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ABSTRACT 1 

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

Data were obtained for Shots 1, 2, 3, 4, and 6 by use of land 
stations, anchored lagoon stations, and fresfloating sea &&ions. A 
complete analysis of the Shot 1 fallout to 300 nautical miles downwind 
incl~ the development of an experimental model based on fallout 
particie trejectories is presented as well as data on Shot 2 fallout 
to 50 nautical miles domJind and the close-in fallout from Shots 3, 4, 
and 6. 

Gamma fields from fallout decayed at rates differing from the t-le2 
approwtion caarmonly applied to fission weapons. 

Fallout from the surface land detonations was in the form of irreg- 
ular solid partictilates. The geometric mean particle diameter decreased 
with the distance from the shot points; for Shot 1 the geometric mean 
wrie3 from 112 I' at Bikini Atoll to 45 P at Utirlk Atoll. The average 
density of the solid particles from Shot 1 was 2.36 g/cu cm, Little 
data we- obtained on the nature of the fallout from over-water detona- 
IXlons. 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 fallout 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 detonation of a 
15-H!! device on land, will result in a minimum free field total dose of 
100 r over an area as large as 25,000 sq mi. 

There is developed an experimental model that provldes 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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This report is axle of the reports presenting the results of the 
34 projects participating iu the Ulit6ry Effects Tests Froga of 
Operation CZTU, which included six test detontitions. For re&dera 
interetted in other pertinent test infomtion, reference is made to 
:;‘T-?34, Su;nn?ar?r Paport of the Comunder. Task Ltiit 13. __ ._ 
Hlitary Effects brogra. 

Promems l-2, 
This sunslary report includes the folrowing 

infoxmtizn of posE$ble general interest. 
D. An over-cl1 description of exh detont;tion, including 

yiGd, height of burst, ground zero location, time of 
detonation, ambient atiospheric conditions zt detonation, 
etc., for the six shots. 

b. Discusion of till project results. 
c. A zxu.n~ry of eech project, including objectives and 

results. 
d. k conplete listing; of all reports cover+ the 

i9ilitay Effects Tests iro~ram. 
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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 gamma- 
radiation fields is inherently the least predictable of all weapons 
effectr. Variations in the dispersal and deposition of radioactive 
debris are affected by meteorological conditions during and subseQuent 
to detonation as well as by the device yield, the charge depth, and the 
explor<.on media. Yet, the exploitation of this anti-personnel capability, 
and the ::apacity to defend against it, are directly dependent upon the 
ability to predict thO6a 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 and civil defense planning. 

1.1 PFEVIOUS FALLOUT STUDIES 

Fallout has been'observed and documented in 6ome degree at all 
previous nuclear test programs. In addition, su=Lce 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 !k6tS 

Out of a total of 43 nuclear test explosions carried out by the 
United States, four have oroduced significant residual radiation fields, 
the Baker Shot,.@eIXtion CROSSROADS, surface and underground shots, 
Operation JANGLE, and Mike shot, Operation IVY. Of these four, only the 
JANGU series adequately had docrrmented fallout. 

At JAMCLL, the residual gama field6 were recorded in detail; 
in addition, extensive sample of the fallout events was carried out.u/ 
ReStit Of the JANGLE SUrfaCe test were.used to pI%diCt fallout fm 
Hike shot, NY. They also formed a basis for fallout predictions for 
'the CLSTI.& series reported hem. 

At IVY, although o&y partial documentation was accomplished, 
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the operational success 
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l 

sufficient to encourage 
of the free-floating buoy station phase was 
the employment o, e this fallout sampling tech- 

nique at CASTIE.l/ IVY provided vaiuable data on the extent of the 
crosswind and upwind fallout and on the nature of the contaminant to be 
expected from the land surface detonations at CASTLE. 

. . 
1.1.2 High Explosive Tests 

- 

._.. 
.a' 

- . .; , 

Six high explosive field tests have been conducted to study 
fallout. Charges varying from 250 to 50,OW lb of TNT were fired. 
Emphasis has been placed on shallow underwater explosions.16/ Of a total 
of 38 &ots, 26 were fired in shallow water; 5 in deep water; and 7 on 
land, both surface and underground. Non-radioactive cobalt and lithium 
were-incorporated in the cha$ges 

/ 
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ables under study Include energy 
and wsni.. 

I 
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1.2 3EUZ,TIVES 

The surface detonations of 

to trace the explosion products. Vari- 
yield, charge depth, explosion media, 

thermonuclear devices at Operation 
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'CASTLE were expected to produce significant fallout over considerable 
portions of the ocean at the Pacific Proving Ground. The prinDry pur- 
pose of Project 2.5a was to document these fallout areas and determine 
the militarily important radiation fields trhich would have resulted had 
all of the material been deposited on land6 Specifically, Project 2.5a 
uas.designed to determine the followzing information for selected shots: 

a. The and rate of fallout and final distribution patterns. 
b. Particle size ranges of fallout with respect to time and 

distance. 
c. Amount and distributionof radioactive materials in fallout. 
d. Gross gamma decay rates. I. f 

The gathering of fallout data at CASTLE was a logical extension of 
prevlous,fallout documentation. Variation 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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Fallout of military significance generally is characterized in 
this repor% as that material i:hieh arrives at rc.latively 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 "prima 

7 
I1 fallout to distinguish it from continent- and 

world-wide (flsecondaryt' 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 gm field is _. 
completely defined.ttu 

The present or>erations were directed toward documentrtion of the 
primary fallout, with investigations of secondary fallout included only 
where they contribute to the former. Operation plans were made on the 
follow!\ assgptions: 

a erence to a reasonably firm shot schedule 
availability of adequate logistic support to make 

(c) 
necessary collections 
scaling of the fallout pattern by the cubs root law. 

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

2-l EXPERIMEXZ DESIGN 

Since the fallout fram the CASTLE series was deposited largely 
over ocean areas, the experiment design required methods of documentr&tion 
that permitted estimation of what the radiation field would have been 
had it fallen on land. The esttition was accomplished by: (1) estgb- 
lishiri a r&tio between the fallout collected per unit area over land, 
* A q*~antitative definition of theterm Qilitary significsnceVt or 
"military importance lr depends entirely OR the situation ex&M.ng when the 
term is applied. Such factors as the target affected, the distance from 
ground zero, and the arrival time of the debris as well as the exter', of 
its fallout pattern must all be considered. The lower limit below which 
no combination of circumstances will create a levelaf military signifi- 
cance may be taken as 5 r/hr at 1 hr. 
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(FOL) and tho corresponding field r-adiction intensity, (RL); (2) aeter- 
mining the fallout per unit area over uater, (FQ) and; (3) calculating 
the radiation field, (R,J) which would have occurred had the water areas 
been land, from the assumed relationship, 

(2.1) 

This method of approach required the following neasurements: 
(a) Fallout per unit area on a-Jailable islands of the test atolls 

in terms of %uantity of radioactivity. 
(b) Gamma fields produced at sampling locsticna. 
(c) Fallout per unit area in the lagoon and ever the surrounding 

ocean. It was also important to Jbtain information concerning particle 
size and note times of arrival and cesstion of the fallout as well as 
the variations in the radiation field with time. 

2.1.1 Predicted Camma Fields 

Estimates of the extent and level of gm fields expected from 
the fallout were Elade for each of the originally planned shots. These 
predictions were baeed on scaled surface JAIJCLZ dats using the cube root 
relationship with modifications in the crosswind and upwind patterns 
indicated by NY data.?, It was estimated that the fallout would carry 
downwind at the rate of 15 miles per hour and that the durational fallout 
at any one point would be 2 hr for megaton yields. Values calculated 
for 2 and 3 hr after detonation represent the levels that would exist 
hail the fallout deposited over extended land areas. Table 2.1 rum_rYarizes 
thz predictions for three of the.detonations; the effect of decay and 
the delay in arrival of fallout on the gamma, fields can be noted. A 
discussion of this scaling is presented in Section 6.2.8. 

2.1.2 WiW Stations 

On the basis of the predictions given in the preceding section, 
it appeared t&t the minimum area of military interest would extend to 
a distance of 50 tiles from tile shot point and \!ould have a maxtium 
width of 20 miles. Since it was not possible to predict the sector in 
which the prknary fallout would arrive cufficientiy in advdnr:e of shot 
time to permit proper placement and activation of sampling ststions, an 
array completely surrounding the shot point was needed. Zxperience at 
In showed that, it would not be feasible to docment the fallout more 
than 50 miles from grolund zero \!ith available lo$stic sup;lort. The 
radial array of sampling staticns shown u1 Fig. 2.1 was evolved from: 
these criteria. This plan was 'modified within the atolls to take adv3n- 
tage of available islands and to pennit the placement of simple rectan- 
gular grid Lrrays in the lagoons. In addition, limited sami:ling stc,tione 
were arragcd at a number of outlying islands. 

Operationally, Project 2.5a was divided into two phases - one 
.requiring the collection of data from land and lagoon stations, 2nd the 
other fron sea stations. Logistic support for the land and lagoon phase 
involved the use of ~~llb~ts and helicopters while mounting of +he 
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2.2 

for 

two water'shots in the megaton yield range. A smbller array extend- 
to 15 miles was planned for the lower yield Echo shot.* 

LANLJ AND LAGOON PmSE 

The land and lagoon phase of operations took plr?ce at Bikini Atoll 
Shots 1, 2, 3, and 4 and at Zniwetok for Shot 6. In addition exten- 

sive preparations for Echo were made at &ix&ok. The instrumentation 
of the island and the lagoon raft ,rtations is discussed in Chapter 3. 

The prnshot preparation, e at Bikini involved readying the e&.pmznt, 
calibrating the instruments, and emplacing them at the island and lagoon 
raft stations. This was completed a ueek prior to Shot 1. r'inal checks 
were made on t&equipment at all the existing stttions 1 to 2 days 
before shot time to assure ccmplete readiness and operational efficiency. 
ireparations uere also made for the r&ovexy operations snd for the 
Fe-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 fireiin the compound at Tare fcl- 
lowing Shot 1. Tables G.l through G.20, Appendix G, show 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 evaluation at lYXa Zach buoy station was 
so located that it was expected to drift to the desired position 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 tt sea be 
held to a minimum so that their loc;;tion at shot time could be estirn;tted 
as accurately as possible. For this reason the array for each test vas 
laid out within 36 hr of the proposed shot time %nd recovered as soon as 
possible afterwards. 

Sea phase operaticns were mounted from Eniwetok Atoll for all shots. 
Detailed direction, once Naval units were comdtted, was accomplished 
from ships based at Bikini Atoll or from ve 
in Project 2.5a operations. 

szels actively participating 

2.3.1 Pretest Preparation 

The buoys and associated eqtiFnr;ent were assembled and tested at 
i'arry Island. Liaison was established with the Nawl Task Group and 
plans for conducting the sea phaee were made. These plans consisted of 
loading two sea-going tugs with ,?+uipent at Eniwetok Atoll, after w'hich 
the vessels proceeded to sea to lay the buoys. After completion of the 
buoy lcying operc:tions, the tugs retired to a safe area to await the 
shot. &on receipt of clearance from the Naval Task Group Commander 
follo\ring the shot, the tugs proceeded to recover buoys after which they 
returned to znivetok to off-load, Detailed plans for laying the buoys, 
* IJot fired; 
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taking into account steaming times, time required for laying, and drift 
4 

and set of the currents, were prepared by the project for each shot In t- 
which it participated. They were then forwarded to the Naval Task Croup \ 

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. 

2.32 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 
retrieving buoys and rafts and in the handling 
equipent at sea. 

(b) To test the radio Mentification 
be used. 

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

process of laying and 
and mounting of project 

and location systems to 

velocities in the ocearl 

(d) T t t di t o es ra o ransmission from the buoys for compatability 
uith other trensmissions used throughout the Task Force. 

In the rehearsals a limited number of buoys were laid around the 
atoll. Location and recovery operations were started the following day, 
These rehearsals furnished valuable information reg&rding various phases 
of the operetion and acquainted the crews of the ships with the problems 
to be solved. Under noxmal conditions the ndio transmitter operc;ted 
successfully. It usually could be detected on the shiprs direction- 
finding gear out to If; or 20 miles and greatly facilitated locating the 
buoys. 
drift. 

The ocean currents were found to vary greatly both as to set and 
(See Appendix Ii.) It became ap,parent that the ability to mount 

the sea phase would be strongly influenced by the sea state. The hand- 
ling problem aboard ship, the r.erformance of the bwys and transmitters 
at sea, and the detection and homing problem all were adversely affected 
as the sea state increased. It ~a.s concluded that a full array could be 
placed as planned only if the seas were relatively calm, and that the 
cut-off point at which buoy operations must be discontinued would be a 
sea state of four. 
approachin,: 

It was further concluded thst operations in seas 
state four Lould result in damage and loss of equipment in 

some degree, as well as extending the time required to carry out all 
phases. 

The rehearsals showed tfr;t the loss rate of buoys would probably 
be greater than anticipated. Thus in the planning and conduct of the 
sea phase for each shot careful considercltioa had to be given to conser- 
vation of equipment for the remaining shots in the series. 

2.3.3 Shot Participation 

At the start of CUTE, 324 buoys completely equipped vith radio- 
transmitters and sampling devices tjere available. Tuenty of these units 
less radiotranszitters were used to augment the sampling program at ’ 
Eikini following the destruction of Project 2.5a equipment and facilities 
after Shot I. The disposition of tho buoys during the sea phase 

29 



TABLEi 2.2 - Summary of Sea Phase OperatSon 
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Operation 

Rehearsal 
Snot 1 
Shot 2 

Additional 
Eniwetok 
Drift Test 
Shot 4 
Shot 5 
Shot 6 

BUOYS 

Prepared 
for 
Test 

6°C 
6C 

4; 
20 

5 

T- No. of Buoys Laid 

1st 

.ttempt 

ll 
none 
6 

4 
26 
34 
4 

2nd 
ittempt 

z 

3rd 
Attempl 

u. 

- 
- 

- 

l- Buoys hlOyS :umulative 
Recovered Lost losses 

4 
9 
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38 

G3 
77 

: 

', 
.-.-_ 

., 
. 

, 

'.. 

_ * 

:. 
_. 

, 
. 

:: 
:' 

is summarized in Table 2.2. For the sea phase ll4 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 partic'ipation 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 rey;resentative. Con- 
trol was maintained through the Combat Infonncition'Center (CIC) aboard 
the command sitip, 163,Curtisr. All necessary communication facilities 
were made available. - _ Information on planting progress was relayed 
regularly to the CIC where it was immediately plotted. On the adtice of 
the staff aeroiogist, late changes were effected in the array correspond- 
ing to shifts in wind patterns which r;ould 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 buoys and recovery 
ships were directed to pick up positions. 
on the radio signal transmitted fra each. 

Buoys were located by homing 
After recovery of seven buoys, 

the search was discontinued and the ships were ordered to Eniwetok to 
prepere for the next test scheduled there 48 hr later. 

On the basis of this experience along with recovery from Shots 
1 and 2, it '~'as concluded that the buoys and associated equipment per- l 
formed satisfectorily. Although rough seas interfered to. a groat 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 combiuation of deferments and rough seas resulted in the loss of 

. 

t - 

30 

. _.. 



/ 

;* . 

-.. _- 

: ,- 

considcrsble’ eG&Fcnt, Of.the buoys recovered fallout data wem 
obtained from only 20 on Shots 1 and 2. 

tiata were obtained'on the currents in the vicZnity of the two 
atolls. These data alon<.uittr similar data from IVY are included in 
“ppendix H. . 

2.3.3.1 shot 1 

The array planned for the first shot is shown in Figs. 2.5 and 
2.6. This US consi.&red to be a reasonable effort based upon rehearsal 
experience. Gavy seas prevented placrment of all except the -portion 
shown in Fiz. 2.6. Th!s attempt to sample tbe fallout was unsuccessful 
bocsuse the prtiry fLlout occurred in another sector. This failure 
Micated the im~rtance of hzv%g a 3600 m-ray around ground zero. 

2.3.3.2 ii?Gt 2 . 

The original plan for Shot 2 called for a complete 3600 array 
.pM.l:;r to th&t planned for Shot 1. b portion cf this plcln was executed 
ti:ice but in each csse the shot vas deferred for an indefinite Feriod. 
The buoys pl,ceci c,n these occasions were lc.st. AI alternate $an which 
rquirtd fess time to implement was dev?L oped for use in case notice of 
the s>ot d&te was given too near shot. time to permit laying the tiriginal 
Lrray. This ;IlternLt,e plan was used for Shot 2. See Fig, 2.7. 

2.3.3;3 Shot 4 

The buoy x-ray itnd detrils of the operation,plan for Shot 4 
cro given in Appendix A. 'This plan was successfully carried out ori the 
basis of a firm schedule for the fourth test. however the effort was 
nullifjcd by ;t verd latr: deferment of the shot. Cnly 7 of the 26 buoys 
kere r c:vcred. When the shot finally did occur no buoys were in the 
prirtcry fc:llout zone. 

2 .2,3.4 Ehot 5 
. 

Buoys were laid in two separate attempts to d~ument fallout 
on 5iot 5. 
(?i:. 2.7). 

Tie iirst array \:as ctinilar to that employed for Shot 2 

2lAr &la; 
The cecond was intended to aqgzent the first follo!!ing a 
of the test, Turthcr deformcnt .~Llified this effort, also. 

Psrtici,~tion by project personnel in the t;kter samglin,:: pro,rbn was 
cffccted for Shots 5 '2nd 6. 
clcewhere.k/ 

Jesuits of this field work hnve been reported 

2.3.3.5 Shot 6 B-V- 

_‘. 
. 

/ . 

*.. - 

,- 

, 

Four buoys were planted from the rhips assimed to Project 6.4, 
coznencing f- hr prior tb $he shot. 
uCts. 

licayy seas prevented recovery of any 
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INSTRUMENTATION 

The apparatus used in this operation was designed: (1) to collect 
fallout samples, and (2) to measure the gamma radiation from the fallollt. 
Various collecting devices were used to gather total fAlout 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. FW of the 
devices were similar to thocs used in Project 5.4 at IVY; 2/ others were 
prototypes being field tested for the first time. Besides the fallout 
collectors and the devices for measuring radiation fields, accessory 
equipment was required Lo start and stop the apparatus and to furnish 
power. In SOD-Z cases the accessory equipment had to meet more stringent 
requirements than did the primary collecting devices. A prime exami& 
was the fr:e-floating buoy which %d 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 year of intensive inves- 
tigation and testing was spent in selecting cmi developing a satisfactory 
system,* for locating the buoys. 

3.1 DZSCRIPTIOY AND WE~TIOI? CF THi5 EQUIRGNT 

Instrument designs were based on specific collecting requirements 
within the limitations imposed by certain mechanical; eiestrical and 
operational restr5ctions. The following sections give a brief summazy 
of the design and operation of the equimcnt. 

3.1.1 Total Fallout Collectors 

Two methods were used to obtain samples of total fallout. A 
po'lyethylene funnel-and-bottle arrqement consisting of a ?-in. diam- 
eter funnel and l-gal bottle (Zig. 3.1) was used at all stations to 
collect and ret&in debposited material. The other collector, aiso used 
at all station:, consisted of a horizontal 1-ft square of transparent 
*'Developent and Testing of Identification System for -5rojec.t 2.5a 
Free-floating Stations at Oy?er&ticn CASTLZ.tt Project Office?, Yroj. 2.fa 
ltr 3-9056ti3A of 
1933 (SEWT). 

24 Nov. 1953 to YTU13. EX'w)L Document 069472-Gov. 
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Fig. 3.1 Total Collec+,or 
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gummed paper mc;rritnd on water resistant cardboard. Jn.both methods, 
the collector?; were continuously.exposed from the time of their place- 
ment until recovery. Samples obtained were used primarily in deter- 
mining the final fallout distribution k=tterns. 

3.1.2 Differential Fallout Collector 

The differential fallout collector (Fig. 3.21, employed to 
collect fallout as a function 0 f 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 by a signal from a light-activdtsd 
trigger. This equipment was powered by a 6-v, IlO-amp-hr storage 
battery. 

3.1.3 Film Dadm Pack 

Use was made of the Dational Bureau of Standards film badge 
pack to measure the integrated gamma radiation dose at each station 
where fallout was collected. Thess dosimeters were provided and pro- 
tossed by Project 2.1 personnel. 

3.1.4 Gamma Time-Intensity %corder 

The gamma tine-intensity recordc r 1;as used in conjunction with 
a data reduction system, to provide long-term, continuous information 
relative to radiation fie1d.r. It consisted of a series of ionization 
chambers, associated electrometer and relay circuitry, and Esterline- 
Angus pen recorders,uJ The infornmtion for ezh ctiber was stored as 
a simple pulse, eLch of \;hich corresponded to the basic increment of 
gEt'sa radiation for tht: given cbzmber. The system was essentially of 
the chrCe integrating autorecycle type, the chazber beirq recharGed to 
its original voltaCe as each basic increment of radiation 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 battories, eight of w?lich rere in series 
providing 48 v for tho relay circuits and power to drive the .pcns in the 
Zsterlino-Angus recorder; the other two were in prallel providing 6 v 
for the filaments of the amplifier tubes in the detector beaus. A 
spring-driven mcchan!.sm~moved the paper in tho Lsterline-Angus recorders. 

3.1.5 Prototyoe Collcctinp: Devices 

Sever-21 prototype instruments ‘*'exe tested for their ;>osoibillties 
as fallout and bare surge szq&~s. TVO_ such instruments were the elec- 
trostatic precipftatcr end the automatic water drop collector. The 
samples collected by thace in~trumants we10 analyzed at the ElWL. The 
results are given elsewhere.l& 

The electrostAtic precipitator vas developed as a fog sampling 
device to obtain information on he, radioactivity, 2nd ionic content 
of ?ndividual liquid acrc.sol piirticles. The s;r.pling was accomplished 
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by precipitating the fog by ~8~9s 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 
precipit.ator *Jas powered by a 1 KU motor generator and was capable of 
sa.mpling for a maximum of 6 hr. At island stations it was started by a 
signal from a light trigger and msnually on the UG1s. 

The automatic water drop collector.was a device for collecting 
raindrops in flour filled trays when they vere retained as pellets of 
dough. After a pre-determined numoer of rain drops h3d been collected, 
the device autom&ically clnngcd trays. The collector was started by a 
signal from a light trigger. The mechanism for changing trays was 
driven by compressed gas and );BE xiggored by a. rain drop contacting a 
sensitive element. The area of the sensitive element was adjusted so 
that, there was a high probLIbility that a tray would be changed only after 
a pre-determined number of drops had fallen into it. 

3.1.6 Tri;:;rers 

The princi_pal triggerkas a light-sctivated device consisting of 
a trigger head, a trigger box, 
(Fig. 3.3). 

and a battery and i;o\:er cable assembly 

A prototype radintion trigger was also tested as a back-up trig- 
ger. Its sensitivity was so high tkt it could not be used on the con- 
kininated islands after Shot 1. It may prove to be satisfactory aftei" 
some modifications. 

Sim?lr; pressure-Gctusted triggers were designed and ccnstructed 
at the site *;o ~1levitit.e the shortage of triggers thaf. occurred when 
spires ore burned sfter bhot 1. 

3.1.7 ? ree-flocltin.7 Buovs 

Free-floatins buoys were used as collection stations in the sea 
areas around Liikini Atoll. 
construction: 

Figure 3.4 shorfs the followins details of 
Platform to mount the gummed pqer collector; antenna 

whips; antonnn coils; identification flag; total collector; buoy float 
contsining.the radio transAt*ar and bttery Fewer; and keel mount. Not 
shoxn ;re t:?c Weight t;t thr bottom of keel mount and the film bsdge cn 
the mast 2 ft above deck. 

The identificrc on the floats zero single-stage crystal-controlled 
radio trxxsmitters, operath on the folloktinq autnoriaed frequencies* 
1309.375, 1243.75, 1206.25, i159.375, 1129.375, 1087.5, lC62.5, 1026.875, 
987.5, and "41.875 kc. These units hnd a useful life of 4 to 6 days 
before the bsttpries h;i;i to be re-charged. The buoys were identified and 
located,& radio dir-ction-finding gear aooard Naval Task tiroup chips and 
aircraft. 

3.2 Z'JALLGTICM CF STI;TIC!:S Xa QUlmNT 

It is difficult to make a fair evdluztion of the station and equip- 
ment, at CAST'& bccou?e numcrous changes in shot scheduling and the 
* Circuit So. 5113, sssi,gncd by letter from !iead;uarters, TG 7.1, JTF-7, 
J-2222?, 15 l)ec. 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 supplies and spare parts by 
the fire after Shot 1 severely 
hampered re-conditioning damaged 
apparatus and correcting anomalies 
as they developed. Chances in shot 
scheduling particularly curtailed 
the usefulness of the free-floet.:ng 
b1oys. Many of the devices which 
had performed satisfactorily at IVY 
and at the HEll 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 exoosed to the atmosohere. 
A brief evaluation of the stat’_ons 
and apparatus used at CASTLE is 
given here as an aid for planning 
future field programs. 

3.2.1 Island Stations 

. . 
. *_ 

_‘- . . 

.\ 

Collecting devices were * 
located in concrfjte-lined dugouts; 
The IItp 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 II 
shot. It would be preferable for 
fiture operations if the collecting 
equipment could be located above the 
ground level and still be protected 
against blast damage. 

3.2.2 Legoon Stations 

The raft stat.?oas were well 
designed except for a few details. 
Creater care should be +aken to 
insure that the battery is protected 
from sea water. The moorings were yip. 3.X Free-floating Sea 
not installed as specified originfllly Station Beins Launched 



. 
-..,‘. 
. . 

_ 

I I 

- .*-.-_, 

. . ..L 

. . 

. 
, 

.- 

‘\ . 
J \.. 

_-- 
_‘. _..... 

)c 

/ Y- 

‘, 

and mully had to be replaced during the operation._ After Shot 1, sevsral 
rafts capsized although they were designed'to withstand the effect of a 
10-W weapon; 5 miles distant. 

3.2.3 Free-floating Sea Stations 

The performance of free-floating buoys as collecting ststlcns 
was important to the main objectives of thti present work. Although 
little data on fallout were secured from these stations, sufficient 
information was obtained to determine the performance of the equipent 
and the suitability of the method. The follob-ing observations are 
pertinent: 

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

(0) The free-floating buoy systcr was unsatisfactory 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 

3.2.4 

in the 

specified 24 to 48 hr in advance. 

Total Collectors 

From evidence given in Sections 4.2.1 and 5.1.2, modificatfons 
design of total collectors are indicated, Nevertheless, both __._ 

devices usc.d made satisfactory collections under some exposure conditions. 
As ecected from other experience, the principle of using simple continu- 
oucly open (collecting) sampling devices was four!<! satisfactory whenever 
only total radioactivity deposited per unit area was to be determined. 
Such devices are not satisfactory vhere it is desired to preserve the 
characteristics of the fallout because dilution by extraneous rain and 
dust occurs. 

3.2.5 Belt Sampler 

The belt sampler was handicapped by too many moving parts which 
were exposed to the elements. Xt was badly corroded by sea spray; sand 
lodged in the gear s or under the belt and caused the sampler to function 
poorly. The collecticn from this sampler on Shot 1 uas much better than 
on subsequent shots. Considerable valuable data were obtained as shown 
in CLpter 4. 

32.6 Liquid Droplet Samuler 

The prototype& tested at CASTLE failed to operate in most 
instances. This Zailure was due both to a faulty triggering mechanism 
for indexing the trays and to the absence of liquid droplets in the 
fallout froi most .shcts, Nonetheless this differential collector has 
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several promising features, one of which is its adaptation for collect- 
ing dry particles. The cechanical parts are entirely enclosed. It is 
poKered by compressed ga, = which makes a compact source that is easily 
recharged and largely unaffected by atmospheric conditions. This device 
needs further engineering development. It will be field tested again 
at future operations. 

3.2.7 Electrostatic Preciuitator 

This device for collecting small aerosol droplets was the most 
complicated sampling a-paratus used on Project 2.5a. Its large poxer 
requirements were su?._lied by a motor-generator set. It was almost 
imposeible to keep this equipment in operating condition, particularly 
after the fire caused by Shot 1 which dectroyed all the spare parts for 
the electrostrtic precipitator. Definite evaluation of the usefulness 
of the electrostatic Frecipitator -.. collecting aerosols at nuclear 
tests cannot be made at this time. , 

3.2.8 Trigger i)evioas 

The light triglzer tas 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 20 the permanently damaged 
triggers on the capsized rafts could not be r,eplacec! or repaired. At 
island stations these devices operated more satisfactorily than on rafts. 
The electronic circuitry was improperly protected against atmospheric 
conditions. 

A simple blast tribr, t-er designed and constructed at the site 
opertited successfully at island and lagoon stttions for megaton weilijons 
but was not sensitive enough for low yield weapons. Further cievelopment 
of this-type of trigger i, c indicated for fut6re field operations. 

3.2.9 Gamma Time-intenritv Recorder 

This device was the same type a s those used in large numbers on 
the YAG's in Project 6.4. Two stations were operating before Sh0t.i.. 
The one on Yoke was damaged by a,water wave which occurred after that 
shot. The station on How operated satisfactorily throughout the operation 
until it was destroyed by a wave after Shot 5. It collected valuable 
information concerning time and rate of arrival of fallout and its decay. 
The d_Jed equipment wa s repaired and placed on Janet in prep;drLtion for 
Shot Echo and later moved to Leroy. It did not record any activity after 
Shot 6 because no fallout arrived on thclt island. A more complete evalu- 
ation of thir type cf instrument will be fetid in the Project 6.4 final 
I%pOti.=J 
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CiAPTER 4 

SAMPLE ANALYSES AND DATA REDUCTION 
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4.1 SiV.u.:PI% AKALYSIS 

Basic analysis cqnsisted of gamma ccuntine those samples collected 
for the determination of fallout con+Turn ond measuring the fallout nar- 
tic18 size distribution and the anbarent density of the.narticles. 
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4.1.1 Cs:ltinp Technioue 

Two instruments were emnloved in counting semyiles. The 4n zarnra 
3onization chamber was used vhere conversion of measured activities to 
gamma fiald intensities was desired. The gamma scintillstion counter was 
used where relative levels of activity were desired. 

The LTT camma ionizationchamber and its calitration are identicai 
.:.o that descritsd in UCD-2367. T!$.e instrument consists of a Dressurizcd 
ion chamber, tiFrat.inC reed electrometer, and a Brown millivolt recorder. 
The chamt-.er is filled with argon at a pressure of &Xl psig and oneretes 
at a collection potential of 600 v. For low background the assem1:l.y 3s 
lead-shielded. Sannlcs are lowered into the center of the chamber. Be- 
CLIS~ the position of the source material is not critical, activities of 
large volumes of either liquid or solid. samples can be measured. The 
gamma ionization chanl-,er reediws were converted arbitrarily from milli- 
volts to mr/hr in order that all readirrs token on fallout Fe excressed 
on a cocventi onal basis. A relationship between the chcnber readings 
in mv and a calibrated AN/?DR-TlD Survey meter was determined. Corres- 
ponding readings of !5 randomly chosen samples from Shot 1 were taken b: 
both instruments. Tne equation of the resulting lineer blot showed 

mr/hr = mV . 
5.19 

. . 

Yiith this relationship determined from -ar.ples of hinh levels of activity 
conversion of secnles of low activity, accurately measured in the 4n 
ion chamber, reedirGs could then be re1iabl.y convarted to equivalent 
mr/hr. 

The scintillation ccunter'tficonsists of a detector assembly ezd 
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scaler unit Radiac Computer Indicator CPG9/IJD (NavShips 91892). The 
detector assembly mounted inside a commercial lead castle consists of 
a cylindrical sodium iodide crystal 1.5. in. in diameter end 0.5 in. 
thick, an RLA 5514 photomultiplier tube; and a pre-anulifier unit. The 
crystal is shielded from the sample chamber by 0.25 in. of aluminum. 

The counters used were comuletely evalueted for coincidence loss 
by using six paired sources and employing a least square evalWtion.!?/ 
Coincidence loss varied from 1 per cent at 100,000 c/m’to 10 per cent. 
at 2,@00,000 c/m. 

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

4.1.1.1 Total Collectors 

Many of the total collectors .contained cdneiderahle quantities 
of rain water which fell dur5rg; the relatively long period between place- 
ment and recovery of the instruments but not during the period of fallout. 
In these case3 there was leaching of the fallout activity into the liquid. 

Preliminary sepsratiori of the liquids and solids were achieved 
by decanting the gross samples. Final.separations were then obtained by 
centrifuging which left the resu1tir.g liquid clear .or, in some cases, 
containing colloid3. 

The liquid volumes were measured and the solids dried and 
weighed. The samples were placed in lOO-ml lusteroid centrifuge tube8 
and gamma activity measurement8 were made on these samples with a 4rr 
gamma ionization chamber. In inst6nces where the liquid fraction ex- 
ceeded 100 ml, these samples were concentrated to the desired volume 
after acidification. 

4.1.1.2 Gummed Paner Collectors 

The acetate-backed l-f% squares of gwmned paper were removed 
from their cardboard mounts and folded to fit into lOO-ml lusteroid 
tubes. Their gazza activities were measured with a’ 4lT gannr.a ionization 
chamber. 

4.1.1.3 Uifferentiel Fallout Collectors 

Each of the 40 polyethylene collecting jars was removed from 
the collector and decontJninated on the outside. The jar opening3 were 
then canped with cellophane 0.001 in. thick held in positian with a 
rubber band. Catma counts were then msde vith L scintillation counter. 

4.1.2 Particle Size L!easurements 

._ 

. 

‘,,. 

. . 

The particles were fixed with Krylon cn a framed cellophane 
membrans. Contact autoradiographs were made using Eastvan Ccmercid, 
Ortho fi’lm. The out.er island analysis employed nuclear emulsion strip- 
ping film with the particles fixed to the non-emulsion side of the film 
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with Krylan. Use of nuclear emulsion stri?oing filn is the better 
technique. However, because of the unaveilability of the stripning 
film, the majority of the work was done using the autoradiographic 
techniauos described above. 

A11 diameter meesurements were mde on one axie only using an 
optical microscope with a micrometer eyepiece. Tho least count of the 
micrometer was 21.r. 

Each plate was scanned and measurements on the radioactivi 
particles were recorded. The minimum diameter of particles measured 
inthis analysis nas of the order of 5 p.. 

4.1.3 Particle Density k!eaaurementa 

An optical microscope having a calibrated micrometer eyepiece 
was used to measure particle diameters along 2 axes. Relative activities 
were detetined wit!: a gamma scintillation counter under conditions 
identical to those used in counting the gross samples from the differ% 
entiel falloa? collector. 

Psrticle density was determined by a flotation methoc'. wltb mix- 
tures of bromobenzene and bromoform as the liquid phase. In a liquid 
system containing only two components, the densities and refractive 
index *raluec are an additive function of the compositions. Correspond- 
ing densities and index of refraction with composition are available 
from the literature. Pure bromobenzene hen a density of 1.499 and an 
index of refraction of 1.560 while pure bromoform has a density of 2.!?90 
and an index of refraction of 1;$98. 

Each particle was nle~ed in a precision l-ml glass-stoppered 
volumetric flask half filled w%th 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 vertical movement of the particle ceased, Micating 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 relationships. 

.I 
-._ _ 

4.2 DATA REDGCXOh' 

Equation 2.1 implied a constant ratio between the measured sanple 
activity and the infini?.e gamma field at the sampling station. This 
implication was found to be valid only fox 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 4?~ ionize- 
‘. 

i 
.;:. 

tion chRn!#er. A,,ndix E tabulates all data as measured. mere activity 
in the total collectors was found to exist In both the'liquid and soli< 
phases the total activity for that collec tor was determined by simply 
addirg the liquid and solid phase measured values.. ihe data from the 
lend station?, after being converted to equivalent mr/hr values, were 
compared to the equivalent field survey data obtained by both Task Force 
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Rad Safe surveys and Project 2.5a surveys. Comparisons of these values 
were done by convertiv all measurements to mr/hr at 0 + 4 days after the 
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dotonations. This period was selected. because these island survey mea- 
surements vere felt to be more valid than at earlier times when the 
majority of the survey readings were obtained b helicopter et vcrious 
heights above the surface. Conversion of all neesurements to 0 + 4 days 
was made by using the composite gauuna field decay curve in Fig. 5.1. 
Although this decay curve was constructed from both theoretical and ex- 
perimental evaluation of Shot 1 data, i:s use in reducing data from 
Shots 2,3,4, and 5 does not introduce arDrecieble error as Is shown by 
a comparison of the experimental and theoretical decay curves for these 
shots.lij/ It, does introduce some error into the Shot 6 c?lculetions be- 
ca\:se of the sign<ficastly different capture to fission ratios existing 
for Shot 6. 

The ratio of actual Gamma fields to measured activity found in 
the tote1 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, wz~s constructed 
by considering all data that were available; this included measure- 
ments from Shots 1,3,4, and 6. A cur'pe 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 In-?lca4,ing a 10 to 1 ratio between field surky moasuremen:s and 
total collector measurements. Since this variable ratio was found to be 
independent of the shot detoneted, it is reasonable to believe that tine 
explanation for the variance is inherent in the charactetistics of the 
collecting instrument. 

The fallout in areas of high residual gamma activity were those 
where the larcer particles predominated. These particles with cotiD8ra- 
tively high rates of fall apparently do not tend to follow the stream- 
linc~s aSout the collector. This tendency may explain the higher collect- 
ing afficiency resulting in those areas of high residual gamma fields. 
The fact that the ratio of gasuna field measurements ".o 2,amm.a measurements 
from the tote1 collector approaches 1 in the areas of high eatmne activity 
is fortuitously coincidental. 

The activitv collected in the total collectors employed at the 
fsgoon stations was'converted to equivalent infinite field values by 
using t.he curve in Fig. L.1. 

All data were then converted to r/hr s.t 1 hr using the composite 
gamma decay curve in Fig. 5.3. 

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

The gunzned paper measurements from lagoon and free-floating sea 
stations were then corrected to infinite field values at C + 4 days by 
use of Fig. 4.2 and then converted to r/hr at 1 hr usirx the composite 
gamma decay curve in Fig. 5.3. 
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CHARACTERISTICS OF FALLOUT 

5.1 CiAE!A FE?3 DXCAY 

The decay rtlte for the ganvna 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 57 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 iith ionizat?on instruments 
in this study compare well with the field da*% read with an ionization 
survey meter, AN/PJ%TlB. 

The standard gamma deoay 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 frox induced activities 
is insignificant as is evidenced by t.he following anaiysis. 

5.1.1 Theoretical-a& Field L’ecax 

The&eticdl beta (d/m) decay curJes (Fig. 5.1) were constructed 
for Mike shot, IVY* as well as for Shot 1, CASTLE.* Data for these 
curves were calculated from the fission product decay and the reported 
capture to fission ratios of the important nuclides and were normalized 
to lO,O@O fissions at 0 time&!/B 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 rmission rate 
(Mev/min) f- a radioactive source of Shot 1 composition as a function 
of time after deton;ition. It will correspond to the experimental gamma 
ionization decay curve if (a) the detector response is itiepxdon+l of 
energy (flat) at all gamma energies and (b) the geometry of the source, 

+ Private communication with N. Ballou, 0. 3L. 
* By N.i3allou, USNRDL. 
*sH By R. Cole, USNRDL. 
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ScattcrinC, and absorption do not affect the detector resoonse or gamma 
spectra seen by the detector. Since the latter condition is never fully 
satisfied, the calculated curve always differs from the exrerimentnl one. 
Table 5.1 tabulates the slopes of the theoretical decag curves considered. 
The experimental beta decay curve for Shot 4 (Fig. 5.1) md the experi- 
mental gamma ionization decay curve (Fig. 5.2) for Shot 1 are presented 
for conpcriron. The tko theoretics1 beta decay curves are in very close 
agreement and each agree well with the experimental beta decay cume. 
Th.? experimental camr,ia ionization decay curve for Shot 1 oncl the cal- 
culoted gamma (Kev/min) decay curve (Fig. 5.2) ere not in good agreement 
from 5 to 100 hr after detonation. This lack of agreement may te due to 
the nature of the response of the ionization instrument or to other fectors. 

TADLE 5.1 - Theoretical Decay Data 
.-- 

Slope of Decay Curve over Period Indicated 
(hr after liBD) 

l- 3 l-5 3-48 96-672 - _ 
5-96/24-I.440 

(?&v/min) 1.37 1.08 i Shot 1 1 1.33 

Calculated beta i .j 

i 

f 
shot 1 (d/m) 1.42 0.83 1 ’ 1.40 a 

Cnlcula ted beta i I 

1.44 0.865 1 / 1.37 E 

I i * 

Fipre 5.3 is a composite gamma ionization decay curve con- 
structed from all avsilable field data; it has been used in this rcnort 
for conversion of all field data taken with an AK/FDR-TIB, AIi/?DR/39, 
or the gemme ionizativn time-intensity recorders as well as for conver- 
sion of the ltrr gama ionizat!.on chamber laboratory data, Com.oarison 
of How Island Task Force Pad Safe measurements and the Project 2.5s 
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-intensity recorder curve with field 
survey readings was assumed to hold between 0 + 3 hr and 0 + 2 days. 
Therefore, for the time interval (0 + j hr to 0 + 20 days) the time- 
intensity recorder data were used to construct the comnosite curve 
(Fig. 5.3).. However, for the interval from 0 + 1 hr to 0 + 3 hr the 
gamma t;>ne-intensity recorder must be compensated for fallout that was 
still arriv ii-= t the compensated curve would then have a slope steeper 
than the eqerimeil-1 decay curve. For this interval (0 + 1 hr to 
0 k 3 hr) the calculateu EWLYUJ decay curve was used in t.!;e construction 
of this composite decay curve. 
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. TABLE 5.2 - Experimental Field Decay Data 

. . -_- _ .--._~. _-..._. _ ._ __.. _-p- ~___._____ .-.-. .__- 
1 
: ~ _---_-- 

Type of Decay Slope of Decay C&e over Period Indicated 

wnma Ionization 
Lme-Intensity 
ecorder, How Island- 
hot 1 

maa Ioni sation 
ask Force Rad Safe 
LB Survey 

1.19 0.815 1.52 

1.50 

. 

1 

5.1.2 Exnerimental Laboratory Decay 

Table 5.3 smrizes the slopes of the decay curves obtained 
from samples measured in the laboratory on two instruments. Gamma decay 
was measured Rith a 4rr 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 scintillation counter is -2.08 
from 9 to 30 days and -1.50 from 30 to 60 days. Proiect 2.6a reportew 
an average slope of-2.11 for measurements with a similar gemma scintilla- 
tion counter on the first four shots from total collector samples over 
the period 0 + 7 to 0 + 22 days, The 3ecay curve slopes obtained from 
measurements on the & gamma ionization chamber are of more general‘ 
intorest since its response is close to that of the AN/l?%TlB survey 
meter. A conparison of Samples 1, 18, and 21 (Table 5.3) shows that the 
decay curves of t?:eso fallout samples have comparable slopes; however, 
the liquid fraction of Sample 18 has a slope of -1.22 while the aolid 
.fraction has a slope -1.60. The ionization-counted gummed paper samples 
from Shot 2 have ar average slope of -1.61 from 170 to 480 hr; for Shot 
3 samples the slope was -1.73 from 200 to 6CO 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 
gummed paper collectors lost a portion of their collected fallout from 
leaching by sea spray aad rain. 

The data are consistent with little fractionation of activity 
tithin the sampling area. 

5 .2 FARTICX SIZE 

Fallout particles from the differential fallout collector were 
analizad for size distribution with respect to both time and distance. 
Data are presented primarily for Shot 1 with limited data on Shot 6. 
The amount of visible I>srticulate collected after Shots 2, 4, and 5 was 

55. 



\ .’ 
. . . -_ : .b /‘., . . . ’ ‘., \ ‘. w ,’ 

. .‘. 
I : 7’. i . . ..I .. 

*1 

.; 1.: ! . . . . -; 

,,+ :’ 
. . ‘:. 

, -‘. 
. : 1 

. :’ 
‘. 

‘. .’ - 
,* 

. . 
I, 

. --. 

. i . s .I- t 
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I 

--- . _.I_ .-.__ __._ _I -._ _._. -____- 

I 
Slope of Deaay cuzwl o&-Period Indicated 

(hr after ABD) 
ample 
No. ---I Type of Decay Solid sample - station 251.07 I 

i 

Shot 1 (4.x Gamma Ionization Counted) 1 
I i 

Individual particle - station 250.04 1 t 
Shot 1 (Gacma Scintillation Counted) 1 i 

-_ 

216 

ZO 
-- 

! 

I 
Individual particle - stat?m 250.04 
Shot 1 (Gamma Scintillation Counted) I 

! 

Individual particle - station 250.04 
j 
I I 

Shot 1 (Gamma Scintillation Counted) 1 j 

Individusl particle - station 251.03 
Shot 1 (Gamma Scintillation Counted) 

Individual Particle - stAtion 250.24 
Shot 1 (Gamma Scintillation Counted) 

Individwl ~xwticle - station 251.10 
SLc 1 (Gamma Scintillation Countad) 

2.25 I 
; I 

/ f ! 

1.90; 
I 

i 
i 

jl.80f i 

I 
1.5oi 

/ 
i 

1. 
I 

f 
I ! 
/ 

I 

Ll- 
_ G~e<r Paper &mples ---e-p_ 

8 Sample T4 Shot 2 (4~ Gamma Ionization 
Counted) 

9 %mDle T4 Shot 2 (4~ Gamma Ionization 
Counted) -----.-.-._-_.._ _... . . . 
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TABLE 5.3 - Experimental Laboratory Decay Data (Cont.) 
--_-___-__ ^_---_ ---__ I-- -- --__.- __-~^__ ...I_ -, 

Slope of Decay Curve over Period IDdiced& 
(hrafter ABD) 

170 200 216 216 264 300 6oo 720 9oo 

Gumed Paper &nples (Cont.) 
- --- 

10 ' Smiple A4 Shot 2 (4~ Gamma Ionisation 
t 

1 

$1 

12 

13 

14 

15 

16 

17 

L 

Sm?le A4 Shot 2 (4~ -Gamma Ionization 
Counted) 

&uzpls P4 Shot 2 (47r Game Ionization 
counted) 

Sample C4 Shot 2 (4n Gnmma Ionization 
counted) 

Sample 04 Shot 2 (4n Gamma Ionization 
counted) 

San+10 250.18-l Shot 3 (4~r Gamma Ioniza- 
tion Counted) 

Samle 250.17 Shot 3 (4~ Gamma Ioniza- 
tion Counted) 

Sample 250.18- i Shot 3 (4n Gamma Xonlza- 
tion Cmnted) 

.l& 

1.51 

1.68 

1.38 
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small. 
Shot 3. 

No samples suitable for particle a~ri~ysis were Obtained fr& 
Followin? Shot 1, 6971 radioactive particles were analyzed from 

the +rea within the Bikini Atoll and 621 particles collected on the outer 
atolls of kilinginnc, Rongelan, and Utirik were evcluated. The differ- 
ential fallout collector on the island df Alice contained some parti- 
culate from Shot 6. I?lese data are also presented. 

5.2.1 Shot 1. C'Jose-in Fallout 

The size distribution of close-in fallout particles wLt‘n resnect . 
to time fdr four lagoon and tbrde island stations are given in Appendix 
c. Only radioactive particles at-e inciuded in the data. Of the 40 
available sampling increments within each differential collector, those 
increments that visually appeared to contain a large amount >f parti- 
cuiate were selected for analysis. 
were likewise selected, 

Increments over a wide time period 
Aralysis of the bar graphs tith respect !,o 

rate of arrival or time of arrival is therefore on approximation. 
on time of arrival are presented in Section 5.6 of this reyport. 

Data 

Figrre 5.L shows the 
close-in particulate. 

si?e frequency distribution of the Shot 1 
It is a com:zsite of the bar granhc for the four 

lagoon and three island stations. (Fip~. C-l t?lrough C-7.) 
Fi.qve 5.5 is D plot of the cumulntive size distribution of 

Shot 1 prticulate presented cn a log probability graph. The size 
distribution is very close to log normal with a geometric mean prticle 
diameter of 112 JJ. 

5.2.2 Shot 1. Cuter Island Fellout 

Sa7ple3 nf earth were collected by the outer izlanrl survey :eam 
follo:tire Shot la'& The rsdioacti7c r\articUlhte fours! in these ~~11 
sazyles was analyzed for 
in Fir. 

size ?istritstion anr! ?he rerults are presented 
5.6. These atolls were 70 t.o 270 nautical miles from Shot 1. 

Fi-we 5.7 shows a lo,-, ncmol size dlstrih%.on for particles collected 
on i;llrce atolls. 
In 76Yle 5.1.. 

'!'ke ~z~motric meen particle dincetcrs are presented 

7LI.T 5.4 - Gstxetric h.san Particle ??iarcter 
,_-p -----_-__~_---___ --_ 

r ------ ..- -I r --.a-_____ 

Atoll 

+ 
! 

;?ikir,i 

Dirt:nce from' Ceonetric bon 
! 
I 

t 

I 

I 

L 

Shot Point IP?rtic?e !Xzeter 
(n mi) ’ (u) 

10 

170 

107 

t 
I 

. , - 

122 

CO 

70 
I 

277 I L5 
-_ I - .--- 



BAND WIDTH NO OF RELATIVE 
(mlcf5nsl PARTICLES FREQUENCY 

rJ_ 25.. ................ ,228.. ....... . 
76-50.. ................ .869.. ........ 
5, -100 ............... ..2(-).0 .......... 

101 -150.. ............... . . . . ......... . . 
-200 

;;I _ 250.. 
.................................. 100 

.45, ...................... 
22, _)fJ() ................. s.317.. ......... 
?Ol -4CO.. ...... I.. ....... .367 ........... 
4Ci -500 ............... ...2.6 ........... 
53, -600.. ................. . ,4 ........... 

601 -700 ................ ..a.,9 ........... 
,(), -93 0.. ................. .49 ........... 
80, _q(Jo.. .................. 37 ........... 
901 -,OO(). ................... . 5.. ......... 

> ,c)oc).. ................ ...62 ........... 

.a....0 0327 

.*.s..o , 25 

. . ..*.O 29, 

. . . . ..o 189 
. . . . . . 0 , , * 
**.*** 0.0647 
. ..*..o 0455 
*....* 0 0526 
-*---* 0 0310 
. . . . . . . 0 0164 

PARTICLE DIAMETER (MICRONS) 

Fig, 5.4 Shot 1, Corcplsite hrticle Size Distribution 
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Fig. 5.6 Shot 1, titer AtoU Particle Size Distribution 
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The fact that the mean particle diameter at.Ailincinaeis smaller than 
et Rongelap can he pM,ially explained by.analysis of the_ wind profile 
which indicates, as one moves south from the oxis of symmetry of the 
fellout pattern,that the particles delivered have smaller diameters (see 
Chapter 6). 

5.2.? Shot 6. Particla Size 

The differential collector stntioned on Alice contained visible 
particulate as well as some liquid; the analysis of particle size dis- 
tribution 1s presented in Appendix C. V!ith a total of 321 part&lee 
measured the distribution was nearly log norm21 with a geometric mean 
diameter of 150 p as shown in Fig. 5.8. Alice was 3 nautical miles 
from ground zero. 

5.3 RATIO OF ACTIVE TO INACTIVE PARTICIES 

One of the most difficult problems to resolve is the ratio'of 
active to inactive fallout particles that arrive at a collecting icstru- 
ment. This is especially true of the smaller d-iameter particles because 
it is extremely difficult to avoid pollution of the sample by extraneous 
particulate. In this analysis many small inactive particles were observed 
during the measurement of particle diameters. Zn many cases these parti- 
cles were less than 5 p in dirrneter, Toarrive at a ratio, all perti- 
culate was ignored that did not have the characteristic white opaque 
color of fallout. 

Tao samples were analyzed from Shot 1 fallout collected at lagoon 
stations where the effect of island dust pollution was minimized. The 
results are shotln in Fig. 5.9. Approximetely 25 per cent of the parti- 
clos were found to be inactive with the mean particle size of the in- 
active particles smaller than the active. 

5.4 PARTICLE: DEXSITY 

Particles from the Shot 1 lagoon station differential fallout 
collectors were analyzed to determine their apparent density which is 
defined as the specific gravity of the particle as a whole. Because of 
the station locations and the collecting instrument used, these partic7es 
had a very high probability of being trtie fallout. Seventy-nine particles 
from stations 250.04, 250.17, and 250.24 were measured. Density, avera&e 
diameter, color, and relative activity were determined for each particle. 

Table 5.5 shoas the particle density found at each station. The 
overall average density of the 79 particles was 2.36 g/cu .cm with a 
standard deviation of 8.9 per cent. 

Attempts to find relationships between particle size and activity; 
particlo size and density; and density and activity proved unsuccessful. 
All particle density data are tabulated in Appendix D. 
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TDBLE 5.5 -‘Particle Density 
--_ ____--_- 

I---- 
-- __________ _ _. _. .___________.. -__ .___ _I 

I r--- I‘--- 
I 

i Station 

1 

I 250.04 

/ 
250.17 

I 250.34 

IJo. of Farticles Average Standard 
Inv*?otigPted Density I Deviation 

(g/cu cm) j (per cent) 
___-.- 

?-- 2.24 I 9.2 
I 

29 ’ / 7.4 

u? I 7.4 
- __--v- 

5;5 CRC% P!-!YSICkT, C!?ARACTERISTICS OF FALLOL! 

ComDrehensive date on ph,ysical and chemical characteristics of 
fallout are presented in the Project 2.6a rep0rt.w 

5.5.1 Surface Lard Shots 

It is well established that the fallou', from the island shots 
was very similar to that which occu.rred after Mike shot at IVY,namely 
dry, white, opaque, irrepAlarly shaped particles. Figure 5.10 shows 
Shot 1 fallout as it arrived on *:he gummed paper collector located at 
station 250.04. It ir typical of fallout from island detonations in 
the Pacific Provirq Ground. 

5.5.2 Surface Kater Shots 

Positive evidence of pclrticulate fallout ras found in the dif- : 
ferential collector lcIsated at Alice Islsr,C af'ter Shot 6. Hobever,,the 
gummed paper col.lectcrs located on the free fioetin? buoys after.Shot 2 
shovred no evidence cf sty particles visible to the naked eye. It is 
felt hy some observers that the fallout f'rom the surface wa".er detona- 
tions was primarily in the form of a mist or aerosol. Thin is sukstan- 
tiated to some degree by the observation of' the identification flaqs 
located on the sea stations after Shot 2, These flags were highly 
radioactive, mnp tines more active than the total collcc?.ors of the 
same station. It is reasona!le to assum? that a moist fine fallout 
would be ahsoried try the flapping flags much more easily t&an would a 
dry particulate. 

5.6 ?'I.!,~ OF ARRIVAL OF FALLCLT 

The primary instnlrnent for deteninirq the beriod over which fall- 
out took place was the differential fallcut collector. Informatjon on 
time of arrival was also obtajned from the eamr.3 time-intensity recorder 
stAtioned on How Islcnd; further info:mstion cay be obtained from time- 
intensity.recorders operated hy Project 2.2. Alno,limited evidence of 
arrival tirr.e is tivoilaLle from fhc Task Force Ship's logs nnd Project 6.L. 
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Fourteen ‘dif”--cr.:! nl fallout collcctcrs were recovered frcrn 
the land and lagoon sta+,imc after Shot 1. Of these, eiqht k.ci sc.nr4ed 
prqerly end the data therefrcn %re presented in Appendix C (Fic:r,. C-? 
throwh C-16). Of the 40 sanpli::fr increments, Samples 10 and 13, 20 
and 21, and 30 and 31 mere collected over the same time interval (see 
points A,B, and C of Figs. C-f? through ~-16.) Tith perfect samplinh~ 
these increments would collect idoriticnl amounts of fallout and the 
reduced data could then be used t,b determine not only the period of 
fallout hut also %he rate of arrl,,%l. However, ts indicnte4 from 
incr‘lr:nnt groups A,B, and C, the levels of-activity varied b7 as much a~ 
fin order of magnitude. This variation was undoubtedly the result of 
sampling small amounts of material over a small area for short time 

. 

'ntervals. This deficiency does not affect the usefulness of the i.;- 
:trument in perfaming its primary function of detemlniw the time of 
arrive1 but it does explain the Jrratic nature of the curves. Relative 
counts of each increment were nede 4.th a gamma scintillation counter 
under fixed geometry. The level of activity as indicated in Figs. C-9 
through C-16 should not be construed as indicative of the rate of arrival . . 
of fallout meterial. 

Several differential fallout collectors that failed to trigger 
were analyzed to determine the field backyruund of the collecting in- 
crements. Firure C-17 shows the Eenerol level of contamination found in 
a non-operating sampler located at station 251.09 that was exposed to 
fallout. 

; : 

Table 5.6 tabulates time of arrival period and time of cessa- 
tion of fallout within the 3ikini Atoll area. Date collected from Proj- 
ect 2.2 and Project 2.5~ time-intensity recorder traces are also pre- 
sented. 

TALIE 5.6 - Time of Arrival of Fallout e_-____+-I__ -.-~- .__ 

Station 

I_- 

250.C5 
250.C6 
250.22 
Z50,U 
251.04 
251'.05 
251.06 
251.10 
251.C3 
Doe -. 

-__._.___ 

Sanpler 

__.___ __ ----r- 

Differential Collector i 0 + 20 125 
Differential Collector 
Differential Collector 
Differential Collector 
Differential Collector 
Dlffarentlal Collector 
Differential Collector 
Differential Collector 
" 
ti? 

e Intensity Recorder 
a Proj. 2.2 
Proj. 2.2 

0 + 25 115 
0 + 35 ; 60 
0 + 25 ! 80 
0 + 30 1 125 
ot35 j 90 
0+25 i 70 
0 + 40 50 
-0 t15 ; - 

co + 15 } - 
co +15 ( .- 

(4 S ee Leference 2 for an account of this project 

-.---_ _ _. _. 

Time of 
Cessation' 
(IT&) 

---~-. 

otu5- 
otuo 
o* 95 
ot 95 
0 t 155 
0 + 125 
o+ 95 

,ot90 

L 

_ 

69 



I 
__c- 

: 
I . 

i 

v., ,’ . . 

I 

. . 

/ 
I 

_ ‘.I 
/% 

/ ... 

f I 

-. 

. - 
‘. . 

. L.... 

5 I 

/ 
_.a- 

.” 

. . 

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 differential fallout collector and the time-intensity 
recorder for determini% the period of fallout was restricted to the 
lagoon and islands of Bikini Atoll thereby limiting the distance to 35 
nauticel miles. The average arrival time within the area was 0 + 28 min 
with cessation averaging 0 + 117 min resulting in an aver% e period of 
89 min. These data compare well with that observed at I vY!& wher: the 
period was somewhat less than 2 hr. Resid*ual fallout which war of such 
quantity thet. it contributed little to the overall field was found to 
deposit for a period of soveral hours after the deposition of the main 
bcdy of material. 

The Bikini &toll islands.along the axis of the'fallout pattern 
experienced fallout over a longer period of time than did those islaads 
located in a crosswise direction. 

5.6.2 2 Shot 

No evidence was found of primary fallout at early times in the 
BikirL Lagoon. 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- 
intensity recorder. 

5.6.3 Shot 3 

No differertial fallout collectors were operativs for Shot 3. 
The gsnm~ time-intensity recorder at How Island indicated a time of 
arrival of 0 + 38 min. Project 2.2 established an arrival time on Don 
ISlRnd of 

5.6.L 

Zniaetok 
time of 0 

apnro&mately 0 t-20 min.9 

Shot 6 

One differential falloui collector located ;It Alice Island, 
Atoll, received significant fallout and indicated sn arrival 
+ 35 min with the period of fallout being 65 min (Fig. C-18). 

5.7 RATE OF ARRIVAL OF FALLOUT AXD IXTECRATRD DOSE 

Of the two gamma icnization time-intensity recorders installed 
on Yoke and How Islands of Bikini Atoll, only the one on How survived 
and recorded data from Shots 1, 2, an? 3. These data give accurate 
information cn rate of arrival of fallout 23 well as time of arrival. 

5.7.1 Rate of Arrival 

Table 5.7 presents the time of arrival of fallout and time of 
peak aciivity for Shots 1, 2, and 3. The time at which the activity 
peak- is not the time of cessation of fallout. It is bert described as 
the time at which the rate of decay is greater than the rate of build- 
'up of fallout. 
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TAXE 5.7 - Rate of Arrival of Fa’ 
-v -_ 

---I- 

- 

Shot Station ;z,;;m 

(min) 
I 

(mid 

1, How Island o+ 15 0 + 65 

3 : How Island 0+ 38 o + 66 

3 How Islznd o+ 2250 0 + 3280 
( SocoIKk~ 
falloutt - 

10-d 
- 

~Time Between Fallout 
Arrlv~l and Peak 

Activity 
(min) ’ 

50 

28 

1030 

5.1.2 Total Dose 

Figure!: 5.11 and 5.12 indicate the inte,;ated gartma dose to a 
time approximately 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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PRIMARY FALLOIJT PATTERNS 

The extent of fallout documentation uLder the two operLtioIti 
phases of Project 2.5a teas differont for the various shots. bata were 
obtained under the land and lagoon phase for Silots 1,3,4, and 6. The 
lwoon and islands were not contemin&A after Shot 2 and no data were 
taken for Shot 5. Although there ~3s some stem fallout Lest of the shot 
roint, as indicated b;r tb? trajectory analysis presented in Section 5.5, 
the free-floating sea stations fcr Shot 1 uere ltid just beyond tne 
westward limit of the g3ma field. Conremcntly tile buoys sho\ued that 
inappreciable amounts of material from Snot 1 fell in the orea sa?olcd. 
?or Shot 2, free-floating stations documented fallout to 3 distzrxe of 
50 nautical Files. 

A complete analysis of the fallout patterns to a distance of 330 
nautical miles is presented for 3otl. Because of the limited experi- 
mental data available for tilis shot it uas not possiLle to reconstruct 
the contours on this'basis alone. fhe gemma field data were suyple- 
mented by develaDing an exoerimentel model of tile fallout mechanism 
uhicn defined the axis of symmetry of the pai;tern. This addition en- 
abled one to construct a covnplete contour pattern, 

Fallout patterns for S:lots 5 and 6 were,derived from water sam- 
pling data and ore considered in P,roject 2.7-y 

6.1 WUT K%R GEWD EXO RX SHO'rS 1,3&J@? 6 -- 

To obtain the infinite field g~-ma levels uithin ?he atolls, three 
basic collectin,n devices were Flaced on the islrinds and on the rafts 
within tne lagoon as follows: 

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

(b) Gummed paper collector - 1 sq ft of %m-Kleen acetete-backeti 
paper stapled to a cardboard backing supported in a metal tray. 

(c) Project 2.1 film badges $.aced toth vertically and horizon- 
tally. 

Ey corrpsring the 1 b a oratory measured levels of gamma activity ob- 
tained from sezples that were collected on islands with the actual in- 
finite field gemma survey readings , a relationship was developed and 
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eyplied to the sayyles collected at tlhe lagoon stations, thereby per- 
LittinS cstim:rtion of infinite field levels for those locations. Using 
the total collector as the primary source of data, Camma field contours 
are thus constructed. there total collector data t;ere missing, activ- 
ity levels obtained fron t!le gummed ';qer collectors were used. All 
data presented are ba L'Y? on the levels of acti;ity t,h-.t uould have 
existed h-d the fallout EeFosited on an infinite land plane. 

The fields as indicated by the flL! badges were erratic. Secause 
of poor location 0 f t& film bo.dges duriw saqAin~ and unsatisfactory 
history during: and &er recovery, these data are not considered in 
this analysis. 

6.1.1 Shot 1 -_ ‘. 

Table 6.1. shows correlation ;tlon~ the data obtained by survey 
measurements on Cikini Atoll and data obtained fro3 the total. collect-. 
ors and gwmned paper collectors located there. AJ.1 measurements have 
been con:orted to r/hr at 1 h.r for coTrflyrisons. 

Figure 6.1 is an isodose rate plot of zaxx activity over the 
atoll. There is indication of a ver;r steep gradient froT north to 
south azross t::e lagoon. "his gadient is also indicated in the analy- 
sis of S!lot 1 particle trajectcry data as illustrated in ?ig. 6.5. 

‘i’xm 6.1 - Shot I., Cama 3d'init.c Fie3.d Levels at bikini Atoll Converted 
to r/ii ?t 1 hr 2s Cetercined by ‘iarims Techdqucs 

-- 

Station 

_- _-.., 

251.02 
25l.03 
251.OL 
251.05 
251.M 
251.07 
251.08 
251.03 
251.10 
250.04. 
253.05 
?-5&M 
250.17 
253.18 
250.22 
250.X 

- 

To e d 

---._-__ ---_I____ 

FOX 
;iOU 
Love 
kin 
Foe 
Vncle 
William 
Yoke 
Zebra 
Lagoon 

1920 I 1390 
510 690 
,270 4l5 
213 / 208 
76 1.5 
25 17 
21 

f 
.17 

38 
I 

21 

I - bgoon i - 
Lzgoon : - 
Lqaon ; - 
LwOOil i - 

I 

Lzgaon i - 

?!rYL_- - 

Totcl 
Collector 
ZmzlJJOiS 
__-F....-___- 

1630 

ii; 

51 
1-1 f> 

2: 

75 

23 
113 
68 

4.L 
7.5 
20 

T 
-- 

Gummed 
Paper 
Analysis 
-_--__ 

528 

-. 
31 
26 

112 
86 
60 
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6.1.2 Shot2 

The.Shot 3 pattern was well defined because the direction* of 
fallout crossed the collecting array perfectly. The highest measured 
level of gamma activity was 360 r/hr at 1 hr at Station 250.17 (see 
Tab: 6.2). Fi,nue 6.2 presents the gamma fallout pattern in r/hr at 

. 

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

Tot&l 

ll l--_-L= 
Station Code iiiiiJ Neasireci by 

iiad safe I Proj. 2.5a Collector 
Analysis 

251.02 
251.03 
251.04 
251.08 
251.10 
250.01 
250.02 
250.05 
250.06 
250.07 
2SC.08 
250.09 
250.12 
250.13 

I 

FOX 

JOW 
Love 
Lilliarl 
Zebra 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 

y5;8 
3.2 
4.5 
2.8 

- 

_' 

3; 
3.3 

I.4 

- ‘. 

6.1.3 Shot 4 

98 
25 
3.4 

::'z 
5.1 
4.2 

107 

:: 
33 
4.5 

.;:; 
2.7 
2.4 

3:: 
203 
8.5 
7 

i.9 

103 

2 

m. 

6'; 
360 
201 
2.3 

. . 

.The direction* of fallout limited gamma levels of military sig- 
nificance to the northern islands of the atoll. The majority of the 
logoon stations were in the fringe area of tile fallout pattern. FFgure 
6.3 and Table 6.3 indicate the extent of the gasxaa fellou+, in r/hr at 
1 hr for Shot 4. 

* Determined from wind data; 
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TBI;? 6.3 - Shot 4, Gamma Infinite Field Lmels at Xlcini Atoll Converted 
to r/hr at 1 hr as Detemined by Various Techniques 

--_-- .--~- --.___ _.___. -.-- .--.- 

Station Code 

251.03 How 
251,04 Love 
251.05 Nan 
251.06 Oboe 
251.08 Killiam 
251.W Yoke 
2n.10 Zebra 
250.05 Lagoon 
250.07 Lagoon 
250.18 Lagoon 
250.19 Lagoon 
250.22 Lagoon 
Coca Lagoon 

1 
__C.---..._- 

Measured by !%easumd by 
Rad Safe Proj. 2.5a 
-.____ .._... 1 .- _ 

300 
26 

z 
0:t 
1.0 
0.9 

_-_I____ 

Totsl 
Collector 
Amlysis ._.__.._. _ __ 

_ .-__ ._.__- 

_ - 
summed i 
Faper i 
Analysis i 

.--- . . . __._ , 

i 

6.1.4 Shot 6 

A very complete array of collecting instruraents was enFloyed 
for Shot 6 in the Eniwetok Lagoon and on the atoll islands. Since t??e 
fallout vent in a northcr:y dirsctior. froa hot point very few of the 
stations received significant fallout. The island of Alice, approxi- 
m&tely 3 uauticsl miles from surface zero, was contaminated to 45 r/hr 
at1 hr ES indicated in Table 6.4. 

The. fallout collect& was prinariljr upwind faIlout with the 
gama field pattern defined in Fi;. 6.4. The relatively lou levels 
about surfsce zero fit u-11 with the overall contours as detemined 
by Project 2.7. 

6.2 ggmm FALL~U" %'%I~ foil S!WT 1 _-I_ _ -em _ A e-,-_‘, et.! _ _ . . _ M-u 

The contamination of t!le outlyirl: atollsgto the east of 3i?tini 
and the ncasured vslues of the levels of residual gamma activity follor;- 
ing Shot 1 offered an excellent opportunity to evaluate the fallout 
pattern resulting fron a super Keayon. A cxplete analysis of Shot 1 
fallout based on available field readinqs and a conprc!hensiye analysis 
of the rind structure uith respect to its effect on particle trajecto- 
ries is presented. 

6.2.1 :,basu~*~_~i~~~~~~~e~~_~~~~d_unl. G&x.!! Activit. __________-_ . 

The me- ured values of residual gamma activity obtained by 
!I. scoville, gwere converted to r/hr at 1 hr using tne cozposite 
gum ionization decay curve, Fiz. 5.3. One hour post detonation is 

. 

siqly a convenient referewe; as *&XL be noted in later section, 
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TAEIE 6.4 - Shot 6, Camma Infinite Field Levels at Eniuetok Atoll Con- 
.verted to r/hr at 1 hr as Detenined by Various Techniques 

Station Code 

Alice 
Janet 
Leroy 
E:ancy 

250*27 
250.28 
250.30 
250.32 

2:::: 
Lagoon 
Lagoon 

250.33 Lagoon 
250.34 Lagoon 
250.35 Lagoon 
250.36 Lagoon 

250,37 Lagoon 
25Oa39 Lagoon 
25o.4l Lagoon 
250.47 . Lagoon 

250,48 i . 
250.49 
250.50 

1 

Lagoon 
L=%oon 

i La@m 
250.51 Lagoon 

250.54 Lagoon 
250.55 1 
250.52 i 

Lsgoon 
Lagoon 

Y.&&l Lagoon 
Barge Lagoon 
Oscar Lagoon 

!hasured by Xeasured by 
RadSafe Proj. 2.5a 

42 
5.8 

3.3 

. . 

-..- 
Total 
Collector 
Analysis 

- 

45 
12.3 
0.13 
3.5 

6e5 
1.7 
0.6 
7.5 

1.6 

z9 
0.19 

0.7 

2; 

Gummzd 
Paper 
Analysis 

1 

fallout first arr!_vcd at the outlying atolls several hours after d~ton.a- 
tion. These data (Table 6.5), along s;itn the measurements made iitiiin 
t&he Bijcini Atoll as shown in i?ig. 6.1, represent the available gamma 
field measurements used in this analysis. 

. 

6.2.2 Daterzination of Exne_ rjmentsl Xodel - Slot 1 -__ _ P. 

Although significant gamma field data were obtained, they fell 
far short of completely defining the fallout pattern. ;louever,.wLth 
the added knowledge of the azis of symmetry of the fallout pattern, 



TAE3.3 6.5 - Shot 1 Residual Ga?roa Activity on Cuter Islands 

LQcation 

Ailinginae 
Znibuk 
SifO 

Lokonikaiaru 

Rongelap 
I&en 
Arrik 
Lcmlilal 
Gejen 
Lukuen 
Eriirippu 
iiabelle 
Anidjet 
Blhl.0 

2osch 

Rongelap 

A=W 
Snlran 

Zongerik 
ILlOk 

Latobe."* 
I+3rtiook 
Rongerik 
E&K&k 

Utirti 
Aon 
Ms.ri.k 

Biker 
Bikar 

92.5 
77 
lC8 

21120 
1950 
1950 
195o 
1.160 
urn 
1050 

:z 

3A2 
197 
132 
316 

26.6 
20 

93.3 

game field contours were constructed. This informtion US obtained 
by coqletely anslyzirg the wind structure existing at and after shot 
time with respect to its effect on fallout particles originating in tae 
stem and cloud. T,o establish a pattern on tiiis basis it was necessary 
to make the follo\*'ing asamptions: 

(a) The relative contribution of particles- less than 25 P in 
diameter to the residual gamma field defj.ning the area of primq fall- 
out was negligible. - .a. 

(b) The perticle size distribution is the s3pe at all eleva- 
tions and honogeneous throughout the visi'zle dimensions of the cloud 
a;ld stem 'iii:? sse*uzption ~8s arbitrarily chosen as the best 
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approximation to the actual case. Consideration of the extreme verti- 
cal velocities and violent turbulence existing within the cloud before . 
stabilization makes it appear unlikely that anymajor fractionation of 
particle size would occur within the cloud and stem at early times. 
.iowemr,any error introduced in the resultant axis of symmetry as a 
consequence of tiiis assumption would be minor because of the particular 
kind situation throughout Shot 1 fallout,. 

(c) A vertical line fro? ground zero to the maximum elevation": 
of the clou" represents the axis of ssmetry of the stem and cloud. 

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

The above assumptions defined a simplified model of the Shot 1 
cloud fron w.?ich, with information obtained experimentally and the com- 
plete wind data, the particle trajectories were calculated and their 
points of intersection with the surface of the earth deter.mined as well 
as were psrticle transit timtis. 

6.2.3 Exnerimental Zata Arnlisd to Xodel Evaluation 

The following experiment91 data were used to complete this 
analysis: 

(a) From the particle size arglysis of the Bikini Atoll and 
outer icland atoll fallout, (see Section 5.2) it was determined that 
the particulate were almost ent:rely irregular in shape. 

(b) The avertire apparent density of thece particles was de- 
termined to be 2.36 g/c; cm as discussed in Section 5.4. 

(c) The size distribution of the fallout part%culate ranged be- 
tkeen 2CW and 25ir in diameter. 

(d) The cloud dimensions both vertical and horizontal were 
obtained by cloud photography.3 

(e) IMeorologicel data of the variation \:ith height of both 
the wind direction and speed, and the air temperature were obtained 
from the Task Force 'Jeather Central. 

6.24 Beterzination of Particle Trajectories 

From consideration of the above assumptions and application of 
the measured particle data the terminel velocities of the fallout 
particles were calculated from aerodynemic faliing equations. (See 
Arzendix E.) Th e atmosphere was then divided into SOOO-ft increments 
f'ron the surf'ace to lOC,OOO ft and tne average uind speed and direction 
vithin these increments was determined. Witil knowledge of the rate of 
fall of the various size particles and'the wind vectors acting on these 
perticlas their trajectories were computed. Particles of 2000, 1500, 
1003, 750, 500, 375, 250, 2,30, 150, 100, 75, 50, end 25 p in diameter 
were placed at 50X-ft increments in the cloud model. Each particle 
size at each starting elevation ~3 then followed throwh the atmosphere. 
Comprehensive use of the available wind data was made in computing the 
particle trajectories. Effects of both space and time variations on the 
winds were fully considered. The upper air data from Eniwetok, Bikini, 
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and Rongerik Atolls from 0 hr through 0 + 6 hr ugre used. Since the 
primary fellout was deposited over the area between Sikini Atoll and 
Rongelap 'Atoll withjn the first 8 hr, no extrapolation of the uind 
data was necessary for these particles. f&ever no wind data after 
ii + 6 ihr were available for the area beyond the Rongerik Atoll end a 
tine extrapolation had to be ured in deter3inin.g the winds that fixed 
the particle trajectories there. In plotting the trajectories .it be- 
came obvious that particles abate 100 C pin diqeter uould fall very 
near ground zero. Consequently, no calculations were made on the 1000, 
1500, and 2000 IJ particles. 

Fi,gure 6.5 shows the terminal points of the 231 trajectories 
evaluated. The primary effect of tile larger psrticlcs is evident at 
distances close to ground zero. 

6.2.5 _ Consideration of Cloud Dimensions 

The m&mum lateral width of tne fallout area was determined by 
expsndiny: each particle's arrival point to the diameter of the stem OI 
cloud from which the particle originated. From the cloud photography 
data the stem diameter was found tc Le 6.6 miles, the stem height 
60,0W ft, the cloud diameter 66 miles :and the cloud height 100,003 ft 
at 0 + 10 min. These dimensions were chosen altticugh the cloud con- 
tinued to ewnd laterally after 0 + 10 min. For s&nplicity it was 
assumed in this model that the cloud and stem were cyiinders ha>ing 
these d3cnsicns. ',his evaluation ZXW-G~ no cloud diffusion tiith time, 
but fully considers shear. 

6.2.6 Determination of Axis of ;;:,9metrY c? tne ?cJ.L Pattern 

Prom the swath of points (Fig. 6;s) the direction ol fallout 
uas determined. Since the particle arrival points bud a narrow spread 
it seemed reasonable to construct an axis about which the fallout was 
sym;letricsl. Such a symmetricsl fallout pattern results only if the 
upper win;s have the necessary confi,wation for so restricting the 
perticle trajectories. The time of errivel of the particles tlas also 
calculated, Table 6.6. Some of the calculated trajectories of the smaller 
pa.rticlcs starting at high olevationc did not reach the surface until 
many LOWS after the main bcdy of materiel had deposited. r;'he:;e arrival 
points fndicative of secondary fallout were not corsidered in the deter- 
mination of the axis of symmetry. 

6.2.7 Construction of the Fellout Pattern 

Using the established sxis of symmetry of fallout in conjurction 
with the measured levels of gaxmns activity on the available atolls a 
complete fallout pattern (r/&r at 1 hr) was constructed as presented in 
Fig. 6.6. This pattern s~~ous the levels of fallout thrt would exist on 
an infinite land plane should the basic assumptions used in the defini- 
tion of the experimental model. sold. It is important to note that this 
pattern was constxeucted solely on cc?sideration of the gamma field 
measureycnts and the EMS of :;mtry: houever, there is ot:?er supPorting 
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evidence available from the analysis of the particle trajectories. The 
maximu-~ lateral dimension of the fallout pattern as indicated in ~g.6.5 
agrees well with the constructed pattern. The density of arrival points 
should be related tn the levels of activity; this offers rurther reason 
to constrwt the aret of peak activity to the north of Rongelap Atoll. 

6.2.8 Evaluation of the Shot 1 Fallout Fattern 

To determine the t&e of arrival of fallout, IQ+ 6.13 was con- 
structed bnsec'. on the times as determined fron the particle trajectory 
analysis. 
sions.‘ 

Included iu the analysis ws the effect of the cloud dimen- 
Comparison of this cakukked'time of arrival with the reporCe& 

time of arrival on thy cuter islands indicates the validity of the 
calculated rates of fall of the particles. Table 6.6 presents this 
comparison. 

T&n 6.6 - Silot 1, Comparison of Calculated and Observed Times of 
Arrival of Fallout 

* 

Distance 
(n miles) 

l.4 
50 
87 

100 
126 
150 

- 
I .“'_l . \ 

Calculated Time Observed Timeta) 
of Arrival (hr) of Arrival (hr) 

____..-_.-__-- 

1.1 
2.1 
A.7 
5.3 
'7.8 i 

8.9 
11.1. 
13.2 
15.4 18 

L - _--_-- .__ _ 

/- 

r’ 

-!. 

. 

*,- 

. 

(a) Taken fro?, Reference 1. 

The reliability of the observed times of arrival. on the atolls 
ir&.bited by nativee Q are open to some question because of Foor docuwn- 
tation. TXs appears to be esFacially true of the 7 hr arrival time 
at the atoll of Rongelap. Ihe weather island of RoxeriL. et 126 nauti- 
cal miles reported oilserved arrival times that compare r;ell with the 
calculated values. 

An attempt to determine the average period of fallout was made 
by evaluating the trajec'kry data as sho%~ jn Fiq. 6.13. This was done 
by 0btairiinC an average time of cessation of fallout. The rate of 
a.rrivLl of fa.llout at Row Island cawed the majority of the activity 
to 'IE delbosited early in the total period of fallout (see Section 5*'7). 
On the basis of t!iis observation the curve indicatin: the time of cessa- 
ti& of fallout (Fig. 6.13) was weighted showicc the period of fallout 
endins before all particulate had arrived. It is at t:lin %imo that the 
level of Car&a activity peaks. Continuing fallout after this time is of 
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such small magnitude that decay is great& than build-up. 
Another check on the validity of the analysis using the experl- 

mental 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. 

TABLR 6.7 - Shot 1, Measured Particle Sise 

station 
Smallest I Largest Geometric 
Particle 

I 

Particle Mean 
W (p) (p) 

Bikini ~25 
Ailinginae 16 
Rongelap FXUage 10 
Rongelap North End 16 
Rangelap, 'Xabelle 16 
utirik 6 

71m 
172 
126 

;: 
134 

60 

70 

45 

The calculated trajectories showed particles from 2000 to 100 p 
arrived as primsry 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 diametnr and sten diemeter, in the experimental 
model, on the arrival points of the particle trajectories Indicates 
particles from 150 to 75 p diameter would arrive at the north end of ’ 
Rongelap ;iith the limit of the 250 ~particles falling approximately 
10 nauticel miles north of Rongelap Atoll. The steep gradient of 
particle size distribution in a north-south line is also clearly indl-. 
cated from the model study which agrees uell with the size distribution 
found at Ailin&inae some 15 nautical miles south of north Rongelap. Also 
the calculated size limits the particles arrlvlng at a distan& of 300 
nautical miles to a W diameter of 75 pas oompared to ameasured 
gecxnetric mean size of 45 p. 

The only discrepancy of 8-v magnitude between observed data and 
those calculated from the expericental model is that no fallout arrived 
at Ut$rik based on the model analysis. It must be realized that at 
this distance the model analyszs is weakest because the wind data used 
were extrapolated as being constant f'ron 0 + 6 hr to 0 + 20 hr, the 
latter being the time of arrival of fallout at a distance of approxi- 
mately 300 nautical miles. This ex%rapolation was necessary because no 
wind data for periods beyond 0 + 6 hr vas available at the time of this 
analysis. 

Even better correlation 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 miie~ 
was conservatively chosen; Project 9.1 cloud dimension data indicate 
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the cloud continued tc grow laterally to 
nautical miles at the time of their last 
0 +lO min. 

a diameter larger than 66 
reported measurement, 

The fallout contours from this analysis indicate higher levels 
of activity 60 nautical mile, = distant t&an those existing within 10 
miles of the cietonation point. The pattern is much wider than would be 
obtained by scaling the surface shot from Operation J~.LKCLE. For :natters 
of comparison surface JAKGL+Z was scaled to 15 ET by the cube root scal- 
ins relationship. This pattern is shown in Fig. 6.7 on the same map 
scale as the .C;;ot 1 pattern presented ln Fig. 6.6. The resulti% com- 
parison is interesting, prkarily froa the point of view of the extreme 
variation in the configuration of the two patterns. Justification of 
fallout contours of higher yield devices having little or no relationship 
to tk scaled JANGLE surface detonation contours is evidenced in an an&- 
ysis of cloud dimensions with respect to yield.% The reference indi- 
cates that a chnn,e of cloud shape t&as place with increasing yields 
becomiw gZY;dually flattened for hither yields. This flattening effect 
would indicate a resulting wider pattern than one would obtain by simply 
scaljnl: 

Shots 5 

6.2.9 

the 'JAIJCIIZ surface data. 
This configuration is also evidenced in the analysis of the 
an? 6 fallout patterns.v 

Zaterial &Clance for Shot 1 

Two material balances were made on the resultin& Snot 1 fallout ._ - _ 
pattern. The bases for these balances were tneoreticlil id: one case and 
experimental. in the other. (See Appendix F.) 

5s The theoretical calculations resulted in 57 per cent of the 
measured yield of the Silot 1 device being accounted for witnin the 
1$3 r/hr at 1 hr contour. Also, tine tneoretically calcukted fraction 
of the device deposited at Station L 351.03 was found to be 7.0 x 10'16/sq cm, 

The fallout in a total collector located at Station 251.03 was 
analyzed radiochemicallJ and the results showed 3.7 x lPl6 of the device 
was deposited per square cent-%eter at this location. Extrapolating this 
ratio over the fallout pat?ern after t&in, 9 into consideration the vary- 
in? levels of activity resulted in acproximately.30 per cent of the de- 
vice bein? accounted for. This value is questionable because of tae 
frmentary data upon which it is bared. Howev*>r, the two results indi- 

: cate that the fallout patter:, as constructed for Shot 1 is within reason. 
Table 6.8 indicates the average gama activity in r/hr at 1 hr 

ldith respect to the areas over which these fields existed. 

_ _ I;AWL!%?~__Ams~~ .A=raze__C&mm_ .ActWty___. ___ ._ 
F -.. ------ -- _..-_ ^_. ___._..__ .__. _ 

-- Are0 

I 
LsiduaL Average Gamma Activity 

(sq. miles 
I 

1 

statute) 1 (r/hr at 1 hr) 
\ 

2,QLO 
2,S80 
3,360 
4,030 
12,900 

I 

j 
3,030 
2,509 
1,590 
750 
3% 
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6.2.10 Growth of Shot 1 Fallrrut Pastern 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 
the.t would exist should all of *#he fallout particulate be down at 
0 + 1 hr. Of course, this is not the case, for the primary pattern out 
to arproximately 2SC nauticel miles was not static until. some 20 hr 
after shot time. FiLves 6.8 through 6.12 show the grorth of the pattern 
with time. The gamma field 1evsl.s are those that would exist at these 
times over a land area* In constructjon 0: these patterns consideration. 
of both decay and time of arrival as indicated by F~c. 6.13 were taken 
into account. 

I 

6.3 EXTSNWb FALLOZPT PATERN XXX SHCT 2 -_._U-_-- 

Eikini Atoll was not heavily contaminated after.Shot 2 was deton 
nated due to the primary fallout fsllin; to the nortn of tiie shot point. 
Eleven or the samples from the free-floating sea stations recovered 
after Snot 2 were evaltl;lter!. and it '~.as foun< tliat the main suatii of fall- 
out crossed over the station array. Of the ll stations recovered seven 
\;ere in the fallout erca as indtcatcd by Table 6.9. The total collector 
data were reduced and analyzecj by Project 2.6a.1(31 

TAKE 4.9 - S!lot 2, Zexnma Infinite Field Uvels Converted to r/hr 
at 1 h.r as Determined by Various Techni_quos 

Beering from 
Station 1 Gro1.M Zero 

,I b&r:“,: trd A4 

I w 

Totsl 
Collect r 

?) Analysis a 
(r/hr) 

12C 

% I 308 

T4 / 337 

gs I 347 

D5 054 

35 075 

"5 C95 

';5 I 
115 

36 

13 

52 

53 

53 

147 ; 

0 : 
0 : 

2.0 
0.1 

110 

480 

90 

90 

53 ; 0 J _ 

53 I 
I 0. , - 

(a) As evaluated by Project 2.ha. 
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7ig. 6.5 Shot 1, Reconstructed Fallout Pattern at 1 hr 
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Fig. 6.12 Shot 1, Fmonstructed Fallout Pottern at 13 hr 
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The fallout contours constructed fror, the gumed paper data are presented 
in Fig. 4.14. Since the data were frtqwntar~, 1i:sited reliability’ 
should be placed ‘on t’ne .cc!nfi,ruration of tile contours. No analysis of 
the pattern based on particle trajectory data has Ceen attempted.’ 
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The study of thermonuclear explosions at CASTLE has shown the fall- 
out problem to be of considerably greater magnitude than predicted. 
This demonstration of the radiological capabilities of superueapons 
makes it imperative that scaling relationships for fallout be derived 
Which will apply over the entire range of possible weapon yields. A 
connon basis of development is required if pr'edictions are to be valid 
for the now undocumented medium yield'runge (high yield fission--low 
yield thermonuclear). Such a basis say be found in the changes in 
cloud geometry which are !cnown to occur with ctianges in yield. 

The increased coverage by fallout appears to be due to the flatten- 
in5 of the source cloud at high yields in contrast to the more nearly 
spherical cloud shape of the nuclear model used for the predictions. 
The following general observations may be drawn concerning fallout from 
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 
1n yield over the nuclear rae. 

(b) This increase in the area of lethelity is the result of a 
more even distribution of fallout over a larger are& Stating it 
another way, reduction of the extra-lethal or over-kill factor extends 
the lethal range for fellout. 

(c) The increased efficiency with which supmeapons disperse 
radioactive materials is to some extent counter-acted by the delay in 
arrival of fallout from the high source cloud and t-he rapid rate of 
decay which occurs in the Interim. 

7.2 PLAKS FOR rUX%E!! WORK 

Further study of the interaction of these three factors and com- 
parisons witA model data are expected to reveal the part loud geometry 
pleys in the distribution of fallout. Co;Telation of data from all 
CASTLE muTees, including the results of water sampling under Project 2.7, 
t:ill be made using the USNKDL 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 into account 
the time of fallout arrival, Comparisons with ol.her'madels and with 
nuclear data will be carried out and the cloud geometry factor ex&:ined. 
The ccntribution which these upper yield li!mit data make to the develoy- 
ment of scaling relationships can then be fully evaluates?. 

Improvements of and generalizations, on the experimental model are 
expected to accompany the foregoing analyses. Use of tSe method as a 
to& for forecastins primary f&lout appears pscnising and will be ex- 
plored. 

Additional rlevelopnent and evaluation of data on gamma field. decay 
Fill be sarried put.. Ideelization of the decay curve from 5 to NO hr 
post detonation is expected to produce a simplified approtiation suit- 
&e for tilitary planning and field use. This approximation may reduce 
to two straight line functions on a logarithmic plot, one CoverinS the 
prioA f?xm 5 to 50 hr, and the other, $0 to 3Ci, hr. Later decay is 
assumed to follow the normal fission product function. 

7.3 SFIXIFIC CChWJXCI?S 

The following conclusions present-evaluation of data on primary 
fsllout at QG3TLE: 

-1 ,(a) G amma fields from fallout decwed at rates differing from the t ** approximation common to fission weapons. The extent of this dif- 
fcrence is militarily important over certain time periods. 

(b) Fellout from the surface land detonations was in the form of 
irrebtiar solid particulates. The geometric mean particle diameter de- 
creased with distance from ttie shot points; for Shot 1 the geometric 
T;lean varied from 112 P at Bikini Atoll to45 P at Utirik Atoll. 

(c) Of the solid particulates studied, approximately 25 per cent 
inactive with their qean particle size smaller than the active. 
(d) The average density of the solid particles from Shot 1 was 
g/cu cm. 
(e) Little data were obtained on the nature of the fallout from 

_. 

were 

2.36 

over-uater shots. There was some indirect evidence that the fallout 
50 na$al miles fro? Shot 2 arrived as a fine mist or aerosol. 

Time and rate of arrival of fallout were documented only with- 
in the'atolls by Project 2.5a. tfowever,limited results on more distant 
is1zn.k were obtained for Shot 1. Arrival was chsracterixed by a rapid 
rise to a peak followed by a decline which, in the measurement of gam 
dose-rate, merged imperceptibly with radioactive decay. Tbterial first 
arrived at approximately l/2 hr after detonation and continued for 
l-1/2 to 2,hr. 

(g) A continuous 100 hr unshielded exposure after the detonation 
of a 154ir device on land will result in a minimum free field total dose 
of 130 r over an area as large as 25,030 sq mi. 

(h) The development of an experimental model has provided a means 
of reco;;structing fallout patkrns using limited gamma field data end a 
coTrchsnsive analysis of the :*:teorolo$cel situation as applitd to 
particle trajectories. 

Conclusions as to the usefulness of free-flolting buoy stations for 
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documenting fallout can also be drawn. Contrary to the results obtained 
at IVY, the spolicability of this method mithout modification to super- 
weapon test3 aopesrs questionablb. Late changes in the prediction of 
winds aloft induced uncertainties in shot scheduling of an unprecedented 
nature at CASTLE defeeting efforts to mount enJ operations requiring 
advanced timin: of the order of 2L to dS hr. Yowever, in one of the two 
instances where buoys were in place at detonation, valuable and otherwise 
unavcila12e data were obtained. In general, modifications of the tech- 
nique are indicated prior to use at any future weapons' test, particu- 
larly superweapons. 

7.4 RECOh?x!EKI)ATIONS 

Knowledge of the goometry of the source cloti 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 geometry factor and .of the particulste.l;cture of fallout at 
future tests is recommended. Such studies will require cloud sampling 
ofsometype. 

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

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

SHOT 4 OPERATION PLAN-BUOY PHASE, PROJECT 2.5a 

A.1 PLANS AND PREPARBTIO8 

Ships will load at Eniwetok according to the "Unicin Schedule of 
Event9 and be ready for laying operations by the eve of U-3. They will 
proceed late U-2 in time to lay first buoy of CL%WLET~ ARRAY at 3200 on 
U-l, sea CKi~itialX! permitting. (See CTG 7.3 lti. and accoF?ysnying chart.)* 

A.2 LAYIKG PROCEDURE. COblPLETE ARRAY 

(a) hTF 75 will lay western portion of array, as follows: 
T-1 clockwise thmgh A-l; thence to T-2 counterclocknise through P-2; 
total buoys, 11; completion time, 2000, U-l. 

(b) ATP 67 will 1 ay eastern portion of array, as follow3: 
F-2 counterclockwise through A-2; thence to B-l, clockwise through F-l. 
Total buoys 11; completion the, 2200, U-l. 

NOTE: For buoy designations, see accompqring chart* 
"RADIO BUOY ARRAY FOR MOD, PROJZCT 2.5a." 

A.3 LAYiIK P~OCEDC., PARTIAL ARRAY 

(a) AT? 75 will lay western portion, droppins first buoy no 
later than 1200 U-18 A-l counterclockwise through P-l. Total buoys, 
6; completion time, 2000, u-i. 

(b) ATF 67 will lay eastern portj.on, dropping first buoy no 
later than 1200, U-l: A-2 clockwise throu,Sh F-2. Total buoys 6; com- 
pletion time, 2203, U-l. 

A.4 PRCCEDURE FOR ADVANCEMEhT OR DELAY OF SHOT 

(a) If, on U-3, a Z+-hr advance in shot time is announced, loed- 
ing can be completed and the complete array planted; if s 480hr advance 
is announced loading of necessary. buoys can be carried out and the psr- 
tial array can be planted. 

+ Letters ati enclosures are not included in t&s ra?ort. 
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(b) If pla cement of either the complete array or the partial 
array is proceeding and a 2f+-hr delay is announced, buoys already plan- 
ted can be ieft to drift into new- positions and additional buoys laid 
upstmam at the proper time to round out the array. 

(c) If placement of either array is proceeding and a delay of' 
&8 hr or more is announced, buoys planted must be recovered. Either 
the complete or pax-tie1 array may then he set out as time and circum- 
stances permit. 

A.5 RECOVERY PRCCEDURES 

Recovery operations are expected to commence on U day. Each ATF 
will recover oxn buoys, commencing with stations in probable fallout. 
If recovery ships themselves encounter faliou+., they may retire and re- 
cover buoys in adjacent areas. Every effort should be made to recover 
the important stations as early as possible; however, if recovered buoys 
produce dangerously high radiation fields aboard ship, it may be necea- 
sary to break off and return to SniTetok to off-load. The ships should 
then return immediately to recover remainder. 

A.6 h'JBSACES TO ATF'S FRO).: CTG7.J 

The following information should be included in messages to ATF*a. 
(a) Message to proceed to lay buoys 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 designation?. 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 HJZXAGES FR?!i! ATF'S TO CTG '72 

(a) Each ship should report nrog:dss in laying operations every 
4 hr. Stations and their positions sh,>uld be reported along with the. 
time of la,ying. 

(b) During recovery, each ship should report progress every 4 hr, 
and radiation levels of sampie bottles as giving time and position, 

detarxined by Project personnel aboard.. 
(c) Info CTG 7.1 on all messages* 
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AP.ECDIX B 

GAMMA ACTIVITY MEASUREMENTS FOR THE 
PAPER COLLECTORS 

TA.9LE B.l - Gamma Activity hznuements, So? i, Total Collectors 
__.________ __._- -. _-. _ 

! Sample Yt. of SoG.cf 1 

_.~___________ _.._ -___ 

X0. r (43) 

j 251.C2 

251.03 

251.04 

251.05 

: 251.S 

2R.69 

803 

5.01 

1.61 

1.17 

0 

1.25 

3.58 

0.26 

0.14 

0 

0 

0.21 

i 

1 
345 

I 
u 

4 

’ 

79.6 

8.1 

1.8 

0.91 

0 

0.9 

0.13 

0.23 

e.36 

0.58 

0.13 

0.058 

0.40 
--- 

-- 
I I 

1 
i 
f 

594.8 3/18/54 - UOO 
I 

l&L. 5 3/10/54 - uoo 

55.7 3/18/54 - L&DO 

27.7 13/18/54 - l400 

2.9 / 3/1~154 - uoo 

0 3/m/54 - l400 

1.3 3/18/54 = U+oO 

0.16 3/18/54 - LWO 

7.2 3/18/54 - uoo 

3.5 3/18/54 - 3.400 

0.35 3/18/54 - UOO 

0.31 3/18/54 - 3400 

O.& 3/18/54 - MO 

251.07 

251.08 

251.10 

250.04 

250.05 

250.18 

250.22 

250.24. 

I 6 

0 

120 

138 

1Z 

40 

78 

55 

16 

/ 82 

TOTAL AND GUMMED 

.* 
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TABLE B.2 - Gamma Activity Measurements, Shot 1, Gumned 
Paper Collectors 

Sample~No. 
I 

Gamma Activity. 

I 

Date and Time 
(m&r) bfeasured (PVlY) 

-___t____--__ - .A__ 

251.03 20.3 4/23/54 - 1240 

251.07 1.2 4128154 - 1240 

251.08 1 1.0 - 

I 

4/28/54 1240 

250.05 4.3 4/28/54 - 1240 

250.06 
f 

3.3 4/28/54 - 1240 

250.17 2.3 4128154 - 1x0 

250.22 1.3 4128154 - 1x0 
-. -__-_______ . . ~.._ _ _ 

TtiLE B.3 - Gamma Activity bfeasurements, Shot 1, Gummed 
Paper Collectors 

! Sample No. Gamma Activity 

L (m&r) 

I 
I i-S-DIV, 0.0008 

1-S.rJ# o.OOl.2 

l-s-DWJ ; 0.0069 
i 

l-S-IRIK ; 0.0021 

l-S-DVL ; 0.0021 

107 

Date and Time 
Measured (PST) 
--_-._ 

S/18/54 - IWO i 

3/15154 - l400 / 

3/u/54 - L&o0 i 
I 

3/18/54 - I.400 



TABXE.B.4 - Gamma 
PFlper 

Activity l!easursments,-Shot 2, Gtuumd 
Collectors 

i ~~ 

i D5 .I 

I 

1 
E5 

F5 

G5 

352 

247 

271 

295 

308 

337 

347 

054 

075 

095 

115 

53 

53 

I 53 

108 

Gamma 
Activity 
b/W 

1200 

5 

20 

280 

5000 

2200 

I400 

0 

0 

0 

0 
-__ 

- 

Iate and Time 
;e~sured(~ST) 

-- 

S/27/54 - 1930 

g/27/54 - 2045 

S/28/54 - 3.820 

t/28/54 - 0845 

S/28/54 - 1200 

S/28;/54 - 1300 

j/28/54 - 1520 

- 

-~_-_--- 
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TABLE R.5 - Gamma Activity Keasurements, Shot 3, Total Collectors 

I- 

I vol.. 'Of 1 nt. of 

Sample No., Liquid ] Solid 
1 (ml) ; (g) 

I 251.02 
251.03 
25l.G4-1 
251.04-2 
251.04-3 
251.08 
252.10 
250.05 
250.06 
250.07 
250.08-l 
250.08-2 
250.03 

i 
i 

1785 
1630 
l475 
2130 
1150 
325 

-7‘ 

8 

I 
! , 
i 
i.34 
0.34 
0 
2.30 
3.44 

I 

i665 

1;o 

i 
I 
i 

170 : 0 
615 IO 

0 

0.;2 

i 
250.12 75 : 0 
250.13 : ac; i 0 
25G.l4-1 : 235 0 
25O.U-2 ; 320 0 
250.15-l ; 380 : 0 
250.15-2 i 248 
250.16 
250.17 I 

260 1; 

250.18-l j 5;5 
i - 

1 2.51 
250.18-2 ’ 560 
250.13-3 365 

1 0 
; 0 

250.19 938 I 0 
250.22 915 1 0 

l- 

--_-_ ---_ 

Gamma 
.(n 
Solid 

300 
G 
0.17 
o.1t 
0 
O.?'i 
0.17 

275 
0 

150 
3.37 
0 
0 
0 
0 
0 
G 
0 
0 
0 

280 
51.8 
0 
0 
G 
0 

I AI ctivitp 

hr) 
Liquid 

3.28 
0.4.l 
0.33 
0.25 
0.42 
0.39 

9.92 

3.55 
2.45 
0,59 
0.11 
0.119 
0.78 
0.h 
0.31 
0.41 
7.32 

L34.4 
19.3 
6.94 
1.11 
0.92 

-r Date and Time 
Measured(PST) 

4bI54. - loo0 
4115154 - 1500 
L/15/54 - 1500 
4/15/54 - 1500 
4/15/54 - 1500 
4/15/54 - 1500 
4115 

/ 
54 - 1500 

418 54 - 1630 
4115 54 - 1500 
418 54 - 1530 / 
4/15/54 - 1500 
l/l5154 - 1500 
4/15154 - 1500 
t/15/54 - 1500 
L/15/54 - 1500 
4/15/54 - 1500 
4/15/54 - 15GO 
4115154 - 15bo 
4/15/54 - 1500 
4115154 - 1500 
4/U/54 - 0900 
4/15/54 - 1500 
4/15/54 - 1500 
4115154 - 1500 
4ll5/54 - 1500 
4/15/54 - 1500 
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TABLE B.6 - Gamma Activity Measurements, Shot 3, Gunmed,Pnper 
Collectors 

I"- -- - 

I 
I 

i 

Sample No. 

I 

I 251.02 

251.03 

I 251.10 

! 
! 

250.05 
I 

250.06 

250.07 

250.16 

250.1.7 

250.13 

250.19 
- 

-- -_-- 

Gamma Activity 1 Date acd Tim; 
b/M b?easured(PST) 

165 .: 

32 

3 

160 

17.7 

37.9 

29.4 

155.5 

L/12/54 - 0900 

4/12/54 - 0900 

4/12/5L - @OO 

L/12/54 - 0900 

&s/54 - 1500 

4115154 - 1500 

L/15/54.- 1500 

L/15/54 - 15%I 

4/15/5t - 1500 

4/15/5L - 1500 

90.7 

1.06 

110 
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TABLE B.7 - Gamma Activity Measurements, Shot 4, Total Collector8 

251.03-l 
251.03-2 
251.03-3 
251.03-4 
251.04-l 

Z:::$ih 
250.05-l 
250.05-2 
250.07 
250.15-l 
250.18-2'. 
250.19 
250.22-l 
250.22-2 
Coca-l 
Coca-2 
Coca-3 
coca-4 
Coca-5 
Coca-6 
Coca-7 

11 0.234 
9.4 0.'+32 
11.4. 0.332 
2.2 0.345 
250 9.1s 
1640 77.8 
370 0.324 

1 450 0 
370 0 
288 0 

I 1:; 
’ 0 

124 I 
0 

. . 22 1: 
238 
585 

I 0 
0 

z: 0 0 

19 0 
211 0. 
137 
450 oD.345 

(a) Three aamples combined. 

-.-- 

;anuna Activity 

(;;$g' 

28.9 
22.5 
27.0 
2n.9 
0.19 
0.48 
o&4 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.45 
---__-__ 

Date and Time 
Measured(PDT) 

515154 - 0900 
5/5/54 -0900 
515154 - 0900 
5/6/54 - 1100 
515154 - 0900 
5/6/54 - Oqm 
516154 - Oqm 

516154 - 0900 

;amma Activity 
(mr/hr) 
Liquid 

6.65 
4.64 
4.82 
6.51 
3.08 
0.30 
0.64 
44.7 
29.3 
0.24 
0.043 
0.35 
1.93 
0.27 
0.12 
0.27 
0.178 
0.25 
0.26 
0.62 
1.03 
0.88 

~--_- 

T --A 

Date and Time 
Ideasured(?DT) 

5/4/54. - 1600 
5/L/54 - 1600 
514154 - 1600 
5/r/54 - 1600 
514154 5/7/54 z ;60; 

:% - - 1600 1500. 
5/L/54 - 1500 
5/4/54 - 1500 
514154 - 1600 
:g: - - 1500 1500 

%g - 1500 

;$g 
z ;;g 
- 1500 

513154 - 1500 
5/4/54 - 1600 
5/L/54 - 1500 
5/L/54 5/5/54 1 ;600 

_A_.-- 

I , 

1 
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'3BLE B.8 - Gamma Activity Measurements, Shot 4, Gummed Paper 
Collectors 

- 

Sample Ko. 

251.05 

250.05-l 

250.05-2 

250.u7 

250.1? 

250.22-l 

250.22-2 

Gamma Activitr Date and Time 
(mrh) Peasured(FDT) 

2.Sl 

145 

115.3 

0.54 

1.07 

1.U 

0.37 

112 

5/5/54 - 1500 

5/5/54 - 1500 

515154 - 1500 

515154 - 1500 

515154 - 1500 

5/5153 - 1500 

515154 - 3.500 

;, , __ . . - ! , . . , 

. 8 

,I : . . . . t 

,., , . , . 
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TABLE B.9 - Gamma Activity b!easurements, Shot 6, Total Collectors 

Sample 
No. 

Aljce-1 
Alice-2 
Alice-3 
Alice-4 
Alice-5 
Jaaet-1 
JaDet-2 
Janet-3 
Janet-4 
Janet-5 
Janet-6 
Leroy-l 
Leroy-2 
Leroy-,7 
Leroy-4 
Leroy-5 
Leroy-6 
Leroy-7 
Leroy-8 
Nancy 
250.27 
250.28 
250.30 
250.32 
250.33 
250.34 
250.35 
250.36 
250.37-l 
250.37-2 
250.37-3 
250.39 
250.41 
250.47. 
250.48 
250.49-l 
250.49-2 

Total 
Volume 
(ml) 

410 
610 
U5 
460 
450 
332 
275 
250 
415 
465 
455 
725 
720 
725 

;z 
705 
815 
705 
305 
593 
655 
660 
450 
455 
462 
450 
350 
2110 
1750 
1500 
930 
935 
875 
1315 
1520 
1335 

wt. of Gamma Activity 
Solid 
(g) I5 Solidm 

I 0 
0 0.478 
0 0 
0.081 0.356 
1.09 0.500 
5.53 0.360 
4.31 0.328 
4.37 0.382 
0.072 0.U 
0.430 0.232 
1.35 0.424 
0 0 
0 0 
0 0 
0 0 
0 0 
6 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

kyi_ 
Liquid 

1.95 
2.76 
0.355 
0.816 
2.47 
O.Oq84 
0.0797 
0.0621 
0.17l 
0.237 
0.220 
0.0077 
0.00579 
0.00482 
0.00482 
0.00635 
0.004z2 
0.00540 
0.00500 
o.l.49 
0.280 
0.07.4.2 
0.0282 
0.322 
0.0685 
0.117 
0.011 
1.11 
0.00635 
0.00715 
o.ooT7 
0.0135 
0.0081 
c:0&31 
0.0154 
0.00635 
0.0054 

l- Date and Time 
Measured(PDT) 

6/lj54 - 
6/3/54 

1300 
- I.400 

6/l/54 .. 1300 
613154 - I&O0 
613154 - UOO 
613154 .. UO0 
613154 - I.400 
613154 - 3.400 
6/3/54 - uoo 
613154 .- 3400 
6/3/54 - 1400 
611154 - 1300 
6/l/54 '9 1300 
6/l/54 - 1300 
6/1/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 13OO 
6/l/54 - 1300 
6;1/5L - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 sm 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 . 1300 
6/l/54 - 1300 
6/l/54 = 1300 
6/l/54 - 1300 
6/l/54 . 1300 
6/l/54 - 1300 -_ 

-” : 
‘. 



?AE?LE B.9 - Gamma Activity Measurements, Shot 6, Total Collectors 
(cont. 1 

-- , 

Sample 
No. 

Total 
Volume 
(ml) 

250.49-3 1310 
250.49-4 780 
250.49-S 1085 
250.49-6 l47!l 
250.50 1225 
250.51 ll.10 
250.54 1085 
250.55 960 
250.58 765 
Barge-l 1115 
Barge-2 ll40- 
Barge-3 1010 
Barge-4 1050 
Mack-1 1915 
Alack- 1528 
Oscar-l 710 

Wt. of 
Solid 
bz) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-- 

-2J 
-- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ctivity 

hr) 
Liquid 

0.00482 
0.0247 
0.00425 
0.0077 
0.0164 
0.00906 
0.00925 
om5 
0.00578 
o.u6 
0.27 
0.0151 
0.139 

Ez% 
0:0117 

-l- Date1 
A?easured@DT) 

6/1/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/1/54 - 1300 
6/l/54 - 1300 
6/l/54 - 
6/l/54 

13.00 
- 1300 

6/1/54 - 1300 
6/1/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
6/1/54 - I.300 
6/l/54 - 1300 
6/l/54 - 1300 
6/l/54 - 1300 
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pig. C.9 Shot 1, Tine of Arrival and Period of’ Fallout, 
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APPEIUM D 

FALLOUTPARTICLEDENSITY,SHOTl 

TABS D.l - Differential Fallout Ccrllccto'r 250.04 

1 

: 
4 

ii 
7 

9" 
l@ 
ll 
12 

z 
3.5 
lb 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

;i 
32 

m; 
ABD 

+ 
I 

25 2.28 

:: 

z; 
75 
80 

2 
95 
100 
105 
110 
25 
130 
135 
130 
140 
l-40 
140 
U5 
145 
I.45 
150 
160 
160 
160 
165 
165 
170 
175 
i85 

2.05 
2.54 
2.24 
2.22 
2.42 
2.26 
2.52 
2.52 
2.18 
2.17 
2,lG 
2.24 
2.19 
2.w 
2.22 
1.78 
2.18 
2.35 
2.21 
2.23 

I 2.32 2.20 

T Average ’ s 

1 3lmeter 
or) 

Iso 

1020 
900 
58G 
730 
1060 
810 
350 
750 
475 
550 

2; 

:z 
260 
490 
350 
590 
530 
310 
480 
650 

YActitity 
(c/d 

L /-/ 

1 
620 
375 
570 
325 

1 325 

53 7/20 

ii+ 
89 
210 
110 
230 
21 

5i; 

40 

10; 
64 
19 
13 
u 
84 
231 
34 
36 
106 

t: 

zz 
66' 
2 

i.i 
24 

7,'20 
7/19 
7120 
7/20 
7/19 
7119 
7/20 
7/=3 
7/20 
7119 
7121 
7121 
7121 
7121 
7/21 
7/19 
7121 
'?/21 
7/21 
7/21 
7/21 

17;; 

! 7/22 
i 7123 
7123 

' 7/23 
7/23 

'$z 
7119 

Date 
:ounted 

134 

Color 

white with 
orange tinge 
white 
grayish white 
white 
white 
eray 
white 
white 
white 
white 
white 
white 
vhite 
white 
vhite 
xhite 
kite 
white 
white 
vhite 
whfte 
white 
white 
;thite 
white 
whit0 

I 

white 
white 
white 
white 
white 
white - _-I 

. - 
a-. 

. :, 
#. .- i 

:. 
h.: . -_. 

- . .._ 

_. . . . . 
. ; 
-, . 

.. -‘i . 
. 

_. 

. ‘,. 
,.. 

’ . 

.,_ 

. ,*..- 
_. 

-.. 
+ -. 

‘a. 
‘I 
. .;*: 

,. 
\ ! 

. ‘\ 

‘.,L. 
. . 

. ‘; .,I.. 
) . . 

-_: 

. * 

: 

i’.. 
_. . . 
. ..-_ 

d- , /I 
.’ l 

.,! : 
. . . 
: . 

‘1 ,’ 
‘.i 4)- .* 

. ’ 

. . 
‘. 

-. .;\. 
.i . 

. 

. 
l 



TABLiZ D.2 - Differential Fallout Collector 250.17 
I 

Sample Sampling Time 

IJO. ( min after 
AW 

e 

1; 
10 
10 

:: 
20 
25 

:: 
40 

Density 
:g/cu cm) 
--_ 

2.42 
2.52 
2.50 
2.39 
2.22 
2.66 
2.40 
2.51 
2.55 
2.46 
2.55 

2.52 
2.44 
2.37 
2.33 
2.36 
2.54 
2.31 
2.71 
2.38 
1.95 
2.47 
2.47 
2.49 
2.45 
2.34 

T 1 

t 

I 
I 

Average 
Iiameter 
W 

800 
820 
830 
460 
330 
840 

$Z 

;t: 
1750 

480 
680 

% 
610 
320 

g 
560 
600 
530 

z 
470 .% 

yAct.lvit~ Date 
(c/m> Zounted 

-- 

4% 

;: 
163 

E 

:x 
0 
20 

7128 
7/28 
7128 
7128 
7128 
7128 
7128 
7129 
7129 
7129 
7129 

0 
54 
6 
0 
0 

1270 
4 
0 
0 
10 
I.3 

1; 
2928 

%; 
7j29 
7129 
7129 
7128 
7129 
7128 
7128 
7128 
7/28 
7/28 
7128 
7/29 
7129 

Color 

grayish 
white 
white 
whit0 
white 
gray 
g=F 
gray 
gray 
gray 
white uSth 
brown tinge 
whike 
white 
white 
white 
white 
white 
white 
Whiti3 

white 
wMte 
white 
white 
white 
white 
white 



, .; .. 

TABLE 9.3 - Differentisl Fallout Collector 250.24 --_- , 

Density 
(f&u cm> 

2.11 
2.40 
2,38 
2.22 
2.75 
2.66 
2.62 
2.46 
2.38 
2.54 
2.55 
2.60 
2.59 
2.48 
2.36 
2.58 
2.45 
2.C5 -- 

Average 
Dia$er 

$2 
425 
240 

-275 
675 
I.410 
335 
220 
535 
440 
340 
250 
250 
590 
200 
270 
310 - 

Ykctitity Eats 

(c/m) Counted 

0 
0 
0 
26 
3.2 
160 
J-46 
0 

3; 

E 
65 

w" 

3:. 
24 

V/22 
7122 
7/22 
7122 
7122 
7122 
7123 
7123 
7/23 
7/'23 
7123 
?/?-3 
7123 
7/23 
7,'23 
7j0?3 
7123 
7/23 -- 

Color 

-. 

white 
uhite 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
WM.& 
white 
white 
whit%? 
white 
white 

. -2;: 
. . 

. :*. . 

j. 

. 

. 
: 

, --. . 
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PARTICLE FALLING UTES 

The determination of the %ll.in:: rates for the f&Pout particles 
war made by initially calculating the terminal -.-elocities for F;Irticles 
at various altitudes. A Eelected range of particle. dkmeters was used 
in making these calculations. The diameters considered vere: 10, 25, 
50, 75, 100, 150, 200, 250, 375, 5C0, 750, aA lGO0 P. Terzinal ve;o- 
cities for there particles vere calculated for st:.rting altitudes at 
5000 ft increncntc from 0 to 100,000 ft. From these data the averrge 
x&es of fall of the ;arti.cles throu:;h 5OGO ft increments of the atmos- 
phere were determined. 

The calculation of the terminal velocities involvei the use of 
knGl.3 1a:rs of settling of susyen&d Tk?rticlc-s from 32ses. The tj,::cs of 
flat! which these particles underg,c Lre divided intc three regions: 
streamline, where vixous forces ~redominC.te; intermedi?te; ok turbulent, 
where inertia forces preciocinbte. In sim$ified foiz, tk laus govern- 
ing these types of flbw a,:?/ 

Streamline motion, 
(E.1) 

. : 

Vm 5 

ktex&iate region, 
vm = 

Turbulent region, 
vm = 

vm : 

K= 

p .: 

po= 

d= 

J= 

(2.2) 

(E.3) 

tem&nal velocit;. 
. . 

const-?nt, for irregular quartz particles: 
I$ = 36, KI = 1'1.2 ard 'cr = 50, 

density of the particle 
density of the fluid 

true diameter 
11 k,ir;c;ratic viscosity = -- 

PO 

l 



c 

P= absolute viscosity of the fluid 

do-d- Sd' 

lbiting diame- 
ter to which the _ 
streaciline law 
spplies 

acceleration due 
to gravity 

The values for s, KT and Pwere given as determined for irregular 
quartz -+rticles, vhich for this application ir more suitable than those 
values given for spherical particles. The vilue of KT was determined by 
solving the Eqs. B.l end E.2 at the -point of transition (85 P) from 
stroanlkne motion to the intexzediate re.giox~.~~ 

The density of the .particle wa s detemiceci oxparimentally for 
actual %llout prticle E collected in the field (see Section 5.A). The 
deneityyof the air and the viscositygof the air which is temperature 
dependent are r-horn in Table E.l. The values for the viscosity are 
based on temperature measurements t&ken in the Bikini area at Shot 1 
time by the Task Fo&-ce Xeather Central. Temyer:.ture data uere not taken 
for altitudes above 50,000 ft, so the tenperEture above that elevation 
wes assumed to be isothcrzal. 

Since choice of the applicable equation is dependent upon the type 
of motion experienced by particles falling throwh air, it was necessary 
to detc&ne the limiting diameters to which the various lavs apply. The 
expresrion for the l&iting diameter to which the streamline law applies 
KHS given above. The expression for the intemediate region, 

d' = G3,3 
*,2 

[ 3 

l/3 

e pow-p,> 

was tVhi1ahle from another source .I The calculated values for the ltit- 
in& ?article diameters at different altitude,c for the Tao types of motion 
are ::lotted in Fi;. 5.1. These plots define the areas in which the var- 
ious equations for the uetemzination of tem.inal velocities are applica- 
blc, It is seen th:;t for some of the *rticle Fizes conridered (NO, 150, 
209 Cr) the teninnl velocity calculaticns follow the intermediate law to 
tf:<. altitudes indicated and beyond th:t the strerunline law. Also, for the 
particle rizes considered from 250 to 1000 P in diareter, it is evident 
th:t the intomediate law only governs the terminal velocity determina- 
tions. 

&hen the density of the fluid is mnall as compared to that of the 
particle, the buoysncy correction becomes neCli&ible and R. ti.1 takes 
the form, 

vm = k Pd2 
P 

Since the temper.ture above 50,000 ft was assumed to be isothermal, the 
viscosity of the air remains coilstrnt and the texAnal velocity in pro- 
portionai to the square of the diameter. Thus for a .$ven particle 

. . . . . 
1 -’ 

-: . 

c 

i 
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Tn!“.i ii.1 -'Jiscoslty, Te!~:er~.twe 2nd Zencity of :,ir at VIrious 

LItit\r;;es __a w_c_ --- . . 
j 

I 1 -_I-~ --- 

, :,lt,itcLie 
I 
I 

i 
0 

x00 
/coo 

-1 6000 
8000 
lG0OO 
12000 
1LOOO 
160cO 
lE0OO 
20OOO 
z5000 
30000 
35000 
40000 
45000 
;xoo 
:5czO 
63C~0 
65GO0 
7ooco 
75000 
G?WO 
S50~0 
?OCCO 
')5coo 
l(.i;COO 

_--. 

~6.7~; 
21 
16.4 
13.8 
13.7 
0.1 
5.1 
2.7 
-1.9 
-4.6 
2.7 
-1E.8 
-31.8 
-/:.2 
-56.7 
47.8 
-76.7 
-8CJ.4 
-83.4 
-eo.4 
40.4 
-33.4 
ao.4 
-!?O.L 
-80.4 
4c0.4 
-80.4 

1.79 
1.75 
1.75 
1.75 
1.73 
1.72 
1.7 
1.7 
1.66 ~ 

1.65 

_--- 

32. i4 x 10-4 
11.50 
10.70 
10.00 
9.L 
8.8 
8.3 
7.8 

;:'8 
6.40 

1.63 
1.56 
1.5 
1.45 
1.4 
1.34 
1.34 
1.34 
1.34 

1% 
1:x 

i 1.34 

i 1.34 

I 

1.34 
1.34 

5.5 
4.7 
3.8 
3.05 
2.15 
1.95 
1.55 
1.20 
0.96 
0.76 
0.60 
0.43 
C.?7 
0.30 
0.24 
0.19 

_-_ _- __.-._.._ ------ . 

di;,:.eter tk terxin:J velocity bcco:.e~ colAant at (r ccrLin clivstim; 
t'.ir elwz:i;m is de~ndcnt on th+ qrticle size OP chain in Table t.2. 

The etlculstei v:.lues for the tcrc:iml vclociti?r Lrc tabulstcd 
in Table 2.2 ad the averk,e rates of fell tire tabuLtc.:d in 'Iublc L.3. 
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T,LZc' E.2 , - T:lbul:-ted 'I'eminal Velocities of V:crious Sized 1article? starting ;t :Jr.riow Zlev:itions 
-- 
J.titu& 

Wt) 

Lurfuce 
2,309 
4,000 
6,000 
8,000 

lG,Ooo 
l;',OOO 
14,000 
16,000 
18,000 

20,000 
25,000 
30,OQo 
35,000 
40,coo 

45,ooo 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
9G,oc.3 

95,000 
100,000 

- 

T - .-- 
-- 
10 P 

49.3 
55.8 
57.1 
57.2 
57.3 

57..7 
58.3 
59.0 
5?.1 
59.6 

60.6 
61.1 
6k.1 
67.1 
69.4 

71.4 
74.9 
74.9 

2:; 

74.9 
74.9 
74.9 
74.9 
74.9 

74.9 
74.9 

308 
349 
357 

;z; 

361 
365 
369 
370 
373 

379 
382 
401 
420 
434 

446 
469 
469 
469 
469 

469 
469 
469 
469 
469 

469 
469 

l 

; i \ 

r:, -_ 
75 CL 

1230 2780 41.20 
1390 3uo La20 
3430 3210 4953 
1430 3220 5030 
1440 3230 5100 

1440 
1460 
1470 
1480 
1490 

3250 
3x0 
3320 

;:z 

1520 3470 
1530 3440 
1600 3610 
1680 3780 
1730 3910 

5210 
5320 
5400 

z: 

;760 
6000 
6370 
6900 
6940 

1780 
1870 
1370 
1270 
1870 

1870 
1870 
1870 
1870 
1870 

4020 
4220 
4220 
4220 
4720 

4220 
4220 
4320 
4220 
4220 

1870 
1870 
--- 

7140 
7500 
7500 
7500 
7500 

7500 
7500 
7500 
7500 
7500 

7500 

L ‘. 
- . 

. 
v 

_. . -... _ . 
emin 
150 P 

7,?75 
7,3?0 
8,100 
8,250 
8,380 

8,570 
8,760 
3,930 
9,140 
9,?40 

9,570 
10,000 
10,700 
11,600 
12,400 

13,200 
14,300 
14,500 
lU,ZOO 
16,900 

15,900 
i6,900 
16,900 
16,900 
16,900 

l&900 
ll+O 

_ - 

10,300 
10,900 j13,100 0 l/,,COO 
11,coo 14,400 
11,500 14,700 
11,700 1r.,900 

13,400 

11,930 

14,000 
15,000 

12,200 

16,200 

12,500 

17,400 

18,800 

12,800 

20,300 
20,700 
23,300 

13,000 

24,800 
26,200 
27,700 
29,000 
30,000 
30,000 

30,000 
30,000 

17,200 

115,300 

l:i,OOO 
19,300 
31,OOC 

/15,660 

22,500 

24,300 

(16,000 

26,300 

~16,400 

26,900 
30,400 

;1c,700 

32,500 

34,600 
36,800 
38,700 
40,800 
43,400 

45,500 
17,700 
_ ___- 

3'1'5 P 

20,400 
21,600 
22,200 
22,700 
23,100 

23,700 
24,300 
24,800 
25,400 
26,000 

26,700 
28,100 
?O,OOO 
32,600 
35,200 

38,100 
41,300 
42,500 
48,300 
51,800 

55,400 
59,300 
62,900 
66,900 
71,700 

7" wo /SC 
80,tW 
_._ _ .- 

I 500 P f 750 cr- 

27.600 : !,2,000 
29;300 
30,100 
30,700 
31,300 

32,100 
3:i,900 
33,600 
34,500 
35,300 

36,200 
38,100 
40,700 
44,400 
48,000 

51,900 
56,400 
58,000 
66,100 
71,200 

76,300 
81,900 
87,100 
93,000 
LOO,000 

106,000 
113,000 
__ _ ._ 

4@0 
45,800 
~6,830 
47,700 

L8,$30 
50,100 
51,200 
52,500 
53,803 

55,200 
58,100 
6:,200 
67,700 
73,400 

79,400 
86,5;x, 
89,200 
10?,'300 
110,000 

118,000 
127,000 
135,000 
145,000 
157,000 

167,000 
179,000 

-- 

‘\ \ 

t.. :’ . r’ 

-m 
56,500 
59,800 
61,600 
62,900 
6LJOO 

65,800 
67,300 
68,800 
70,600 
72,300 

7L,?Oo 
78,200 
81,700 
91,900 
98,800 

107,000 
ll'~,OOO 
1;.0,000 
137,000 
1~8,000 

160,000~ 
17,,000 
184,000 
197,000 
213,000 

228,000 
24.4,ooo 

. 
r 
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TABIZ E.3 - Average Falling Rates of Various Sized Particles for 5000 ft Increroent - --.- 

1 
___---- i 

Altitude 
(10oO)ft 

-I 

0- 5 
5 -10 
10 - l5 
15 - 20 

T 10 F 
-_-- 

54.5 
57.4 
58.4 
59.7 

-1 
25 )r 
-- 

% 

:g 

50 IJ 
---...- 

1360 
l.430 
1460 
1490 

loo0 P 
--..+..- 

500 Ir 1 750 )r 

4780 
5100 
5330 
5610 

re::e .3i 
150 p 

-- 

7,840 
8,370 
8,790 
9,310 

es of E 
200 p 
__-.__ 

10,900 
11,700 
12,300 
13,000 

13,900 21,600 
14,900 23,100 
15,700 X,400 
15,700 25,9lx, 

29,200 U,400 
31,200 47,600 
33,000 50,333 
35,200 53,500 

37,200 56,700 
39,400 60,300 
4qW0 65,000 
46,200 70,600 

50,000 76,400 
54,200 
57,200 

1 83,000 
I 8'7,900 

62,200 1 95,400 

68,600 LO6,oOO 
73,800 !114,000 
79,100 ,122,500 
84,500 jl31,OOO 

90,100 !140,000 

59,700 
64,000 
67,600 
72,000 

2c, - 25 
25 - 30 
30 - 35 
35 -LO 

40 - 45 
45 - 50 
50 - 55 
55 - 60 

60.9 
62.6 
65.6 
68.3 

70.4 
73.2 
74.9 
74.9 

74.9 
74.Q 
74.9 

75 - 80 1 74.9 

60 - 65 
65 - 70 
70 * 75 

80 - 85 1 74.9 
85 - 90 74.9 
90 - 95 74.9 
95 - 1co ; 74.9 

381 

E 
427 

440 
458 
469 
469 

&69 
469 
L69 
,469 

469 
469 

2; 

1530 
1570 
1640 
1710 

3430 5880 9,790 13,700 
3530 6190 lC,LOO 34,500 
3700 6640 11,200 15,600 
3840 6920 12,000 16,800 

1760 
1820 
1870 
1870 

3970 
4120 
4220 
4220 

1870 
1870 
1870 
1870 

1870 
1870 
1870 

4220 7500 16,600 
4220 7500 16,900 
4220 7500 16,900 
4220 7500 16,900 

I 
4220 
422LJ 
4220 

1870'4220 

7040 12,800 
7320 13,800 
7500 l4,tOO 
7500 i 15,400 

7500 16,900 
750 16,900 
7500 16,900 
7500 16,900 
_____ L .- _ - ..- - 

18,100 
19,600 
30,500 
22,000 

24,100 
25,500 
27,000 
28,400 

I 

i _ 

29,500 
30,000 
30,000 
30,000 
_ .._._ 

17,600 i27,bOO 
13,700 129,100 
20;200 31,300 
21,800 33,900 

23,400 36,700 
25,m 39,700 
26,600 41,900 
28,700 45#400 

31,500 50,100 
33,600 53,600 
35$700 57,400 
37,800 61,100 

76,300 
81,000 
87,400 
94,900 

102,900 
ll2,LJOO 
118,500 
l29,ooo 

I 

I 

l43,oOO j 
yg 

17&mO 

191,000 
205,000 
221,000 
236,000 

. 

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

‘In determining the material balance for a Fiven fallout pattern, 
it is necessary to relate the amount of activity acwunted for within 
the fallout contours to that prtiucad in the detonation. 

The gamma field surveys of the outer islands nere made from 8 to 10 
deys after Shot 1. The follo~~r~~ material. balance was calculated for 
time t - 0 t $ days. Selection of this tame eliminated the int.ro2actzion 
of any -,oasihle errors due to extc.?ol~t!on of the field measurements 50 
early tires. Furthermore, experimental data on the ,qamma energy spectrum 
were available for this time period. 

F.1 PEP. CEX O!: DSICE XCTI’JITY AT ?IKX (t 1 

Let Pt = total Ko. of photcns/sec at time (t) 

F = fission yield of the device in KT 

A ‘E ?!o, of fissions/XI of yield 

IJt. 
= d/s/l&fissions at time (t) 

rt 
- beta particle to gamma photon 

t.bjen 

?t = 
F A Nt x 10-4 

rt 

F = 9000 i lCO0 KT 

E. = 1.5x@ 

11 
t 

2 4.93 x 10’3 

= 0.45 
rt 

143 

ratio at time 

nhotons/sac 

(t) 

. 

.* 
.‘i 

..- 

. 
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Ccmputaticn of itt was made for Shot 5 at 0 + 9 c?cys,~J Consideration 
718s made of the contribution from fission products as well 8s that from 
U239 and $37 induced activities. Since the capture to fission ratio 
for Sk&., 1 and Shot 5 were nearly the same these dnta wre assumed reason- 
ably vclid for Shot 1 calculations. Similarly the beta particle to 
gamma photon ratio calculattxi for Shot 5 at 0 + 9 days .was used in this 
evaluation.$" .: 

Therefore, 

Yt = fi x l&(1.5 x 1023)(4.?3 x lo-3)(10-4) 

0.45 
--.,’ 

L 

*t 
= 1.47 x 1021 photontT,/sec at C + 9 days, 

F.2 FEL.A?'IOI.' OF lXZPOSS'XD &Cl'TVITY TO CAK?A FIELD AT 3 FT FO? AN 
IM'IKITI? COhTA!.!PI':ATZ!l 3Ui;E 

Let It - radiation inieceity in r/hr at time (t) 3 ft above an 
infinite contaminated smooth plane 

” / 
*fr; 

.’ K = a constant rhich includes the air absorption ccefficient 

at time (t) 

Kev/disintegration at 

I.- ;, 

.?- 

,' 

At = deposited activity in Pc/sq cm 

Et = averare garAma source energy in 
time (t) 

then% 

It = wt* 

I 

*: 

.\ 

.f , 
.i 
, *.. 

I’ 
LetE = dose build un facto&or the ratio of the c'ose from all 

$otons to that from unscattered photons 
-- , 

R z source energy degradation cwsed by roughness of- the 
plane@ 

/’ . then. 

1; = (KAtEt)(E)(P.). 

where 
t 

It = radiation intensity at time (t) in r/hr at 3 ft as 
measured in the field 

-_ 

, 

/’ 



or 

. 
c b 

however, 

photons/sec/sq cm = &/sCl cfiJ(3.7 x 1Pq 

% 

= avere~e gesxca energy in Mev/photon. 

Therefore, 
1 

At = 
(It)(3.? x Id+) 

(K)(El/rt)(B)(R)(rt) 
= 3*7 x 1' 'I photons/sec/sq 

K&R 

: .” 

\ 
_-y . 

. . 

i 

./ 

. . 

’ Let It = 1 r/hr at 0 + 9 

K = 0.12 (ref 7) 

B = 1.45 (ref 6) 

R = 0.60 (ref 10) 

days 

I 

=t 
= 0,344 Mev/photon et 0+ 8 days. 

The value of the average gamr.a energy was experinsntally determined 
from a Shot 5 semnle et 0 + f? days.&/ The ,<amma soectrum experienced 
little chance over the period 0 + g-to 0 4 10 days anl its applicability 
to Shot 1 calculations has been indicated.+ 

. . f 

I 

‘I’harefore, 
At = 

. 
:... 

At f 1.03 x lo6 photons/sec/sq cm at 0 + 9 days 

+ Private communication from C.S.Cook, USNRDL 

, ’ 
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OX- : 

1 r/hr at 0 + 9 days is produced by an infinitely Eontaminated . : 

plane of uniformly denosi:.ed activity of 1.03 x lo- photons per : 
set per sq cm. 

F.3 CAUXLATION ‘3F KATERI~L BALAJ!CE 
'-.,_ 
I . . . i-- 

I’ 

I: 
.’ 

._ 
*- 

.. , 

The fallout pattern was evaluated out to the 100 r/'hr at 1 hr 
contour by measuring the areas between contours in sq cm and assuming 
the arithmatical average of the peripheral contours as the averago level 
of activity for the area segment between the contours. There is some 
indication that the average value of activity between contours is not 
arithmetical. However, existi% field data do not indicate any one 

& ': 
-' 

continuous function that describes i.t precisely. Uaterial balance data 
.’ 
*: 

for Shot 1 are given in Table F.l. 
: ,;: 

I. . 

TABLS F.l - ldaterial Balance, Shot 1 
-- _-- _-__..B- 

303C to center of 
pattern 

=i?N to 33@0 

1000 to 2000 

503 to 1000 

1co to 500 
_. ._. ._.- 

Therefore, within the 100 r/hr at 1 hr contour 8.39 x l&L"photons per 
set are accounted for at 0 + 9 days. 

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

F.4 FRACTIOf! OF THE DEVICE COI.,Li%‘ED 1% TOTAL COLLECTC’R. STATIC% 251.03 

A radiochemical aralysisl2on the fallout collected at Station 

-- - . . . . . . ..______._ 

. . 

: # 
. . 

; 
. : 

J 

251.03, where the gamma field reading was 1 r/hr at 0 + 9 de.ys 
value of the bomb fraction over a 1 sq ft area to be 1.5 x PO' 1 

yielded a 
3. This 

I 
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2. 

-, 

4 

3 

value use obtained from a total collector sample alad must be corrected 
for collector efficiency which at this dose rate was 43 per cent (see 
F%g. 4.1). Therefore, the experimentally determined bcnab fraction $w 
square foot for ~1 gamma field of 1 r/hr at 9 days equals 

1.5 x 10'13 = 3.45 -13 x 10 ,'sq ft. = 3.7 x 0.435 lo-15/,, cm* 
;_. 

.I .-- 

* . 

-, 

_ I 

Since 1 r/hr 8% 9 days is produced 
Y = 1.47 x 1Yl *hotons/sec/sq cm 
a k this station is 

J. 3 x lo6 

117x 1021 . 

by 1.03 X lo6 photons/sec/sq cm and 
the ceXculated fraction of the device 

= 7.0 x 10~16/sq cm. 
;\ . . . 

- _;. I 

f 
. I 

. 

. _.. 

, 

? . 

. 
. f’ 

i I. 

1 : 
: . . 

I 
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STATIONINSTRUMENTATION 

TABLE C.l - Shot 1 - lagoon Station Instrumentation 

250.01 
250.02 

250.03 
250.04 

250.05 I 

250.06 
250.07 
250.08 

x(h) 

:: 

X 

X 
X 
X 

250.09 

250.10 
250.11 
250.12 

250.13 

250.14 

;;;*g I 

250:17 
250.18 
250.19 
250.20 I 

250.21 
250.22 
250.23 
250.24 ( 
250.25 
250.26 

I 

X 
X 
X 

X 

X 
X 

X 
X 

X 

X 
X 
x 

---J------- 

1ffferential Cmed Fib 
Fallout Paper E?adgt r------ Collector 

X 

X 
X 

X 

X 
x 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 

X 
x 
X 

X 

X 
X 

X 

X 
X 
X 

X 
X I 
X I 

I x 1 

X I 
x 

x 
x 

X I 
X 
X 
x 

x 
X 
X 

x 

X 
X 

X 
X 

X 

X 
X 
X 

ia) For Reject 2.6a. 
b, X indicates jnstrument placed. 

I48 

'riple(aJ 
~ollactox 

___-I_ 

X 

f 

X 

X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 

X 
X 
X 

-- _-- 

Remarks 

Not set out 
Chemical Corps raft 
present . 

Chemical Corps raft 
present 
Chemical Corps raft 
present 

Chemical Corps raft 
present 
LASL and Chemical 
Corps rafts present 
LASL raft present 

Chemical Corps and 
tuo LASL rafts present 
Chemical Corps and i 
two LASL rafts present' 

NPDL raft missing 

I 

NRDL raft missing 
NRDL raft missing 
NRDL raft missing 

i 
NRDL raft missing 

1 

Located on reef between; 
William and Yoke I 

I 
, 

‘. 

I 
. . 

\: 
*a. 

/ ‘. ., . . 
1 :- 

*’ \. 
b .- . 

\ . 
:: 
\‘ 

.f . ,. 

- 
\ 

i. -. 
. . 

-i 



,..’ - . . ?:._. __: , , 

i 

';;J3LE (3.2 - Shot 1 - Islsnd Station Xrstrunentation 
_____. -.^ ._ __ _ _. a:. _ _ ._ _ . ^_ ____-._-- .._ __ 

-.------ --- ------ . .._.__ .- _ __-.. .^ .-. --__ . .._ -__ _._. I . - I 

Differ- 
ential ! 

Total Fallout Cu!!mediFib 
Collector Collector Papor .Badge 

Electro- 
Automatic stutic CarrGa Time- 
later Dro 

9, Collector a 
Preci i- Intensity I%ir; F) tator a Recorder Gage Station 

Code 
_ . 

Remarks 

, 

I. 1iot set 251.N c 

1 I UP 
! 

X 

X 

X 

X 

x 

jc 

X 

X 

X 

X 

x 

X X 

x X 

X 

x 

. ;X 

X 

X : x 

251.02 

x X i x .251.03 

x ix 5 251.OL 

'251.05 

x 

x 

x 

X X 

251.06 

251.07 

251.08, 

251.@9 

25l.lC 

X 

X 

X i x 
x ! X 

x I j x 

X 1 x 
I 

I x 1 x 
I 

:x ,x 

x 

X 

x 

X 

X 

I X 

1 

X 

! x ix x 

X .x ; .x 
m---P-- --_-- ..- _ _.--A__ _A-_-.------- ._--_A_ I_. __. .I 

- 

(a) Far Project 2.6a 

(t) X Micstes instrwv3nt placed 

‘\ 
.-. 

.’ 
.: ’ ._ .’ 

. 



I 250.17 
259.18 

‘9 . . _ .2 
-w I '0 4, / 

. 

I 250.21, I 
I 

I 250.25 j 
250.26 1 

St.ation 
Code 

250.02 
250.03 
250.04 

250.05 

250.06 

250.07 
l?50.08 
250.09 

250.10 

25C.11 
2503 

TALL~L L.3 - Chot 1 - I_: ..:oon 3tittion Zxovery .--_ - .- 
-- ---r -- 

____ __,_______ ~ 
--__-- - _ 

I 
. 

I jifferentialil.;~ed I I 
I 

,Fallout I i'aper 
Collector 1 

Z-xii: Collector ’ 
! 

~i&xmrks 
Total 

:ollectoI 

db) 

;r 

I! X 
! 

x 
r.ot closel 

I 
(S)Iil6 (X)Lid Zirfj 

I 
i 

f not clcsel 

I 
I 

:&ft missing , 

150 
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‘L-.- 
‘I . . . . . 

. . I 

. 
. . . . 

TABLE G.4 - Sh>t 1 - Island Station Recovery 

251.03 1 X 1 Did not work; X 

I 
251,oL x I X 1 x 

25i.C5 i X X X 

251*06 x 
' 
f 

x "x 
I 
i 

251.C7 X 
I 
,/ x IX 

251.Og X Did not trigger X 
I 

251.W I Kissing ,Full of snnd; x 
pid not trigger 

I i 
I 

251,lC x i X. X 

i (x)y I x 
I 

i 00~6 1 x 

/ I (X)h'lP' x 

i (X)Niil x 

(X)Kl31 x 

function 1 
Did not : X 
function 
Did not 
function 
Did not 
function 
Did not X 
Nnction 

(X)K25 X 
(X)h'31 
(%)::26 Did not 
(X)829 trigger 

(xm7 
(x)142s BoLleEl 

I full of 

I 

water. 
Did not 

Did not 
function i 
Did not 
trigger f, 

Vu11 of 
sand 

I 
open ’ 

(x)h’?cJ X 

(xjh’32 
Damaged 

I I 
i i 

--A...----. _.__ -__ .!-‘_ - -- ---- _---- --.__ - ___. -- .._ a __ _- 

(a) For Project 2.6a 

sand ant 
water 

Remarks 

I 
’ I 

Trigger did 
not work 

# 

I ’ 

Zave over 
island damaged I 

e&pent I 

Station 
damaged 

(b) X indicates .instrument recovered 



TADLC G.5 - Shot 2 ___I_- --- - Lagoon Station Instrumentation _____ 

Station Code ’ To+xil /-jgq-g i Collector 
..__ _..._.. . ..__ -- 

2 KJ.c2 
250.04 

250.05 
250.06 
250.@7 
250.05 
250,159 

250.10 

250.11 

250.12 
250.13 
25o.u 
250.15 
250.16 

250.17 
250.18 
250.19 
250.22 
250.24 
250.25 

i- 
_- ._.I ..__.. ._,._ __ ____ 

xb) 1 

I 
I 

X I 
X 
X 

I 
X i 

i 

X 

X 
x 
X 
X 
x I 
X I 

I 

X 
X 
X 
x 
X 

9. 

X 
X 
X 
X 

X 

X 
X 
x 
X 
x 

x 
X 
X 
X 
x 
X 

X 
X 

X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
x 

(a) X indicates instrument plscod * 

, . 
_ .- 

, ._- 

-_.--._I 

&marks 
.__ __._...__ ._ ---_.._ _ 

&lop 
Buoy missi~ 
25 March 
Buoy end raft 
Buoy end raft 
Buoy 
Buoy 
Buoy and raft 
missing 24 Parch 
Euoy and 2 rafts 
on reef 2!. birch 
Buoy end raft, !! 
boat ran down huog 
Buoy and raft 
Buoy and raft 
Buoy and raft 
Buoy and raft 
Buoy nw.r Coca 
UxaJxil 
Raft 
Euoy arid raft 
Buoy 
Buoy and raft 
Euqr and raft 
Euoy end raft 

. 

. . 
. .- . 

‘. 
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.-- . . 

TABLE C.7 -Shot2-Lagoon Station Recovery 
- -l 

Station 
Code 

250.@2 
250.05 
250.06 
25o.w 
250.08 
250.10 
250.11 
250.12 
250.13 

250.x 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 
250.24 
250.25 
-- 

1 

L 

Total Gummed i Film 
Collectors / Paper , Pack 

--- 
T 

Kemarks 

Buoy missing 
Raft OK 
Stations OK 
Replaced mast on buoy 
BUOY missing 
Buo$ OK, 
Buoy OK, 
Buoy OK, 
Buoy OK, 
other OK 
Stations 
Buoy OK, 
Buoy OK 
Raft OK 
Stations 
Buoy OK 
Raft OK 

raft turned over 
raft turned over 
raft turned over 
1 raft upside down, 

OK 
raft upside down 

OK 

Station missing 
Station missing 
-- 

All the equipment in the lagoon was left in place since no fallout was 
received. 
All buoy masts were broken. 
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TADI. G.8 - Shot 2 - Island Station Recovery -_ ---- 
--- 1 .’ 

Total timed TripleIa) 1 I 

t'aper I 

- . _._. ._.-..__ 

Collectors Collectors 
___._ . . . . .._ 

Differential 
Fallout 

Film 

Collector 
c 

Pack 
- _-- 

251.02 Demolished 

251.03 
251.04 

/ 251,05 
i251.06 
1251.07 

(X)%2 
Did not o_perate 
Did not o,perate 

(X)P2 
X 

! x 

! (X)N63 

-_.-- . _-___ 

(x) tb) - 
I 

qmeii 1 
Did not close; \ 

.I- 

I 
1 i 
1 

i 
1. _ . . -_- 

I 
Did not open f 

All the samples were left in place as no fallout collected except for 
film badges a? noted. 

(a) For kroject 2.6a. 
(b) X indicates instrument recovered. 

Td.E.E_y._S~o$ 3 --- --. f. Lqoon Station Instrmcmt~tion * __ -._- .- --.- .._. .--__. I 

t- 
- 

I----‘- 
^ ._ _. ..__ .__ _-. _ _--_- 

! 
Station Total Cuxxd -.--..---I . --I Fila Code ! Collector 

~------ -‘. : 
Paper I Pack 

i--m-_ - .____ .._ . ..-_ _ . .-_.-__. 
Raft and buoy 

--. 
Buoy and raft 
Buoy 

f 
L 

Buoy I 

Chen.Corps raft ! 
Buoy and raft I 
l3uoy and raft I 

Buoy and raft 
Buoy and mft 
Buoy mi raft j 
Soy and raft 
Buoy. I 

iiaft 
Buoy' and reft ' 
Buoy 
Bucy ati raft 

I 

250.05 
350.06 
250.07 
250.08 
250.09 
255.10 
250.11 
250.l2 
250.13 
25C.U 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 
Coca 

I x(4 I 

X X 
x X X 
X X 
X i 

X 
; x i 

X.1 x ,X 
X ,x 
X X 

j X 

X ; X 
:; 

; ; 
X 

I ! X 
.- I 

J 
; Ix 

j x 
! x 

x I X ; x 
X i x ‘x 
X X 1 x 
X X x 
X X I I 

. : 

,’ \ 

i 
I’ 

I- 

(a) X indicates ir$mment placed. 

15s 
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i . 
TABLE G.10 - Shot 3 - Island Station Instrmentstion 

.- 

r’ 

t . , 
,. -’ 

\’ 

.: 

I , 

. . 
! 

: . 

I’ 
&‘ I 

. 

I’ 
_. 

station Total Gummed Film 
Code Collector Paper Pack 

251.02 X(b), X 
251.03 X X 
251.01 X X 
251.05 X X 
251.06 x X 
251.07 X X 
251.08 X X 
251.09 X X 
25l.W X X 

Differential 
Fallout 
Collector _- 

X 
X 

x . 
X 
X 

X 

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

_-_ 

Tripleca) 
Collector: 
---- 

:: 

X 

1 -._-_._-__ -- 

Remarks 

_..__- _- --- 

lectrostatic 
Precipitator 
placed 

TABLE G.11 - Shot 3 - Lagoon Station Recovery 
4 

station 
Code 

Filn 
Pack 

250.05 
250.06 
250.07 
250.08 
250.09 
250.10 
250.11 
250.12 
250.13 
25o.u 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 
COCCI 

Total Gummed 
Collector Paper 

X(a). X 
X 

t 

X 

: 
X 

X 

/ 
X 
X I 
ii 

I 

X 
X X 
x ‘X 
X I X 

X. X 

(XJP-8 

(X)P-12 

:: 

X 

E 
(a) X indicates Instrument recovered. 

Remarks 
-- 

Raft and buoy 
Raft 
Buoy 
Buoy 
Chemical Corps raft 
Missing 
Raft turned cver# buoy brokeo 
Buoy mast broken 
Raft 
Raft 
Raft upside down, buoy OK 
BUOY 
Raft 
Raft and buoy 
Buoy only 

, 
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.’ 
: 

TX3LE 6.12' 

.* , 

1. C!?P!.3 T Is+x3 Gtstion iiecovwy _ ,_______ .__ .--_.z_ ._-_-___ ~ 

.._ 

I 
, 

’ ; 

L-e _-a_- , ._ __- __.._. ._-.- _. _. . .._ -_ ..-_* - --. ; CoIlector 
1 -__- -.._--- -_ .-.. - - _ -. ,----j 

;CoQector Paper 

__ __ ._ __ 

I 

___r___- -.-~. . . 

ijifferential 

) Fallout &zwks .' 

I 
i 251.02 );b) x j i 

I 
I 

yj1.03' x 
%' '* 

iY?sing (ii) Opened ’ 
i 

i3id not close 

I 
/ 

251,Ob x . Tom (X)%7 i X ' i 

w.05 (;;)a70 ! 

251.06 (X)X8 (X) Opened C% Did not 
Did not close I:0 s&pl.es recoverp 

:51.07 (:‘)n20 

w.09 1 (I$!L5 1 

..’ 
-. 

__I 

(a) For i-'Toject 2.6s. 
b) ii inciicexa instrment recovered. 

I 
jstition 
1 ruined 

‘Zecovered 
ilcctroi 

1 static 

I 
rrecicitator. __._._L-4 

t 

-I 

: 

i 
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TABI.J G.13 - Shot 4 - Lapoon Station Instrumentation 3 

station 
Code 

./ - j I Total 
( Collectors 

250.05 ! x (4 

‘TfF-p- 
250.06 x 

j 

250.07 X I 
250.08 X 

250.12 X I’ 
250.13 X 

25O.l.4 X i 
250.15 
250.16 

I 
f 

Coca I s 6. --.__ 

X I 
X 
x i i IA- X I 

X X 
X x 

. . 

I 

(a) X indicates instrument ,placed. 

/ 
I 

TABLE ii.14 - Shot 4 - I&mi 2tstiOri Instrumentation _- 

251.02 
251.03 
251.04 

x(b) 
x 
X 

251.05 x 

251.G6 x 

X 
X 

j 

x ; 

x ,i 

x i 

I 
x i 

i 
>: 
I; I 

I 
(X) iired 

open 
; @I hired 

open 
i (X) Gired 

251.07 
251.08 X 

I Removed X 
251.09 X 
251.10 X 

I -- 

(a) For i'roject 2.6.~. 
(b) X indicates instrment placed. 

l!ot oper- 
ating 
X 

J 

90t set u; 
Ilot oper 

open 
P 

(:;> 
ating 

Removed I 
x 

1 --.-- ~- 
, .’ 

-. <. 
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/ *: 

‘,j’ 

. +:. .‘. 

/- . 
I 

. . 

_... .C 

2 

I 
TABLE C.15 - Shot I - Lagoon Stati6n ibcovery 

station 
Code 

250.05 

250.06 

250.07 

250.08 

250.12 

250.13 

23Ll4 

250.15 

250.16 

250.17 

350.18 

250.19 

250.22 

COCa 

Total Gummed 
Collectors Paper 

xid 

X 

Missing 

X 

X 

X 

X 
_.-_--..p 

X 

X 

Destro:Ted 

Missing 

X 

X 

X 

Film Peek Remarks 

(x) IL10 
u8, a3 

(Xi) ir38439 

(X) U28-ID7 

0) w-m 

04 ut, w9 -----_ 
(a) X indicates instrument recovered. 

Buoyendraft 

station dssing 

Station destroyed 

Station missing 

Statim z&wing 

statioli z&xiing 

Station missing 

Stati.on nisdng 

. 

, 
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Tk?U G.17 _ - EC!iO Lmi and *goon 
(Shot Cancelled) 

Station Instrmentation 

I- i Code 1 Coll‘ector 

I- 
t- 

-..- 

I LANG -_- 

! Irene 
j Bruce 
1 Yvsnne 
; Wilma ' 

X 
X 
X 

I 
I 

t 

x 

I 

Y . . 

x ; 

I 

1 

I 

x 
/ 
i 

X / 

; LGOCN 

: 250.27 
i 250.28 ' 

I 
253.30 : 

, 250.31 / 
! 253.32 
j 250.33 
4 250.34 
'250.35 
j 250.36 
,250,s 
250.38 

:250.39 : 
i 250.41 
j 25O.Q 
1250.43 , 
I250.44 i 
i 250.45 ! 
! 250.46 
; 25c.47 
1250.43 
; 250.49 
i 250.50 
/250.51 
j 2f0.5L 
! 250.55 
j 550.57 
3 250.58 
/ Tok 
! ;.ack 

(058 ! 

(x)s6 

(x)s9 ; 

I 

1 

(;&2 I 

(Us3 

! 
, 

(X)Sl 

(x)s:o : 

(x)sL# ; 

I (X)512 j 

, : 1 1 (X)S25i .i 

i (X)530 ! 

1 3sczir / 

lMple(a) 
Collector 
----._ 

Low Fil?n 
Pack 

X 
X 
X 
X 
X 
X 

x 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 

X 
X 
X 
X 
X 
Y 
x 

(a) For iroject 2.6s. 
(ti) X indimtes instxzient placed. 
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Gumed 
Paper 

. . 

, : 

f 

., 
.: 
a. 

-. 

r’ 
‘. 
. . 

: 

t 
', 
i 

I I I_ 
I 

x i 
it 

L 

x i 
X /: 

r 

X 
X 
X 
x 
x 
x 
x I x I 

X 
X I 

1 
A 

X , 

x ’ 
X ! \ 
x I 

9. 

x ; 

. . . .> -. 
, - . . . ;’ 

.s 

a. _ . 

. . 
.’ ‘\‘ 
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0 TABLE G.18 - Shot 6 - Lmd and Laqoon Station Instrumentation - _-__ --- I 

I Station 
I 

Code 

LAGOON 

250.27 
250.28 

CJ 250.30 
I g 253.31 

250.32 
I 25C.33 

250.34' 
250.35 

I 250.36 
250.37 

I '250.38 
250.39 
250&l 
253.&J 
250.,3 
250.44 
25Oi45 
250.46 
250.47 
250.48 
(a)' Fox 

i 

L. 
. 1 

x(b) 
X 
X 

X 

X 

X 
X 

x 

Differential 
F&lout 
Collector 

Triple(a) 
Collector Low Film Pack 

- -__-___ 
t 

X 
X 
X 

(x)S48:StG3,Stn37 
(x)s50:stn44,stn45 
(X)S54 or s43: 

stno3, St&l 
~X)S47:Stn38,Stn39 

T 

1' I(xIs29 
Reject 2.6a. (b) X indicates 

(X)Sl 
-I_ 

inetlvsent placed. 

High Film Pack 

--__.. - 

(X)U51:Stn28,Stn27 
(X)S55:Stn34,Stn35 
(x)S54 or S43: 

St1.132, St.103 
(x)stn3o,stn31 

WS8 
(x)U47 
(x)t'50 

IZ3 

KY76 U49 S5 

Automati&) r Water Drop 
Collector 
-_--- 

Total 
Collector 
--_- 

X 
X 

X 

X 
X 
X 
X 
X 
X, 
X 
X 
X 
X 
X 
X 
X 
x. 
X 
X 
X 
X 
X 
X 

7 
I 

hmrned 
Paper 

X 
x 

X' 

X 
X 
X 

xi 
A I 

'X 1 

X: 
x 
X 1 



t ‘.. . !, ~ ,‘: 
~ * 

,I ..! 
'i' ” 

-‘i . . . ;i. ‘!, ’ 0 , . ;. : : , ,‘: ! .’ ‘i ; : ,., - -.: . - __ : ) 

‘, I 
.; 

:’ 
, ; 

..: * 
:. . * . . 

. . 5 l . . . 
. . . 

. . I! : 
! 0. 

/ 1’ ,: , 

*.-_ . 
! I . \ 

! /_-*. : 

I . 
: ., I.. 

-. 
\ 

, 

Station 
Code 

t 

Diffcrentisl 
Fallout 
Sollector .- -- .-______ 

250.49 X(b) 
250.50 
250.51 . . 
250.54 .'r 

x 

i'AULE I;.?.* - Shot 6 . ----_- ___ - Lind (JE~I Lqoon :;'tLction Instrumcnktion (Continxd) 

I 

- 
x ix 

-a- 

(e) For Yroject.2.6e. 
(b) X indicetes~instrument placed. 

In addition, there wore llreproducibili$y arraysl' on Leroy end Alice. 
kth were circular arrengeEente (100 ft dia.) of steel posts hoiding 
total collectors (TC) .md (;umed papers. The.Alice station was composed 
of 5 TC (end l:ux?ed kspero) on the periphery of the circle, and 1 TC in 
center; tho Leroy errey ws made up of 6 TC (and gummed papers) on the 
periphery end 1 TC in center. 



'iA3I.E 2.19 - Shot 6 - Lagoon Station iiecovery 
7 

staticc 
Cocie 

-- 

250.27 
250.28 
250.30 
250.31 

250.32 
250.33 
250.34 
250.35 
2X.36 
250.37 

250.38 
253.39 
250.41 
250.42 

250.43 
250.& 
250.45 
250.46 
PO.47 
250.48 
250.49 

250.50 
250.51 
250.54 
250.55 
250.57 
250.58 
tick 
Oscar 
Tok 

Tot& 3.mned FilUl 
:ollectox kaper Fack 

);(b) X X 
x X X . . 
J. :;irsiq X 

x :;issiq L 
x X X 
x ii X 
x X X . . 
1. :Yxin; X 
x X > 

x X l - 
x X ; 

x X X 

X Y . . x 

Y 
* 

; 

x 

x x 

x X X 
X I;. X 
X 1: X 
X X X 

. . 

; 
X X 

3issj.n: X 
x. X X 

- 

X 

Did not 
operate 

(s) For i‘roject 2.6a. 
(b) X iniiicst es instment recovered. 

i&arks . 

Zvidence of turning 
I 

Superstructure on I 
raft missing 
Evidence of burning 

%ft drifted to po:d-1 
' tion on reef 2 xxi NfJ I of Leroy 
IiLft x&sing 

I 

I Raft on reef - 
I iaccessible 
f.%ftmissilJ,v I 

, Hait IrJisdrlg 
/Raft lcissing 
1 
1 

X :Triple 'collector 
i opened, di5 not shut 

I 
iNot recovered 
I 

Hot recovered 
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TAFLE; G.20 - Shot 6 - Land Station Recovery 

Station 
Code 

Film 
!Differential 

Fack Sallout 
CoHector 

Triple(a) 
Collector 

Leroy % Did not 
operate: 

x i Jazmed 

Did not 
opemte 

Destroyed 

’ x x I 
I 

I 
(X) Opened, 
did not 
close 

ilancy i X’ / X. 1 X i Jmned 1 

Automatic (4 
'w'ater Drop 
Collector 

Remarks 

-_ 

Did not Msst trigger 
operate did not work 

Did not 
operate 

Did not 
operate 

Did not 
operate -- 

(2) For Project 2.63. 
(b) X lndicatcs instrment recovered. ’ 
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APPGZW H 

MARSHALLIS~NDOCEANCURRENTSASDETERMXNEDFROM 
FREEFLOATINGBUOYS 

TABLE H.1 0 Ocean Current Data Obtained at IVY 

I I I 1 

Launc_h_e_ll set Drift 
Code! Time 

___RecoveBd ’ 
Position Time Position 

i 
’ (Degrees True) (ihots 

Ott-Xov 1952 

""zL-pGqG:R;: 

--- PC 

J 
281 0.70 

K 312048 11OOl'N ’ .030650 3m 0.60 
164054% 1 : 

I, 311858 11°26'N 03l410 305 0.43 
1650oo'E 

tt 311652 293 0.51 

N 202 0.73 

a 311248 12o42,o'x 040000 j I 13°06'N 295 O.?G 

I 
16L050'E 163'5R'E 

I 

31osoo 13'25'E 041355 i 13o35.3'x 
164022'~ ’ 163°02.8'~ I 2so 0.77 

I 
I I 

310557 / 13'0R'N OL1740 13O13.3'1: 27r, 0.713 

I 
164OWE 162O39'z 

310X0 I 12°50t~i 

I 

042040 12O46'N 268 0.55 
1630/;9 'E 162OlO'E 

292030 12029'8 042150 12OLl'N 275 0.'39 

i 

16L021'S 162olS.S'E 

E ; 29-30 1 12005qi 050520 12'09'N i 272 0.57 
I 16~~42 'E I 162O28'~ 
I I 

3 /.p .-a/ Oh? 
I I 

! E f '%230 

I 

10050'15 
, 
i f 144033% 1 oGo115 / is;; ;& 

- 
The above buoys rere standnrd Navy balsa wood DAi< buoys eq-ximcd rith 
sea anchor, l&ft mast, and wire lcesh corner radar reflector stop mast. 
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_:_- 

I TAEU E.2 - _--- 
3cean Cur+. Data Obtohmd et CU'XE (Cont.) . ~ -. -...--__. --- ..__ __-_ -I-. .- - -._ _- 

l------7---- -- 
1 t --------..- - 

I 

I 
I ; bunched , Recc 
! CO& 1 Ttie’Tsj.tion ; Tine 

Drift 
I 

: 

(knots). ,. 
-- 1 

‘ 

i A4 I 261~32 j 
/ I 

12°1?'N 
1 165°21.7'6 

281313 

‘e_r&_ _ _j Set 
Positiyn 
_-- 

i (degrees true) 
- 

l20J2'L :, 31 
164 48'E ; 

2R210 

280845 
I 

281823 

\. 
‘\ 

L 

“( 
j T4 261520 I 12°1~.3'N 

I I 
165OO9'E 

i 0.27 i 
I 
f 0.25 

I 

I 

jR4 
i 
1 

” .c 

')( 

j Q4 

I’ 

261758 11°56.5'N 
164o48.3'2 

I 

; P4 1 261850 ll"44'N 1272045 
I 
I I 

164'43.5'E : 
i 

ll"a9'N 204 i 0.21 
l&t 4l.6'B.i 

238 ! 0.19 _' ;I?$;6f;N j ) 04 I , 261946 1 11'29.3'N ! 
1 U!~$~46,5'E [ m930, . . 

, 
I April 1954 

1 Al 1 021242 11'28.6'N ; 03l.450 11'34.5'N 
3 162'44'E ’ 
, j 

162'26.6'E ; 
: -j,.,,: 

Bl 02l.415 11050.5'N 031325 11'4SN ‘. 258 ’ 0.50 * ,162WS , 

031035 ! llOS@‘n’ 336 0.37 
161'53.5'E 

17U745 J2'31'N ’ 291 0.n 
i165'46'E a 

; 31 021732 

i 02 15mOO 

i 
1 E2 15oYIO 
I 

: 12'18'N 
/ 166'19.5'E 
I 

i 12OOlW 
166O28'5 

4 

11'59'N 265 i 0.50 i 
l66'OO'E I : 

171300 

171600 

171600 

_--- i. 

11'2L'N ; 
i .I 

249 
165O3O.'E 

! 0.82 
I 
1 

1 I 

‘F1 '151313 ’ 11'37'N 
166O05'E _ - 

. . 

11°29'N u9 ’ 0.52 I 

165Oj6'5 
i 

:. 
---- - _- 

The above buoys were constructed of a met01 can 30 in. in diameter 
nith epprorAmetely 12-h. freeboard. They were equipped with a sea 
anchor Rnd a lo-ft mast, and had approximately 1 sq ft wind resistance 
atop the nfist. 
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