis of the fallout pattern
experienced fallout over a longer period of time than did those islands
leeated in a crosswise direction.

5.6.2 Shot 2

No evidence was found of primary fallout at early times in the
Bikini Logoon. Secondary fallout of maximum intensity of 40 mr/hr
arrived at How Island 37.5 hr after Sh. 2, as shown by the gamma time- i
intensity recorder, -

506.3 Shot

_3

'

No differertial fallout collectors were operative for Shot 3.
The gamma time-intensity recorder at How Island indicated a time of
arrival of 0 +¢ 38 min. Project 2,2 established an arrival time on Dog
Island of approximately 0 + 20 min.2/

56.4 Shot_6

One differential fallour collector located at Alice Island,
Enivetok Atoll, received significant fallout amd indicated an arrival
time of O + 35 min with the period of fallout teiny 65 min (Fig. C-18).

£.7 RATE OF ARRIVAL OF FALLOUT AND INTEGRATED DOSE

Of the two gamma icnization time-intensity recorders installed
on Yoke and How Islands of S5ikini Atoll, only the one on How survived
end recorded data from Shots 1, 2, an’ 3. These data give accurate
information cn rate of arrival of fallout «1s well as time of arrival.

8.7.1 Rate of Arrival

Table §.7 presants the time of arrival of fallout end time of

yeak activity Sor Shots 1, 2, and 3. The time at which the activity
peak- is not the tine of cessation of fallout. It is bert dascribed as
the time at which the rate of decay is greater than the rate of build-
up of fallout.
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Fig. 5.11 Shot 1, Integreted Gamma Dose, Station 251.03
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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 o+ 15 0 + 65 50

3 How Island O+ 38 0+ 66 28

2? How Island 0 + 2250 0 + 3280 1030

(secondary
fallout) |

5 eT e2 Total Dose

Figures 5.11 and 5.12 indicate the inte,.ated garma dose to a

time apnroximately 100 hr after detonation for Shots 1 and 3. Shot 2

deposited 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 ucder the two orperctional
phases of Project 2.5a was different for the various snots. Data were

obtained under tne land and lagoon phase for Snots 1,3,4, and 6. The
lugoon and islends were not contaminated efter Shot 2 and no data were

taken for Shot 5. Although there was some stem fallout vest of tae snot
roint as indicated by th- trajectory analysis presented in Section 5.5,
the free-floating sea stations fe~ Shot 1 were liid just beyond tne
westward linit of the gamma field. Concesently tue buoys showed that
inappreciable amounts of muterizl from Snot 1 fell in the area sannled.
For Shot 2, free-floating stations documented fallout to a distarce of
50 nautical niles.

A complete analysic of the fallout patterns to a distance of 300
nautical miles is presentcd for Snot 1. Because of the linited experi-
mental data available for tuis Snot it was not possivle to reconstruct
the contours on tois basis alone. ‘he samma field data were surple-
mented by developing an exnerinental model of tne fallout mechanisn
whica defined the axis of symmetry of tne pactern. Tnis addition en-
abled one to construct a conplete contour pattern,

Fallout patterns for Shots 5 and 6 were derived from weter sam-
pling data and are considered in Project 2.7.4/

6.1 FALLOUT NEAR GROU'D ZEPO FOR SOLS 1,3,4, AND 6

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

(a) Totel collector - a 7-in, diameter polyetnylene funnel
fitted to a legal polyethylene bottle.

(b) Gummed paper collector ~ 1 sc ft of “um-Kleen ecetate-backed
paper stapled te a cardboard backing supported in ea metal tray.

(c) Project 2.1 filn badges placed toth vertically and horizon-
tally.

By comparing the laboratcry mesured levels of gamma activity ob-
tained from sanples that were collected on islends with the actual in-~
finite field gamma survey readings, a relationship was developed and

7h
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erplied to the can-les collected at the lagoon stations, tnereby rer-
wittine csetimatior of infinite field levels for those locations. Using
the tote] collector as the primary source of data, camma field contours
ware thus constructed. Where total collector data were missing, activ-
ity levels obtained fron the gummed rerer collectors were used. All
data presented are barc? on tae levels of activity tht would have
existed had the fallout cerosited on an infinite land plene.

Tha fields as indicated cy *ne filn badzes were erratic. Cecause
of poor location of tie film hodees durins sanpling and unsatisfactory
history durine and ofter recovery, these data are not considered in

tais analysis.

6.1.1 Shot 1

Table 6.1 snows correlation ancne the data obtained by survey

Measurements on Jikini Atoll anc date obteined from the total collect

ors and gurmed paper collectors locatei there. All measurements have
been converted to r/ur at l hr for comparisons.

Fisure 6.1 is an isodose rate plot of zamma activity over tae
atoll. There is inlteation of a very steep gradient fron north to
Suuth across tae lagoon. “Tnis cradient is also indicated in the analy~
Sis of Shot 1 particle trajcctcry date es illustrated in Fig. 6.5.

TASLE 6.1 - Shot 1, Gayma Infinite Pield Levels at Bikini Atoll Converted

  

   

 

  
    
  

Voacured 7 ‘agaured bs | Toted Gummed
Station Tode “earured ey | cafuree .” collector Paper

Rad Safe | Proj. e098 snelysis Analysis

251.02 | Fox 1920 | 4390 1630 -
261.03 | iow 510 | 90 725 528
251.04 | Love 270 A415 £59 -
251.05 ' Nan 213 208 2646 -
251.04 , Croe | 7A £5 51 -
251.07 | Uncle | 25 17 1% 31
251.08 | William | al 17 28 26
251.09 . Yoke ~ | - - -

[251,10 Zebra 38 2 23 -
| 250.0% | Lagoon | ~ - 113 -
250.05 Lagoon, - - 68 112
250.%

|

Legoon | - - - 86
250.17 Lageon | ~ - ~ 60

259.18 Lagoon | - - 9.4 -
250022 § Lagoon | ~ - 75 590

| 250.24 Lagoon - - 20 -
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Gel. 2 Shot3

The Shot 3 pattern was well defined because the direction" of
fallout crossed the collectins array perfectly. The highest measured
level of gamma activity was 360 r/hr at 1 hr at Station 250.17 (sce
Table 6.2).
1 hr.

Fisure 6.2 presen‘s the gamma fallout pattern in r/hr at

TAPLE 6.2 = Shot 3, Gamma Infinite Field Levels at Bikini Atoll Converted
to r/hr at 1 hr as Deternined by Various Techniques
 

 

 

 

     

 

 
 

==

Station Code Neasured by Measured by Cellzctor Panes,
Rad Safe | Proj. 2.48. Analysis arslysis

251.02 ¥ox 158 | - 98 107
251.03 slow 14 | 33 25 20
251.04 Love 3.2 ; 3e3 3h -

251.08 Villiam 4e5 | - 8.1 -
251.10 zebra 2.8 : 1.4. he2 1.9

250.01 Lagoon - ] - 5.1 -
250.02 Lagoon - | - hed -
250.05 Lagoon - | - 107 103
250.6 Lagoon ~ - 62 39
250.07 Lagoon - ' - 64 84
250.08 Lagoon - - 33 -
250.09 Lagoon - - Ae5 ”
250.12 Lagoon - - 0.9 -
250.13 Lagoon - - 1.5 -
250.14, Lagoon - ~ 207 ~

259.15 Lagoon ~ - 204 -
250.16 Lagoon - - 49 65
250.17 Lagoon - - 340 360
259,18 Lazoon - - 203 201

250.19 Lagoon - - 8.5 2.3

250.22 Lagoon - - 7 -

6.1.3 Shot 4

 

_The direction* of fallout limited gamma levels of military sig-
nificance to the northern islands of the atoll. The majority of the
lagoon stetions were in the fringe area of tne fallout pattern. Figure

6.3 and Table 6.3 indicate the extent of the gamma fallout in r/hr at
1 hr for Shot 4.
 

* Determined from wind lata.
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TABLS 6.3 - Shot 4, Gamma Infinite Field Levels at Uikini Atoll Converted
to r/hr at 1 br as Determined by Various Techniques
 

 

 

  

" | Total | Gummed 1
Station Code eres by aaguredby Collector Faper

ac wate TOJ+ «+98 Analysis Analysis .

251.03 How 128 300 158 -

251.04 Love 15 26 25 -
251.05 Nan 5 4.7 5.3 4e7
251.06 Oboe 0.9 0.8 - -
251.08 William - 0.4 - ~
251.09 Yoke - 1.0 - -
251.10 zebra - 0.9 - -
250.05 Lagoon - - 156 222
250.07 Lagoon ~ - 1.7 0.9
250.18 Lagoon - - 1.5 -
250.19 Lagoon - - 11.9 1.9
250, 22 Lagoon ~ - 1.4 1.3

Coca Lagoon - - 5.5 - |      

6.1.64 Shot 6

A very complete array of collecting instruments was employed
for Shot 6 in the Eniwetok Lagoon and on the atoll islands. Since tne
fallout went in a northerly direction from chot point very few of the
Stations received significant fallout. The island of ALice, approxi-

mately 3 nautical miles from surface z9ro, was contaninated to 45 r/br
at 1 br as indicated in Table 6.4.

The fallout collected was primarily upwind fallout with the
gamma field pattern defined in Fiz. 4.4. The relatively low levels
about surface zero fit well with tae overall contours as determined
by Project 2.7.

6.2 EXTENDED FALLOUT PALTEAN

The contamination of the outlying atollsl5/to the east of Jikint
and the measured values of the levels of residual gamma activity follo.-
ing Snot 1 offered an excellent opcortunity to evaluate the fallout
pattern resulting from a super weapon. A covplete analysis of Shot 1
fallout base.i on available field readings and a compr:-nensive analysis
of the wind structure with respect to its effect on particle trajecto-

ries is presented.

6.2.1 MeasuredField Values of Residual

The measured values of residual gamma activity obtained by
H. Scoville, Ly were converted to r/hr at 1 nr using tne composite

gamma ionization decay curve, Fic. 5.3. One hour post detonation is
Simply a convenient reference; as will be noted in luter sections,

30
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TABLE 6.4 - Shot 6, Gamma Infinite Field Levels at Eniwetok Atvll Con-
verted to r/hr at 1 or us Determined by Various Techniques
 

 

 

 
   

 

Mecerme Total Guumed
Station |Code eeoree by poasuredPy Collector |Paper

° Ode “078 Analysis Analysis

Alice 26 42 45 -
Janet Le? 5.8 12.3 -

Leroy - - 0.13 ~
Nancy - 363 3.5 -

250.27

|

Lagoon - - 665 -

250,28 Lagoon - - 1.7 -

259.30 Lagoon - - 0.6 -

250.32 Lagoon - - 705 -

250. 33 Lagoon - - 1.5 -

2500 34 Lagoon - - ' 2.7 -

250. 35 Lagoon - - 0.2 -

250. 36 Lagoon - - Bhe5 -

250,37 : Lagoon - - | 1.6 -

250.39 ‘+ Lagoon - - | 0.3 -

250.41 |! Lagoon - - 0.19 | -

250,47 | Lagoon - - 0,19 | -

250048 | Lagoon - - 0.4 | -

250.49 | Lagoon - - O22 ! -
250.50 Lagoon - - 0.4 ~-

250.51 Lagoon - . 0.2 -

250.54 ! Lagoon - - 0.2 | -

250.55 ' Lagoon - - Goll i -

250.52 | Lagoon ~ - 0.13. | -

MAC@L Lagoon - - 0.7 ~-

Barge Lagoon - - 8.3 -

Oscar Lagoon - ~ 0.3 -    
 

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

tion. These data (Table 6.5), along with the measurements made ~itain

the Bikini Atoll as shown in Fig. 6.1, represent the available gamma
field measurements used in tunis analysis.

6.2.2 Deterrination of Experimental Model - Snot 1

Although significant gavma field data were obtained, they fell

far short of completely defining the fallout patvern, lowever, with

the added knowledze of the axis of sywnetry of the fallout pattern,
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TABLE 6.5 - Ghot 1 Residual Gamma Activity on Cuter Islands
 

 

  

Gamna Activity r/hr
Location at L rr

Ailinginae
snibuk 92.5

Sifo 7

Lokonikaiaru 108

Ronzelap
.aen 2420

Arrik 1950
Lomuilal 1950
Gejen 1950
Lukuen 1160

nrabelle 1050

Anidjet 737
Enialo 264
Zosen 342
Rongelap 197
arqar 132
Sniran 316

Nongerik
Bok 770
Latobs '“ 385

Mortiook 347
Rongerik 308
Eniwetak 216

Utirik

Aon 26. 6

Utirdik 20

Bikar
Bikar 9363
 

ganna field contours were constructed.

 
This information was obtained

by completely analyzirg the wind structure existing at and after snot
time with respect to its effect on fallout particles originating in tae

stem and cloud. To establish a pattern on tnis basis it was necessary

to make the following assunptions:
(a) he relative contribution of particles less than 25 in

diameter to the residual gamma field defining the urea of prinsary fall-

out was negligible. 4
(b) The particle size distribution is the same at all eleva-

tions and homoseneous througheut the visivle dimensions of tue cloud
and stem. ‘uis assemption was arbitrarily chosen es tne vest
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approxination 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.
dowever,any error introduced in the resultant axis of symmetry as a
consequence of tnis assumption would be minor because of tae particular
wind situation throushout Shot 1 fallout.

(c) <A vertical line fron ground zero to the maximum elevation
of the clou” renresents the axis of synmetry of tne stem and cloud.

(da) Tne physical dimensions of tne cloud a: i stem can be
Satisfactorily represented by assumins they define cylinders about the
vertical axis of symmetry of the detonation.

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

6.2.3 Experimental Data Arplied to ‘Model Evaluation

The following experiment2l data were used to complete tnis
analysis:

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

(bo) The average apparent density of these particles was de-
termined to be 2.36 g/cu cm as discussed in Section 5.4.

(c) The size distribution of the fallout particulate ranged be-
tween 2009 ani 25in diameter,

(d) The cloud dimensions botn vertical and horizontal were
obtained by cloud photography.°/

(e) Meteorological data of the variation vita height of both
the wind direction and speed, and the air tenperature were obtained
fron tne Task Force Weather Central.

6.2.4 Determination of Particle Trajectories

Fron consideration of the above essumptions and application of
the measured particle data the terminal velocities of the fallout
particles were calculated from aerodynamic faliing equatiors. (See
Arpendix E.} The atmosphere was then divided into 5000-ft increments
fron the surrace to 10C,000 f% and tne 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
particles their trajectories were computed. Particles of 2000, 1500,
1009, 750, 500, 375, 250, 230, 150, 100, 75, 50, and 25 b in diameter
were placed at 5000-ft increments in the cloud model. Each particle
size at each starting elevation ».as then tiollowed through the atmosphere.
Comprehensive use of the available wind data was made in computing the
particle trajectories. Effects of both space und time variations on the

winds were fully considered. The upper air data fron Eniwetok, Bikini,
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and Rongerik Atolls from 0 hr through 0 ¢ 6 hr were used. Since the
primary fallout was deposited over the aree between Bikini Atoll and ~S
Rongelap Atoll within tne first 8 hr, no extrapolation of the wind
data was necessary for these particles. However no wind data after
d+ 6 hr were available for tne area beyond the Ronzerik Atoll and a
time extrapolation had to be ured in deternining tue winds taat fired
the particle trajectories tnere. In plottinz the trajectories it be~
came obvious that particles above 1000 win diameter would fall very
Near ground zero. Consequently, no calculations were made on tae 1000,
1500, and 2000 H particles.

Firure 6.5 shows the terminal points of the 231 trajectories
evaluated. The primary effect of the larser particles is eviden at
distances close to ground zero,

6.2.5 Consideration of Cloud Dimensions S

The maximm lateral width of tne fallout area was determined by
expanding each particle's arrival point to the diameter of the stem or

cloud from which the particle originated. From the cloud photocraphy
data the stem diameter wes found te te 4.6 miles, the stem heigat \
60,000 ft, the cloud diameter 66 miles and the cloud height 100,000 ft
at 0 #10 min. These dimensions were ciosen altucugh the cloud con-
tinued to exp-nd laterally efter 9410 min. For simplicity it was ~
assumed in taois model that the cloud and stem were cylinders havinz 2
tnece dinensicns. “his evoluation essumcs no clouc diffusion with time,

but fully considers shear.

6.2.6 Determination of Axis of Symmetry of tae Tellout Pattern

From the swath of points (Fig. 6.5) the direction of fallout
was determined. Since the particle arrival points hud a narrow spread
it seemed reasonable to construct an axis about wnich the fallout was
Symmetrical. Such a symmetrical fallout pattern results only if the
upper wines have the necessary configuration for co restricting the
particle trajectories. The time of arrivel of the particles was also
calculated, Table 6.6. Some of the calculated trajectories of the smaller
particles starting at high elevationc did not reach the surface until
many nours after the main Ledy of material nad ceposited. ‘nese arrival
points indicative of seconcary fallout were not corsidered in the deter-
mination of the axis of symmetry.

6.267 Construction of the Fallout Pattern

Using the established axds of symmetry of fallout in conjurction
wita the measured levels of vamma activity on the availeble atolls a
complete fallovt pattern (r/or at 1 hr) was constructed as presented in

Fig. 6.6. This patlern shows the Icvels of fallout tnit would exist on
an infinite land plane shouid the basic assumptions used in the defini-
tion of the experimental model sold. It is important to note that this
pattern was constructed solely on censideration of the gamma field
measurements and the axis of ¢:rmmetry: however, there is otaer supporting
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evidence availatle fron the analysis of the particle trajectories. The
Maximun lateral dimension of the fallout pattern as indicated in Fig.6.5
agrees well witu the constructed pattern. The density of arrival points
Snould te related t. the levels of activity; this offers rurther reason
to construct tue area of peak activity to the norta of Rongelap Atoll.

4.2.8 Eveluation of the Snot 1 Fallout Fattern

To deterwine tie time of arrival of fallout, Pig. 6.13 was con-
Structed bese on the times as deternined fron the particle trajectory
analysis. Incluied in the analysis wes the effect of the cloud diren-
Sions. Comparison of this calculated tire of arrival with the reporie
time of errival cn the cuter islanis indicates the validity of the
calculated rates of fall of the particles. Table 4.5 presents tunis
comparigcon.

TALE 6.6 — Shot 1, Comparison of Calculated and Observed Times of
Arrival of Fallout
 

 

 

  

Distance Calculated Time Observed Tire (a)
(n miles) of Arrival (hr) of Arrival (hr)

4 lel 1
50 2.1 -
a7 Le7 7

190 5.9 -
12 7.8 8
150 8.9 -

200 ll. -
250 13.2 -
302 15.4 18   

(a) Taken from Reference 1.

The reliability of the observed *imes of arrival on the atcils
innebited by natives ere open to some question because of poor documen-
tation. Tic appears to be especially true of the 7 hr crrival tine
at the atoll of Rongelap. ‘ne weather island of Rongerik st 126 nauti-
Cal miles reported o:erved arrivel times trat compare well with the
Calculated values.

An attespt to deternire the average period of fallout was made
by eveluating the trajectory data as shown In Fir. 6.13. This was done
by obtaining an averege time of cessation of fallout. ‘the rate of
arrivel cf fellout at How Islind vwaured the majerity of the activity
to te deposited early in the total reriod of fallout (see Section 5.7).
Cn the basis of this otservation the curve indicatine the time of cessa-
tinn of fellout (Fig. 6.13) was weighted showing the period of fallout
ending before all particulate hud arrived. {t is at tuis time that the
level of ganna activity peaks. Continuing falleut after inis time is of

88



such small magnitude that decay is greater than build-up.
Another check on the validity of the analysis using the experi-

memvel model was a comparison of the particle size distribution as
measured from sanples collected on the atolls and the size distribution
that would be expected from consideration of the trajectories of the
particles. Table 6.7 tabulates the measured particle size distribution
found in samples from the atolls as taken from the data presented in
Chapter 5,

TABLE 6.7 - Shot 1, Measured Particle Size
 

 

 

     

Smallest Largest Geometric
Station Particle Particle Mean

(1) (4) (4)

Bikini az a5 >1000 112

Ailinginae 16 172 60
Rongelap Village 10 126
Rongelap North End 16 394 70
Rongelaep, Kabelle 16 518
Utirik 6 134 45
 

The calculated trajectories showed particles from 2000 to 100 2
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 experimental
model, on the arrival points of the particle trajectories indicates
particles from 150 to 75 H diameter would arrive at the north end of
Rengelap «ith the limit of the 250 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 sell with the size distribution

found at Ailinginae some 15 nautical miles south of north Rongelap. Also
the calculated size limits the particles arriving at a distance or 300
nautical miles to a maximm diameter of 75 » as compared to a measured
geometric mean size of 45 He

The only discrepancy of say magnitude between observed data and
those calculated from the experimental model is that no fallout arrived
at Utirik based on the medel analysis. It must be realized that at
this distance the model analysis is weakest because the wind data used
were extrapolated as being constant fron 0 + 6 br to 0 + 20 hr, the
latter being the time of arrival of fallout at a distance of approxl-
Mately 300 nautical miles. This extrapolation was necessary because no
wind data for periods beyond 0 + 6 hr was available at the time of this
analysis.

Even better corrslation of measured to calculated particle size
would be obtained if a larger cloud diameter were used in the experi-
mental modei. For this analysis the value used of 66 nautical mies
was conservatively chosen; Project $.1 cloud dimension data indicate
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the cloud contimed tc grow laterally to a diameter larger than 46
neutical miles at the time of their last rerorted measurement,
0 +10 min.

The fallout contours fron this analysis indicate hizher 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 scaling the surfsce shot from Operation JANGLE. For matters
of comparison surface JANGLE was scaled to 15 NTI by the cube root scal-
in> relationship. This pattern is snown in Fig. 6.7 on the same map
scale as the S.ot 1 pattern presented in Fic. 6.6. Tne resulting con-
parison is interesting, primsrily fron the point of view of the extreme
Variation in the confizguration of the two patterns. Justification of
fellout contours of uigher yield devices having little or no relationship
to the scaled JANGLE surface detonetion contours is evidenced in an anal-
ysis of cloud dimensions with respect to yield. 11/ The reference indi-
cates tinct a chance of cloud share takes place with increasing yields
becoming zrcodually flattened for hicsher yields. This flattening effect
would indicete a resulting wider pattern then one would obtain ty simply
Scaling the JANGL:. curt'ace data.

Tais configuration is also evidenced in the analysis of tne
Shots 5 and 6 fallout patterns.4/

6.2.9 ifaterial Balance for Snot 1

Tyo material balances were made on the resulting Snot 1 fallout
pattern. The beses for these balances were tneoreticul in one case and
experinental in the other. (See Aopendix F.)

The theoreticsl calcvlations resulted in 57 per cent of tne
measured yield of the Snot ] device being accounted for witnin the
109 r/nr at 1 hr contour. Also, the tneoretically calculeted fraction
of tne device deposited at Stetion 251.03 was found to be 7.0 x 10-16/sq CMe

The fallout in a total collector located at Station 251.03 was
analyzed radiochemically and the results showed 3.7 x 10716 of the device
was devosited per square centimeter at tais location. Extrapolating this
retio over the fallout pat-ern after takins into consideration the vary-
ins levels of activity resvlted in acproximately 30 per cent of the de-
vice teins accounted for. This value is questionable because of tae
fragrentery data upon which it is baced. However, the two results indi-
cate thet the fallout petter:. as constructed for Snot 1 is witnin reason.

Table 6.8 indicates the average gactma activity in r/hr at 1 hr
With respect to the areas over which these fields existed,

_ _ TABI6,8=Areas_of Average Gamma Activity _

 

 

  

"aren |Residual Average Gemma activity |
(sq. miles
statute) (r/nr at 1 hr)

2,0L0 + 3,090
| 2,860 | 2,509
| 3,860 | 1,590
| 6,030 750
| 12,900 390
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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 in Fig. 6.6 indicates for convenience the levels of activity t

thet would exist should all of *he fallout particulate be down at
O+1hr. Of course, this is not tne case, for the primary pattern out
to arproximately 260 nautical 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 gamma field levels are those that would exist at thesa
times over a land area. In construction o° these patterns consideration

of both decay and time of arrival as indicsted by Fig. 6.13 were taken

into account.

6.3 EATENDSD FALLOUT PATTERN POR SHOT 2

Bikini Atoll was not heavily contaminated after Shot 2 was deton

nated duc to the primary fallout falling to the nortn of tne saot point.

Eleven o° the samples fron the free-floating sea stations recovered

after Shot 2 were evaluated and it was founc tuat the nain swath of fall-

out crossed over the station array. Of tha 11 stations recovered seven

were in the fallout narca as indicated by Table 5.9. The total collector
data were reduced and analyzed by Froject 2.6a.

TABLE 6.9 — Shot 2, Gamma Infinite Field Levels Converted to r/hr
av 1 hr as Determined by Various Techniques
 

 

 

 

 
 

Beering from * Distance from Cimmed Faper Total
| Station | Groun2 Zero 1. Ground Zero Collector collector
| (degrees truc):  (n miles) Analycis Analysis (a)

L \ (r/ar) (r/ar)
| 882 | 43 ‘120 120
0, 247 . 2, 0.2 2.0
Py 271 34, 1.0 O01

Q, 295 34 33 110 |

Ry 308 6 435 | 480 |
Ty 337 43 220 / 90

Ae 347 52 | 147 90

De O54 53 : 0 -

35 075 53 0 ~

Fs 095 53 0 | -     
 

(a) AS evaluated by Project 2.6a.
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The fallout contours constructed fron tae gummed paper data are presented
in Fig. 4.14. Since the data were frugnentary, limited reliability
Should be placed on the cenfisguration of the contours. No analysis of
the pattern based on particle trajectory data aas Leen attenpted.



CHAPTER 7

SUMMARY

Jel GENERAL OBSERVATIONS

The study of thermonuclear explosions at CASTLE has shown tne fall-
out problem to be of considerably greater magnitude than predicted.
This demonstration of the radiolcgical capabilities of superweapons
makes it imperative that scaling relationships for fallout be derived
which will acply over the antire range of possible weapon yields. A
common basis of development is required if predictions are to be valid
for the now undocumented medium yield runge (high yield fission—-low
yield thernonuclear). Such a basis may be found in the changes in

cloud geometry which are ‘kmown to occur with cnang?s in yield.
The increased coverage by fallout appears 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 motel used for tue predictions.
The following general observations may be drawn concerning fallout fron
the more diffuse source:

(a) The extent of land gamma radiation fields of military signif-
icance is increased beyond that directly attributable to the increase
in yleld over the nuclear rane.

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

(c) The increased efficiency with which surerveapons disperse
radioactive meterials is to some extert counter-acted by the delay in
errival of fallout from the high source cloud and the rapid rate of
Gecay which occurs in the interim.

7.2 PLANS FOR TURTHE? WORK

Further study of the interaction of these three factors and com~
paricons with model data are expected to reveal the part -loud geometry
plays in the distribution of fallout. Correlation of data from all
GASTLE sources, including the results of water sampling under Project 2.7,
will be made using the USNRDL experimental model, Idealized gamma
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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 inte account

the time of fallout arrivel. Comparisons with other models and with
nuclear data will be carried out and the cloud geometry factor exanined.
The contricution which these upper yield limit data make to the develor-
ment of scaling relationships can then be fully evaluatec.

Improvements of and seneralizations. on the experimental model are
exected te accompny the foregoing analyses. Use of the method as a
tool for forecastinz primary fellout arpears promising and will be ex-
ploren,

Additional development and evaluation of data on gamma field decay
wi11 te carried out. Ideelization of the decay curve from 5 to £00 hr
post detonation is expected to produce a simplified appro:dmation suit-
able for military planning and field use. This approximation may reduce
to two straisnt line functions on a logaritumtc plot, one covering the
period from 5 to 50 hr, and the other, 50 to 5CU hr. Later decay is
assumed to follow the normal fission product function.

763 SPECIFIC CCNCLYSIONS

The following conclusions present evaluation of data on primery
fallout at CASTLE:

(a) Gamma fields fron fallout decayed at rates differing from the
t7++2 approximation common to fission weapons. Tne extent of this dif-
ference is militarily inportant over certain time periods.

(b) Fallout from the surface land detonations was in the forn of
irrezular solid particulates. The geometric mean particle diameter de-
creésed with distance from the shot points; for Shot 1 the peometric
mean veried from 112 H at Fikini Atoll to45 p at Utirik Atoll.

(c) Of the solid particulates studied, approximately 25 per cent
Were inective with their mean particle size smaller than the active.

(a) The average density of the solid particles from Shot 1 was
2.36 g/eu cm

(e) Little data were obtained on the nature of the fallout from
overevater shots. There was some indirect evidence that the fallout
50 nautical miles fron 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. towever, limited results on more distant
isinnIs were obtained for Shot 1. Arrival was characterized by a rapid
rise te a peak followed by a decline which, in the measurement of gamma
dose-rate, merged imperceptibly with radioactive decay. ‘iaterial first
arrived at approximately 1/2 hr after detonation and contimed for
1-1/2 to 2 hr.

(g) A contimous 100 hr unshielded exposure after the detonation
of a 15-'T device on land will result in a minimum free field total dose
of 1% r over an erea as large as 25,000 sq mi.

(nh) The development of an experimental model has provided a means
of recoistructing fallout patt«rns using limited gamma ficld data end a
coiprenensive analysis of the . steorolozical situation as arplici to
farticle trajectories.

Conclusions as to the usefulness of free-flo-ting buoy stations for
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documenting fallout can also te drawn. Contrary to the results obtained

at IVY, the epolicability of this method without modification to super-
reapon tests appears questionable, Late chenges in the prediction of
winds aloft induced uncertainties in shot scheduling of an unprecedented

nature at CASTLE defeating efforts to mount eny operations requiring
advanced timine of the order of 24 to A% hr. owever, in one of the two
instances where buoys were in place at detonation, valuable and otherwise
unaveilatle data were obtained. In cpeneral, modifications of the tech-
nique are indicated prior to use at any future weapons! test, particu-

larly superweapons.

7.4. RECOMMENDATIONS

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

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

Re-evaluation of methods for documenting primary fallout patterns
at the Pacific Proving Ground is recommended. This re-evaluetion should
take into account the increased importance of the fallout problem with
reference to both operattons and security.
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APPENDIX A

SHOT 4 OPERATION PLAN— BUOY PHASE, PROJECT 2.5a

A.2 PLANS AND PREPARATION

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

A,2 LAYING PROCEDURE, COMPLETE ARKAY

(a) «TF 75 will ley western portion of array, as follows:
P-1 cloclwise through A-1; thence to T-2 counterclockwise through P-2;
total ouoys, 11; completion time, 2000, U-1.

(bo) ATF 67 will lay eastern portion of array, as follows:
F-2 counterclocxwise through 4-2; thence to B-1, clockwise through F-l.
Total Luoys 11; completion time, 2200, U-l.

NOTE: For buoy designations, see actompsimring chart*
"RADIO BUOY ARRAY FOR UNICh, PROJECT 2.5a.”

A.3 LAYING FxOCEDURE, PARTIAL ARRAY

(a) ATF 75 will lay western portion, dropping first buoy no
later than 1200 U-13 A-1 counterclockrise through P-1. Total buoys,
6; completion time, 2000, U-l.

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

A.4 PROCEDURE FOR ADVANCEMENT OR DELAY OF SHOT

(a) If, on U-3, a 24-hr advance in shot time 1s announced, load-
ing can be completed and the complete array planted; if s .«&-hr advance
js announced loading of necessary buoys can be carried out and the par-
tial array can be planted.
 

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

(c) 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 partiel array may then be set out as time and circun-
stances permit.

A.5 RECOVERY PROCEDURES

Recovery operations are exnected to commence on U day. Each ATF
will recover orn buoys, commencing with stations in probable fallout.
If recovery ships themselves encounter fallout, they may retire and re-
cover buoys in adjacent areas. Every effort shouid be made to recover
the imvortant stations as early as possible; however, if recovered buoys
produce dangerously nigh radiation fields aboard ship, it may be neces-
sery to break off and return to “nivetok to off-load. The shins should
then return immediately to recover remainder.

A.6 MESSAGES TO ATFIS FROM 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 information.
(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

include specific recommendations, Project will provide information.

A.7 MESCAGES FROM ATF'S TO CTG 7,3

(a) Each ship should report -rog.ass in laying operations every
4hr. Stations and their positions should be renorted along with the
time of laying.

(tb) During recovery, each ship should renort progress every 4 hr,
giving time and position, and radiation levels of sampie bottles as
determined by Project personnel aboard.

(c) Info CTG 7.1 on all messages.

  



APPELDIX B

GAMMA ACTIVITY MEASUREMENTS FOR THE TOTAL AND GUMMED

PAPER COLLECTORS

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

 

  
 
  

  

     

ee | an

Sample Wt. of Solid Wt. of Gamma Activity Dete and Time
No. (g) Liquid (mrf/hr)__—s| Measured (PST)

, (m1) | Liquid Solid
1 |

o 251.02; 28.69 | 345 79.6 504.8 3/18/54 = 1400

Re 251.03; 803 | Bel 4.5 3/18/54 1400

Ak. 251.04 5.01 | L 1.8 $5.7 3/18/64 - 1490Ne

Joe 251.05 | 1.61 i 6 0.91 27.7 3/18/54 - 1400

Loe, ' 251.06 | 1.17 0 0 2.9 |3/18/s4 - 1400
efi \

fe | 251.07) 0 120 0.9 O 3/18/54 = 1400
-. 7 !

Nf | 2521.08 1.25 138 | 0423 2.63 3/28/54 - 1400
at '
vi | 251.10 3.58 | 124 | 0.23 0.%)} 3/18/54 - 1400
of Hf | :

oo | 250.04 : 0.76 | £0 6.96 7.2 3/18/54 - 1400
hes | }
too 250.05 O14 = 78 0.58 3.5 3/18/54 = 1400
1 © .

yo 250.18 0 ! 55 0.13 0.35) 3/18/54 - 1400

Sa 250422 0 16 0.058] 0.31} 3/18/54 - 1400

wT ! 250.22 | 0.21 | 82 0.40 0.€4| 3/18/54 ~ 1400
AN 7 .

: J ’

A.
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y 106
a | 2 A
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TABLE B.2 - Gamma Activity Measurements, Shot 1, Gummed
Paper Collectors
 

 

 

 
 

Sample No. Ganetee Moasered(PDT)

| 251.03 20.3 4/28/54 - 1240

251.07 1.2 4/28/54 - 1240

! 251.08 1.0 1/28/54, - 1240

| 250.05 4o3 4/28/54 - 1240

| 250.06 363 4/28/5h = 1240
| 250.17 2.3 4/28/51, - 1240

; 250.22 1.9 4/28/54 - 1240 |
_. we ee ee oe CULL Lo -   

TABLE B.3 - Gamma Activity Measurements, Shot 1, Gummed
Paper Collectors

 
 

  
 

PoEL ngSo

s No. Gamma Activity Date and Time

napie ie (mr/hr) | Measured (PST)
r ee f an eee . . ~

1-S-Di, 0.0008 ! 3/18/54 - 1450

1-S=0% 0.0012 | 3/18/54 - 1400 !
i .

1-S-DWJ 0.0069 | 3/18/54 - 1400

1-S-D¥K | 0.0021 i 3/18/54 = 1400

| 1-S-D¥L ! 0.0021 | 3/18/54 ~ 1400
t .
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TABLE B.4 ~ Gamma Activity Measurements, Shot 2, Gummed
Paper Collectors
 

 

  

     

{
Sample | Bearing Distance from GZ Gamma Date and Time |
No. | (Degrees True) (nautical miles) Activity|Measured(PST) |

(mr/hr) |

1 A, | 352 43 1200 |3/27/54 - 1930|

5 Op 247 34 5 13/27/54 - 2045
|
; P, 271 34 20 13/28/54 - 1820

Q, 295 34 280 13/28/54 = 0845

R, | 308 36 5000 [3/28/54 --1200

T, 337 43 2200 13/28/54 - 1300

| ag | 347 52 1400 |3/28/s4 - 1520 |
' i

Ds 054 53 0 - -

| Bo; O75 53 0 - -

1 Fs | 095 53 0 - -
|

Ge | 115 53 0 - 7 |
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TACLE B.5 = Gamma Activity Measurements, Shot 3, Total Collectors
 

 

 

 

 

 

   
 

f
Vol. of ' Wt. of Gamma Activity nate and Time
Liquid | Solid (mr/hr)Sample No. . (m1). (g ) Solid Liquid Measured (PST)

251.02 | - j o- 300 - 4/8/54 = 1000
251.03 | 1785 | 0 0 3.28 4/15/54 = 1500
25)..04-1 ; 1630 | 0.34 0.17 0.41 4/15/54 - 1500
251.04-2 | 1475 ' 0.34 0.16 0.33 4/15/54 - 1500
251.04-3 | 2130 . 0 0 0.25 4/15/54 - 1500
252,08 | 1150 | 2.30 0.271 0.42 4/15/54 - 1500
251.10 | 325 | 3.44 0.17 0.39 4/15/54 = 1500
250.05 § = foo 275 - 4/8/54 = 1630
250.06 | 1665 | 0 0 9.92 4/15/54 - 1500
250.07 = jo: 150 - 4/8/54 = 1530
250.08-1 ' 110 ; 0.12 3.37 3.55 4/15/54 = 1500
250.08-2 170 ' 0 0 2.45 4/15/54 - 1500
250.09 |; 615 0 0 0.59 4/15/54 = 1500
250.12 75 : 0 0 0.12 4/15/54 = 1500
250.13 245 0 0 0.19 4/15/54 - 1500
250.14-1 9-235 0 0 0.28 4/15/54 - 1500
250.1A-2 . 320 0 0 0.41 4/15/54 = 1500
250.15-1 ; 380 - 0 0 0.21 4/15/54 - 1500
250.15-2 | 2%8 j{ 0 0 0.41 4/15/54 ~ 1500
250.16 260 : 0 0 7.32 4/15/54 = 1500
250.17 —— i = 280 - 4/12/54 - 0900
250.18-1 | 515 | 2.81 51.8 134.6 4/15/54 - 1500
250.18-2 ; 560 | 0 0 19.3 4/15/54 - 1500
250.19-3 365 © 0 0 6.94 4/15/54 - 1500
250.19 | 938 : 0 0 1.11 4/15/54 - 1500
250.22 915 | 0 0 0.92 4/15/54 - 1500
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TABLE B.6 - Gamma Activity Measuroments, Shot 3, Gummed Paper

 

 

 

   

Collectors
rc

! Sample No. | Gamma Activity - Date and Time
| (mr/hr) Measured (PST)

| 251.02 165 4/12/54 = 0900

i 251.03 32 4/12/54 - 0900

251.10 3 4/12/54 - 0$00

250.05 140 4/12/54 - 0900

250.06 17.7 4/15/54 - 1500

| 250.07 37.9 £4/15/54 = 1500

| 250.16 29.4 4/15/54. - 1500

! 2£0.17 165.5 Lf/LEf/SL = 1599

250.12 90.7 4/15/5£ - 1500

250.19 1.06 4/15/54 = 1500
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SABLE B.S = Gamma Activity Measurements, Shot 4, Gummed Paver

 

 

 

   
 

Collectors

: Gamma Activity Date and Time
Sample Ko. (mr/nr) Measured(PDT)

251.05 2.81 5/5/54 - 1500

256.05-1 145 5/5/54 ~ 1500

250.05-2 115.3 5/5/54 = 1500

250.07 0.54 5/5/54 = 1500

250.19 1.97 5/5/5L - 1500

250.22-1 1.Uu 5/5/54 ~- 1500

250.22-2 0.37 5/5/54 - 1500
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TABLE B.9 ~- Gamma Activity Measurements, Shot 6, Total Collectors
 

 

 

 

 

Total Wt. of Gamma Activity
Sample Volume |Solid (mr/hr) Date and Time

No. (m1) (g) Solid Liquid Measured( PDT)

Alice~1 410 - 0 1.95 6/1/54 = 1300
Alice-2 610 0 0.478 2.76 6/3/54 = 1400
Alice-3 LL5 0 0 0.355 6/1/54 = 1300
Alice-4 460 0.081 0.356 0.816 6/3/54 = 1400
Alice-5 £50 1.09 0.500 2.47 6/3/54 = 1400
Janet-1 332 5.53 0.360 0.09824 6/3/54 - 1400
Janet-2 275 4.32 0.328 0.0797 6/3/54 - 1400
Janet-3 250 4.37 0.382 0.0621 6/3/54 - 1400
Janet-d, 415 0.072 0.241 0.171 6/3/54 = 1406
Janet-5 £65 0.430 0.232 0.237 6/3/54 = 1400
Janet-6 £55 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 7125 0 0 0,00482 6/1/54 = 1300
Leroy-4 750 0 0 0.00482 6/1/54 = 1300
Leroy-5 7160 0 Oo 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 0.149 6/1/54 = 1300
250.27 593 0 0 0.280 6/1/54 = 1300
250.28 655 a) 0 0.0742 6/1/54 = 1300
250.30 660 0 0 0,0282 6/1/54 = 1300
250.32 450 0 0 0.322 6/1/54 = 130C
250.33 455 0 0 0.0685 6/1/54 - 1390
250.34 462 0 0 0.117 6/1/52 = 1300
250.35 450 0 0 0.011 6/1/54 = 1300
250.36 350 0 0 1.11 6/1/54 = 1306
250.37-1 2110 0 0 0.00635 6/1/54 = 1300
250.37-2 1750 0 0 0.00715 6/1/54 - 1300
250.37-3 1500 0 0 0.0077 6/1/54 + 1300
250.39 930 0 0 0.0135 6/1/54 ~ 1300
250.41 935 0 0 0.0081 6/1/54 - 1300
250.47 875 0 0 0.0081 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 Oo 0 0.0054 6/1/54 - 1300    
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TABLE B.9 - Gamma Activity Measurements, Shot 6, Total Collectors
(Cont. )

Sample ieee Wte of Gamma Aetivity Date and Time
No olume Solid (mr/hr) Measured(PDT)

. (m1) (g) [Soli Liquid

250.49-3 1310 0 0 0.00482 6/1/54 - 1300
250.494 780 0 0 0.0247 6/1/54 - 1300
250.49-5 1085 0 0 0.00425 6/1/54 = 1300
250.49~6 1479 0 0 0.0077 6/1/54 = 1300
250.50 1225 0 0 0.0164 6/1/54 = 1300
250.52 1110 0 0 0.00906 6/1/54 - 1300
250.54 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 1140 0 0 0.27 6/1/54 - 1300
Barge-3 1010 0 0 0.0151 6/1/54 - 1300
Barge~4 1050 Oo 0 0.139 6/1/54 - 1300
Mack-1 1915 0 0 0.0338 6/1/54 ~- 1300
Mack-2 1528 0 0 0.0278 6/1/54 = 1300
Oscar-1 710 0 0 0.0117 6/1/54 - 1300

1
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APPENDIX ©

PARTICLE SIZE DISTRIBUTION AND PERIOD OF FALLOUT DATA,

SHOTS 1 AND 6
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Fallout, Station 250,06
hot 1, Time of Arrival and Period ofFig. C.10 Ss
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APPENDIX D

FALLOUT PARTICLE DENSITY, SHOT 1

TABLE D1 ~- Differential Fallout Collector 250.04
 

 

 

  
 
  

 
  

 

  

  

Sample SanplingTine Density Sdereter YActivity| Date Color
min er e ameterNo. ABD |(g/eu om) (n) (c/m)  |Counted

1 25 2.28 1480 £3 7/20 |white with
orange tinge

2 40 2.05 1020 aL 7/20 |white
3 40 2.54 900 86 7/19 grayish white
4 50 2624 580 89 7/20 |white
5 55 2,22 730 240 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 Gg) 2.52 75 47 7/23 «white
10 95 2.18 675 502 7/20 |\white
11 100 2.17 550 66 7/19 |white
12 105 2.16 500 40 7/21 |\white
12 110 2624 630 0 7/21 ‘white
u 125 2.19 590 105 7/21 jwhite
15 130 2.41 54,0 64 7/21 white
16 135 2.22 260 19 7/21 white
17 130 1.78 490 13 7/19 iwhite
18 140 2.18 350 | he, 7/21 jwhite
19 140 2.35 590 | 84 7/21 \white
20 140 2.21 530 231 T/21 iwhite
21 145 2.23 310 34 7/21 jwhite
22 145 : 2,40 480 36 7/21 ‘white
23 145 1 2.04 650 106 7/21 iwhite
24 150 , 2.38 + 340 61 | 7/22 |white
25 160 2.27 | 380 1: 64 $'7/22 {white
26 160 | 1.69% 700 99 , 7/23 ;white
27 160 | 2,38 525 62 7/23 |white
28 165 1.65 620 66 | 7/23 ‘white
29 165 2.10 375 2 | 7/23 \white
30 170 2.67 570 13. | 7/19 !white
31 175 2432 325 LL 7/19 |white
2 185 2.20 | 325 24 | 7/19 white
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TABLE D,2 —- Differential Fallout Collector 250.17
 

 

 

 

 

 

      
 

  

Sampling Time Average|
Sample Density |... _ YActivity| Date

No. (minafter (g/cu cm) “) (c/m) |Counted Color
\

1 5 2.42 800 61 7/28 grayish
2 10 2252 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

f) RB eo ge] og lies lexe ” gray

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
11! 40 2055 1750 20 7/29 white with |

brown tinge |
12 | 40 2.52 480 o 7/29 white |
13: 45 2th, 680 5/4, 7/29 white

G (a se] 8 YB Reer W eS

16 50 2.36 610 0 T/e white
17 50 2054 320 0 7/28 white
9 20 gent 900 127 Woe white

5 ° 440 4 7/28 white
20 50 2.38 640 0 We white
1 95 1.95 560 0 7/28 white

22 110 2047 600 10 7/28 white
23 135 2047 530 13 7/28 white
24 135 2049 770 5 7/28 white
5 160 2045 300 17 7/29 white

|26 175 2034 470 2928 7/29 white
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TABLE D.3 - Differential Fallout Collector 250,24
 

 

 

  

 

       

Sample Sampling Time Density Average YActivity Date
No. | me) (g/cu cm) Pha (c/m) Counted Color

1 5 2.11 420 0 7/22 white
2 10 2240 980 0 7/22 white
3 15 2.38 425 0 7/22 white
4 20 2.22 240 26 7/22 white
5 25 2.75 275 12 7/22 white |
6 35 2.60 675 160 7/22 white}

1 49 50 2.62 1410 146 7/23 white
8 60 2.46 335 0 7/23 white
9 65 2.38 220 0 1/23 white
10 65 2.54 535 33 7/23 white
1. | 65 2.55 £40 42 7/23 white
2m | 65 2.60 340 43 7/23 white
13 65 2.59 250 65 7/23 white
Vu. 65 2.48 250 Ld, 7/23 white
15 65 2236 590 141 7,/23 white
16 80 2.58 200 7 9/23 white
17 90 2.45 270 31 7/23 white
1g 150 2.05 310 24 7/23 white
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ArceNuIX E

PARTICLE FALLING RATES

The determination of the fallin: rates for the faliout particles
wac made by initially cclculating the terminal velocities ror purticles
at vurious altitudes. a cclected renge of purticl« diumetere vas used
in making there ctlculations, The diameters considered were: 10, 25,

50, 75, 100, 160, 200, 2£0, 375, SCO, 750, aud 1000 B, Terminal ve.o-
cities for there varticles were calculated for st.rting altitudes at
5000 ft increments from 0 to 100,000 ft. From these duta the averice
rates of full of the :articles throush £000 ft increments of the atros-

phere were determined.
The calculation of the terminzl velocities involvei the uce of

known lavs of settling of cusrenicd sarticlss from causes, The tyes of
flow which there perticles underge urs dividea inte three regions:
streamline, where vircous forces ;redonminste; intermediate; una turtulent,

where inertia forces predominate. In simplified tor, the laws sovern-
ing there types of flow are:3/

Streamline motion,
Wn : Ke (£6) a2 yo} (E.1)

Po
mntermediate region,

. - 2 ~ +
Ym = KI (P=Po) [3 y 1/34 Bex

oO
Turbulent region, - = 7

ty = hy (PLA)? alle (6.3)
Po

Vy = terminal velocity

K = conetant, for irresuler quertsz particles:
% = 36, Ky = 17,2 ard Kp = 50.

P  aensity of the particle

f = density of the fluid

d = true diameter
L

y = kinematic viscosity = te

137



= absolute viscosity of the fluid

dg = d= da!

= 0.279

dt - 23| pe p” = liwiting diame-
g Pi P-B ter to which the

streamline law

applies

& = acceleration due

to gravity

The values for K,, Kp and were given as determined for irregular

quartz perticles, which for this application is more suitable than those
velues given for spherical particles. The v:lue of Ky was determined by

solving the Eqs. E.] end #.2 at the point of transition (85 B) from

streamline motion to the intermediate region.>/
The density of the oerticle was determinea experimentally for

actual f:llout perticles collected in the field (see Section 5.4). The
densityYof the air and the viscosityl3/or the air which is temperature

aependent are shown in Table E.1. The values for the viscosity are
based on temperature messurements ti.kken in the Bikini area at Shot l
time by the Task Force eather Central, Temrercture data were not taken

for altitudes above 50,000 ft, so the tempersture above that elevetion
Wes acssimed to be isothermal.

cince choice of the applicuble equation is dependent upon the type
of motion experienced by particles fuelling through air, it was necessary

to determine the limiting diameters to which the various laws apply. The

expression for the liciting diameter to which the streamline law applies
was given above, The expression for the intermediate region,

atsns)
B P,(P-A)

“
” b

 

was availarle from another source.®/ The calculated values for the limit-
ing varticle diameters at different altitudes for the two types of motion
are :lotted in Fiz. E.1, These plots define the areas in which the var-
dovs equations for the uetermination of terminal velccities are applice-
ble, It is seen th:.t for some of the particle sizes considered (100, 150,
2% #) the terminal velocity calculaticns follow the intermediate law to
the altitudes indicuted ond beyond th: t the ctreumline law. Also, for the
purticle sizes considered from 250 to 1000 # in ditceter, it is evident
thet the intermediate law only governs the terminal velocity determina-
tions *

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

the forn, Ke Pp a

p

Since the temper ture above 50,000 ft was assumed to be isothermal, the
viscority of the air remains coiust nt and the terminal velocity is pro-

portional to the squsre of the diameter. Thus for a given particle

Vn =
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Pak’ oo o,] - Viscosity, Tercerm cure ond tensity of sir ut V rious

 

 

 

 

   

_ altituces _

| altitvue ser.D | Viscority (2) venrity (b) |
L (ft) (9%) | (noise) g/eu eo

o 76.7% 7,03 x 10% do.rg x 10%
: 2C00 21 1.79 11.50

4000 16.4 1.75 16.70
6000 13.8 1.75 10.C0

| 8c0O 13.7 | 1.75 9.4
10000 Q,1 ; 2.72 3.8
12000 6.1 1.72 8.3
14000 2. 1.7 7.8

\ 16UC0 ’ - FD 1.7 7.3

| 18300 | 4.6 1.66 6.8
| 20000 -2.7 1.65 6.40

76000 -18.2 1.63 5.5
| 30000 -31.8 | 1.56 Le7

35000 ~/..2 ' 2,8 3.2
| 49000 ~56.7 ' 1.45 3.05

£5000 ) 67.8 9 Led 7.25
| 5000 -7o.7 | 1.34 1.95 i

FAOLO 80.4 i 1.34 1.85
| HCO =20.4 ' 2.34 1.20
| 65coq | ~£0.4 - 1.34 0.%
{ 70000 KO .4 1,34 0.76 i
| 76000 ~3964 1.34 0.69

Bo00Q 1 70, Lo 1.3v O44
| 26000 ~"0.4 , e324 C627
| s0cco ~80.4 | 1.34 6.30

S6C00 CO. | 1.34 0.24
1iccoo «| $80.4 jf 1.34 0.19

, i ( { t ( \ 

(a} See xefernee 13

(by) cee xefrrence 3

Gi-ceter tie tersinal velocity cecorer ccretant at a ecrtuin cluveticn;
S is elevation is denendent on th vurticle size as shown in Tueble 2.2.

The culculated values for the terrinsel velocitice ur: tabuluted
in Table 2.2 end the aversce rates of full cre tabulut)d in Juble s.3.

 
 



 

 

  

 

  

 
 

 
 

 

 

  

 
  

  

 
  

 
  

 
 

 
 
 

  

T
i

T
o

J
2

T
T

T
T
]

r
T

t
t

t
|

i
p
o
d

:
:

i
|

\
p
e
|

4
f
e
p
i
e
b
e
-

P
y

_
.
!

_...
{2

|
|
C
o

i
y

|
|

f
o
t
]

~
'

‘
t
o
f

:
i
y

i
t
d

p
i
t

of
|

pot
o
t
!

5
r
t

+
.

-
o
t
e

+
p
t
t
4

.
“
f
T
t
o

‘
*

“
y
t

o
e

~~
-
-
-
-

d
h

b
i
r
t
,

j
s

|
P
E

|
f
o
t
o
.

1
‘

1
|

|
|

!
|

>
+
7

-
4
A

-
t
-
4
+
—
4

-
$-

=
¢
+

¢
e
e
e
{

t
o
a

3

|
i

‘
1

,
‘

'
;

'
|

!
:

-
|

!
:

i
4

I
‘

:
|

p
i

e
e

e
e
e

+
_
.

.
Z
z

-
-
a

—
—

‘
‘

—
S
o

,
|

>
i,

12
p
o
i
B
O

~
i

o
P
e
g

if:
|
=

p
t
f

Pas
+

x
:

t
a
e
B

j
a

i
y

9
b
o
y

|
]

/,
i
s

.
°

It
'

i
1
o
y

'
1

t
i

i
!

=
:

'
!

'
\

:
|

‘
 
-
_

{
:

|
w

.
}

b
+

+
-

;
—_.

2
.

>
Oo

|
|

‘
z

'
i

|
Q

‘
{

P
o
y

os
'

a
'

f
o

WW
o
t

|
e
n
)

i
i

=
i

f
,

2
1

:
i

=
"

;
(

:
=

'

+
>

a4
t
t
e
e
e

Q
E
a

-
;

oO
,

vg

io
og

Phono,
fw

!
P
d

P
p
B
Y

p
i

Gb
t

p
e

-
—
t
—

4
t

,
i
+

w
e
e
a
e

b
e
s
e
F
L
4
2

,
i

,
1

oy
\

!
'

|
'

y
t

,
'

:
\

t
y

;
|

o
o
!

|
a
r
e

i
b
e

+
j

e
o

ee
e
e
Y
O

\
t
,
o

i
‘

i
i

.
|

\
|

:
*

o

\
t

4
‘

:
l

|
'

|
{

i
:

‘
:
|

i
'

'
|

|
p
o
t
a
t
o

o
o

p
o
m
p
p
e
e
e
m

p
r
a
e
g

p
e
a
1
9

p
o
t

q
[

!
|

|
s
f

I
B
o

,
:

‘
i

r
o
y

i
P
p

|
I

V
i

t
d

[
o

°
Oo

8
©

o

(
S
N
O
M
D
I
N
M
I
L
I
A
N
V
I
O
3
3
9
t
L
u
v
d

O
N
I
L
I
N
I
T
D

I
m
e
r
s

:

ALTITUDE (FT « 105)

ocities~%
eeAreas of Applicability in Celewlating terminal ¥. ELFie

140



T
a
d
l
e
,

oi
-

T:
.b
ul
:

f
e
r
m
i
n
a
l

V
e
l
o
c
i
t
i
c
s
o
f

V
i
r
i
o
u
s

S
i
z
e
d

s
a
r
t
i
c
l
e
r

c
t
u
r
t
i
n
g

e
t

|
  

t
i
t
u
c
e

(f
t)

n
l

|
\c

 

™
J
o
r
i
n
c
s
]

o
r
i
o
u
s

S
l
e
v
a
t
i
o
n
s
 

W
A
Y

V
e
l
o
c
i
t
y

 
(
f
t
f
n
r
y
 

a

uN
x

15
6

7
5

#
1
0
0

b
1
5
0

b
Y

2
c
0

b!
}

2
5
9

B
I

3
7
5

p
5
0
0

p
7
5
0
»

 
e
e
e
e

e
e
!

0
0

W
w

  c
u
r
f
a
c
e

»
0
0
0

4
,
0
0
0

6
,
0
0
0

8
,
0
0
0

10
,0

00
12

7,
00

0
1Z

,0
00

16
,0
00

8,
60
0

20
,0
00

25
,0
00

30
,
0
0

35
,0

00
40
,C
00

45
,0
00

50
,0

00
55

,0
00

60
,0

00
65

,0
00

70
,0
00

75
,0
00

80
,0
00

85
,0
00

90
,
OC
:

10
0,
00
0

e

SDN UN NUN

Ia AMAL HNONG
e

Ws WV UN UN YY

Orie
e« 6°>

oO aoarnee Pm VUVDGaDH Or
sO SO  eeee  30

2
3
4
9

35
7

3
5
8

3
5
9

3
6
1

36
5

3
6
9

3
7
0

37
3

3
7
9

3
8
2

£
0
1

£
2
0

4
3
4

4
4
6

L4
69

46
9

46
9

46
9

1
6
9

4
6
9

4
6
9

1
6
9

L4
69

46
9

46
9

 1
2
3
0

1
3
9
0

1
4
3
0

1
4
3
0

1
4
4
0

1
4
4
0

1
4
6
0

1
4
7
0

1
4
8
0

1
4
9
0

1
5
2
0

1
5
3
0

1
6
0
0

1
£
8
0

1
7
3
0

1
7
E
9

1
8
7
0

1
3
7
0

1
2
7
0

1
3
7
0

1
8
7
0

1
8
7
0

1
8
7
0

1
8
7
0

1
8
7
0

1
8
7
0

1
8
7
0
~
~

 
 2

q
S

31
40 21
0

32
20

32
30

32
50

3
-
6
0

33
20

33
30

33
60

34
°7
0

3L
4,
0

3
6
1
0

37
28
0

3
9
1
0

L
0
2
C

4
2
2
0

£
2
0
0

4
2
2
0

4
7
2
0

4
2
2
0

4
2
2
0

4
2
2
0

4
2
2
0

4
2
2
0

 
42
20 22
0

4
2
2
0

L
8
7
0

4
9
5
0

£
0
3
0

£
1
0
0

£
2
1
0

53
°2
0

5
4
6
0

e
e
e

“
e
e

£
6
3
0

5
7
6
0

6
0
0
0

6
5
7
0

6
9
0
0

6
9
4
0

7
1
4
0

7
6
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
£
0
0

 37
5

 10
,
30
0

10
,9
00

11
,7

00
11

,6
00

11
,7

00

11
,9

30
12
,2
00

12
,5

00
12
,8
00

13
,0
00

13
,4
00

14
,0

00
15
,0
00

16
,2

00
17

,4
00

18
,8

00
,3
00

0,
70

0
23
,3
00

24
,8

00
26

,2
00

27
,7
00

29
,0

00
30
,0
00

30
,0
00

30
,0
00

30
,0
00

  | 2
0,

40
0

21
,6

00
i
2
2
2
0
0

22
70

0
23

,1
00

23
,7
00

22
,3
00

24
,8
00

25
,4
00

26
,0
00

26
70

0
28

,1
00

30
,0

00
32
,6
00

35
,2

00
38
,1
00

41
,3
00

£2
,5
00

48
,3
00

51
,8
00

55
,4
00

59
,3
00

62
,9
00

66
,9
00

71
,7
00

T
E
,3
2
0
0

8
0
,
6
c  2

7
,
6
0
0

e,2
9
7
3
0
0

!

3
0
,
1
0
0

3
0
,
7
0
0

31
,3
00

32
,1
00

3:
,
9
0
0

3
3
,
6
0
0

3
4
,
/
0
0

35
,3
06

36
,2
00

38
,1
00

40
,7
00

Le
y
4C
O

18
,0
00

5
1
,
9
0
0

58
,0

00
66

,1
00

71
,2

00
76
30

0
81
,9
00

37
,1

00
93

,0
00

10
0,
00
0

10
4,

00
0

11
3,
00
0

4  56
,4
00

—- +- |  12
,0
00

LL
,
60
0

45
,8
00

£6
,8
00

47
,7
00

8
,
6
3
0

56
,1

00
51

,2
00

5
5
0
0

5
3
,
8
0

55
,2
00

58
,1
00

62
,2
00

67
,7
00

73
,4
00

79
,4
00

8
0
,
5
0
0

89
,2
00

1
0
2
,
2
0
0

11
0,
06
0

11
8,

00
0

12
7,
00
0

13
5,
00
0

14
5,

00
0

15
7,
00
0

16
7,
00
0

17
9,
00
0

£6
,£
00

"
9
,
8
0
0

61
,6
00

62
,9
00

64
,1
00

65
,8

00
&7
3
0
0

68
,2

00
79

,6
00

7:
.,

30
0

7
4
,
2
0
0

78
,2
00

8
2
,
7
0
0

9
1
,
2
0
0

9
8
,
8
0
0

10
7,

00
0

11
’
,0

00
1:

.0
,0

00
13
7,
00
0

18
,0
00

16
0,
00
0

17
.
,0

00
18

4,
00

0
19
7,
00
0

21
3,

00
0

22
8,
00
0

  

awe

24
4,
00
0

|

. nk®

am



—
—

B
L
S

E °
.3

-
A
v
e
r
a
z
e

F
a
l
l
i
n
g

R
a
t
e
s

o
f

V
a
r
i
o
u
s

S
i
z
e
d

P
a
r
t
i
c
l
e
s

f
o
r

5
0
0
0

f
t

I
n
c
r
e
m
e
n
t

 

A
l
t
i
t
u
d
e

|

(1
00
0)

f
t

A
v
e
r
a
s
e

R
a
t
e
s

o
f

Fa
ll

(f
t/
hr
)
 

10
»
[2

5
p

-
$
-
—
-
 

0 5
1
0

1
5

xy “ ry «
<
)

3
9

35 4
0

45 55 6
0

6
5 7
0

75 80 85 95

5
1
0 15 2
0 25 30 35 “
0

4
5 50 25 6
0

6
5
7
0

7
5 8
0

85 9
0 95 1
6
0

 5
4
0
5

5
8
.
4

59
.7 o ee

oH o-

SIN DO 9 On Oo

Om~trnt swtNuw
e

o~

oO; Q Oy O~

-st~wt~w+t
Cee &

 34
1

35
9

36
6

37
3

3
3
1

3
%

4
1
1

4
2
7

44
0

£5
8

46
9

46
9

46
9

4
6
9

4
6
9

L
6
9

46
9

4
6
9

46
9

46
9

5
0
¥

|
75

b

13
60

30
7¢

14
30

32
30

14
60

| 3
29
0

14
90

33
60

1
5
3
0

3
4
3
0

1
5
7
0

3
5
3
0

1
6
4
0

3
7
9
0

1
7
1
0

|

3
8
4
0

1
7
6
0

:
3
9
7
0

1
8
2
0

|
4
1
2
0

1
8
7
0

:
4
2
2
0

1
8
7
0

4
2
2
0

18
70

|4
22
0

1
8
7
0

|
4
2
2
0

18
70

42
20

18
70

42
20

3
1
8
7
0

4
2
2
0

1
8
7
0

A
r
n
e

1
8
7
0

|

£
2
2
0 a

1
8
7
0
|
4
2
2 

F1
00

p
1
5
0

p
2
0
0

p
 

4
7
8
0

5
1
0
0

5
3
3
0

5
6
1
0

£
8
8
0

6
1
9
0

€
6
4
0

6
9
2
0

7
0
4
0

7
3
2
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
0

7
5
0
9

7
5
0
0

  
 

7
5
0
0

7,
84
0

8,
37
0

9,
31
0

9,
79
0

16
,4

00
11

,2
00

1
2
°
0
0  |1

2,
80
0

;1
3,
80
0

1
4
,
4
0
0

,1
5,
40
0

8,
79
0

11
210
,9

00
11

,7
00

13
,0

00

13
,7
00

14
,5

00
15

,6
00

16
,8
00  18,100 11

9,
60

0
: 2
0,

50
0

|2
2°
00

t l ‘ 3
6
7
5
0
0

 

-
$
-
—
-
-

a
e
s

2
5
0

p
37
5

p
|
50
0

p
7
5
0

1
0
0
0

p
 

13
,9
00

14
,9
00

15
,7
00

15
,7
00

17
,6

00
13

,7
00

20
,2

00
21

,8
00

23
,4

00
25

,3
00

26
,6

00
28
,7
00

31
,5
00

3
5
,
7
0
0

37
,8
00

39
,
30

0
42

10
0

LL
55

00  46
,6
00

21
,6
00

23
,1
00

21
,4
00

25
,9
20

| 2
7,
40
0

29
,1
00

31
,3
00

33
,9
00

36
,7
00

39
,7
00

41
,9
00

45
,4
00

50
,1
00

53
,6
00

57
,4

00
61
,1
00

64
,9

00
69

,3
00

73
,9

00
78
,1
00 pa?  29

,2
00

31
,2
00

33
,0

00
35

,2
00

37
,2
00

39
,4
00

12
,5
00

16
,2
00

50
,0

00
51
,2
00

57
,2

00
62
,2
00

68
,6
00

73
,8
00

79
,1
00

8d
50
0

90
,1
00

96
5
0
0

10
3,
00
0

10
9,

50
0

bb
ey

£,
00

4.
7,
60
0

50
,3
00

53
,5
00

56
,7
00

60
,3
00

65
,0
00

70
,6
00  76,40
0

|
83

,0
00

87
,9
00

|
95
,6
00

|1
06
,0
00

"1
14
,0
00

12
2,
50

.1
31
,0
00

t '1
40
,C
00

15
1,
00
0

16
2,

00
0

17
3,

00
0

59
,7
00

64
,0
00

67
,6
00

72
,0
00

76
30

0
81
,0
00

87
,4
00

94
,9

00

10
2,

90
0

11
2,

00
0

11
3,

50
0

12
9,

00
0

14
3,
00
0  154,000 11

66
,0

00
|2
78

,0
00

/1
91
,

20
5,
00
0

22
1,
00
0

23
6,

00
0

 

 



APPENDIX F

DETERMINATION OF MATERIAL BALANCE FOR SHOT 1 FALLOUT

PATTERN (r/hr at 1 hr)

In determining the m*terial talence for a civen fallout pattern,
it is necessary to relate the amount of activity aencunted for stithin
the fallout contours to that produced in the detonztion.

The pamma field surveys of the outer islands were made from & to 10
days after Shot 1. The follovinr material balance was calculated for
time t e 04S cevs, Selection of this time eliminated the introduction

of eny possible errors due to extr:.-olstion of the field measurements to
early times. Furthermore, experimental data on the gaonma energy spectrum
were avuiletle for this time period.

F.1 PER CENT OF DEVICE ACTIVITY AT TIME (t)

Let Y, = total No. of photens/sec at time (t)

F = fission yield of the device in KT

A = No. of fissions/KT of yield

Ny = a/s/1fissions at time (t)

mF beta particle to gamma rhoton ratio et time (t)

then

FAN x 1074
7%, = ————t——— nhotens/see

Tt

F = 90004 1000 KT

A = 1.5 ~% 1023

hoo: 2.9 107?* 4.93 x

= OO,r 45
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Computaticn of iy was made for Shot 5 at 0+ 9 ceys.4/ Consideration
wags mede of the contribution from fission products as well as that from
u23? snd U237 induced activities, Since the capture to fission ratio
for Shot 1 and Shot 5 were nearly the same these data were assumed reason-
ably velid for Shot 1 calculations. Similarly the beta particle to
gemma photon ratio calculated for Shot 5 at C + 9 days was used in this
evelustion.4/

Therefore,

Y, = @x 1€3)(1.5_x_ 1023}(4 93 x 10°3)(1074)
0.45

Y, = 1.47 x 1021 photon-/sec at 0+ 9 days,

F.2 KELATIOLN OF NEPCSITEID ACTIVITY TO GAP2‘A FIELD AT 3 FT FOR AN

INFINITE CONTAMINATED PLALE

Let I, * radiation intensity in r/hr at time (t) 3 ft above an
infinite contaminated smooth plane

K = a constant vhich includes the air absorption ccerficient

A, = deposited activity in He/sq cm et time (t)

E. = averare gamma source energy in Mev/disintegration at

time (t)

thenky,

I, = KEE.

Let Bb = Aose *uild un factor®/or the ratio of the cose from all
photons to that from unscattered photons

R = source enerpy Gecradation cused by roughness of the
planei®

then,

t
= KA E 2 boT, (KALE, )(E)(R),

where

'

I, : rediation intensity at time (t) in r/hr at 3 ft as
measured in the field
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'

 

 

k= tt pe/sq em;
KE, BR

however,

photons/sec/sq om = (He/sa_cr)(3.7 x 1¢4} t
Ty, \

and 1
t

EB, = et 4
r 4
t \

where et

’
4 2

EB = averare germa energy in Mev/photon, ‘

Therefore,

(1403.7 x 14) 3.7 10h a!
A, = —t * = 3s? xi 1 photons/sec/sqy em, \

(K) (Ey/r_ )(B)(R) (rg) KEL BR

' .
Let I, = 1 r/hr at 0 +9 days

K = 0.12 (ref 7)

B = 1.45 (ref 6)

R = 0.60 (ref 10)

E. = 0.344 Mev/photon at O+ 8&8 days.

The value of the averape ganma energy was experimentally determired
from a Shot 5 sample at 0+ ® days.4/ The zanma spnectrum experienced 7
little change over the period 0+ &to 0 + 10 days and its applicability j
to Shot 1 calculations has heen indcicated.*

 

Th tftharefore, Le (3.7 x 104)(1)

t (0.12)(0.344){1.45 (0.60)

A. = 1203 x 106 photons/sec/sq cm at 0 + 9 days
t

 

* Private communication from C.S.Cook, USNRDL
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or

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

 

 
 

  

 

— F.3 CALCULATION OF MATERIAL BALANCE

The fallout pattern was evaluated out to the 100 r/hr at l hr
; contcur by measuring the areas between contours in sq cm and assuming

the arithmetical average of the peripheral contours as the average level
“ of activity for the area segment batween the contours, There is some
. indication that the average value of activity between contours is not
} arithmetical, However, existing field data do not indicate any one
i cor.tinuous function that describes it precisely. Material balance data

7 for Shot 1 are given in Table F.1.

i

" TABLE F,1 = Material Balance, Shot 1
4 ee
) f-——= aeeeee

Contours concidered Avercre levels Area Total rate
in determination of between contours (sq ) (photo s/sec)

, areas (Fig. 6.6) at O+ 9 days q om P a
“ (r/hr at 1 hr) (r/nr)

300C to center of 20
pattern 3.42 5.3 x 1013 1.87 x 10

2000 to 3700 2.25 7.5x10'3 2.2 x 10°

1909 to 2000 1.71 1.0x 104 1.76 x 102°
2509 to 1000 0.96 1.56 x 10! 1,33 x 10°°

| }200 to 500 0.342 3.35 x 10 3,18 x 1029      
Therefore, within the 100 r/hr at 1 hr contour 2.39 x 10*° photons per
sec are accounted for at 0+ 9 days.

&.39 x 1020 - 0.57
1.47 x 10°

Thus, 57 per cent of the device activity is accounted for.

F.e4 FRACTIUN OF THE DEVICE COLLECTED IN TOTAL CCLLECTOR, STATICN 251,03

A radiochemical analysist® on the fallout collected at Station
251.03, where the gamma field reading was 1 r/hr at 0+ 9 deys, yielded a

value of the bomb fraction over a 1 sa ft area to be 1.35 x 107 3, This

U6



a4

value waa 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 determined bomb fraction per

square foot for 4 gamma field of 1 r/hr at 9 days equals

s -13 713 -
: 0 Bs = 3.45 x 10° ,/sq ft = 3.7 x 107)5/sq om,

Since 1 r/hr ak9 days is produced by 1.03 x 10° photons/sec/sq cm and
Y, = 1.47 x 10** photons/sec/sq cm the calculated fraction of the device
at this station is

1,03 x 10°
37 7.0 x 10716/sq cn,

1.47 x 10

U7
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STATION INSTRUMENTATION

APPENDIX G

TABLE G.1 - Shot 1 ~ Lagoon Station Instrumentation
 

 

 

   
 

  

 

 

 

 

 

Station} Tota, |Differential) ciomed Film! Triple (a)
Code |Collector} Fallout Paper Badge|Collector Remarks

Collector

250,01 Not set out
250.02 x (b) x x x X  |Chemical Corps raft

present
250.03 x x x xX xX
250.04 x x x xX x Chemical Corps raft \

present |
250.05 x x x X Xx Chemical Corps raft t

present
250.06 x xX xX x xX i
250.07 x xX x x Xx i
250.08 x x xX X x Chemical Corps raft

' present ;
250.09 LASI and Chemical '

Corps rafts present
250,10 x Xx xX xX x LASL raft present
250.11 X X x x X
250.12 x x x xX X Chemical Corps and

two LASL rafts present
250.13 x X : Xx x x Chenicel Corps and

| two LASL rafts present!
250.14 xX x xX xX X
250.15 x X x x xX
250.16 NRDL raft missing
250.17 x x xX xX Xx |
250.18 x xX 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 NRDL raft missing
250.24 |! X xX xX x X {
250.25 | Xx 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 instrument placed,
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TASLE 4.3 = Chot 1 - Ll. oon ctaution decovery
  

 
 

 

 
   

i.SSS on

Stataon} Total Lifferential arned Pils trripie(“) |
Code {Collector} Tallout : :aper|2acig. Collector | denarks

Collector |

|

250.02 iRaft demolished
250.03 ;Raft missing
250.04 x (0) x d {eit i G)ida cia!

: not close|
250.05 x 4 box VGyue | (Lid die]

{ rot close!
250.06 % X x (S)MkG (X)LAid sid}

; not close|
250.07 | | ‘daft missing
250.08 ‘Raft missing :
20.09 |Chemical Corns und Lal -

| | rarts present
260.10 NiawL ref) upside down

\ Lath deck smuchel
250.11 ' | Raft unsioe doin
250.1% | LaSL rift ceckse troken

| LWwL rift uedde don
| Chez.lorrs raft orcsent

250.13 MLASL raft: ues emechel
} babL raft upcidce covn

| | Chem.Corps reft proc ont
[250.14 Raft ucsice down
52.15 | | waft cosice down

260.17 | Lissing | x aA PCNA x
260.18 | | Stetion not urepored
DFO.| 2 : x X (4)NB (/)Lia cid

. not.close
250.24; & x X {(a)ios (X)hid did,

| not close.
Z50625 | x jJid not vork X (ina x

2£0.26 | jaa tt upside down   
7a

ictrument recovered,

(a, For rrojest
wee A wddoates he

8)
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___TABLEG.5Shot 2 - LagoonStationInstrumentation_
 

 

Station Code

250.02

250.04

250.05
250.06
250,07
250.08
250.9

250.10

250.11

250.12
250.13
250.14
250.15
250.16

250.17
250.18
250.19
250.22
250.24
250.25

1

~~ ny

’ Collector

 

Total

x(a)

oe
Pd

Pt
ed

>
Pa
N
O
S

Pd
OS

OG
D
d

OS
Od

Od

e
m
e
n
e
e
e
e
e
e

 

Gumnmed

Paper

%

ot
md
O
S

oS
Od

Od
od

Pd
p<

m
m

M
O

OD

|
-

|
!

|

|

 

r

F
P
ilm
ack

 oS
OM

Pd
DM

OS
OS

os
PS

Od
Ht

OD
ms

~

Rernarks

Buoy

Buoy missing
25 March
Buoy and reft
Buov and raft
Buoy
Buoy
Buoy and raft
missing 24 harch
Euoy and 2 rafts
on reef 2’. March
Buoy and raft, if  
boat ran down buoy
Buoy and raft
Buoy and raft
Buoy and raft
Buoy and raft
Buoy neetr Coca
24 March
Raft
Buoy and raft
Buoy
Puoy and raft
Pucy and raft
Euoy and raft
 

(8) X indicates instrument placed
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TABLE G.7 -Shot 2~Legoon Station Recovery

 

 

 
 

 
‘ ~~   

a

4

iStation Total Gummed Film
Code Collectors Paper — Pack Resrrks

250.02 Buoy missing
250.05 Raft OK

: 250.06 Stations OK
250.07 Replaced mast on buoy
250.08 Buoy missing
250.10 | 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 dow,

{ other OK

; 250.14 Stations OK

250.15 ! Buoy OK, raft upside down

250.16 |! Buoy CK
250.17 | Raft OK
250.1& | Stations OK
250.19 | Buoy OK
250.22 | Raft OK
250.74—(i Station missing

2500625 Station missing
  

All the equipment in the legoon was left in place since no fallout was

received.
All buoy masts were broken.
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Station Total Gumea |Differential
Code Collectors raper Fallout
to Sof Coliector

261,02 Dernolished

, 251,03
251.04 Did not operate

, 251,05 Did not operate
' 251.06
4 251 207

} 251.08
251,09
251.10     

TABLS G.8 - Shot 2 - Island Station Recovery
—fT-

Film Tripie (4) “|
Pack Collectors |

1x)opened !
| Did not close!

(X)n62|
|’
t

 

Did not open‘

(cee | ! X

ey
()N63| |

“
 

All the samples were left in place as no feltout
film bidges ae noted,

(a) For croject 2.6a.
(b}) 2% indicates instrument recovered.

 

pnne=ee

__TatLEG.9- Shot 3 - LagoonStation Instrmentstion __

 

 

 

collected except for

a 7 . ena

Stetion —- Total cumed Fiam | Remarks
Code Collector Paper ) Pack 4

250,05 x (a) x x Raft and buoy
250.06 x x X Buny and raft :
250.07 X x | Buoy
=50,08 x x Buoy

2£0,09 x Chen.Corps raft
266,10 x x x Buoy and raft
260,11 x X X Buoy and raft
246,12 x : xX x Buev and raft

250.13 x | x . x Buoy and vaft
250.14 x ; x ' Buoy eni raft
250.15 h X Xx Suey and reft

{ 250.16 x x X Buoy
i 250,17 | x X X Raft
' 260,18 | x (Xx X | Buoy and reft
. 250.19 | X x X | Buoy
i 250.22 | x xX , Xx Bucy and raft
I Coca X x

i | 3  
(a) X inddeates inetrment placed.
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TABLE G.10 - Shot 3 - Island Station InstrumentstionSotieeiiaesgetietlll temas
 

 

        
 

 

 

 

Station Total Gumed Film *ifrrentiel |rsoe(@) ks
Code Collector Paper Pack Collector Collectorg |

251,02 x (b) x i x
251.03 x xX | x x
251.04 x x x xX xX
251.05 xX xX x
251.06 xX xX x Xx xX
251.07 X xX X xX
251.08 Xx X X x
251,09 X xX x
251.10 X x Xx xX Klectrostatic

Precipitator
placed

(a) For Projest 2.6a.
(b) X indicates instrument placed.

TABLE G,11 - Shot 3 - Lagoon Station Recovery

Station Total Gummed Filn Remarks

Cade Collector Paper Pack

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 Xx (X)P-12 Buoy mast broken
250.13 xX xX Raft

250.14 x X Raft

250.15 x x Raft upside down, buoy OK
250.16 X x Buny
250,17 x x x Raft
250.18 X x Reft and buoy
250.19 Xx x Buoy only
250,22 xX Destroyed
Soca x      
 

(a) X indicates instrument recovered.
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TALE 5,1? - Shot 3 - IslandStztion Recovery__
Pe--p-  - - fone pe ee + oe-
St.tion. Total (summed Filn | Triple (2) bifferential| .
Code Collector Faper| tack ‘Collectors j Fallout emarks

' Collector

751,02, xh) x |
4

"251.03 x %  adcsing (4) Opened
iid not close

251.04 x Torn (X)N67 | X
)

251.05 (4) N70

751.06 (X)NL8. (2) “Opened Ck
vied not close ho sumzples

° 51.07 (7 )uL20

251,08 xX (A)uTA On
, Ho example

£51.09 (NLS |

°172,.10 x x (4) ULI5 . A (2) CX

L | .

(a) For Froject 2.6a.
(b) 2 indice ee instrument recovered.

1487

fo ad
|

Did not
recover \

‘ote tion i

’ ruined

necovered

wulectro=

: static

|.recicitator
 



TABLES G.13 ~ Shot 4 — Lagoon Station Instrumentation
 

 

Station

Code

 

Total

Collectors

Gurmed
Paper

Film

Puck
Remarks

 

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)

P
S

TA
D
D
S

OD
S
P
S

D
S

D
S

O
S
B
N

O
t
P
S

74
bd

| Xx

 

>
DS

Dt
Dt

OP
S
PS

DS
OX

PS
Ds

DS
Be

P<
OS

m
s

O
P p

e
r
m
e
i

e
n
a
e
r
e
a
e
e

|
1

  
 

(a) X indicates instrument placed.

TABLE 3.14 + Shot 4 - Island station Instmmentation
  

 

I

 

 

 

Station Total Gizumed Film Triple (a) | vifferenticl
Code Collectors reper feck |Collectors| Fallout Remarks

Collectors

251.02 x (d) x | x Removed
251.03 x x i oX X Kh
251.04 x x ' XxX (KX) Wired | X

open
251.05 x x ' X | (KX) wired | (4) Mot oper-

. cpen j ating
251.06 | x x X ,(X) Wired x

! | open
251.07 Hot set up
251.08 X x ' Xx (.) Not oper

ating
251.09 X z xX Removed Removed
251.10 x X Xx x x L    
 

(a)
(b)

For rroject 2.48,

X indicates instrument placed.
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TABLE G.15 - Shot 4 - Lagoon Station decovery

seston fot| Samet [ras oc] eer
250.05 x(a) x (x) NL-lo Buoy end raft

ug, 33

250.06 Station missing

250.07 x X

250.68 Station destroyed

250.12 Station missing

250.13 Station missing

250.14 Station aissing

250.15 Station missing

250.16 Station missing

250.17 Missing Destroved (X) U38-U39

750.18 x Missing (X) U28-U37

250.19 Xx x

250.22 X x (X) U35-U16

Coca X X (x) U4, Ue29      
(a) X indicates inetrument recovered.
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TASLE G17 - ECHO Land and Lagoon Station Instrumentation
(Shot Cancelled)

 

 Station
Code

' LAND
‘ Irene

, Bruce

| Yvonne

. Wilma

* LAGCTN

. 250,27
- 250.28

tee
‘Differential

| 250.30

* 259.32
| 250.33
250.34

250.35
» £50.36
250.37

260,38
250.39
250.41

250.42

250.43
250.44
250.45

25G.47

250.43

' 250.49
250.50
250.51
2F0.52
; 250.55
250.57
250,58
Tok

hack
oscar

250.46 |

 

 

sole (a)
Fallout wee
Collector obrectvor

x (0)
Xx

xX

xX

Kk

x

x

x

x : X

1 '

! |
t I

i ix
' A | x

; !
‘ t

| |
X

 
b
e
n

|
High Film

 

 
 

 

Low Film Total Gunmed

fack Pask Collector Faper

(xjSs34 | (x)s8 X X
(X)S36 | X x
(X)S24 x X
(X)333 5 X x
(X)S32. °° (X)S6 X X
(X)S32 :  (X)57 x p.4
(x) 2
(X)S37 x X
(X)535 X x

(X)S16 |
(x)s40 § (X)S9 X x
(X)S17 X x
(a )528 x xX
(x)S26 '  (2)S2 xX x
(x)S23 | (X)S3 x X
(X)S15_ | x x
(SA HX x
(x)S22 Xx x
(x) S29 (X)S1 X x
(£)S39 xX x
(X)S41 ; (X¥)S2 x x

(JER | (X)SL X x
(X)S21 x X
(A)S1L X x
(x)S12 X X
(X)530 Xx x
(xX)S27 3 X x
(x)s25 | k x
 

(a} For :roject 2.63.
(b) X indic.tes instrument pleced.
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TABLE G.19 - Shot 6 - Lagoon Ctaticn Recovery
 

 

 

 
 

    

 

 
 

. q

Station! Total |Gucmed |Film PAiferential boysye ()
, . -. allout _ Renarks

Code |Collector| Faper rack Collector Collector

250.27 xb) x x vidence of burning
250,28 x x x

250,30 é ldssing} X
250.31 Superstructure on

raft missing
250,32 x idssing| <X Evidence of burning

250.33 x X x x
250.34 x A xX
«50.35 x x x
250.36 x ticsing) xX
250.37 xX xX x Did not Raft drifted to posi-

operate | tion on reef 2 mi Nw
of Leroy

250.38 [Raft aissing
«59.39 ba xX A

250.41 x x x
256.42 {Raft on reef -

| | inaccessible
250.43 | ‘Raft missing
250.24 | x x x

250.45 | Raft missing
1250.26 | ,Raft wissing
250.47 X x x
250.48 | x 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 » x X
760.55 |X x x X |
250.57 | ‘Not recovered
250.58 K A K 1

Mack x Missing %
Oscar x x xX
Tok [tot recovered

(3) For Froject 2.6a.
(b) X iniicates instrimrent recovered.
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APPEXDIX H

MARSHALL ISLAND OCEAN CURRENTS AS DETERMINED FROM

FREE FLOATING BUOYS

TABLE H.1 ~ Ocean Current Data Obtained at IVY

 

 

 

 

 

 
 

 

  

T
: Launched __ _Recovered . Set . Pritt

Code Time Position Time \ Position l (Derrees True | (nots |
"

Oct-Nov 1952

J 312245 10°37'N 021210 | 10°4.3.5'N
164°45'E { 364°13%% 282 0.70

K 312048 11°O1'N 030650 11°23.5'!N 307 0.60
164°5/4,°E 164025'E

L 322858 11°26'N 031410 | 12°%4!N 305 0.43
165°00'E » 164°36.3'S

Ho 322652 12952.5'N! 921930 12°10,3'N 293 0.52
164°58.0' > 164920'E

N | 322451 12919.2'N| 032200 | 12939,.5!N 202 9.73
: 164°5#.9'8 164°0¢'E

i oO 311248 12°42.0!N| 040000 13°O6'N 295 0.70
| 164°50'E 163°58'E
\ 1

4 310700 | 13°25'N 041355 | 13°3%.3!N 250 0.77
| 164°22'E 163°02 842 |

1 t ' t

;
| x 310557 | 13°o8t o41740 13°3.3R Me 0.78

| 164°06'E 162939!

' § (310340 ' 12°50'N 042040 12°46'N 268 0.85
{ 1639/9'E 162°10'E

A 292030 , 12920'N 042150 12°41'N 275 0.39
164°21'S 162018,8'5

B 299830 12%051N 050520 | 12°09'N 272 0.37
164°42'E 162°28'E

' {

| i
ge | 01230 10°s0mm Gols 10%5.5IN | 257 0.69
7 ; 164933 'E 162°23.0'E    
The above buoys were standard Navy balsa wood DAN
sea anchor, le-ft mast, aud wire mesh corner radar reflector stop
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buoys equinred with

mast.

 



 aa TABLE H.2 - Ocean Current Data Obtained at CASTLE

 

 
 

  
  

     

 

 

   
 

   

L an —.

_.. Launched __. t Recovered _ Set Drift
Code Tine Position Time ‘| Position | (degrees true }| (knots)

February 1954

AR v1021 | 12°0o'N 161725 11°55'N 261 0.60
| 165°23'E 164°49'E

22 131523, 12°43'N «141450 12945.5'N 278 0.57
| 162°23'E 162°09 .6'E

83 131635} 12°51.3'N 141532 11°49,1'N 261 0.64
162°25,.2'E 162°10.2'E _

| February-March 1954

DuL 2°1740} 11°59,5'N 021258 11°55.5'N 258 0.40 |
L6L°L4'E 164°26,.5'E |

Du | 291705! 12956,5'N 921104 11°52'N 253 0.37 |
| LALU,I'E | | 164°33.5°E

: | !

DNC ! 2°2/54 , 11°23.59N 022204 | 11%1.5'N 255 0.35
164°55,.7'E 164°20.5'E +

pro | 281630, 12955.2tN 021625 12950.5!n | 255 0.37
| 164934.2'8 164.°16,3'E

}——-_— ~— 4 =

Mareh 1954

. 1 -
os 270018 119251N 271615 11°19'n | 216 0.43

166°0R'E 166°03. |

F5 | -262250 12°42'N 271738 11°34'N 207 0.48
166°11'E 166°07's

E5 262146 11957.5!N 271900 | 11°50'N 215 0.43
166°11'E | 166°05'E

D5 i 262027 12°121N 272100 12°03!N 232 0.39;
16699) .7'E 165°5L'E

A5 261613 12935.3'N 281518 12°20.5'!N 255 1.18
165°21.2'E 164°26'E

| Jb -. te

167



 

 

 
TABLE E.2 ~ Ocean Current Data Obtained at CASTLE(Cont, )

 

 

  

  
 

  
 

ST ee
Leunched , Reecoovered_ Set Drift

Code i Tine Position | Time Position |, (degrees true)| (knots)

i “ ~ To . 7
(AZ | 261432 : 12°19'N 281313 12°32'N 291 | 0.77 |

1 165°21.7'S | 164° 48'E |
' i )

TZ 261520 12°25,3'N 281210 |22°2R'N 293 | 0.65 -
| 165°09°E 164°41.5'E !

} ’ i

i RL 261705 12°04.5'N 280845 12°01 'N 251 ' 0.27 |
; 164°52'E | 164°41,3'S | |

' \
' Q4 261758 12°S6.5'N | 281823 Ve 248 : 0.25

164°%8.3'E | 64°36,6'E |

PAZ | 261850 12°%4LIN —; 272045 ap 204 | 0.22
1649235| GL°L1 695 | ;

| 02 261946 , 11929,31N | oes0 11926,61N | 238 0.19
: |160028.51| 164°43'E cL

April 1954

AL | 021242 11928,6N | 031450 |12°34.5N 290 0.67 |
162°,4 'E |162°26,Ore

Bl 021415 | 11°50,5'N 031325 1194808 258 0.50
. | 162937.58E (16292618

D1 021732 12934 'N 031035 11°40'R 336 0.37
162991 '= 161°52.5'E

| D2 150700  12°18'N 'V707L5 12°31 'N 201 0.71
| 166°19.5'E ,165°L6'E

/E2 150600 ' 12°01'N =} 171300 11°s9'N 265 0.50 |
166°28tS "166°O0'E

|
| PL 151313: 12°37'N 171600 }11°24'N 249 ' 0.82 |
| . 166°05'E 1 165°30'E

i ‘
|

F2 150300 11°42'N > 171600 11°29'N 249 0.82
| | 166°31'B :165°56'E ;

 

   
The above buoys were constructed of a metal can 30 in, in diameter

with epproximately 1l2-in. freeboard. They were equipped with a sea
anchor and a 10-ft mast, and had approximately 1 sq ft wind resistance

aton the mast.
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