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ABSTRACT 

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

Data were obtained for Shots 1, 2, 3, 4, and 6 by use of land 
stations, anchored lagoon stations, and free-floating sea stations, A 
complete analysis of the Shot 1 fallout to 300 nautical miles downwind 
including the development of an experimental model based on fallout 
particle trajectories is presented as well as data on Shot 2 fallout 
to 50 nautical miles downwind and the close-in fallout from Shots 3, 4, 
and 6, 

Gamma fields from fallout decayed at rates differing from the t“*«2 
approximation commonly applied to fission weapons. 

Fallout from the surface land detonations was in the form of irreg¬ 
ular solid particulates. The geometric mean particle diameter decreased 
with the distance from the shot points; for Shot 1 the geometric mean 
varied from 112 at Bikini Atoll to 45 l* at Utirik Atoll, The average 
density of the solid particles from Shot 1 was 2,36 g/cu cm. Little 
data were obtained on tne nature of the fallout from over-water detona¬ 
tions. There was some indirect evidence that the fallout 50 nautical 
miles downwind from Shot 2 arrived as a fine mist or aerosol. The rate 
of arrival of fallout at distances close to surface zero was character¬ 
ised 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-MT device on land, will result in a ml nimmt free field total dose of 
100 r over an area as large as 25,000 sq mi. 

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

This report is one of the reports presenting the results of the 
34 projects participating in the Military Effects Tests Program of 
Operation CASTLE, which included six test detonations. For readers 
interested in other pertinent test information, reference is made to 
WT-934, Sumniary Report of the Commander. Task Unit 13. Programs 1-9. 
Military Effects Program. This summary report includes the following 
information of possible general interest, 

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

b. Discu: sion of all project results. 
c. A summary of each project, including objectives and 

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

Military Effects Tests Program. 
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SECRET 

CHAPTER 1 

INTRODUCTION 

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

1.1 PREVIOUS FALLOUT STUDIES 

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

1.1.1 Nuclear Tests 

Out of a total of 43 nuclear test explosions carried out by the 
U? ..ted States, four have produced significant residual radiation fields, 
vue Baker shot, Operation CROSSROADS, surface and underground shots, 
Operation JANGLE, and Mike shot, Operation IVY. Of these four, only the 
JANGLE series adequately had docimented fallout. 

At JANGLE, the residual gamma fields were recorded in detail; 
in addition, extensive sampling of the fallout events was carried out. 
Results of the JANGLE surface test were used to predict fallout from 
Mike shot, IVY. They also formed a basis for fallout predictions for 
the CASTLE series reported here. 

At IVY, although only partial documentation was accomplished, 
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the operational success of the free-floating buoy station phase was 
sufficient to encourage the employment of this fallout sampling tech¬ 
nique at CASTLE.y IVY provided valuable data on the extent of the 
crossvind 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 

Six high explosive field tests have been conducted to study 
fallout. Charges varying from 250 to 50,000 lb of TNT were fired. 
Emphasis has been placed on shallow underwater explosions.^ Of a total 
of 33 shots, 26 were fired in shallow water; 5 in deep water; and 7 on 
land, both surface and underground. Non-radioactive cobalt and lithium 
were incorporated in the charges to trace the explosion products. Vari¬ 
ables under study include energy yield, charge depth, explosion media, 

and wind. 

1.2 OBJECTIVES 

The surface detonations of thermonuclear devices at Operation 
CASTLE were expected to produce significant fallout over considerable 
portions of the ocean at the Pacific Proving Ground. The primary pur¬ 
pose of Project 2.5a was to document these fallout areas and determine 
the militarily important radiation fields which would have resulted had 
all of the material been deposited on land. Specifically, Project 2,5a 
was designed to determine the following information for selected shots: 

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

distance. 
c. Amount and distributioncf radioactive materials in fallout. 
d. Gross gamma decay rates. 
The gathering of fallout data at CASTLE was a logical extension of 

previous fallout docimentation. Variation in proposed yields as well as 
the opportunity to docvment surface water detonations for the first time 
made the study of fallout in this operation extremely important. 
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CHAPTER 2 

OPERATIONS 

Fallout of military significance generally is characterized in 
this report as that material which arrives at relatively early times 
and forms a well-delineated pattern in which the radiation intensity is 
high enough to affect the conduct of a military mission,* This has 
been designated "primary" fallout to distinguish it from continent- and 
world-wide ("secondary") fallout. From IVY it was concluded that "the 
areas of primary fallout particularly from super-weapons, are quite 
extensive, and many hours can elapse before the fallout gansa field is 
completely defined,"2/ 

The present operations were directed toward documentation of the 
primary fallout, with investigations of secondary fallout included only 
where they contribute to the former. Operation plans were made on the 
follow assumptions : 

(a) adherence to a reasonably firm shot schedule 
(b) availability of adequate logistic support to make 

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

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

2.1 EXPERIMENT DESIGN 

Since the fallout from the CASTLE series wqs deposited largely 
over ocean areas, the experiment design required methods of dociment&tion 
that permitted estimation of what the radiation field would have been 
had it fallen on land. The estimation was accomplished by* (1) estab- 
lishing a ratio between the fallout collected per unit area over land, 
* A quantitative definition of the ten» "military significance" or 
"military importance" depends entirely on the situation existing when the 
term is applied. Such factors as the target affected, the distance from 
ground zero, and the arrival time of the debris as well as the extent of 
its fallout pattern must all be considered. The lower limit below which 
no combination of circumstances will create a level of military signifi¬ 
cance may be taken as 5 r/hr at 1 hr. 
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(FOt) and the corresponding field radiation intensity, (¾)} (^) deter¬ 
mining the fallout per unit area o/er vater, (FOy) and; (3) calculating 
the radiation field, (¾) which would have occurred had the water areas 
been land, fron the assumed relationship, 

= rL FOl 
(2.1) 

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

in terms of quantity of radioactivity. 
(b) Gamma fields produced at sampling locations. 
(c) Fallout per unit area in the lagoon and wer the surrounding 

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

2.1.1 Predicted famm* Fields 

Estimates of the extent and level of gomma fields expected from 
the fallout were made for each of the originally planned shots. These 
predictions were based on scaled surface JANGLE data using the cube root 
relationship with modifications in the crosswind and upwind patterns 
indicated by IVY data.y It was estimated that the fallout would carry 
downwind at the rate of 15 miles per hour and that the duration oí 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 
had the fallout deposited over extended land areas. Table 2.1 sumrarizes 
the predictions for three of the detonations; the effect of decay and 
the delay in arrival of fallout on the ganma fields can öe noted. A 
discussion of this scaling is presented in Lection 6.2.8. 

2.1,2 Sampling Stations 

On the basis of the predictions given in the prec ding section, 
it appeared that the mininnm area of military interest would extend to 
a distance of 50 miles from the shot point and would have a maximum 
width of 20 miles. Since it was not possible to predict the sector in 
which the primary fallout would arrive sufficiently in advance of shot 
time to permit proper placement and activation of sampling stations, an 
array completely surrounding the shot point was needed. Experience at 
IVY showed that, it would not be feasible to document the fallout more 
than 50 miles from ground zero v/ith available logistic support. The 
radial array of sampling stations shown in Fig. 2,1 was evolved from 
these criteria. This plan was modified within the atolls to take advan¬ 
tage of available islands and to permit the placement of simple rectan¬ 
gular grid arrays in the lagoons. In addition, limited sampling stations 
were arranged at a ntmber of outlying islands. 

Operationally, Project 2.5a was divided into two phases - one 
requiring the collection of data from land and lagoon stations, and the 
other from sea stations. Logistic support for the land and lagoon phase 
involved the use of small boats and helicopters while mounting of the 
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Fig. 2,1 Basic Sampling Array Proposed for 
all Shots except Echo Where a Smaller 
Array was Planned for the Lower Yield Test 
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TABLE 2.1 - Predicted Dovnwind Contamination Levels for bhots 1,2, and 5 
after Detonation 

(r/hr at times indicated) 

Shot 5 n ml 
2 hr 3 hr 

10 n mi 
2 hr 3 hr 2 hr 

15 n mi 
3 hr 

20 n mi 
Thr 3 hr 

25 n mi 
TTr rs? 

30 n mi 
Tür 

(based on 
6 HT 

yield) 

(based on 
3 HI 

yield) 

(based on 
S.5 » 
yield) 

10,000 5000 5000 4000 3000 3000 1200 2000 800 1500 800 

7,000 

12,000 

4000 3000 2500 1300 1500 700 1100 200 400 200 

7000 6000 5000 4000 4000 2000 2000 1000 2000 1000 

sea phase required employment of sea-going vessels under the Naval Task 
Qroup Command. 

2.1.2.1 Stations 

At Bikini, the islands of Able, Fox, How, Love, Nan, Oboe, 
Uncle, William, Yoke, and Zebra, were used for sampling and obtaining 
gamma field measurements. Stations consisted of concrete emplacements 
with instruments installed in and about them. 

At Enivetok, the islands of Irene, Bruce, Yvonne, Wilma, Leroy, 
Alice, Janet, and Nancy were used for sampling and for obtaining gumma 
field measurements. Where possible, station emplacements remaining from 
IVY fallout sampling were utilized; otherwise instruments were placed in 
the open and suitable tie-down arrangements improvised. 

Stations were established on the following outlying islandsî 
Rongerik, Kusaie, Hajuro, Ponape, Wake, Guam, Kwajalein, and Johnson. 

2.1.2.2 Lagoon Stations 

Rectangular-grid arrays of stations were established for 
lagoons of both test atolls, as shown in Figs. 2,2 and 2,3« These con¬ 
sisted of anchored buoys to which rafts were attached (see Fig. 2,4). 

2.1.2.3 Sea Stations 

Sampling in the open ocean was accomplished by means of free- 
floating buoys to which, in some cases, rafts were attached. Plans were 
made to provide the complete coverage indicated by Fig. 2.1 for one land 
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Fig. 2.3 Lagoon Array for ¿vnivetok Atoll 
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and two water shots in the megaton yield range. A smaller array extend¬ 
ing to 15 miles was planned for the lower yield tcho shot.* 

2.2 LAND AND LAGOON FHAShi 

The land and lagoon phase of operations toox place at bikini Atoll 
for Shots 1, 2, 3, and 4 and at Lniwetok for Shot 6. In addition exten¬ 
sive preparations for Scho were made at ¿niwetok. The instrumentation 
of the island and the lagoon raft stations is discussed in Chapter 3. 

The preshot preparations at Bikini involved readying the equipment, 
calibrating the instruments, and emplacing them at the island ond lagoon 
raft stations. This was completed a week prior to bhot 1. Final checks 
were made on the equipment at all the existing stations 1 to 2 days 
before shot time to assure complete readiness and operational efficiency. 
t reparations were also made for the recovery operations and for the 
re-instrumentation of the stations. 

Barticipation in all detonations except Shot 5 was achieved although 
not to the extent originally planned. The lesser participation was due 
to the destruction of equipment by the fire in the compound at Tare fol¬ 
lowing Shot 1. Tables G.l through G.20, Appendix G, show the degree of 
instrumentation and recovery for each shot. 

2.3 SEA PHASE 

Free-floating buoys were selected for sampling fallout in the open 
ocean on the basis of their evaluation at IVïJ/ Each 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 at sea be 
held to a minimum so that their location at shot time could oe estimated 
as accurately as possible. For this reason the array for each test was 
laid out within 36 hr of the proposed shot time and recovered as soon as 
possible afterwards. 

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

2.3*1 Pretest Preparations 

The buoys and associated equipment were assembled and tested at 
Parry Island, Liaison was established with the Naval Task Group and 
plans for conducting the sea phase were made. These plans consisted of 
loading two sea-going tugs with equipment at Eniwetok Atoll, after which 
the vessels proceeded to sea to lay the buoys. After completion of the 
buoy laying operations, the tugs retired to a safe area to await the 
shot. Dpon receipt of clearance from the Naval Task Group Commander 
follov’ing the shot, the tugs proceeded to recover buoys after which they 
returned to Enivetok to off-load. Detailed plans for laying the buoys, 
» Not fired. 

28 

SECRET-RESTRICTED DATA 



taking into account steaming times, time required for laying, and drift 
and set of the currents, were prepared by the project for each shot in 
which it participated. They were then forwarded to the Naval Task Group 
for approval and incorporation into their event plan. Project personnel 
accompanied the ships on their missions to advise and assist in the 
handling of samples and employment of project equipment. 

2.3.2 Rehearsals 

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

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

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

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

(d) To test radio transmission from the buoys for compatability 
with other transmissions 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 regarding various phases 
of the operation and acquainted the crews of the ships with the problems 
to be solved. Under normal conditions the radio transmitter operated 
successfully. It usually could be detected on the ship^ direction¬ 
finding gear out to 15 or 20 miles and greatly facilitated locating the 
buoys. The ocean currents were found to vary greatly both as to set and 
drift. (See Appendix H.) It became apparent that the ability to mount 
the sea phase would be strongly influenced by the sea state. The hand¬ 
ling problem aboard ship, the performance of the buoys and transmitters 
at sea, and the detection and homing problem all were adversely affected 
as the sea state increased.. It was 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. It was further concluded that operations in seas 
approaching state four vould 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 that 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 consideration had to be given to conser¬ 
vation of equipment for the remaining shots in the series. 

2.3.3 Shot Participation 

At the start of CASTLE, 12a buoys completely equipped with radio¬ 
transmitters and sampling devices wer« available. Twenty of these units 
less radiotransmitters were used to augment the sampling program at 
cikini following the destruction of Project 2.5a equipment and facilities 
after Shot 1, The disposition of the buoys during the sea phase 
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TABU) 2.2 - Summary of Sea rfiase Operation 

Operation 

Buoys 
Prepared 

for 
Test 

1st 
Attempt 

No. of Buoys Laid 

2nd 
Attempt 

3rd 
Attempt 

Buoys 
Recovered 

Buoys 
Lost 

Cumulative 
Losses 

Rehearsal 
Shot 1 
Shot 2 

Additional 
Enivetok 

Drift Test 
Shot 4 
Shot 5 
Shot 6 

12 
60 
60 

4 
40 
20 
5 

11 
none 

6 

4 
26 
H 
4 

15 
14 14 

4 
9 

11 
(all from 

3rd 
laying) 

2 
7 
4 
0 

7 
6 

23 

2 
19 
16 
4 

7 
13 
36 

38 
57 
73 
77 

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

The conditions under which the shot participation in the sea 
phase were made are best illustrated by Shot 4« Here placement and 
recovery of the buoys were done under the direction of CTG 7,3 and his 
staff with the advice and assistance of a project representative. Con¬ 
trol was maintained through the Combat Information Center (CIC) aboard 
the command ship, USo Curtiss, All necessary communication facilities 
were made available. Information on planting progress was relayed 
regularly to the CIC where it was immediately plotted. On the advice of 
the staff aerologist, late changes were effected in the array correspond¬ 
ing to shifts in wind patterns which would affect fallout. The first 
deferment was a 24-hr delay of the shot after all laying operations had 
ceased. The ships involved were directed to proceed to favorable posi¬ 
tions to commence pitcement of additional buoys, kith 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. Buoys were located by homing 
on the radio signal transmitted from each. After recovery of seven buoys, 
the search was discontinued and the ships were ordered to Bniwetok to 
prepare for the next test scheduled there 48 hr later. 

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

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

/ppendix H. 

2.3.3.1 -hot 1 

The array planned for the first shot is shown in Figs. 2.5 and 
This was considered to be a reasonable effort based upon rehearsal 

_j ~ rtC till nvnAnt. t.htí portion 
2.6. This vas consiaerea w uc a -j;  -7 7^ ,,  
experience. Heavy seas prevented placment of all except the porti 
shown in Fig. Í.6. This nttempt to sample the fallout ua? 
because the primary f-llout occurred in another sector. This 
indicated the importance of having a 360° array arouna ground zero. 

2.3.3.2 »hot 2 

The original plan for ohot 2 called for a complete 360° array 
similar to that planned for Shot 1. A portion of this plan was executed 
tvice but in each case the shot vas deferred for an indefinite period. 
The buoys placed an these occasions were lost, an alternate plan which 
required less time to implement was developed for use in case notice of 
the shot date vas given too near shot time to permit laying the original 
arra>. This alternate plan was used for bhot 2. See Fig. 2.7. 

2.3.3.3 Shot 4 

The buoy array and uetails of the operation plan for Shot 4 
are given in Appendix A. This plan was successfully carried out on the 
basis of a firm schedule for the fourth test. However the eflort was 
null ifjcd by a very lato deferment of the shot. Only 7 of the ¿6 buoys 
were r covered. When the shot finally did occur no buoys were in the 
primar;/ f-llout zone. 

2.3.3.4 -hot 5 

Buoys were laid in two separate attempts to d ciment fallout 
on Shot 5. The first array vas similar to that employed for Shot 2 
(Fi*. 2,7). The second was intended to augment the first following a 
24-hr delay of the test. Further deferment nullified this effort, also. 
Participation by project personnel in the water sampling pro0run was 
effected for Shots 5 and 6. Hesuits of this field work have been reportea 
elsewhere. 4/ 

2.3.3.5 Shot 6 

Four buoys were planted from the ships assigned to Project 6.4» 
correncing 5-hr prior to the shot. Heavy seas prevented recovery of any 
units. 
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CHAPTER 3 

INSTRUMENTATION 

The apparatus used in this operation was designed: (1) to collect 
fallout samples, and (2) to measure the gamma radiation from the fallout. 
Various collecting devices were used to gather total fallout on a known 
area and increments of fallout as determined by a time cr quantity basis. 
Also, aerosols from a known volume of air were collected. 1-iany of the 
devices were similar to those 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 to start and stop the apparatus and to furnish 
power. In some cases the accessory equipment had to meet more stringent 
requirements than did the primary collecting devices. A prime example 
was the free-floating buoy which had to be positively identifiable by 
Task Force security patrols and had to be provided with a means for 
locating it from a ship many miles distant. A year of intensive inves¬ 
tigation and testing was spent in selecting and developing a satisfactory 
system,* for locating the buoys. 

3.1 DESCRIPTION AND OiSRATION OF THE 

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

3.1.1 Total Fallout Collectors 

Two methods were used to obtain samples of total fallout. A 
polyethylene funnel-and-bottle arrangement consisting of a 7-in. diam¬ 
eter funnel and 1-gal bottle (Fig. 3.1) was used at all stations to 
collect and retain deposited material. The other collector, also used 
at all stations, consisted of a horizontal 1-ft square of transparent 

^Development and Testing of Identification System for Project 2.5a 
Free-floating Stations at Operation CASTLE." Project Officer, Proj. 2.5a 
Itr 3^9050-443A of 24 Nov. 1953 to CTÜ 13. USNRDL Document 009472 Nov. 
1953 (SECRET). 
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gummed peper mounted on water resistant cardboard. In both methods, 
the collectors were continuously exposed from the time of their place¬ 
ment until recovery. Samples obtained were used primarily in deter¬ 
mining the final fallout distribution patterns. 

3.1.2 Differential Fallout Collector 

The differential fallout collector (Fig. 3.2), employed to 
collect fallout as a function of 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 exoose 40 jars consecutively at 
5 min intervals after being started by a signal from a light-activated 
trigger. This equipment was powered by a 6-v, 110-amp-hr storage 
battery. 

3.1.3 Film Badge Pack 

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

3.1.4 Gamma Time-Intensity Recorder 

The gamma time-intensity recorder was used in conjunction with 
a data reduction system, to provide long-tenn, continuous information 
relative to radiation fields. It consisted of a series of ionization 
chambers, associated electrometer and relay circuitry, and Esterline- 
Angus pen recorders^/ The information for each chamber was stored as 
a simple pulse, each of which corresponded to the basic increment of 
gamma radiation for the given chamber. The system was essentially of 
the charge integrating autorecycle type, the chamber being recharged to 
its original voltage 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 batteries, eight of which were in series 
providing 48 v for the relay circuits and power to drive the pens in the 
Esterline-angus recorder; the other two were in parallel proviuing 6 v 
for the filaments of the amplifier tubes in the detector heaus. Ä 
spring-driven mechanism moved the paper in the Esterline-Angus recorders. 

3«1,5 Prototype Collecting Devices 

Several prototype instmnents were tested for their possibilities 
as fallout and bare surge samplers. Two such instruments were the elec¬ 
trostatic precipitator and the automatic water drop collector. The 
samples collected by these instruments were analyzed at the IS11HDL. The 
results are given elsewhere^®/ 

The electrostatic precipitator was developed as a fog sampling 
°*rt’a^n formation on size, radioactivity, and ionic content 

of individual liquid aerosol particles. The sampling was accomplished 
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by precipitating the fog by mean? of &n electrostatic field onto a con¬ 
tinuously moving, specially sensitized film* Film reels were later 
removed from the device, developed, and analyzed. The electrostatic 
precipitator vas powered by a 1 KVA motor generator and was capable of 
sampling for a maximum of 6 hr« At island stations it was started by a 
signal from a light trigger and manually on the YAG's. 

The automatic water drop collector was a device for collecting 
raindrops in flour filled trays when they were retained as pellets of 
dough. After a pro-determined numoer of rain drops had been collected, 
the device automatically changed trays« The collector was started by a 
signal from a light trigger. The mechanism for changing trays was 
driven by compressed gas and was triggered by a rain drop contacting a 
sensitive element. The area of the sensitive element was adjusted so 
tint there was a high probability that a tray would be changed only after 
a pre-determined number of drops haa fallen into it, 

3.1.6 Trig¿e£¿ 

The principal trigger was a light-activated device consisting of 
a trigger head, a trigger box, and a battery' and power cable assembly 
(Fig. 3.3). 

A prototype radiation trigger was also tested as a back-up trig¬ 
ger. Its sensitivity was so high that it could not be used on the con¬ 
taminated islands after Shot 1, It may prove to be satisfactory afte." 
some modifications. 

Simple pressure-actuated triggers were designed and constructed 
at the site to alleviate the shortage of triggers that- occurred when 
spares were burned after ¿hot 1. 

3.1.7 Free-floating buoys 

Free-floating buoys were used as collection stations in the sea 
areas around bikini ntoll. Figure 3.4 shows the following details of 
construction: Flatfonn to mount the gummed paper collector; antenna 
whips; antenna coils; identification flag; total collector; buoy float 
containing the radio transmitter and battery power; and keel mount. Not 
shown are the weight at the bottom of keel mount and the film badge on 
the mast 2 ft above deck. 

The identifiers on the floats were single-stage crystal-controlled 
radio tranîînitters, operating on the following authorized frequencies* 
1309.375, 1243.75, 1206.25, 1159.375, 1129.375, 1087.5, 1062.5, 1026.875, 
987.5, and 041.875 kc. These units had a useful life of 4 to 6 days 
before the batteries had to be re-charged. The buoys were identified and 
located by radio direction-finding gear aooard Naval Task Group ships and 
aircraft. 

3.2 dVALUAIIUN CF STATIONS AND bUUIfMKNT 

It is difficult to make a fair evaluation of the station and equip- 
ment nt CAbTLb because numerous changes in shot scheduling and the 
* Circuit No. J113, assigned by letter from Headquarters, TG 7.1, JTF-7, 
J-32227, 15 l>ec. 1953. 
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extended period of the operation 
required the equipment to function 
under conditions considerably dif­
ferent than anticioated, Destruc­
tion of sunnlies and spare parts by 
the fire after Shot 1 severely 
hampered re-conditioninft damaged 
anparatus and correcting anomalies 
as they developed. Changes In nhot 
scheduling particularly curtailed 
the usefulness of the free-float .ng 
buoys. i:sny of the device- which 
had nerformed satisfactorily at IVY 
and at the HEIi tests were badly cor­
roded during tbe long period of 
CASTLE. In general, eyr>erience at 
CASTLE emnhasized the advantages of 
simple equipment that could be modi­
fied readily to meet a variety of 
conditions. Likewise, it stressed 
the need for usinr non-corrosive 
materials in the construction of all 
anparatus exT>osed to the atmosnhere.
A brief evaluation of the stat'ons 
and anparatus used at CASTLE is 
given here as an aid for planning 
future field programs,

3.^.1 Island Stations

Collecting devices were 
located in concrete-lined dugouts.
The I’/Y stationsiVhad been construc*ed 
on the ground level. In both cases 
sand tended to drift into collecting 
devices indicating a larger quantity 
of solids than actually fell after a 
shot. It would be preferable for 
future operations if the collecting 
equiiMnent could be located above the 
ground level and still be protected 
against blast damage.

3.C.2 Lagoon Stations

The raft sta+lons were well 
designed except for a few details.
Greater care should be taken to 
insure that the battery is protected 
from sea water. The moorings were Fig. 
not installed as specified originally

Free-floatir^^ Sea 
Station Eein- launched
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and many had to be replaced during the operation. After Shot 1, s67®1**1 
rafts capsized although they were designed to withstand the effect of 
10-MT weaponi 5 niiles distant. 

3.2.3 Free-floatint! Sea Stations 

The performance of free-floating buoys as collecting stations 
vas important to the mrin objectives of the present vork. Although 
little data on fallout were secured from these stations, sufficient 
information vas obtained to determine the performance of the equipnent 
and the suitability of the method. The folloving observations are 

pertinent.^ ferf0nnance of the buoys and associated equipnent vae 
satisfactory. The lov-frequency transmitters together vith the radio 
direction-finding gear aboard Naval units provided an adeqmte system 
for locating and identifying the buoys. The handling problem In place- 
ment and recovery raised some difficulties, perticularly in increasing 
seas, but was satisfactorily met. _ _ . . , 

(b) The free-floating buoy system was unsatisfactory for docu¬ 
menting fallout under the conditions of shot scheduling which prevailed 
after the first test. This statement would be true of “y similar sys¬ 
tem having the prerequisite that the test take place within a 24-hr 
period specified 24 to 48 hr in advance. 

3.2.4 Total Collectors 

From evidence giyen in Sections 4.2.1 and 5«1«2, modifications 
in the design of total collectors are indicated. Nevertheless, 
devices used made satisfactory collections under some exposure conditions. 
As expected from other experience, the principle of using simple continu¬ 
ously open (collecting) sampling devices was found satisfactory whenever 
only total radioactivity deposited per unit area was to be determined. 
Such devices are not satisfactor}- where 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. It was badly corroded by sea spray; sand 
lodged in the gears or under the belt and caused the sampler to function 
poorly. The collection from this sampler on Shot 1 was much better than 
on subsequent shots. Considerable valuable data were obtained as shown 
in Chapter 4« 

3.2.6 Lluuld Droplet Sampler 

The prototypes tested at CASTLE failed to operate in most 
instances. This failure was due both to a faulty triggering mechanism 
for indexing the trays and to the absence of liquid droplets in the 
fallout from most shots. Nonetheless this differential collector has 
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several promising features, one of vhich is its adaptation for collect¬ 
ing dry particles. The mechanical parts are entirely enclosed. It is 
powered by compressed gas which makes a compact source that is easily 
recharged and largely unaffected by atmospheric conditions. This device 
needs further engineering development. It will be field tested again 
at future operations, 

3.2.7 Electrostatic Precipitator 

This device for collecting small aerosol droplets vas the most 
complicated sampling apparatus used on Project 2.5a. Its large power 
requirements were sup. lied by a motor-generator set. It was almost 
impossible to keep this equipment in operating condition, particularly 
after the fire caused by Shot 1 which destroyed all the spare parts for 
the electrostatic precipitator. Definite evaluation of the usefulness 
of the electrost tic precipitator in collecting aerosols at nuclear 
tests cannot be made at this time. 

3.2.8 Trigger uevices 

The light trigger was a modification of the one used at IVY. On 
Shot 1, of 14 triggers surviving the blast effects 10 worked satisfac¬ 
torily. The* fire destroyed all spare parts so the permanently dunaged 
triggers on the capsized rafts could not be replaced 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 trigger designed ana constructed at the site 
operuted successfully at island and lagoon stations for megaton weapons 
but was not sensitive enough for low yield weapons. Further development 
of this type of trigger is indicated for future field operations. 

3.2.9 Gamma Time-intensity Recorder 

This device was the same type as those used in large numbers on 
the ÏAG's in Project 6.4. Two stations were operating before Shot 1. 
The one on Yoke was damaged by a water wave which occurred after that 
shot. The station on How operated 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 damaged equipment was repaired and placed on Janet in preparation for 
Shot Echo and later moved to Leroy. It did not record any’ activity after 
Shot 6 because no fallout arrived on that island. A more complete evalu¬ 
ation of this type of instrumént will be found in the Project 6.4 final 
report.^2 / 
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CHAPTER 4 

SAMPLE ANALYSES AND DATA REDUCTION 

4.1 SAMPLE ANALYSIS 

Besie analysis consisted of gamma counting those samples collected 
for the determination of fallout concurs end measuring the fallout oar- 
ticle size distribution and the annerent density of the "articles. 

4.1.1 Counting Technique 

Two instruments were employed in counting sereníes. The 4^- garera 
ionization chamber was used where conversion of measured activities to 
gamma field intensities was desired. The gamma scintillation counter was 
used where relative levels of activity were desired. 

The ¿JT gamma ionization chamber and its calitration are identical 
to that described in AECD-2367. This instrument consists of a pressurized 
ion chamber, vibrating reed electrometer, and a Brown millivolt recorder. 
The chamber is filled with argon at a pressure of 600 psig and onerates 
at a collection potential of 600 v. For low background the assembly is 
lead-shielded. Samóles are lowered into the center of the chamber. Be¬ 
cause 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 charnier readings were converted arbitrarily from milli¬ 
volts to mr/hr in order that all readings taken on fallout be expressed 
on a conventional basis. A relationship between the chamber readings 
in mv and a calibrated AN/PDR-T1B Survey meter was determined. Corres¬ 
ponding readings of 15 randomly chosen samples from Shot 1 were taken by 
both instruments. The equation of the resulting linear plot showed 

mr/hr = —22— . 
5.19 

With this relationship determined from samples of high levels of activity 
conversion of samples of low activity, accurately measured in the 4^ 
ion charter, readings could then be reliably converted to equivalent 
mr/hr. A 

The scintilletion counter “consists of a detector assembly and 
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scaler unit Radioc Computer Indicator CP-79/UD (NavShips 91^92). The 
detector assembly mounted inside a commercial lead castle consists of 
a cylindrical sodium iodide crystal 1.5 in. in diameter and 0.5 in. 
thick, an RCA 5319 photomultiplier tube, and a ore-annlifier unit. The 
crystal is shielded from the sample chamber by 0.25 in. of aluminum. 

The counters used were completely evaluated for coincidence lo" 
by using six paired sources and employing a least square evaluation.?/ 
Coincidence loss varied from 1 per cent at 100,000 c/n to 10 per cent 
at 2,000,000 c/m. 

All differential fallout collections were counted under fixed 
geometry and corrected for background and counter coincidence losses. 
Ño attempt was made to obtain any more than relative counts between 
samples. 

4.1.3.1 Total Collectors 

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

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

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

4.1.1.2 Gummed Paper Collectors 

The acetate-backed 1-ft squares of gunned paper were removed 
from their cardboard mounts and folded to fit into 100-ml lusteroid 
tubes. Their ganna activities were measured with a 4^ gamma ionization 
chamber. 

4.1.1.3 Différentiel Fallout Collectors 

Each of the 40 polyethylene collecting Jars was removed from 
the collector and decontaminated on the outside. The Jar openings were 
then capped with cellophane 0.001 in. thick held in position with a 
rubber band. Gamma counts were then made with * scintillation counter. 

4.1.2 Particle Size Measurements 

The particles were fixed with Krylon on a framed cellophane 
membrane. Contact autoradiographs were made using Eastman Commercial 
Ortho film. The outer island analysis employed nuclear emulsion strip¬ 
ping film with the particles fixed to the non-emulsion side of the film 
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rlth Krvlon. Us» of nuclear »imlslon strlpnlng filo is the better 
♦ .rbnl^e However, because of the unavailability of the stripping 
fiîïf?he‘majority if the work was done using the autoradiographic 

techninies^descr^^ meagureinentg were made on one axis only using an 

optical microscope with a micrometer eyepiece. The least count of th 

mi crome ^ ^ scanned and measurements on ^ r®dioacti^® , 
particles were recorded. The minimum diameter of particles measured 
in this analysis was of the order of 5 p« 

/,,1.3 Particle Density Measurements 

An optical microscope having a calibrated micrometer 
was used to measure particle diameters along 2 axes. Heiatije ectlvit 
were determined with a gamma scintillation oount.r und.r conditions 
identical to those used in counting the gross samples from the jif.er 

Particle density was determined by a flotation method 
tures of bromobensene and bromofon. as the liquid phase. In a liquid 
system containing only two comnonents, thedensitleeandi-efrar 
iwlex values are an additive function of the compositions. “"«P®“ 
ing densities and index of refraction with composition are 
frea the literature. Pure bromobenaene has a density of 1.499 ató 
index of refraction of 1.5«) while pure bromofon« has a density of 2.990 
and an index of refraction of 1.598. 

Each narticle was placed in a precision ? 
volumetric flask half filled with a 8olutio® of<.d®P8ity 
Inverting the flask allowed vertical movement of the P^lcl. alogti* 
flask stem. Drops of the appropriate liquid tnenwere addedand mixed 
until vertical movement of the particle ceased, Indicating that the den 
sities of the liquid and particle were identical. An 4bb? 
was used to determine the index of refraction of the resulting liquid 
and henea its density from the known relationships. 

4.2 DATA REDUCTION 

Equation 2.1 iraolied a constant ratio between the measured sample 
activity and the infinite gamma field at the sampling station. This 
implication was found to be valid only for the gummed paper collectors. 
The ratio was not constant when applied to the total collect rs. 

4.2.1 Total Collectors 

All measurements of gamma activity were made 
tion chamber. Appendix B tabulates all data as measured. ^erV^Jty 
in the total collectors was found to exist in both the 
phases the total activity for that collector was d6t?™iP®dj|byr^mSj 
adding the liquid and solid phase measured values. The data from the 
land stations, after being converted to ^valent mrAr 
compared to the equivalent field survey data obtained ty both Task 
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Rad Safe surveys and Project 2.5a surveys. Comparisons of these values 
were done by converting all measurements to mr/hr at 0 ♦ 4 days after the 
dotonations. This oeriod was selected because these island survey mea¬ 
surements were felt to be more valid than at earlier times when the 
majority of the survey readings were obtained by helicopter at various 
heights above the surface. Conversion of all measurements to 0 ♦ 4 days 
was made by using the composite gamna field decay curve in Fig. 5.1. 
Although this decay curve was constructed from both theoretical and ex¬ 
perimental evaluation of Shot 1 data, its use in reducing data from 
Shots 2,3,4, and 5 does not introduce aroreciable error as is shown by 
a comparison of the experimental and theoretical decay curves for these 
shots.là/ It does introduce some error into the Shot f calculations be¬ 
cause of the significantly different capture to fission ratios existing 
for Shot 6. 

The ratio of actual gamma fields to measured activity found in 
the total collectors located on the atoll islands was not a constant 
for the many islands evaluated. Figure 4.1, a plot of field readings 
to readings as determined from the total collectors, was constructed 
by considering all data that were available; this included measure¬ 
ments from Shots 1,3,4, and 6, A curve was fitted to the data which 
indicated a 1 to 1 ratio at high levels of activity and 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 indicating a 10 to 1 ratio between field survey moasurements and 
total collector measurements. Since this variable ratio was found to be 
independent of the shot detonated, it is reasonable to believe that the 
explanation for the variance is inherent in the characteristics of the 
collecting instrument. 

The fallout in areas of high residual gamma activity were those 
where the larger particles predominated. These particles with compara¬ 
tively high rates of fall apparently do not tend to follow the stream¬ 
lines about the collector. This tendency may explain the higher collect¬ 
ing efficiency resulting in those areas of high residual gamma fields. 
The fact that the ratio of gamna field measurements to gamma measurements 
from the total collector approaches 1 in the areas of high gamma activity 
is fortuitously coincidental. 

The activity collected in the total collectors employed at the 
lagoon stations was converted to equivalent infinite field values by 
using the curve in Fig. 4.1, 

All data were then converted to r/hr at 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 instnanents to those made on the gummed papers with the 47T gamma 
ionization chamber. A constant ratio of 2 to 1 was determined for this 
collecting device. 

The gtunned paper measurements from lagoon and free-floating sea 
stations were then corrected to infinite field values at 0 4 4 days by 
use of Fig. 4.2 and then converted to r/hr at 1 hr using the composite 
gamma decay curve in Fig. 5.3. 
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Fig. 4.1 Ratio of Gamma Infinite Field Measurements to Equivalent 
Gamma Measurements From the Total Collector 
(mr/hr at 0 + 4 days) 
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CHAPTER 5 

CHARACTERISTICS OF FALLOUT 

5.1 P.AMMA FTRT.fi TSF.C.kY 

The decay rate for the gairaia radiation from the fallout as measured 
In the field was analyzed from a theoretical as well as an experimental 
viewpoint. Data are presented on decay for Shots 1, 2, and 3. Since 
the capture to fission ratios have been reported as substantially the 
same for Shots 1 through 5? these data should be applicable to all five 
detonations. Their use on Shot 6 radioactive debris may be questionable. 
In general, the laboratory samples measured with ionization instruments 
in this study compare well with the field data read with an ionization 
survey meter, AN/PDR-TIB. 

The standard gamma decay constant, k ■ 1.2, that is presently 
used for nuclear detonations,is invalid for thermonuclear devices over 
the period from time zero until the contribution from induced activities 
is insignificant as is evidenced by the following analysis. 

5.1.1 Theoretical-and Field Decay 

Theoreticcil beta (d/m) decay curves (Fig. 5.1) were constructed 
for Hike 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 10,000 fissions at 0 time.IS/A theoretical gamma decay curve based 
on the capture to fission ratios from Shot 1 (Pig. 5*2) was also con¬ 
structed. Th® calculated curve gives the gamma energy emission rate 
(Mev/min) from a radioactive source of Shot 1 composition as a function 
of time after detonation. It will correspond to the experimental gamma 

ionization decay curve if (a) the detector response is independent of 
energy (flat) at all gamma energies and (b) the geometry of the source, 

* Private communication with N. Ballou, Ü OL. 
** By N.Ballou, DSNRDL. 
*** By R. Cole, DSNRDL. 

50 

SECRET-RESTRICTED DATA 



A
C

T
IV

IT
Y

 

Fig. 5*1 Experimental and Calculated Beta Decay 
Curves 
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Fiç. 5*2 Calculated Gamma Decay Curve and Experimental 
Gamma Ionization Decay Curve for Shot 1 

52 

SECRET - RESTRICTID DATA 



scattering, and absorption do not affect the detector response or gamma 
spectrum seen by the detector. Since the latter condition is never fully 
satisfied, the calculated curve always differs from the experimental one. 
Table 5.1 tabulates the slones of the theoretical decay curves considered. 
The experimental beta decay curve for Shot 4 (Fig. 5.1) and the experi¬ 
mental gamma ionization decay curve (Fig. 5.2) for Shot 1 are presented 
for comparison. The two theoretical beta decay curves are in very close 
agreement and each agree well with the experimental beta decay curve. 
The experimental gamma ionization decay curve for Shot 1 and the cal¬ 
culated gamma (Kev/min) decay curve (Fig. 5.2) are not in good agreement 
from 5 to 100 hr after detonation. This lack of agreement may be due to 
the nature of the response of the ionization instrument or to other factors. 

TABLE 5.1 - Theoretical Decay Data 

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

1 - 3 1 - 5 3 - 48 5 - 96 24 - 1440 96 - 672 

Calculated gamma 
ionization decay — 
Shot 1 (Mev/min) 

Calculated beta 
decay — Shot 1 (d/m) 

Calculated beta 
decay — Kike Shot, 
IVY (d/m) 

1.42 

1.44 

1.37 

0.83 

0.865 

1.08 

1.40 

1.37 

1.33 

1 

Figure 5.3 is a comoosite gamma ionization decay curve con¬ 
structed from all available field data; it has been used in this report 
for conversion of all field data taken with an AK/PDR-T1B, AK/PDR/39, 
or the gamma ionization time-intensity recorders as well as for conver¬ 
sion of the gamma ionization chamber laboratory data. Comparison 
of How Island Task Force Rad Safe measurements and the Project 2.5a 
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 ♦ 3 hr to 0 + 20 days) the time- 
intensity recorder data were used to construct the composite curve 
(Fig, 5.3)» However, for the interval from 0 ♦ 1 hr to 0 ♦ 3 hr the 
gamma time-intensity recorder must be compensated for fallout that was 
still arriving; the compensated curve would then heve a slope steeper 
than the experimental decay curve. For this interval (0 + 1 hr to 
0^3 hr) the calculated gamme decay curve was used in the construction 
of this composite decay curve. 
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Fig. 5»3 Composite Gamma Ionization Decay Curve 
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TABLE 5*2 - Experimental Field Decay Data 

Type of Decay Slooe of Decay Curve over Period Indicated 
[hr after ABD) 

3-10 10 - 48 *»
 

00
 1 §
 

_
_

1
 

'Gamma Ionization 
'Time-Intensity 
Recorder, How Island- 

‘Shot 1 
1 

i 

Gamma Ionization 
Task Force Rad Safe 
TIB Survey 

1.19 0.815 1.52 

1.50 

5.1.2 Experimental Laboratory Decay 

Table 5.3 summarizes the slopes of the decay curves obtained 
from samples measured in the laboratory on two instruments. Ganna decay 
was measured with a 4ir 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 -2.0# 
from 9 to 30 days and -1.50 from 30 to 60 days. Project 2.6a reportedly 
an average slope of-2.11 for measurements with a similar gamma scintilla¬ 
tion counter on the first four shots from total collector samples over 
the period 0 ♦ 7 to 0 ♦ 22 days. The decay curve slopes obtained from 
measurements on the 4f gamma ionization chamber are of more general 
interest since its response is close to that of the AN/PDR-T1B survey 
meter. A comparison of Samples 1, 18, and 21 (Table 5*3) shows that the 
decay curves of these fallout samples have comparable slopes; however, 
the liquid fraction of Sample 18 has a slope of -1.22 while the solid 
fraction has a slope -1.60. The ionization-counted gummed paper samples 
from Shot 2 have an average slope of -1.61 from 170 to 480 hr; for Shot 
3 samples the slope was -1.73 from 200 to 600 hr. These slopes suggest 
that the leaching of activity 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 
guimned paper collectors lost a portion of their collected fallout from 
leaching by sea spray and rain. 

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

5.2 PARTICLE SIZE 

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

55 

SECRET - RESTRICTED DATA 



TA
BL
E 
5
«
3
-
 
E
x
p
e
r
i
m
e
n
t
a
l
 
L
a
b
o
r
a
t
o
r
y
 
D
e
c
a
y
 D
a
t
a
 

SECRET-RESTRICTED DATA 



T
A

B
LE
 
5
.3
 
-
 
E

x
p
e
ri
m

e
n
ta

l 
L
a
b
o
ra

to
ry
 D

e
ca

y 
D

a
ta
 

(C
o

n
t 

* 

1 
8 

«H 
S 
H 

'S 
t: A 

O 

® Vi 

t d 

8 
i* 
i O 

i 8. 
o 
H 
CO 

8 
o e* 
4> H 

80¾ 
r* -p h 

o 
♦» 2 

252 

vO O 

S5Í 

0 
♦> 

? 0 § 
»-I 4W 

& 
8 
Q 
V 
0 

I 

a 0 as 
CO 

4» 
a 

a 
© 
H 
§- 

h 
& 
£ 

'S 

0 

a 
o 

•H 
«P 

S 
•a 

c 
o 

s 
•a 

o 
o 

«H 
«P 
S 
•a 
o 

fl 
o 

•H 
4> 

S 
1 

fl 
O 

c 
o 

3? 3! 
t o 15 

Il II il 
5 3s o 3= o ^ ^ 

S-^ S— 8- 
nn 13 
Hg M| H| 

li H 
0000 00 

■H «H «H 

fe43 fe4’ t,4* 
•«t sr «4 

r\ <*> 
4» 
o 

<v 
4> 
o 
w 

I 
A 

(V 

4a 
o 
m 

*4* 

î 

CM 

« 

a 

CM 

4> 
o 

a 

I 
«0 
H « 
o 
in 
CM 

III 

4» 
O 
£ 

o 
*o 
CM 

K 

<*\ 
4> 

Ä 
co 
»M 

t¿ 
iH 

S 
CM 

I J 

asa *n b- 

57 

SECRET-RESTRICTED DATA 

£ 3 • • 
H H 1

.7
7
 j

 

1
.7

0
 

l-
6

¿
 j 

1
.5

1
 

1
.6

3
 

1
.3

8
 



TA
B

LE
 

5*
3 

- 
E

x
p
er

im
en

ta
l 

L
ab

o
ra

to
ry

 D
ec

ay
 D

at
a 

(C
o
n
t*

) 

& 

58 

SECRET - RESTRICTED DATA 



small. No samples suitable for particle analysis were obtained from 
Shot 3. Following Shot 1, 6971 radioactive particles were analyzed from 
the area within the Bikini Atoll and 621 particles collected on the outer 
atolls of Ailinpinae, Rongelao, and Utirik were evaluated. The differ¬ 
ential fallout collector on the island of Alice contained some parti¬ 
culate from Shot 6, These data are also presented, 

^•2.1 Shot 1. Close-in Fallout 

The size distribution of close-in fallout particles with resnect 
to time for four lagoon and three island stations are given in Appendix 
C. Only radioactive particles are included in the data. Of the 40 
available sampling increments within each differential collector, those 
increments that visually appeared to contain a large amount of parti¬ 
culate were selected for analysis. Increments over a wide time period 
were likewise selected. Analysis of the bar graphs with respect to 
rate of arrival or time of arrival is therefore an approximation. Data 
on time of arrival are presented in Section 5.6 of this report. 

Figure 5.4 shows the size frequency distribution of the Shot 1 
close-in particulate. It Is a composite of the bar graohc for the four 
lagoon and three island stations. (Figs. C-l through C-7.) 

Figure 5.5 is a plot of the cumulative size distribution of 
Shot 1 particulate presented on a log probability graph. The size 
distribution is very close to log normal with a geometric mean particle 
diameter of 112 H, 

5.2.2 Shot 1. Outer Island Fallout 

Samples of earth were collected by the outer island survey team 
following Shot 1.12/ The radioactive particulate found in these soil 
samples was analyzed for size distribution and the results are presented 
in Fig. 5.6. These atolls were 70 to 280 nautical miles from Shot 1. 
Fimure 5.7 shows a log normal size distribution for particles collected 
on three atolls. The geometric mean particle diameters are presented 
in Table 5,4. 

TAaLE 5.4 - Geometric kean Particle Diameter 

Atoll Distance from 
Shot Point 

(n mi) 

Geometric Mean 
Particle Diameter 

U) 

Bikini 

5ilinginae 

Ronge lap 

Utirik 

10 

70 

107 

277 

112 

¿0 

70 

45 
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The feet that the mean particle diameter at Ailinpinae is smaller than 
at Rongelap can be partially explained by analysis of the wind profile 
which indicates, as one moves south from the axis of synnetxy of the 
fsllout pattern, that, the particles delivered have smaller diameters (see 
Chanter 6). 

5.2.3 Shot 6. Particle Size 

The differential collector stationed on Alice contained visible 
particulate as well as some liquid} the analysis of particle cize dis¬ 
tribution is presented in Appendix C. With a total of 321 particles 
measured the distribution was nearly log normal with a geometric mean 
diameter of 1*0 p an shown in Fig. 5.8. Alice was 3 nautical miles 
from ground zero. 

5.3 RATIO OF ACTIVE TO INACTIVE PARTIHT.BS 

One of the most difficult problems to resolve is the ratio of 
active to inactive fallout particles that arrive at a collecting instru¬ 
ment. This is especially true of the smaller diameter 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. In many cases these parti¬ 
cles were less than 5 H in diameter. To arrive at a ratio, all parti¬ 
culate was ignored that did not have the characteristic white opaque 
color of fallout. 

Two samples were analyzed from Shot 1 fallout collected at lagoon 
stations where the effect of island dust pollution was minimized. The 
results are shown in Fig. 5.9. Approximately 25 per cent of the parti¬ 
dos were found to be inactive with the mean particle size of the in¬ 
active particles smaller than the activa. 

5.4 PARTICLE DENSITY 

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 particles 
had a very high probability of being true fallout. Seventy-nine particles 
from stations 250.04, 250.17, and 250,24 were measured. Density, average 
diameter, color, and relative activity were determined for each particle. 

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

Attempts to find relationships between particle size and activity; 
particle size and density; and density and activity proved unsuccessful. 
All particle density data are tabulated in Appendix D. 
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STATION 25006 

at 0+30 MIN 

TOTAL NO 
OF PARTICLES-614 
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200 300 400 500 600 700 800 900 1000 

DIAMETER (MICRONS) 

100 200 300 400 500 600 700 800 900 1000 

DIAMETER (MICRONS) 

Fig. 5*9 Shot 1, Ratio of Active to Inactive 
Particles 
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TABLE 5«5 - Particle Density 

Station 
No. of Particles 
Investigated 

Average 
Density 

(g/cu cm) 

Standard 
Deviation 
(per cent) 

250.04 

250.17 

250.24 

32 

29 

ie 

2.24 

2.40 

2.45 

9.2 

7.4 

7.4 

5.5 GROSS PHYSICAL CHARACTERISTICS OF FALLOUT 

Comprehensive data on physical and chemical characteristics of 
fallout are presented in the Project 2.6a report.ll/ 

5.5.1 Surface Lard Shota 

It is well established that the fallout from the island shots 
was very similar to that which occurred after Mike shot at IVY,namely 
dry, white, opaque, irregularly shaped particles. Figure 5.10 shows 
Shot 1 fallout as it arrived on the gummed pnper collector located at 
station 250.04. It if typical of fallout from island detonations in 
the Pacific Proving Ground, 

5.5.2 Surface Water Shots 

Positive evidence of particulate fallout was found in the dif¬ 
ferential collector located at Alice Island after Shot 6. However, the 
gummed paper collectors located on the free floating buoys after Shot 2 
showed no evidence of any particles visible to the naked eye. It is 
felt by some observers that the fallout from the surface water detona¬ 
tions was primarily in the form of a mist or aerosol. This is substan¬ 
tiated to some degree by the observation of the identification flags 
located on the sea stations after Shot 2. These flags were highly 
radioactive, many times more active than the total collectors of the 
same station. It is reasonable to assum* that a moist fine fallout 
would be absorbed by the flapping flags much more easily than would a 
dry particulate. 

5.6 TIME OF ARRIVAL OF FALLOUT 

The primary instrument for determining the period over which fall¬ 
out took place was the differential fallout collector. Information on 
time of arrival was also obtained from the gamma time-intensity recorder 
stationed on How Island; further information may be obtained from time- 
intensity recorders operated by Project 2.2. Also,limited evidence of 
arrival time is available from the Task Force Ship*s logs and Project 6.4. 
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5.6.1 Shot 1 

Fourteen differential fallout collectors were recovered from 
the land and lagoon stations after Shot 1. Of these, eight had sampled 
properly and the data therefrom are presented in Appendix C (Figs. C-9 
through 016), Of the 40 samoling increments, Samples 10 and 1Ï, 20 
and 21, and 30 and 31 were collected over the same time interval (see 
ooints A,B, and C of Figs. C-9 through C-16.) With perfect sampling 
these increments would collect identical amounts of fallout and the 
reduced data could then be used to determine not only the period of 
fallout hut also the rate of arrival. However, as indicated from 
increment groups A,B, and C, the levels of activity varied by as much ar¬ 
an order of magnitude. This variation was undoubtedly the result of 
sampling small amounts of material over a small area for short time 
intervals. This deficiency does not affect the usefulness of the in- 
strument in performing its primary function of determining the time of 
arrival but it does explain the erratic nature of the curves. Relative 
counts of each increment were made with 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 material. 

Several differential fallout collectors that failed to trigger 
were analyzed to determine the field background of the collecting in¬ 
crements. Figure C-17 shows the general 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 Bikini Atoll area. Data collected from Proj¬ 
ect 2,2 and Project 2.5a time-intensity recorder traces are also pre¬ 
sented . 

Station 

250.05 
250.06 
250.22 
250.24 
251.04 
251.05 
251.06 
251.10 
251.03 
Dog 

i Oboe 

TABUE 5.6 - Time of Arrival of Fallout 

Sampler 

Differential Collector 
Differential Collector 
Differential Collector 
Differential Collector 
Differential Collector 
Differential Collector 
Differential Collector 
Differential Collector 
Time Intensity Recorder 
l*'Proj. 2.2 
Proj. 2.2 

Time of 
Arrival 

(min) 

0 
0 
0 
0 
0 
0 
0 
0 
0 

<0 
<0 

20 
25 
35 
25 
30 
35 
25 
40 
15 
15 
15 

1- 

! Period 
(min) 

125 
115 
60 
80 

125 
90 
70 
50 

Time of 
Cessation 

(min) 

0 ♦ 145 
0 ♦ 140 
0 e 95 
0 ♦ 95 
0 ♦ 155 
0 ♦ 125 
0 ♦ 95 
0 ♦ 90 

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

Use of the differential fallout collector and the time-intensity 
recorder for determining the period of fallout was restricted to the 
lagoon and islands of Bikini Atoll thereby limiting the distance to 15 
nautical miles. The average arrival time within the area was CM 28 min 
with cessation averaging 0+117 min resulting in an average period of 
89 min. These data compare well with that observed at IVY-/where the 
period was somewhat less than 2 hr. Residual fallout which was of such 
quantity that it contributed little to the overall field was found to 
deposit for a period of several hours after the deposition of the main 
body of material. 

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

5.6.2 Shot 2 

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

5.6.3 Shot 1 

No differential fallout collectors were operative for Shot 3. 
The gamma time-intensity recorder at How Island indicated a time of 
arrival of 0 ♦ 38 min. Project 2.2 established an arrival time on Dog 
Island of aporoximately 0+20 min.3/ 

5.6.4 Shot 6 

One differential fallout collector located at Alice Island, 
Eniwetok Atoll, received significant fallout and indicated an arrival 
time of 0 t 35 min with the period of fallout being 65 min (Fig. C-18). 

5.7 RATE OF ARRIVAL OF FALLOUT AND INTEGRATED DOSE 

Of the two gamma ionization 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, and 3. These data give accurate 
information on rate of arrival of fallout as well as time of arrival. 

5.7.1 Rate of Arrival 

Ta^le 5.7 nresents the time of arrival of fallout and time of 
peak activity ^or Shots 1, 2, and 3. The time at which the activity 
peak" is not the time of cessation of fallout. It is best described as 
the time at which the rate of decay is greater than the rate of build¬ 
up of fallout. 
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Fig. 5.11 Shot 1, Integrated Gamma Dose, Station 251«03 
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Fig. 5.12 Shot 3, Integrated Gamma Dose, Station 251*03 
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TABLE 5»7 - Rate of Arrival of Fallout 

Shot Station 
Time of 
Arrival 

(min) 

Time to Peak 
Activity 

(min) 

Time Between Fallout 
Arrival and Peak 

Activity 
(min) 

1 

3 

? 
(secondary 
fallout) 

How Island 

How Island 

How Island 

0+15 

0+38 

0 ♦ 2250 

0 + 65 

0+66 

0 ♦ 3280 

50 

28 

1030 

----- 

5*7.2 Total Dose 

Figures 5.11 and 5.12 indicate the integrated garana 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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CHAPTER 6 

PRIMARY FALLOUT PAHERNS 

The extent of fallout documentation under the two operational 
phases of Project 2.5a was different for the various shots. Data were 
obtained under the land and lagoon phase for Snots 1,3,4, and 6. The 
lagoon and islands were not contaminated after Shot 2 and no data were 
taken for Shot 5. Altftough there was some stem fallout west of the shot 
point as indicated by the trajectory analysis presented in Section 5.5, 
toe free-floating sea stations fo’' Shot 1 were laid just beyond tne 
westward limit of the gamma field, Conseoucntly tue buoys showed that 
inappreciable amounts of material from Shot 1 fell in tue area sampled. 
?or Shot 2, free-floating stations documented fallout to a distance of 
50 nautical miles. 

A complete analysis of the fallout patterns to a distance of 300 
nautical miles is presented for Snot 1. Because of the limited experi¬ 
mental data available for this shot it was not possible to reconstruct 
the contours on this basis alone. The gamma field data were supple¬ 
mented by developing an experimental model of tue fallout mechanism 
whicn defined the axis of syrametiy of the pattern. This addition en¬ 
abled one to construct a complete contour pattern, 

Fallout patterns for Shots 5 and 6 were derived from water sam¬ 
pling data and are considered in Project 

6.1 FALLOUT NEAR GROUND ZERO ?0R SHOTS 1.3.4. AND 6 

To obtain the infinite field gamma levels within the atolls, txiree 
basic collecting devices were placed on the islands and on the rafts 
within the lagoon as follows: 

(a) Total collector - a 7-in. diameter polyethylene funnel 
fitted to a 1-gal polyethylene bottle. 

(b) Gummed paper collector - 1 sq ft of Kum-Kleen acetate-backed 
paper stapled to a cardboard backing supported in a metal tray. 

(c) Project 2.1 film badges placed both vertically and horizon¬ 
tally. 

By comparing the laboratory measured levels of gamma activity ob¬ 
tained from samples that were collected on islands with the actual in¬ 
finite field gamma survey readings, a relationship was developed and 
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applied to the sa-rles collected at the lagoon stations, thereby per¬ 
mitting estimation of infinite field levels for those locations. Using 
the total collector as the primary source of data, gamma field contours 
’..ere thus constructed. Where total collector data were missing, activ¬ 
ity levels obtained from the gummed paper collectors were used. All 
data presented are bar ad on the levels of activity that would have 
existed had the fallout deposited on an infinite land plane. 

The fields as indicated by the film badges were erratic. Because 
of poor location of the film badges during sampling and unsatisfactory 
history during and after recovery, these data are not considered in 
this analysis. 

6,1.1 Shot 1 

Table 6.1 shows correlation among the data obtained by survey 
measurements on Bikini Atoll and data obtained from the total collect¬ 
ors and gummed paper collectors located there. All measurements have 
been converted to r/hr at 1 hr for comparisons. 

Figure 6.1 is an isodose rate plot of gamma activity over tae 
atoll. There is indication of a very steep gradient from north to 
couth across the lagoon, "’his gradient is also indicated in the analy¬ 
sis of Shot 1 particle trajectory data as illustrated in Fig. 6.5# 

TABLE 6,1 - Shot 1, Gamma Infinite Field Levels at Bikini Atoll Converted 
to r/hr at 1 hr as Determined by Various Techniques 

Station Code 
Yeasured by 
Rad Safe 

Measured by 
Proj. 2.5a 

Total 
Collector 
Analysis 

Gummed 
Paper 
Analysis 

251.02 
251.03 
251.04 
251.05 
251.06 
251.07 
251.08 
251.09 
251.10 
250.04 
250.05 
250.06 

250.17 
250.18 
250.22 
250.24 

Fox 
iOW 

Love 
Nan 
Cvoe 
Uncle 
William 
Yoke 
Zebra 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 

1920 
510 
270 
213 
76 

25 
21 

38 

mm 

1390 
690 
415 
208 
45 
17 
17 

21 

1630 
725 
450 
266 
51 
13 
28 

23 
113 
68 

9.4 
7.5 
20 

528 

31 
26 

112 
86 
60 

50 
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G. 1.2 Shot 3 

The Shot 3 pattern was well defined because the direction* of 
fallout crossed the colloctin^ array perfectly. The highest measured 
level of gamma activity was 3^0 r/hr at 1 hr at Station 250.17 (see 
Table 6.2). Figure 6.2 presents the gamma fallout pattern in r/hr at 
1 hr. 

TAPIS 6,2 - Shot 3, Gamma Infinite Field Levels at Bikini Atoll Converted 
_ to r/hr at 1 hr as Determined by Various Techniques 

Station Code 

... ' ! 
Measured by ¡ Measured by 
Rad Safe | Proj. 2.5a 

Total 
Collector 
Analysis 

Gummed 
Paper 
Analysis 

251.02 
251.03 
251.04 
251.OS 
251.10 
250.01 
250.02 
250.05 
250.06 
250.07 
250.08 
250.09 
250.12 
250.13 
250.14 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 

Fox 
ibw 
Love 
Villiam 
Zebra 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 

158 
16 
3.2 
4.5 
2.8 

- 

“ 
: 

33 
3.3 

1.4 

98 
25 
3.4 
8.1 
4.2 
5.1 
4.2 

107 
62 
64 
33 
4.5 
0.9 
1.5 
2.7 
2.4 

49 
340 
203 

8.5 
7 

107 
20 

1.9 

103 
39 
84 

65 
360 
201 

2.3 

6.1.3 Shot 4 

The direction* of fallout limited gamma levels of military sig¬ 
nificance to the northern islands of the atoll. The majority of the 
lagoon stations were in the fringe area of tue fallout pattem. Figure 
6.3 and Table 6.3 indicate the extent of the gamma fallout in r/hr at 
1 hr for Shot 4. 

* Determined ftrora wind data. 
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TABLi¿ 6.3 - Shot 4, Gannna Infinite Field Levels at Bikini Atoll Converted 
_r/nr at 1 hr as Determined by Various Techniques 

Station 

251.03 
251.04 
251.05 
251.06 
251.08 
251.09 
251.10 
250.05 
250.07 
250.18 
250.19 
250.22 
Coca 

Code 

Hov 
Love 
Nan 
Oboe 
William 
Yoke 
Zebra 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 
Lagoon 

Measured by 
Rad Safe 

128 
15 

5 
0.9 

Measured by 
Proj. 2.5a 

300 
26 
4.7 
0.8 
0.4 
1.0 
0.9 

Total 
Collector 
Analysis 

158 
15 

5.8 

156 
1.7 
1.5 

11.9 
1*4 
5.5 

Gummed 
Paper 
Analysis 

4.7 

222 
0.9 

1.9 
1.3 

6.1.4 Shot 6 

. A very complete array of collecting instruments was employed 
for Shot 6 in the Eniwetok Lagoon and on the atoll islands. Since the 
fallout vent in a northerly direction from shot point very few of the 
stations received significant fallout. The island of Alice, approxi¬ 
mately 3 nautical miles from surface zero, was contaminated to 45 rAr 
at 1 hr as indicated in Table 6.4. 

The fallout collected was primarily upwind fallout with the 
gamma field pattern defined in Fig. 6.4. The relatively low levels 
about surface zero fit well with the overall contours as determined 
by Project 2.7. 

6.2 EXTENDED F4LI£UT .PATTERN .PQR SiPT 1 

ihe contamination of the outlying atolls!^to the east of Bikini 
and the measured values of the levels of residual gamma activity follow¬ 
ing; Suot 1 offered an excellent opportunity to evaluate the fallout 
pattern resulting from a super weapon. A complete analysis of Shot 1 
fallout based on available field readings and a comprehensive analysis 
of the wind structure with respect to its effect on particle trajecto¬ 
ries is presented. 

6.2.1 jjjíasured JTigld Values of .Residual_Gamm§_4çt4vity 

u c I?6 m^ured values of residual gamma activity obtained by 
‘* Scoyille » ±£ wero converted to r/hr at 1 hr using tne composite 
gamma ionization decay curve, Fig. 5.3. One hour post detonation is 
simply a convenient reference; as will be noted in later sections, 
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TABLE 6,4 - Shot 6, Gamma Infinite Field Levels at Eniwetok Atoll Con¬ 
verted to r/hr at 1 hr as Determined by Various Techniques 

Station Code Measured by 
Rad Safe 

Measured by 
Proj. 2.5a 

Total 
Collector 
Analysis 

Gummed 
Paper 
Analysis 

250.27 
250.28 
250.30 
250.32 

250.33 
250.34 
250.35 
250.36 

250.37 
250.39 
25O.4I 
250.47 

250.48 
250.49 
250.50 
250.51 

250.54 
250.55 
250.58 

MAC-1 
Barge 
Oscar 

Alice 
Janet 
Leroy 
Nancy 

Lagoon 
Lagoon 
Lagoon 
Lagoon 

Lagoon 
Lagoon 
Lagoon 
Lagoon 

Lagoon 
Lagoon 
Lagoon 
Lagoon 

Lagoon 
Lagoon 
Lagoon 
Lagoon 

Lagoon 
Lagoon 
Lagoon 

Lagoon 
Lagoon 
Lagoon 

26 
4.7 
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45 
12.3 
0.13 
3.5 

6.5 
1.7 
0.6 
7.5 

1.5 
2.7 
0.2 

24.5 

1.6 
0.3 
0.19 
0.19 

0.4 
0.21 
0.4 
0.2 

0.2 
0.11 
0.13 

0.7 
8.3 
0.3 

1 

! 

fallout first arrived at the outlying atolls several hours after detona¬ 
tion, These data (Table 6,5), along with the measurements made within 
the Bikini Atoll as shown in Fig. 6,1, represent the available gamma 
field measurements used in tnis analysis. 

6.2.2 Determination 0f Experimental Model - &>ot 1 

Although significant gamma field data were obtained, they fell 
far short of completely defining the fallout pattern. However, with 
the added knowledge of the axis of symmetry of the fallout pattern, 
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TABLE 6,5 - Shot 1 Residual Gamma Activity on Cuter Islands 

Location 
Gamma Activity r/hr 

at 1 hr 

Ailinginae 
Enibuk 
Sifo 
Lokonikaiaru 

Rongelap 
Kaen 
Arrik 
Lomuilal 
Gejen 
Lukuen 
Eriirippu 
Xabelle 
Anidjet 
Enialo 
Bosch 
Rongelap 
Arqar 
Sniran 

Rongerik 
Bok 
Latoback 
Mortlook 
Rongerik 
Eniwetak 

Utirik 
Aon 
Utirik 

Bikar 
Bikar 

92.5 
77 

108 

2420 
1950 
1950 
1950 
1160 
1480 
1050 
737 
264 
342 
197 
132 
316 

770 
385 
347 
308 
216 

26*6 
20 

93.3 

gamma field contours were constructed* This information vas obtained 
by completely analyzing the wind structure existing at and after shot 
time with respect to its effect on fallout particles originating in the 
stem and cloud* To establish a pattern on this basis it was necessary 
to moke the following assumptions: 

(a) The relative contribution of particles less than 25 ^ in 
diameter to the residual gamma field defining the area of primary fall¬ 
out vas negligible* 

(b) The particle size distribution is the sane at all eleva¬ 
tions and homogeneous throughout the visible dimensions of toe cloud 
and stem. This assumption vas arbitrarily chosen as the best 

«3 

SECRET-RiSTRICTiD DATA 



approximation to the actual case. Consideration of the extreme verti- 
+ and violent turbulence existing within the cloud before 

stabilization makes it appear unlikely that any major fractionation of 
particle size would occur within the cloud and stem at early times, 
.iowever, ary error introduced in the resultant axis of symmetry as a 
consequence of tais assumption would be minor because of the particular 
vind situation throughout Shot 1 fallout. 

(c) A vertical line from ground zero to the maximum elevation 
of the clou-1 represents the axis of symmetry of tne stem and cloud. 

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

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

Experimental bata Arnlied to ?iodel Evaluation 

The following experimental data were used to complete tnis 
analysis: 

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

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

(c) The size distribution of the fallout particulate ranged be¬ 
tween 2000 and 25 Ia in diameter. 

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

Meteorological data of the variation with height of both 
the wind direction and speed, and the air temperature were obtained 
from tne Task Force Weather Central. 

6.2.4 Determination of Particle Trajectories 

From consideration of the above assumptions and application of 
tne measured particle data the terminal velocities of the fallout 
particles were calculated from aerodynamic falling equations. (See 
Appendix E.) The atmosphere was then divided into 5000-ft increments 
fron the surrace to 100,000 ft and the average wind speed and direction 
within these increments was determined. Vita knowledge of the rate of 
..all of the various size particles and the wind vectors acting on these 
particles their trajectories were computed. Particles of 2000, 1500. 
1000, 750, 500, 375, 250, 200, 150, 100, 75, 50, and 25 H in diametei 
were placed at 5000-ft increments in the cloud model. Each particle 
size at each starting elevation was then followed through the atmosphere, 
omprehensive use of the available wind data was made in computing the 

particle rajectories. Effects of both space and time variations on the 
winds were fully considered. The upper air data ffron Eniwetok, Bikini, 
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and Rongerik Atolls from 0 hr through 0 t 6 hr were used. Since the 
primary fallout was deposited over the area between Bikini Atoll and 
Rongelap Atoll within tne first 8 hr, no extrapolation of the wind 
data was necessary for these particles. However no wind data after 
H f 6 hr were available for tne area beyond the Rongerik Atoll and a 
time extrapolation had to be used in detenining the winds that fixed 
the particle trajectories there. In plotting the trajectories it be¬ 
came obvious that particles above 1000 in diameter would fall very 
near ground zero. Consequently, no calculations were made on the 1000, 
1500, and 2000 H particles. 

Figure 6.5 shows the terminal points of the 231 trajectories 
evaluated. The primary effect of the larger particles is evident at 
distances close to ground zero. 

6.2.5 Consideration of Cloud Dimensions 

The maximum lateral width of tne fallout area was determined by 
expanding each particle's arrival point to the diameter of the stem or 
cloud from which the particle originated. From the cloud photography 
data the stem diameter was found to be 6.6 miles, ihe stem height 
60,000 ft, the cloud diameter 66 miles and the cloud height 100,000 ft 
at 0 t 10 min. These dimensions were chosen aitucugh the cloud con¬ 
tinued to expend laterally after 0 ♦ 10 min. For simplicity it was 
assumed in this model that the cloud and stem were cylinders having 
these dimensions, '.his evaluation assumes no cloud diffusion with time, 
but fully considers shear. 

6.2.6 Determination of Axis of Bynmetry of tne "allout Pattern 

From the swath of points (Fig. 6.5) the direction of fallout 
was determined. Since the particle arrival points had a narrow spread 
it seemed reasonable to construct an axis about wnich the fallout was 
synnetrical. Such a symmetrical fallout pattern results only if the 
upper wind's have the necessary configuration for so restricting the 
particle trajectories. The time of arrival of the particles was also 
calculated, Table 6.6. Some of the calculated trajectories of the smaller 
particles starting at high elevations did not reach the surface until 
many hours after the main body of material had deposited. These arrival 
points indicative of secondary fallout were not considered in the deter¬ 
mination of the axis of symmetry. 

6.2.7 Construction of the Fallout Pattern 

Using the established axis of symmetry of fallout in conjunction 
with the measured levels of gamma activity on the available atolls a 
complete fallout pattern (r/hr at 1 hr) was constructed as presented in 
Fig. 6.6. This pattern shows the levels of fallout that would exist on 
an infinite land plane should the basic assumptions used in tue defini¬ 
tion of the experimental model hold. It is important to note that this 
pattern was constructed solely on consideration of the gamma field 
measurements and the axis of symmetry: however, there is ot.ier supporting 
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evidence available fron the analysis of the particle trajectories, 't'he 
maximun lateral dimension of the fallout pattern as indicate.} in F:lt.6.5 
agrees well with the constructed pattern. The density of arrival points 
snould be related to the levels of activity} this offers rurther reason 
to construct tne area of peak activity to the north of Rongelap Atoll. 

''’•2.8 évaluation of the Snot 1 Fallout Pattern 

To determine the time of arrival of fallout, Fig. 6,13 was con¬ 
structed based on the times as detemined fron the particle trajectory 
analysis. Included in the analysis was the effect of the cloud dimen¬ 
sions. Comparison of this calculated time of arrival with the reported^ 
tune of arrival on tho cuter islands indicates the validity of the 
calculated rates of fall of the particles. Table 6.6 presents this 
comparison. 

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

Distance 
(n miles) 

Calculated Time 
of Arrival (hr) 

Observed Time(a) 
of Arrival (hr) 

14 
50 
87 

100 
126 
150 
200 
250 
302 

1.1 
2.1 
4.7 
5.9 
7.8 
8.9 

11.1 
13.2 
15.4 

1 

7 

8 

18 

(a) Taken fror. Reference 1. 

The reliability of the observed times of arrival on the atolls 
inhabited by natives are open to some question because of poor documen¬ 
tation. This appears to be especially true of the 7 hr arrival time 
at tiie atoll of Rongelap. The weather island of Rongerik et 126 nauti¬ 
cal miles reported observed arrival times that compare well with the 
calculated values# 

An attempt to determine the average period of fallout was made 
by evaluating the trajectory data as shown in Fig. 6.13, This was done 
by obtaining an average time of cessation of fallout. The rate of 
arrive! of fallout at How Island caused the majority of the activity 
to be deposited early in the total period of fallout (see Section 5.7), 
On the basin of this observation the curve indicating the time of cessa¬ 
tion of fallout (Fig. 6.13) was weighted shoving the period of fallout 
ending before all particulate had arrived. It is at this time that the 
level of gamma activity peaks. Continuing fallout after this time is of 
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such snail magnitude that decay is greater th«n build-up. 
Another check on the validity of the analysis using the experi¬ 

mental model was a conparison of the particle sise distribution as 
measured from samples cpllected on the atolls and the sise distribution 
that would be expected from consideration of the trajectories of the 
particles. Table 6.7 tabulates the measured particle sise distribution 
found in samples flrom the atolls as taken from the data presented in 
Chapter 5. 

TABLE 6.7 - Shot 1, Measured Particle Sise 

Station 
Smallest 
Particle 

(P) 

Largest 
Particle 

(P) 

Geometric 
Mean 
(*0 

Bikini 
Ailinginae 
Rongelap Village 
Rongelap North End 
Rongelap, Kabelle 
Utirik 

«*25 
16 
10 
16 
16 
6 

>1000 
172 
126 
394 
510 
134 

112 
60 

70 

45 

The calculated trajectories showed particles from 2000 to 100 p 
arrived as primary fallout within the Bikini Lagoon. This fact agrees 
very well with the measured sise distribution shown in Table 6.7. Con¬ 
sideration of the cloud diameter and stem diameter, in the experimental 
model, on the arrival points of the particle trajectories 
particles from 150 to 75 P diameter would arrive at the north end of 
Rongelap with the limit of the 250 p particles falling approximately 
10 nautical miles north of Ronge lap Atoll. The steep gradient of 
particle sise distribution in a north-south line is also clearly indi¬ 
cated from the model study which agrees well with the sise distribution 
round at Ailinginae acme 15 nautical miles south of north Rongelap. Also 
the calculated sise limits the particles arriving at a distance or 300 
nautical miles to a maximum diameter of 75 p as compared to a measured 
geometric mean sise of 45 P. 

The only discrepancy of any magnitude between observed data and 
those calculated from the experimental model is that no fallout arrived 
at Utlrlk based on the model analysis. It must be realised that at 
this distance the model analysis is weakest because the wind data used 
were extrapolated as being constant from 0 + 6hrto0 + 20 hr, the 
latter being the time of arrival of fallout at a distance of approxi¬ 
mately 300 nautical miles. This extrapolation was necessary because no 
wind data for periods beyond 0 ♦ 6 hr was available at the time of this 
analysis. 

Even better oorr dation of measured to calculated particle size 
would be obtained if a larger cloud diameter were used in the experi¬ 
mental model. For this analysis the value used of 66 nautical milee 
was conservatively chosen; Project 9*1 cloud dimension data indicate 
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the cloud continued to grow laterally to a diameter larger than 66 
nautical miles at the time of their last reported measurement, 
0+10 min. 

The fallout contours from this analysis indicate higher levels 
of activity 60 nautical miles distant than those existing within 10 
miles of the aetonation point. The pattem is much wider than would be 
obtained by scaling the surface shot from Operation JAKGLh. For matters 
of comparison surface JANGLE was scaled to 15 MT by the cube root scal¬ 
ing relationship. This pattern is shown in Fig. 6.7 on the same map 
scale as the .c..ot 1 pattern presented In Fig. 6.6. The resulting com¬ 
parison is interesting, rrimjrily from the point of view of the extreme 
variation in the configuration of the two patterns. Justification of 
fallout contours of nigher yield devices having little or no relationship 
to the scaled JANGLE surface detonation contours is evidenced in an anal¬ 
ysis of cloud dimensions with respect to yield. 11/ The reference indi¬ 
cates that a change of cloud shape takes place with increasing yields 
becoming gradually flattened for higher yields. This flattening effect 
would indicate a resulting wider pattern than one would obtain by simply 
scaling the JANGLE surface data. 

Tais configuration is also evidenced in the analysis of tae 
Shots 5 and 6 fallout patterns.^ 

^•2.9 .Material balance for Saot 1 

"wo material balances were made on the resulting Snot 1 fallout 
pattern. The bases for these balances were theoretical in one case and 
experimental in the other, (See Appendix F.) 

The theoretical calculations resulted in 57 per cent of tne 
measured yield of the Gnot 1 device being accounted for within the 
100 r/hr at 1 hr contour. Also, the theoretically calculated fraction 
of the device deposited at Station 251,03 was found to be 7*0 x 10“l«/sq cm. 

The fallout in a total collector located at Station 251.03 was 
analyzed rodiochemically and the results showed 3.7 x 10“16 0f device 
was deposited per square centimeter at this location. Extrapolating this 
ratio over the fallout pattern after taking into consideration the vary¬ 
ing levels of activity resulted in approximately 30 per cent of the de¬ 
vice being accounted for. This value is questionable because of the 
fragmentary data upon which it is bared. However, the two results indi¬ 
cate that the fallout patter: as constructed for Shot 1 is within reason. 

Table 6.8 indicates the average gavna activity in r/hr at 1 hr 
with respect to the areas over which these fields existed. 

TAHI£ 6.8 - Areas of Average „Gamma Activity 
Area 

(sq. miles 
statute) 

Residual Average Gamma Activity 

(r/hr at 1 hr) 

2,040 
2,880 
3,360 
6,030 

12,900 

3,000 
2.500 
1.500 

750 
300 
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6.2.10 Growth of Shot 1 Fallout Pattern with " line 

It mist be realized that the reconstructed fallout pattern de¬ 
scribed in Fig. 6.6 indicates for convenience the levels of activity t 
thst would exist should all of the fallout particulate be down at 
0 ♦ 1 hr. Of course, this is not the case, for the primary pattern out 
to approximately 280 nautical miles was not static until some 20 hr 
after shot time. Figures 6.8 through 6.12 show the growth of the pattern 
with time. The gamma field levels are those that would exist at these 
times over a land area. In construction o" these patterns consideration 
of both decay and tine of arrival as indicated by Fig. 6.13 were taken 
into account. 

6.3 EXTSNDSb FALLOUT PATTERN FOR SHOT 2 

Bikini Atoll was not heavily contaminated after Shot 2 was deton 
nated due to the primary fallout falling to the nortn of the snot point. 
Eleven of the samples from the free-floating sea stations recovered 
after Shot 2 were evaluated and it vas found that the main swath of fall¬ 
out crossed over the station array. Of the 11 stations recovered seven 
were in the fallout area as indicated by Table 6,9. The total collector 
data were reduced and analyzed by Project 2.6a. 

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

Station 
i i 

Bearing from 
Ground Zero 

(degrees true) 

Distance from 
Ground Zero 

(n miles) 

Gummed Paper 
Collector 
Analysis 
(r/ür) 

Total 
Collector 

Analysis(a) 
(r/hr) 

A4 

°4 
P4 
Q4 

R4 

T4 

A5 

d5 
e5 

f5 

G5 

35?- 
247 
271 
295 

308 

337 

347 

054 

075 

095 

115 

43 
34 
34 
34 

36 

43 

52 

53 

53 

53 
53 

120 
0.24 
1.0 

33 

435 

220 

147 

0 

0 

0 

! 0 
_ 

120 
2.0 
0.1 

110 

480 

90 

90 
_ 

(a) As evaluated by Project 2.6a. 
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The fallout contours cons'uructed fron tae gummed paper data are presented 
in Fig. 6.14. Since the data were fragmentary, limited reliability 
should be placed on the configuration of the contours. No analysis of 
the pattern based on particle trajectory data has Veen attempted. 
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Ci IÀPTcH 7 

SUMMARY 

7.1 DSNEtlAL OBSERVATIONS 

The study of themonuclear 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 
common basis of development is required if predictions are to be valid 
for the now undocumented medium yield runge (high yield fission—low 
yield thermonuclear). Such a basis may be found in the changes in 
cloud geometry which are known to occur with cnanges in yield. 

The increased coverage by fallout appears to be due to the flatten¬ 
ing of the source cloud at high yields in contrast to the more nearly 
spherical cloud shape of the nuclear model used for the predictions. 
The following general observations may be drawn concerning fallout from 
the more diffuse sourcei 

(a) The extent of land gansa radiation fields of military signif¬ 
icance is increased beyond that directly attributable to the increase 
in yield over the nuclear range. 

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

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

7.2 ELtfff m WORK 

Further study of the Interaction of these three factors and com¬ 
parisons with model data are expected to reveal the part cloud geometry 
plays in the distribution of fallout. Correlation of data from all 
CASTUS sources, Including the results of water sampling under Project 2.7 
will be made using the USNHDL experimental model. Idealized gamma 
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isoriose and isodose rute contour plots will be developed for the two 
types of explosions, surface-land and surface-water, taking into account 
the tine of fallout arrival. Comparisons with 01 her models end witJJ 
nuclear data will be carried out and the cloud geometry factor exadned. 
The contribution which these upper yield limit data make to the develop¬ 
ment of scaling relationships can then be fully evaiuat* . 

Improvements of and generalizations on the experimental model are 
expected to accompnny the foregoing analyses, ^e of the method as a 
tool for forecasting primary fallout appears premising una will be ex- 

Pl0reAdditional development and evaluation of data on gamna^fieiddecay 
vi11 be carried out. Idealization of the decay curve from 5 o 5 
port detonation is expected to produce a simplified approximation suit¬ 
able for military planning and field use. Tnis approximation may reduce 
to two straight line functions on a logariUunlc plot, one cowing th 
period from 5 to 50 hr, and the other, 50 to 500 hr. Later decay is 
assumed to follow the normal fission product function. 

7.3 SKIT,TrTC CrXCITTSIOKS 

The following conclusions present evaluation of data on prinary 

fallout at lQlds fallout decayed at rates differing froo the 
t“-*2 apcroxümtloncoroon to fission weapons. Tne extent of tnis dif¬ 
ference is militarily important over certain time periods. 

(b) Fallout from the surface land detonations was in the ° 
irregular solid particulates. The geometric mean ParUjle diameter de¬ 
creased with distance from the shot points; for Shot 1 the geometric 
mean varied from 112 H at bikini Atoll to45 ^ at Utirik Atoll. 

(c) Of the solid particulates studied, approximately 25 per _er.t 
were inactive with their mean particle size smaller than tû® a^tlv** 

(d) The average density of the solid particles from Shot 1 was 

^ fe) Little data wore obtained on the nature of th. fallout from 
over-water shots. There was some indirect evidence that the fallout 
50 nautical miles from Shot 2 arrived as a fine mist or a0™5®1* 

(f) Time and rate of arrival of fallout were documented only with¬ 
in the atolls by Project 2.5a. However, limited results on more distant 
islands were obtained for Shot 1. Arrival waa characterized by a rapid 
rise to a peak followed by a decline which, in the measurement of gamma 
do^e-rate, merged imperceptibly with radioactive decay, aterial first 
arrived at approximately l/2 hr after detonation and continued for 
1, X to 2 hr 

(g) A continuour 100 hr unshielded exposure ^ter the detonation 
of a 15-bfr device on land will result in a minimum free field total dose 
of IX r over an area as large as 25»000 sq rai. 

(h) The development of an experimental model has provided a means 
of reconstructing fallout patterns using limited gamma field data end a 
coTprewnsive analysis of the meteorological situation as applied to 

FartiConclunions°as6tö the usefulness of free-flowing buoy stations for 
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docunencing fallout can also be drawn. Contrary to the results obtained 
at IVY, the applicability of this method without modification to super¬ 
weapon tests appears questionable. Late changes in the prediction of 
winds aloft induced uncertainties in shot scheduling of an unprecedented 
nature at CASTUS defeating efforts to mount any operations requiring 
advanced timing of the order of 2L to 4S hr. However, in one of the two 
instances where buoys were in place at detonation, valuable and otherwise 
unavailable 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 RECOIl'EJ,DATIONS 

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

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

Re-evaluation of methods for documenting primary fallout patterns 
at the Pacific Proving Ground is reconmended. This re-evaluation should 
taka into account the increased importance of the fallout problem with 
reference to both operations and security. 

103 

SiCRIT - RESTRICTED DATA 



APPENDIX A 

SHOT 4 OPERATION PLAN—BUOY PHASE, PROJECT 2.5a 

A.l PLANS AND PREPARATION 

Ships will load at Eniwetok according to the "Union Schedule of 
Eventa" 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 COMPLETE ARRAY at 0200 on 
U-l, sea conditions permitting. (See CTG 7.3 Itr and accompanying chart. 

A.2 LAYING PROCEDURE. COMPLETE ARRAY 

(a) ATF 75 will lay western portion of array, as follows* 
?-l clockwise through A-l; thence to T-2 counterclockwise through P-2; 
total buoys, 11; completion time, 2000, U-l. 

(b) ATF 67 will lay eastern portion of array, as follows: 
F-2 counterclockwise through A-2; thence to B-l, clockwise through F-l, 
Total buoys 11; completion time, 2200, U-l. 

NOTE* For buoy designations, see accompanying chart* 
"RADIO BUOY ARRAY FOR UNION, PROJECT 2.5a." 

a.3 laying procedure, partial array 

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

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

A .4 PROCEDURE FOR ADVANCEMENT OR DELAY OF SHOT 

(a) If, on U-3, a 24-hr advance in shot time is announced, load¬ 
ing can be completed and the complete array planted; if a 48-hr advance 
is announced loading of necessary buoys can be carried out and the par¬ 
tial array can be planted. 

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

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

A.5 RECOVERY PROCEDI 1RES 

Recovery operations are expected to commence on U day. Each ATF 
will recover o*n buoys, commencing with stations in probable fallout. 
If recovery ships themselves encounter fallout, they may retire and re¬ 
cover buoys in adjacent areas. Every effort 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 neces¬ 
sary to break off and return to Enivet.ok to off-load. The shins should 
then return immediately to recover remainder. 

A.6 KESSAGES TO ATF «S FROT CTG7.1 

The following information should be included in messages to ATT^s. 
(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 designations. Project will provide information. 
(c) Messages to ATF^ to modify laying procedures on-site should 

include specific recommendations. Project will provide information. 

A,7 MESSAGES FROM ATF'S TO CTG 7.1 

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

(b) During recoveiy, each ship should report progress every 4 hr, 
giving time and position, and radiation levels of sample bottles as 
determined by Project personnel aboard. 

(c) Info CTG 7.1 on all messages. 
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appeidix b 

GAMMA ACTIVITY MEASUREMENTS FOR THE TOTAL AND GUMMED 
PAPER COLLECTORS 

TiBU B.l - Gamma Activity Measurements, Shot 1, Total Collectors 
F 

Sámele 
Ko. 

ïït. 

251.02 

251.03 

251.04 

251.05 

251.06 

251.07 

251.08 

of Solid fft. of 
(g) Liquid 

i (ml) 

28.69 

803 

5.01 

1.61 

1.17 

0 

1.25 

345 

LA 

4 

6 

0 

120 

138 

Gamma Activity 
_(mr/hr) 
Liquid Solid 

79.6 

8.1 

1.8 

0.91 

0 

0.9 

0.13 

0.23 

0.96 

0.58 

0.13 

0.058 

0.40 

594.8 

144.5 

65.7 

27.7 

2.9 

0 

1.3 

0.96 

7.2 

3.5 

0.35 

0.31 

0.64 

Date and Time 
Measured (PS?) 

3/18/54 

3/18/54 

3/18/54 

3/18/54 

3/18/54 

3/18/54 

3/18/54 

3/18/54 

3/18/54 

3/18/54 

3A8/54 « 

3/18/54 • 

3/18/54 

- 1400 

• 1400 

• 1400 

■ 1400 

« 1400 

• 1400 

1400 

1400 

1400 

1400 

1400 

1400 

1400 
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TABLE B.2 - Gamma Activity Measurements, Shot 1, Gummed 
Paper Collectors 

Sample No. Gamma Activity 
(mr/hr) 

Date and Time 
Measured (PDT) 

251.03 

251.07 

251.08 

250.05 

250.06 

250.17 

250.22 

20.3 

1.2 

1.0 

4.3 

3.3 

2.3 

1.9 

4/28/54 - 1240 

4/28/54 - 1240 

4/28/54 - 1240 

4/28/54 - 1240 

4/28/54 - 1240 

4/28/54 - 1240 

4/28/54 - 1240 

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

Sample Mo, 

1-S-D»T0 

l-s-Dir 

l-S-DMJ 
i 

i-s-Dinc 

l-S-DWL 

Gamma Activity 
(mrAr) 

0.0008 

0.0012 

0.0069 

0.0021 

0.0021 

Date and Time 
Measured (PST) 

3/18/54 - 1400 

j 3/18/54 - 1400 

3/18/54 - 1400 
I 

3/18/54 - 1400 

3A8/54 - 1400 
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TABLE B#4 - Gamma Activity Measurements, Shot 2, Gunned 
Paper Collectors 

Sample 
No. 

E. 

Bearing 
(Degrees True) 

352 

247 

271 

295 

308 

337 

347 

054 

075 

095 

115 

Distance from GZ 
(nautical miles) 

43 

34 

34 

34 

36 

43 

52 

53 

53 

53 

53 

Gamma 
Activity 
(mr/hr) 

1200 

5 

20 

280 

5000 

2200 

U00 

0 

Date and Time 
Measured(PST) 

3/27/54 - 1930 

3/27/54 - 2045 

3/28/54 - 1820 

3/28/54 - 0845 

3/28/54 - 1200 

3/28/54 - 1300 

3/28/54 - 1520 
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TADLE B.5 - Gamma Activity Measurements, Shot 3, Total Collectors 

! 

Sample No. 

Vol. of 
Liquid 

(ir.l) 

251.02 
251.03 1785 
251.04-1 1630 
251.04-2 1475 
251.04-3 2130 
251.08 1150 
251.10 325 
250.05 
250.06 j 1665 
250.07 
250.08-1 ! 110 
250.08-2 170 
250.09 615 
250.12 75 
250.13 245 
250.14- 1 ! ?35 
250.14- 2 j 320 
250.15- 1 ¡ 380 
250.15- 2 j 248 
250.16 260 
250.17 I - 
250.18- 1 I 515 
250.18- 2 560 
250.18- 3 365 
250.19 938 
250.22 915 

ïït. of 
Solid 

(g) 

: i 

Jj 

0 
0.34 
0.34 
0 
2.30 
3.44 

0.12 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.81 
0 
0 
0 

Gamma Activity 
Ur/hr) 

Solid 

300 
0 
0.17 
0.16 
0 
0.37 
0.17 

275 
0 

150 
3.37 
0 
0 
0 
0 
0 
0 
0 
0 
0 

280 
51.8 
0 
0 
0 
0 

Liquid 

3.28 
0.U 
0.33 
0.25 
0.42 
0.39 

9.92 

3.55 
2.45 
0.59 
0.11 
0.19 
0.28 
0.41 
0.21 
0.41 
7.32 

134.6 
19.3 
6.94 
1.11 
0.92 

Date and Time 
Measured(PST) 

4/8/54 
4/15/54 
4/15/54 
4/15/54 
4 A 5/54 
4/15/54 
4 A 5/54 
4/8/54 
4 A 5/54 
4/8/54 
4/I5/54 
4/15/54 
4/15/54 
4/15/54 
4/15/54 
4/15/54 
4A5/54 
4/15/54 
4/15/54 
4A5/54 
4/12/54 
4/15/54 
4A5/54 
4A5/54 
4A5/54 
4A5/54 

- 1000 
- 1500 1 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
- 1630 
- 1500 
- 1530 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
- 0900 
- 1500 
- 1500 
- 1500 
- 1500 
- 1500 
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TABLE B,6 - Gannr.a Activity Measurements, Shot 3, Gummed Paper 
Collectors 

r 

Sample No* Gamma Activity 

(mrAr) 
Date and Time 
Measured(PST) 

251.02 
j 

251.03 

251.10 

250.05 

250.06 

250.07 

250.16 

2C0.17 

250.1? 

j_ 25C.19 

165 

32 

3 

160 

17.7 

37.9 

29.4 

155.5 

90.7 

1.06 

4/12/54 - 0900 

4/12/54 - 0900 

4/12/54 - 0900 

4/12/54 - 0900 

4/15/54 - 1500 

4/15/54 - 1500 

4/15/54 - 1500 

4/1cA4 - 1500 

4/15/54 - 1500 

4/15/54 - 1500 
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TADLE B.3 - Gamma Activity Measurements, 3hot 4, Gummed Paper 
Collectors 

Sample Ko, 

251.05 

250.05-1 

250.05-2 

250.07 

250.19 

250.22- 1 

250.22- 2 

Date and Time 
measured (H)T) 

5/5/54 

5/5/54 

5/5/54 

5/5/54 

5/5/54 

5/5/54 

V5/54 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

Gamma Activity 
(arAr) 

2.*1 

145 

115.3 

0.54 

1.07 

1.14 

0.37 
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TABLE B.9 - Gamma Activity Measurements, Shot 6, Total Collectors 

Samóle 
No. 

Total 
Volume 

(»D 

Wt. of 
Solid 
(g) 

Gamma Activity 
. (mrAr) Date and Time 

Measured(PDT) Solid Liquid 

Alice-1 
Alice-2 
Alice-3 
Alice-4 
Alice-5 
Janet-1 
Janet-2 
Janet-3 
Janet-4 
Janet-5 
Janet-6 
Leroy-1 
Leroy-2 
Leroy-? 
Leroy-4 
Leroy-5 
Leroy-6 
Leroy-7 
Leroy-R 
Nancy 
250.27 
250.28 
250.30 
250.32 
250.33 
250.34 
250.35 
250.36 
250.37- 1 
250.37- 2 
250.37- 3 
250.39 
250.41 
250.47 
250.48 
250.49- 1 
250.49- 2 

410 
610 
445 
460 
450 
332 
275 
250 
415 
465 
455 
725 
720 
725 
750 
760 
705 
815 
705 
305 
593 
655 
660 
450 
455 
462 
450 
350 

2110 
1750 
1500 
930 
935 
875 

1315 
1520 
1335 

0 
0 
0.081 
1.09 
5.53 
4.31 
4.37 
0.072 
0.430 
1.35 
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 
0.478 
0 
0.356 
0.500 
0.360 
0.328 
0.382 
0.241 
0.232 
0.424 
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 

1.95 
1 2.76 

0.355 
0.816 
2.47 
0.0984 
0.0797 
0.0621 
0.171 
0.237 
0.220 
0.0077 
0.00579 
0.00482 
0.00482 
0.00635 
0.00482 
0.00540 
0.00500 
0.149 
0.280 
0.0742 
0.0282 
0.322 
0.0685 
0.117 
0.011 
1.11 
0.00635 
0.00715 
0.0077 
0.0135 
0.0081 
0.0081 
0.0154 
0.00635 
0.0054 

6/1/54 - 1300 
6/3/54 - 1400 
6/1/54 - 1300 
6/3/54 - 1400 
6/3/54 - 1400 
6/3/54 - 1400 
6/3/54 - 1400 
6/3/54 - 1400 
6/3/54 - 1400 
6/3/54 - 1400 
6/3/54 - 1400 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6A/54 - 1300 
6/1/54 - 1300 
6/I/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6A/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6A/54 - 1300 
6A/54 - 1300 
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TABLE B.9 - Gamma Activity Measurements, Shot 6, Total Collectors 
(Cont.) 

Sample 
No. 

Total 
Volume 

(ml) 

Wt. of 
Solid 
(?) 

r.. 

Gamma 
Í®Ç 

Activity 
Ar) Date and Time 

Keasured(PDT) soin Liquid 

250.49- 3 
250.49- 4 
250.49- 5 
250.49- 6 
250.50 
250.51 
250.54 
250.55 
250.58 
Barge-1 
Bai^e-2 
Barge-3 
Barpe-4 
Mack-1 
Mack-2 
Oscar-1 

1310 
780 

1085 
U70 
1225 
1110 
1085 
960 
765 

1115 
1U0 
1010 
1050 
1915 
1528 
710 

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 

0.00482 
0.0247 
0.00425 
0.0077 
0.0164 
0.00906 
0.00925 
0.005 
0.00578 
0.U6 
0.27 
0.0151 
0.139 
0.0338 
0.0278 
0.0117 
-i 

6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
6/1/54 - 1300 
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APPENDIX C 

PARTICLE SIZE DISTRIBUTION AND PERIOD OF FALLOUT DATA, 

SHOTS 1 AND 6 
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Fig. C.9 Shot 1, Tioe of Arrival and Period of Fallout, 
Station 250.05 (A,8, and C as in text p. 69) 
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Fig. C.10 Shot 1, Time of Arrival and Period of 
Fallout, Station 250.06 
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TIME (MIN) 

*ip. 0.11 Shot 1, Time of Arrival end Period of 
Fallout, Station 250.22 
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Pig. C.12 Shot 1, Time of Arrival and Period of 
Fallout. Station 250.24 
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Fig. C.13 Shot 1, Time of Arrival and Period 
of Fallout, Station 251.04 
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Fig« C.14 Shot 1, Time of Arrival and Period of 
Fallout, Station 251.05 
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Fig. C,15 Shot 1, Tine of Arrival and Period of 
Fallout, Station 251.06 
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Fig. C.16 Shot 1, Time of Arrival and Period 
Fallout, Station 251.10 

of 
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Fl«. C.17 ïocample of Kelative Background Activity, 
Station 251.09 (sampler exposed but did 
not operate) 
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Fig. C.18 Shot 6, Tin« of Arrival aw) Period of Fallout. 
Station Alloa 

133 

SECRET - RESTRICTED DATA 



APPENDIX D 

FALLOUT PARTICLE DENSITY, SHOT 1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

25 

40 
40 
50 
55 
75 
80 
85 
90 
95 

100 
105 
110 
125 
130 
135 
130 
140 
140 
140 
145 
145 
145 
150 
160 
160 
160 
165 
165 
170 
175 
185 

Density 
(g/cu cm] 

2.28 

2.05 
2.54 
2.24 
2.22 
2.42 
2.26 
2.52 
2.52 
2.18 
2.17 
2.10 
2.24 
2.19 
2.41 
2.22 
1.78 
2.18 
2.35 
2.21 
2.23 
2.40 
2.04 
2.38 
2.27 
1.94 
2.38 
1.65 
2.10 
2.67 
2.32 
2.20 

Average 
Diameter oo 

1480 

1020 
900 
580 
730 

1060 
810 
350 
750 
675 
550 
500 
630 
590 
540 
260 
490 
350 
590 
530 
310 
480 
650 
340 
380 
700 
515 
620 
375 
570 
325 
325 

yActivity 
(c/m) 

53 

84 
86 
89 

210 
110 
230 
21 
47 

502 
66 
40 

0 
105 

64 
19 
13 
44 
84 

231 
34 
36 

106 
61 
64 
99 
62 
66 
2 

13 
44 
24 

Date 
Counted 

7/20 

7/20 
7/19 
7/20 
7/20 
7/19 
7/19 
7/20 
7/23 
7/20 
7/19 
7/21 
7/21 
7/21 
7/21 
7/21 
7/19 
7/21 
7/21 
7/21 
7/21 
7/21 
7/21 
7/22 
7/22 
7/23 
7/23 
7/23 
7/23 
7A9 
7/19 
7/19 

white with 
orange tinge 
white 
grayish white 
white 
white 
gray 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
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TABLE D.2 - Differential Fallout Collector 250.17 

Sample 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Sampling Time 
(min after 

ABD) 

5 
10 
10 
]0 
-t-j 

15 
20 
25 
35 
40 
40 

40 
45 
50 
50 
50 
50 
50 
50 
50 
95 

110 
135 
135 
160 
175 

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 
2.01 
2.71 
2.38 
1.95 
2.47 
2.47 
2.49 
2.45 
2.34 

Average 
Diameter 
00 

800 
820 
830 
460 
330 
840 
525 
480 
360 
260 

1750 

480 
680 
425 
350 
610 
320 
900 
440 
640 
560 
600 
530 
770 
300 
470 

Y Activity 
(c/m) 

61 
461 
13 
26 

163 
55 
14 
27 
38 
0 

20 

0 
54 
6 
0 
0 
0 

127 
4 
0 
0 

10 
13 
5 

17 
2928 

Date 
Counted 

7/28 
7/28 
7/28 
7/28 
7/28 
7/28 
7/28 
7/29 
7/29 
7/29 
7/29 

7/29 
7/29 
7/29 
7/29 
7/29 
7/28 
7/29 
7/28 
7/28 
7/28 
7/28 
7/28 
7/28 
7/29 
7/29 

Color 

grayish 
white 
white 
white 
white 
gray 
gray 
gray 
gray 
gray 
white with i 
brown tinge 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
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TABLE D.3 - Differential Fallout Collector 250,24 

Sample 
No. 

Sampling Time 
(min after 

ABD) 

Density 
(g/cu cm) 

Average 
Diameter 

(lO 

Y Activity 
(c/m) 

Date 
Counted Color 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

5 
10 
15 
20 
25 
35 
50 
60 
65 
65 
65 
65 
65 
65 
65 
80 
90 

150 

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 
2.05 

420 
980 
425 
240 
275 
675 

1410 
335 
220 
535 
440 
340 
250 
250 
590 
200 
270 
310 

0 
0 
0 

26 
12 

160 
146 

0 
0 

33 
42 
43 
65 
44 

141 
7 

31 
24 

7/22 
7/22 
7/22 
7/22 
7/22 
7/22 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 
7/23 

white 
white 
white 
white 
white j 
white j 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 
white 

136 

SECRET-RESTRICTED DATA 



Arirr.NUn E 

PARTICLE FALLING RATES 

The deteimination of the falling rates for the fallout particles 
was made by initially calculating the terminal velocities for particles 
at various altitudes, A selected range of particle diameters vas used 
in making these calculations. The diameters considered vere: 10, 25> 
50, 75, 100, 150, 200, 250, 375» 500, 750, and 1000 1*. Terminal velo¬ 
cities for these particles vere calculated for starting altitudes at 
5000 ft increments from 0 to 100,000 ft. From these data the average 
rates of fall of the particles through 5000 ft increments of the atmos¬ 
phere vere determined. 

The calculation of the terminal velocities involved the use of 
knovn lavs of settling of suspended particles from gases. The tyues of 
flov vhich these particles undergo are divided into three regions* 
streamline, where viscous forces predominate; intermediate; and turbulent, 
where inertia forces predominate. In simplified foro, the laws govern¬ 
ing these types of flow are 

Streamline motion, 
vm = Ke d2 V"1 (E.l) 

Po 
Intermediate region, 

Kl (£afl2)2/3 v-l/3do 
Po 

(£.2) 
Turbulent region, p- n -i/? 

.. Kj (f_4)1/2 dV2 
Po 

(E.3) 

terminal velocity 

K = constant, for irregular quartz particles: 
» 36, Kj a 17,2 and s 50, 

P ~ density of the particle 
= density of the fluid 

d = true diameter 

V = kinematic viscosity = 
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s absolute viscosity of the fluid 
d0 - d - Çd» 

§ = 
d» 

0.279 
r 3.3 

g pJP-fZ LO O 

limiting diame¬ 
ter to which the 
streamline lav 
applies 

g s acceleration due 
to gravity 

The values for Kj and p were given as determined for irregular 
quartz particlesy which for this application is more suitable than those 
values given for spherical particles. The value of Kj was determined by 
solving the Eqs. E.l end E.2 at the point of transition (85 l1) from 
streamline motion to the intermediate region.^/ 

The density of the particle was determined experimentally for 
actual fallout particles collected in the field (see Section 5.4). The 
density^of the air and the viscosityi^/of the air which is temperature 
dependent are shown in Table E.l, The values for the viscosity are 
based on temperature measurements taken in the Bikini area at Shot 1 
time by the Task Force Weather Central. Temperature data were not taken 
for altitudes above 50,000 ft, so the temperature above that elevation 
wts assumed to be isothermal. 

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

d' . 43.5 F-¿-j1/3 

was available from another source.**/ The calculated values for the limit¬ 
ing particle diameters at different altitudes for the two types of motion 
are plotted in Fig. E.l. These plots define the areas in which the var¬ 
ious equations for the detennination of terminal velocities ar*' applica¬ 
ble. It is seen that for some of the particle sizes considered (100, 150, 
200 H) the terminal velocity calculations follow the intermediate law to 
the altitudes indicated and beyond that the streamline law. Also, for the 
particle sizes considered from 250 to 1000 H in diameter, it is evident 
that the intermediate law only governs the terminal velocity determina¬ 
tions. 

When the density of the fluid is snail as compared to that of the 
particle, the buoyancy correction becomes negligible and Eq. E.l takes 
the form, 

Since the temperature above 50,000 ft was assumed to be isothermal, the 
viscosity of the air remains const-nt and the terminal velocity is pro¬ 
portional to the square of the diameter. Thus for a given particle 

Ksfid2 
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ThBT £ £.1 -Vipcofitj, Temperature and Denrity of nir at V_rious 
Altitudes 

altitude 
(ft) 

Temp 
(°c) 

Viscosity(a) 
(poise) 

Jensity(k) 
g/cu cm 

0 
2C00 
4000 
6000 
8000 

10000 
12000 
14000 
16000 
18000 
20000 
25000 
30000 
35000 
40000 
45000 
50000 
55000 
60000 
65000 
70000 
75000 
80000 
85000 
90000 
95000 

100000 

26.7°C 
21 
16.4 
13.8 
13.7 
9.1 
5.1 
2.7 

-1.9 
-4.6 
-8.7 

-18.8 
-31.8 
-4/.2 
-56.7 
-67.8 
-76.7 
—80.4 
-80.4 
-80.4 
-80.4 
-30.4 
-80.4 
-80.4 
-80.4 
-80.4 
-80.4 

2.03 X 10“4 
1.79 
1.75 
1.75 
1.75 
1.73 
1.72 
1.7 
1.7 
1.68 
1.65 
1.63 
1.56 
1.5 
1.45 
1.4 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 

12.24 X 10“4 
11.50 
10.70 
10.00 
9.4 
8.8 
8.3 
7.8 
7.3 
6.8 
6.40 
5.5 
4.7 
3.3 
3.05 
2.45 
1.95 
1.55 
1.20 
0.96 
0.76 
0.60 
0.48 
0.37 
0.30 
0.24 
0.19 

(a) See Heferenee 13 
(b) See Reference 3 

diameter the terminal velocity becomes constant at a certain elevation 
t’df elevation is dependent on the particle size as ehovn in Table ¿.2 

The calculated values for the terminal velocities are tabulated 
in Table E.2 and the average rates of fall are tabulated in Table E.3. 
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Fig, E.1 Areas of Applicability in Calculating Terminal Velocities 

140 

SECRET-RESTRICTED DATA 



Vi 
G 
O 

•H 
+J 

£ 
(U 

I-» 

«i 
2 
O 

•H 
ti 
03 

•P 
.0 

i 

o 
+0 
7J 

u 
fi) 

(-1 
ü 

•H 
-P 
ti 
33 

n 
0) 
N 

•H 
UD 

3 
O 

•H 
ti 

•> 

Ch 
O 

03 
O 

O 
o 

rH 
O 
> 

0) 
CH 

X) 
0) 
p 
tq 

jo 
03 
H 

C\ 

W 

á cq 

O 
\A 

ir\ 

o 
o|o o 

8 
tf \ ' 

¡8 
IvO 

:s 
‘ H 

vO o H cv sr 
tr\ nú \£) \Q 

88888 88888 
Wr^tOvOr^ (^\ cv O 00 
^ «i as K 

^ ^ 'S P ^ 00 ^ rH 00 
sO^OvOC^C^ c^c^-cooo 

{> O C- 00 
O H C\¿ m si 

•k « % M «k «k 

”3 H rH H H C>í Oi CNi 

88888 
O líA 00 00 

« «k * * «k 
sí «TkvO c^ 

sí sí SJW sí 

O Q O O Q 
of\ O O O O 
0' rH CV kTv 00 

•k « «k « «k 
00 O rH 1.VÍ 
Si kT» kT\ kA ITk 

88888 
(V rH CV -NÍ 
^ «k «k <k <k 

kA Ö0 v M C^- (A 
kA kA vO v£) O 

88888 
^ kA Ai O O 
^ ^ ^ % 

^ vg 0> cv Q 

88 o o 

00 O H H 

•k * « * « 
00 C- kA kA 

AI 0A sí kA 
H rH H H 

O O 
•k <k 

£s ON 
vO C- 
H rH 

88888 8 
^0 CA H C"- 0A 

« « «k » «k 
O O O H 

AI A¡ CA rA rA 

888 8888 _ O O 
nO »a rA 

« «k « * «k 
AI AI CA kA 
CA CA CA CA rA 

AI H A> sí O 
^ ^ ^ «0 

NO to O sí 00 
CA CA sí >í st 

88888 88888 
(A sí O rH AI CA CA H O O 

•k M •> «k ik <k «k *k <k «k 
HnOCOnOH NOrHÇsrAO Oca ! 
kA ia kA vo 00 00 O o OH' 

rH H rH 

•k <k 

88888 
-^nO Ai H 

•» «k % «k ^ 
O H AI AI CA 
AI A< AI AI AI 

88888 88888 
C'- CA 00 sí O t>rHO\ÚAI 

^ ^ «K «q 
CA sj sí kA sO nO 00 O Aí kA 
AI (V Ai AI AI CiAIrACArA 

888S888888 88 
H ca kA rA 00 >í rA CA OD sj 
J* •* «k S <k kk «k «k » 
30 rH AI 00 rH lA O' C\! vO i 
CAsísísíkA kA kA n£) ^ I 

•k _ 
UN O 
> 00 

88 o o 
>ÍC- 

S «k «k «k «k 
CA Sj sí sí ^ 

88 
CA vO 

88 
sí r- 

•k «k <k >k « 
kA kA vO O \0 

8 80 O 9 o CA O kA AI 
•k <k tk *k «k 

k> 00 0s rH CN 
H rH H AI 

88888 88888 
CA CA O sí kA n0 00 A- 00 sr 
Ä ^ J* * ^ • «k *k «k «k 

sJnOnOOAI sí vO 30 o CA 
Al AI Ci ÍA (A CA CA CA 'í sí 

88 
UkC^ 
«k «k 

kA Cs 
sí SI ! 

Ai 

kA 

88888 
CA CTn AI U\ t> 

•k «k «k «k « 
O O H rH H 

88888 °88 ca o o ö g 8 g 
O AI U\ ¢0 O sí O O Al si 

« «k « « « *k « «k « «k 
rH A! AI A! rA CA SÍ m O i> 
rH rH rH rH rH HrHrHHrH 

80 O 
o o 

o 
Q - 
tO rA fs rA 1 

•k » »k «k «k 
00 O O rA sí 
H AI Ai AI AI 

88 
AI f» 

« ■k «k «k 
'O A- O O O 
Al Al Al CA CA 

88 
O O 
s «k 
O o 
CA CA 

«CN O O O O 
A- A- O us t» 
CA CO H Ai a 

•k «k « «k «k 
A~ A- tü 00 0C 

O O O O O 
A- \0 CA sj »i 
UN Cs ON H CA ^ ^ «k «k 
00 00 CC O 0' 

88898 8888 UN O A- vO sí Al CA UN AI 

ON O O r-T A? 
r-i i-i t-i r-i 

AI CA UN Oí O' C> CA CS QN O' «<k«k«k^ 
CA Sf -NJ . 3 kú NO vO nO vO nO 

O 

8 
V0 '3 

rH H H H rH 

00 Cki UN CA 8 
Si oq CA o H 
SÍ sí sí UN UN 

o o g o o 
rH Oí O Cí rA 
cv rA sí un nO 
UN UN UN UN UN 

o g o g o 
no g g sí 
A" O CA O' OÑ 
UN v£) vO nO sO 

§8888 88888 88 
HUNUNiUNUN UN UN UN UN UN UN UN 

A* A* A A A A A 
UN UN 
A A 

g o o o o 
00 sr rH Ai CA 
A rt Ai AI AI 
Ai CA CA CA CA 

o g o o o 
UN oc Ai CA vO 
CM AI CA CA CA 
CA CA CA CA CA 

g q og o 
A sí rH 00 
sí sjvû A 
CA CA CA CA 

_ OOOOOOOOOO o o 
AI AI 
Ai AI 
SÍ SÍ 

0) 

P p 
•H Ch 
+J w 

aa 

ca rA s| 
O O O O Q 
sí q £n- oo O' 

o o g q o 
CM rA O 00 CA 
UN UN \Q nO A 
H H H rH rH 

O O O O O OOOOO 

A $0 §0 £> $0 So ^0 io So fe 
r~i f-i <ri t-i HrHrHHrH 

O O 

So So 

00 q a 00 o 
O sí UN UN UN 
CA CA CA CA rA 

H UN O' O CA 
\0 vO vO A A 
CA CA CA rA CA 

O' A! 
A " 
CA 

¿i rH O sí 
00 O AI CA 
CA sí sí sí 

'O O' O' O' O' 
'Í'O 'O vO vO 

^ ^ ^ 

O' O' O' O' O' 
NO vO \0 vO NÛ 
si si q si si 

O'O' 
O vO 
•>i si 

CA 00 H Ai rA • • • • • 
q un a a 
si UN UN UN UN 

A CA O H vO 
f » 

A tO O' O' O' 
U k UN UN UN UN 

vO rt H rt si 
• • • • • 

O rt si A O' 
'O vO vO \0 \0 

si O' O' O' O' O'O'O'O'O' O' O' 
• • • • • • • • # # * * 

fH si si ' J ^í sisísisisí SÍSÍ 

aaaaa aaaaa aa 

<D 
0 

«2 

.0 

% *k «k fk 
CM si VÛ 00 

« <k «k <k M 
O Cv sj vO co 
rt rt rt rt rt 

« « «k « « 
O UN o UNO 
CM CM CA CA si 

UN O UN O UN 
sí UN UN sO 'O 

O UN 
A A 

* «k 8 UN 
00 8 88 

Ml 

SECRET-RESTRICTED DATA 



T
A

B
L
E
 
E

.3
 
-
 
A

v
e
ra

g
e
 
F

a
ll
in

g
 

R
a

te
s
 
o
f
 
V

a
r
io

u
s
 
S

iz
e
d
 
P

a
r
ti
c
le

s
 
f
o
r
 

5
0

0
0
 
f
t
 
In

c
r
e

m
e

n
t 

£ 

u 

2 

8 
u) 
t4 

2 

o 
tf\ 
C" 

8 
m 

VTv 
r- 

O 
vT\ 
(V 

°8 

o 
IA 

»A 
c- 

o 
u> 

»TS 

4. 

O 

4> Q 
•H Q 
•P O 

O O so o 

O' >i r- cv 
»ano vO r* 

8 
fA 

«* «« 
sO rH 
C'- ¢0 

sí C 
«* 

8 

§0 ÿ 

O' o »rv O 
% % % 

CM (V to o 

adds 

« % « 
(*> -ivQ to 
>i »Axö 
fH rH pH rH 

% % « « 
rH VA H vO 
O O Oí CA 
H tM CÍ CV 

88 
(A VT\ 

8 

« « « 
>ics C rf\ 
-si -4 >A IA 

88 
<A 

8 
n£> 

vO O »A O 
•a o no r- 

8 8 
si O 

% » 
vO ÇA Ç- 

to « 

vO 
•» 

lA 
O' 

O O »A Ô 
•*•*•*•* 

•HP sí rw H O H OJ (A 
'»i «A vO A- 
p-H H H pH 

88 
CV Oi C\i 

k % 
O' rt (A >A 
Oí íA <A CA 

8888 
OH sfvO OH 
« % « « 

O' OH vQ 
<A (A si ^ 

8888 
O OH OH OH 

O SÍ o- OH 
VA IA lA vO 

88 8888 
\0 o) H ia 

« « « % 
to A O' 'i 
vO A- fs « 

VA o lA 
•k «k 

og 
8#o 

8888 
vO pH O' 

« « <k «k 
pH A si kA 
OH OH Ai OH 

8888 
"i H A <A 
■k % «k % 

A* O' H A 
OH OH A A 

88 
A* A- 

•k <k <k 
vO O' pH VA 
A A >i si 

8888 
H s£) sf pH 

% «k «k <k 
O A £s H 
kA IA IA v£) 

O' A O' H 
•k «k « « 

si O' A tO 
vO vO A- 

888 888 
O' A* A* 'O A OH 

A A vfl 
rH rH rH rH 

>0 A OH © 
^ *k «k 

A tO O H 
H H OH OH 

8888 
>i A \0 A 

•k <k «k <k 
A «AvO «0 
OH CH fV OH 

8888 
»AvO A TO 
«k kk <k <k 

H A «A A 
A A A A 

O' A A 
» <k « 

Q H OH a 

8888 
A A vO TO 

« « <k <k 
A si kA vO 
A iH H H 

H 'S A O 
% » *k <k 

TO O' O OH 
H H A OH 

8888 
A A õ si 
«k «k <k kk 

si A A TO 
OH OH OH CH 

8888 
to H 

% 

% *k * <k ! 
C'a o o , 
OH A A A : 

qo o o 
si A O' H 
TO A A A 
* «k «k <k 

A TO TO O' 

8888 
a sirn o 
« kk kk kk 

O' o pH OH 
HAH 

88 
sí si 

kk 
OH A si kA 
A A A A 

vO '0 vO vO 
ri H r-i H 

•k kk « « 
'O 'O vO vO 
A A A A 

888S 
A A A vO 
si kA kA A 

§838 3888 8888 8888 
TOAsOO» O A A A A A A A A A A A 
AvOvOvO r* cs p- o- fs fs. fs js Accosts 

o o 
Çs A 
O fH OH 
A A A A 

O O Q O 
A A O si 
si a r* tso 
A A A A 

p o o o 
is OH CH OH 
O' A OH OH 
A si sj si 

O O O O 

si 

WWW 
CM CV CM 

o o o c 

3333 
o o o o 
vO A'O O' 

o o o o 
A 0- SÍ A 
A A kf) fcs 

o o o o 

r-\ r-i r-( r-t 

popo 

$0 §5 §) $0 

O O O O 

So So So So 

A O'vD A 
si A'S (> 
A A A A 

A CH A f* 
TO O' A CH 
A A si >i 

O TO O'O' 

3333 

O' O' O' O' 

3333 
O' O' O' O' 

3333 
«Tk si si fs 
• • • • 

si £s ¢0 O' 
A kf < A A 

O'vD >0 A 
• • • • 

O CH »ATO 
vO vO vO vO 

si CH O' O' 
• • • • 

O A si si 
cs cs js. r. 

O' O' O' O' 
• • • • 

si si si si 
fs fs pS (s 

O' O' O' O' 
• • • • 

si si si si 
O fs fs 

»A O »A O 
A A CH 

I I I I 

O A o »A 

>AO »AQ 
CH A A si 

I I I I 

O A o »A 
CH CH A A 

»A O »A Q 
si A A vO 

I I I I 

O »A O »A 
si si A A 

»A O »Ag 
vo r*r- 

I i 

8 
I I 

O »A o »A 
'O vO 

A o A 
TO O' O' 

I I I 

8388 

i 

w 
SECRET-RESTRICTED DATA 



APPENDIX F 

DETERMINATION OF MATERIAL BALANCE FOR SHOT 1 FALLOUT 

PATTERN (r/hr at 1 hr) 

In determining the material balance for a given fallout pattern, 
it is necessary to relate the amount of activity accounted for within 
the fallout contours to that produced in the detonation. 

The gamma field surveys of the outer islands were made from P to 10 
days after Shot 1. The following material balance was calculated for 
time t • 0 ♦ 9 days. Selection of this time eliminated the introduction 
of any possible errors due to extr? relation of the field measurements to 
early times. Furthermore, experimental data on the gamma energy spectrum 
were available for this time period. 

F.l PER CENT OF DEVICE ACTIVITY AT TIKE (t) 

Let = total No. of photons/sec at time (t) 

F = fission yield of the device in KT 

A = No. of fissions/KT of yield 

= d/s/lO^fissions at time (t) 

r. = beta particle to gamma photon ratio at time (t) 

then 
F A Nt X 10' ,-4 

photons/sec 

F = 9000 i 1000 KT 

A = 1.5 X 1C23 

N = 4.93 X 10"3 
V 

r = 0U5 
V 
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Computation of Nt iras made for Shot 5 at 0 9 days.f/ Consideration 
waamade of the contribution from fission products as well as that from 

and Ü-37 induced activities. Since the capture to fission ratio 
for Shot 1 and Shot 5 were nearly the same these data were assumed reason¬ 
ably valid for Shot 1 calculations. Similarly the beta particle to 
gamma photon ratio calculated for Shot 5 at 0 ♦ 9 days was used in this 
evaluation."/ 

Therefore, 

Y, s X 10?3)U.°3 x 10-3)(IQ-M 

0.45 

5 1»47 X 1021 photons/sec at 0 ♦ 9 days. 

F.2 RELATION OF DEPOSITED ACTIVITY TO GAUM FIELD AT 1 FT FOR AN 
INFINITE CONTAMINATED PLAÑÍ 

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

K = a constant rhich includes the air absorption coefficient 

A^ = deposited activity in Hc/so cm at time (t) 

E = averare gamma source energy in Mev/disintegration at 
t time (t) 

thenl2/, 

It = ^tEf 

Let B = dose build un factor^/or the ratio of the dose from all 
photons to that from unscattered photons 

R = source energy degradation caused by roughness of the 
planeiS 

then, 

l't = (KAtEt)(B)(R). 

where 
i 

I = radiation intensity at time (t) in r/hr at 3 ft aa 
^ measured in the field 
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or 

K ^ B R 
Mc/sq cm; 

however, 

and 

photons/sec/sq cm = li^/sq cm)(3.7 x 

jL 

where 

E. 

Therefore, 

Let 

= average gamma energy in llev/photon. 

= (It)(3.7 x 1q4) . 3.7 * 104 , , , 

(K)(EX)(B)(R)(rt) ' TEÍBR “S/SeC/S< 

t 

= 1 r/hr at 0 ♦ 9 days 

K = 0.12 (ref 7) 

B - 1.45 (ref 6) 

R = 0.60 (ref 10) 

Ej. = 0.344 Mev/photon at 0 + 8 days, 

s säe sä 
ääss ä Äi:.“ *■” “ 
Therefore, 

Xt = (ú.bjioljujiíílijkéo)- 

= x 10^ PRotons/sec/sq cm at 0 ♦ 9 days 

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

1 r/hr at 0 ♦ 9 days is produced by an infinitely contaminated 
plane of uniformly deposited activity of 1,03 x 10f: photons per 
sec per sq cm. 

F.3 CALCULATION OF MATERIAL BALANCE 

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 arithmetical average of the peripheral contours as the average 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, existing field data do not indicate any one 
continuous function that describes it precisely. Material balance data 
for Shot 1 are given in Table F.l. 

TABLE F.l - Material Balance, Shot 1 

Contours considered 
in determination of 
areas (Fig. 6.6) 

(rAr at 1 hr) 

Average levels 
between contours 
at 0 + 9 days 

(r/hr) 

Area 
(sq cm) 

Total rate 
(photons/sec) 

3000 to center of 
pattern 

2000 to 3000 

1000 to 2000 

500 to 1000 

100 to 500 

3.42 

2.35 

1.71 

0.36 

0.342 

5.3 x 1013 

7.5 x 1013 

1.0 x 10U 

1.56 x 1014 

3.35 x 1014 

20 
1.37 x 10^ 

20 
2.2 x 104U 

1.76 x 1020 

20 
1.33 x KTU 

1.18 x 1020 

Therefore, within the 100 r/hr at 1 hr contour 3.39 x 1020 photons per 
sec are accounted for at 0 ♦ 9 days. 

S.y? Z l<g 3 0.57 
1.47 x io*1 

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

F.4 FRACTION OF THE DEVICE COLLECTED IN TOTAL COLLECTOR. STATION 251.03 

A radiochemical analysis!!^on the fallout collected at Station 
251.03, where the gamma field reading was 1 r/hr at 0 ♦ 9 days, yielded a 
value of the bomb fraction over a 1 sq ft area to be 1.5 x 10“ • This 
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value was obtained from a total collector sample and must be corrected 
for collector efficiency which at this dose rate was 43 per cent (see 
Pi** 4*1 )• Therefore, the experimentally determined bomb fraction per 
square foot for a pamna field of 1 r/hr at 9 days equals 

1.5 X 10"13 
0.435 

-13 , 1A 
= 3.45 X 10 /sq ft = 3.7 X 10 lb/sq cm. 

Since 1 r/hr at.9 days is produced by 1.03 x 10^ photons/sec/sq cm and 
Y+ = 1.47 x 1021 photons/sec/sq cm the calculated fraction of the device 
at this station is 

^ * = 7.0 x 10"l6/sq cm. 
1.47 x 1021 
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APPENDIX G 

STATION INSTRUMENTATION 

TABLE G.l - Shot 1 - Lagoon Station Instrumentation 

Station 
Code 

Total 
Collector 

250.01 
250.02 

250.03 
250.04 

25O.O5 

250.06 

250.07 
250.08 

250.09 

250.10 
250.11 
250.12 

250.13 

250.14 
250.15 
250.16 
250.17 
250.18 
250.19 
250.20 
250.21 
250.22 
250.23 
250.24 
250.25 
250.26 

X 

I 
X 

X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

(b) 

X 
X 
X 

Differential 
Fallout 
Collector 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 
X 

Gummed 
Paper 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 

FilnJíriplete) 
Badge 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 
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 
two LASL rafts present' 

Chemical Corps and 
two LASL rafts present 

NRDL raft missing 

NRDL raft missing 
NRDL raft missing 
NRDL raft missing 

NRDL raft missing 

Located on reef between 
William and Yoke 

(a) For Project 2.6a. 
(b) X indicates instnment placed. 
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Table B.3 - Chot 1 - Lagoon Etation Recovery 

Station 
Code 

25O.O2 
250.03 
250.04 

25O.O5 

250.06 

250.07 
25O.O8 
250.09 

250.10 

250.11 
250.12 

250.13 

250.14 
250.15 
250.17 
250.18 
250.22 

250.24 

250.25 
250.26 

Total 
Collector 

xW 

X 

X 

Differential¡Gurmed 
Fallout 

Collector 
Laper 

Film Triple 
BaJgs Collector 

LiFsing 

«, 

A 

X 

X 

X 

X 

X X 
I 

X X 

X X 

Did not work X 

T 

(X)U1 i (X)Lid aid 
i not close 

(X)N? I (X) Lid did 
not close 

(X)ia6i (X)Lid aid 
not close 

Remarks 

Raft demolished 
Rait missing 

OON34 

(X)N3 (X)Lid did 
not close 

(X)N35 (X)lid did 
not close 

(X)N10i X 

Raft missing 
Raft missing 
Chemical Corps and L^L 
rafts present 

IIRDL raft upside down 
LASL deck smashed 

Raft upside dovn 
LaSL raft decks broken 

IdÜJL raft upside dovn 
Chem.Corps raft present 

LASL raft deck srm'.shed 
UitDL raft upside down 
Chera.Corps raft present 

Raft upside dov/n 
Raft upside dovn 

Station not prepared 

Raft upside down 

(a) For Project 2.óa, 
(b) X indicates instrument recovered. 
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TABLE G.5 - Shpt_2j?_-Lagoon Station Instrumentation 

Station Code 

250.02 
250.04 

250.05 
250.06 
250.07 
250.08 
250.'09 

250.10 

250.11 

Total 
Collector 

x(a) 
4- 

Gummed 
Paper 

X 
X 
X 
X 

X 
X 
X 
X 

Film 
Pack 

X 
X 

Remarks 

X 

X 

Buoy 
Buoy missing 
25 March 
Buoy and raft 
Buoy and raft 
Buoy 
Buoy 
Buoy and raft 
missing 24 March 
Buoy and 2 rafts 
on reef 24 March 
Buoy and raft, M 

250.12 
250.13 
250.14 
250.15 
250.16 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

250.17 
250.18 
250.19 
250.22 
250.24 
250.25 

Buoy and raft 
Buoy and raft 
Buoy and raft 
Buoy and raft 
Buoy near Coca 
24 March 
Raft 
Buoy and raft 
Buoy 
Buoy and raft 
Buoy and raft 
Buoy and raft 

(a) X indicates instrument placed 
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TABI£ G.7 - Shot 2 - Lagoon Station Recovery 

Station 
Code 

Total 
Collectors 

Gummed 
Pa por 

^ Film 
Pack Remarks 

250.02 
250.05 
250.06 

1 250.07 
, 250.08 
J 250.10 
,250.11 
250.12 
250.13 

250.14 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 
250.24 
250.25 

— 

Buoy missing 
Raft OK 
Stations OK 
Replaced mast on buoy 
Buoy missing 
Buoy OK, raft turned over 
Buoy OK, raft turned over 
Buoy OK, raft turned over 
Buoy OK, 1 raft upside down, 
other OK 
Stations OK 
Buoy OK, raft upside down 
Buoy OK 
Raft OK 
Stations OK 
Buoy OK 
Raft 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* 

154 

SECRET-RESTRICTED DATA 



Station 
Code 

1251.02 

251.03 
251.04 

i 251.05 
251.06 
(251.07 
251.08 
251.09 
251.10 

TABLE G. 8 - Shot 2 - Island Station Recovery 

Total 
Collectors 

üummed 
râper 

Differential 
Fallout 

Collector 

Demolished 

Did not operate 
Did not operate 

Film 
Pack 

(X)N62 

Triple(a) 
Collectors 

(X ) ^ Opened 
Did not close 

Did not open 

(X)P2 ! 
X 
X 

; 

! (X)N63j 
M i —*-,. |H f   | 

AU th. samples were left in place as no fal?out collected except for 
film badges ar noted. H 

.J 

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

Q«9j"_ Shot 3 - Lagoon Station Instrumentation 

Station 
Code 

250.05 
250.06 
250.07 
250.08 
250.09 
250.10 
250.11 
250.12 
250.13 
250.14 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 
Coca 

Total 
Collector 

X(af 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Gummed 
Paper 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Film 
Pack 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Remarks 

Raft 
Buoy 
Buoy 
Buoy 
Chem. 

and buoy 
and raft 

Buoy 
Buoy 
Buoy 
Buoy 
Buoy 
Buoy 
Buoy 
Raft 
Buoy 
Buoy 
Buoy 

Corps raft 
and raft 
and raft 
and raft 
and raft 
and raft 
and raft 

and raft 

and raft 

(a) X indicates instrument placed. 
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Station 
Code 

Í Total 
Collector 

251.02 
251.03 
251.04 
251.05 
251.06 
251.07 
251.08 
251.09 
251.10 

x(h) 
X 
X 
X 
X 
X 
X 
X 
X 

TABLE G.10 - Shot 3 - Island Station Instrumentation 

Gummed 
Paper 

X 
X 
X 
X 
X 
X 
X 
X 
X 

Film 
Pack 

X 
X 
X 
X 
X 
X 
X 

Differential 
Fallout 

Collector 

(a) For Project 2,6a# 
(b) X indicates instrument placed. 

X 
X 

X 
X 
X 

Triple(a) 
Collectors 

X 
X 

Remarks 

Electrostatic 
Precipitator 
placed 

Station 
Code 

250.05 
250.06 
250.07 
250.08 
250.09 
250.10 
250.11 
250.12 
250.13 
250.14 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 
Coca 

TABLE G.ll - Shot 3 - Lagoon Station Recovery 

Total 
Collector 

xfe) 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Gummed 
Paper 

X 
X 
X 

X 
X 
X 
X 
X 

)estroyed 

Film 
Pack 

(X)P-3 

(X)P-12 
X 
X 

X 

(a) X indicates instrument recovered. 

Remarks 

Raft and buoy 
Raft 
Buoy 
Buoy 
Chemical Corps raft 
Missing 
Raft turned over, buoy broken 
Buoy mast broken 
Raft 
Raft 
Raft upside down, buoy OK 
Buoy 
Raft 
Raft and buoy 
Buoy only 
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TABLE G.l? - Ühot 3 - Inland Station Recovery 

Station! Total 'Summed 
Code Collector Paper 

?51.0? 

r.51.03 

251.04 

251.05 

251.06 

251.07 

251.08 

251.09 

251.10 

X(b) 

X 

X 

X 

X 

Film : Triple(a) 
Pack Collectors 

Differential 
Fallout 

Collector 

idrsing (a) Opened 
Did not close 

Torn (X )1167 

(X )1770 

(X)IIL8 (X) Opened CK 
Did not close lío samples 

(:)í:l20 

(a)!IL6 

(X)NL5 

(X)UU5; 

ox 
lío sample 

(X)0X 

(a) For Project 2.6a. 
(b) X indicetes instrument recovered. 

Remarks 

. 

Did not 
recover 

station 
ruined 

Recovered 
Electro¬ 
static 

ï recipitator 
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TABLE G,13 - Shot 4 - Lagoon Station Instrumentation 

Station 
Code 

250.05 
250.06 
250.07 
250.08 
250.12 

250.13 
250.14 
250.15 
250.16 
250.17 
250.18 
250.19 
250.22 
Coca 

Total 
Collectors 

X(a) 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Gummed 
Paper 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Film 
Pack 

X 
X 

X 
X 

Remarks 

(a) X indicates instrument placed. 

TABLE 'J.14 - Shot 4 - Island ctation Instrumentation 

Station 
Code 

251.02 
251.03 
251.04 

251.05 

251.06 

251.07 
251.08 

251.09 
251.10 

Total 
Collectors 

x(b) 
X 
X 

X 

X 

X 
X 

Gummed 
Paper 

X 

Film 
Pack 

X 
X 

Triple(a) 
Collectors 

open 
(X) Wired 

open 

Removed 
X 

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

Differential 
Fallout 

Collectors 

Removed 
X X 

(X) Wired X 
open 

(X) Wired ! (X) Hot oper¬ 
ating 
X 

(X) Hot oper¬ 
ating 

Removed 
X 

Remarks 

<ot set up 
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TABLE G.15 - Shot 4 - Lagoon Station Recovery 

Station 
Code 

Total 
Collectors 

Gummed 
Paper 

Film Pack Remarks 

250.05 

250.06 

250.07 

250.08 

250.12 

250.13 

250.14 

250.15 

250.16 

250.17 

250.18 

250.19 

250.22 

Coca 

(a) 

Missing 

X 

X 

X 

X 

Destroyed 

Missing 

X 

X 

X 

(X) NL-10 
U8, D33 

(X) U38-U39 

(X) Ü28-U37 

(X) U35-Ü16 

(X) U4, U29 

Buoy and raft 

Station missing 

Station destroyed 

Station missing 

Station missing 

Station missing 

Station missing 

Station missing 

(a) X indicates instrument recovered# 
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ÏADLE G.19 - Shot 6 - Lagoon Station Recovery 

Station 
Code 

Total 
Collector 

Gunaned 
laper 

Fila 
lack 

Differential 
Fallout 

Collector 

Triple(&) 
Collector Remarks 

250.27 
250.28 
250.30 
250.31 

250.32 
250.33 
250.34 
250.35 
250.36 
250.37 

250.38 
250.39 
250.41 
250.42 

250.43 
250./4 
250.45 
250.46 
250.47 
250.48 
250.49 

250.50 
250.51 
250.54 
250.55 
250.57 
250.58 
Mack 
Oscar 
Tok 

x(b) 
X 

X 
X 
X 
X 
a 

>: 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 

Kissing 

ids sing 
X 
X 
X 

Kirsing 
X 

X 
X 

X 

X 
X 

X 
X 
X 
X 

X 
Missing 

X 

X 
>; 

X 

à 

X 
X 
X 
X 
> 

X 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

Did not 
operate 

X 
X 

Evidence of burning 

Superstructure on 
raft missing 

Evidence of burning 

Raft drifted to posi- 
, tion on reef 2 mi Nk 

of Leroy 
Raft missing 

Raft on reef - 
inaccessible 

Raft missing 

Raft missing 
Raft missing 

Triple collector 
opened, did not shut 

Not recovered 

Not recovered 

(a) For Froject 2.6a, 
(b) X indicates instrument recovered. 
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APPENDIX H 

MARSHALL ISLAND (KEAN CURRENTS AS DETERMINED FROM 

FREE FLOATING BUOYS 

TABLE H#1 - Ocean Current Data Obtained at IVY 

Code 
Launched _ 

-1- .. 
Recovered , ^ _ x Drift 

(Knots! Time Position Time Position j IDeerees r™6/ 

Oct-ï îov 1952 

11 

N 

L 

312245 

312048 

10o37'N 
164045'E 

11°01'K 
1^4°54'E 

311858 ! 11°26'N 
165°00*E 

311652 

311451 

311248 

Q I 310^00 13025'K 
164°22*E 

310557 13°08»K 
164°06'E 

ll°52.5'll 
164058.o,8 

l^W.a'N 
164058.9'ï 

12°42.0'N 
164o50'E 

' S 310340 1 12°50'M 
j 163049'E 

292030 12°29,N 
164°21,E 

290830 

^1230 

12005^ 
164°42'E 

10°50'N 
164033*E 

021810 

030650 

041740 

042040 

042150 

050520 

060115 

10o/.3.5'N 
164013*E 

11d23.5'N 
164025'E 

031410 11°44'N 
j 164°36.3«S 

. I 
011930 12o10.3'K 

164°20«S 

032200 ! 12°39.5,K 
l64o04'E 

040000 13°06'N 
163°58'E 

041351) ! 13°3S.8'N 
163002.8«U 

13013.3fK 
162039'S 

12°46«N 
162°10'E 

12°41,N 
162°18.8'E 

12o09*N 
162°28»E 

10°45.5»li 
ltó°23.0»E 

231 

307 

305 

293 

202 

295 

280 

274 

268 

275 

272 

267 

0.70 

0.60 

0./,3 

0.61 

0.73 

0.70 

i 

0.77 

: 0.78 

0.85 

0.89 

0.87 

0.69 

The above buoys were standard Mavy balsa wood DAK buoyr. equinood with 
sea anchor, 12-ft mast, and wire mesh corner radar reflector stop mast. 
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TABLE H«2 - Ocean Current Data Obtained at CASTLE 

Code 
_ Launched_ 
Time ' Pooltlon 

Recovered 
Time J Position 

February 1954 

Set 
(degrees true) 

Drift 
(knots) 

B2 

B3 

141021 

131543 

131635 

T 
12W00»N ! 161725 
165023'E ! 

11043'N 

162023*E 

11°51*3,N 
162°25.2'E 

141450 

141532 

ll055'N 
164°49'E 

11°45.5'N 
162°09.6'E 

ll^.l'N 
162°10,2'E 

261 

278 

261 

DV.1 

3'VI 

D«'C 

DWO 

281740 

281705 

281./54 

281630 

11059«5'N 
164°44*E 

1^-6.5^ 
164049'E 

11043.5'N 
164°55.7'E 

11^5.2^ 
164°34.2'E 

February-Uarch 

021258 

1954 

021104 

021104 

021625 

11°55.5'N 
164026.5'E 

11°52«N 
164033.5'E 

11°41.5'N 

164^0.5^ 
l^SO.S'N 
164016.3'E 

March 1954 

05 

F5 

E5 

D5 

A5 

270018 

262250 

262146 

262027 

261613 

ll025'N 
166°08»E 

ll042'N 
166°11'E 

^57.5** 
166011*B 

12°U»N 
l66°nl.7'E 

12°35.3'N 
165°21.2»B 

271615 

271738 

271900 

272100 

281518 

U^'N 
166° 03.fr: 

11°34'N 
166Ô07'E 

11°50'N 
166005'E 

12°08'N 
165°54,E 

12°20,5,W 
164026'E 

258 

253 

255 

255 

216 

207 

215 

232 

255 

0.60 

0.57 

0.64 

0.40 

0.37 

0.35 

0.37 

0.43 

i 

0.48 j 

0.43 

I 

0.39 1 

1.18 
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T 

TATTLE H,2 - Ocean Current Data Obtained at CASTLE (Cent.) 
....—r. 

i Recovered Launched 
Code 

i A4 

T4 

i R4 

1 Q4 

P4 

: 

04 

A1 

B1 

D1 

E2 

PI 

P2 

Tine 

2614.32 

261520 

261705 

261758 

261850 

i 
Position Tine 

12019^ 281313 
165°21.7'E 

12°16.3'N 281210 
l65o09'E 

12°04.5'K 280845 
164052'E 

11056.5»N ! 281823 
164°48.3'E 1 

l^U'N 
164^43.5^ 272045 

261946 1^29.3^ 271930 
I 164°46.5 *E 

Position 

12°32'h 
164 48'E 

12°2A*N 
164041.5'E 

12°01'ii 
164041.3*E 

4J 

Set ! Drift 
(degrees true) (knots) 

ll052'N 
164ô36.6*E 

11°39'N 
164541.6«E 

11026.6'N 
164°43'E 

April 1954 

T 021242 11°28.6'N i 031450 11034*5*N 
162°44,E 162Ò26,6'E 

021415 11°50.5*N 031325 11°43*K 
162°37.5,E 162°26'E 

021732 11°34'N 
162°01'E 

031035 11°40«N 
161^3,5¾ 

150700 : 12°18'N 170745 12°31,N 
166019.5'E 

i 

150500 12°01'N 
166°28'E 

151813 ll037'N 
166o05'E 

150300 11°42'N 
166Ó31'B 

165°46'E 

171300 ll^'N 
166° 00'E 

171600 ll^'N 
165°30'E 

J. 

171600 1^291 N 
165°56'S 

291 

293 

251 

248 

204 

238 

290 

258 

336 

291 

265 

249 

249 

0.77 ! 

0.65 

0.27 

0.25 

0.21 

0.19 

0.67 

0.50 

0.37 

0.71 

0.50 

0.82 

0.82 

The above buoys »ere constructed of a metal can 30 in. in diameter 
with approximately 12-in. freeboard. They were equipped with a sea 
anchor and a 10-ft meat, and had approximately 1 aq ft wind resistance 
atop the naat. 
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