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FOREWORD

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

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

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

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

The bomb debris from surface, land eand water shots at Operation
CASTIE was studied to determine the physical, chemical, end redio-
chemical characteristics,

The fallout from the surface land shots consisted chiefly of
irregular white particles 25 n to 2 mm in diameter. They were derived
from coral and had the resdiocactivity concentreted near their surfaces,
About 5 per cent of the activity in the 3olid fallout was wataer soluble;
95 per cent dissolved in dilute acetic acid. The fallout from the
surface water shots was invisible both in the air and after it had
deposited, It was ccllected on special filters and on a film by elsc~
troatatic precipitation, The filters and film and their autoradiographs
were studied microscopically. These studles showed that the fallout
consisted of microscoplic sclid crystals and small droplets, .The auto=-
radiographs indicated the presence on the filters of many particles
which were invisible under the microscope., The major part of the radio-
activity was associated with crystalline aggregates and droplets up to
about 2 mm in diameter. Water dissolved from 60 to 90 per cent of the
radionuclides from this type of fallout,

Fallout and c¢loud samples from land and water shots were analyzed
chemically for major constituents and trace elemen's including many of
the radionuclides. Coral and sea water contributed the major constitu=-
ents, bomb products being present in trace concentrations, Radicchemical
analysis showed the valley of the fisasion product yield curve was about
20 times higher and the heavy wing at mass 156 about 6 times higher than
the yield curve from thermal neutrons on U235, The important induced
radionuclides were U239.Np239, 0237, and U240, The presence of these
had a marked effect on the decay curves and energy spectra especially
at intermediate times after detonation. The neptunium was distributed
between oxidation states; iodine occurred principally as iodide,

The information obtained from these studies has aided in (a) an
understanding of the mechanism of formation of the fallout, (b) assess=-
ing the radiological situation in fallout areas, (c) synthesizing simu-
lants for laborastory studies, and (d) interpreting data obtained in proof
tests of countermeasures for ships,



FOREWORD

This report is one of the reports presenting the results of the
3, projects participating in the Military Effects Tests Progrem of
Operation CASTLE, which included six test detonations. For readers
interested in other pertinent test information, reference is made to
WT-934, Summary Repori of the Commender, Task Unit 13, Progrems 1-9,
¥ilitary Effects Program. This summary report includes the following
information of possible generel interest.

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

b. Discussion of all project results,

¢c. A summary of each project, including objectives and results.

d. A complete listing of all reports covering the kilitary
Effects Tests Program,

PREFACE

The treatment and analyses of samples and the interpretation of
the results in determining the characteristics of the bomb debris from
Operation CASTLE required extensive participation by many individuals.
The experimental meesurements consisting of (a) Chemical, (b) Physical,
and (c) Radiochemical Studies are presented in Chapters 3,4, and 5,
respectively. The participation in each phase of the work is described
below,

The Chemicel Studies consisted of observations and measurements
made at the site and analyses for major an¢ minor constituents at the
U.S. Naval Radiological Defense Laboratory (USNRDL), The field studies
and the preparation of Chapter 3 were directed by C.P. Miller, D.Sam,
A.E, Greendals, and 14,J. Huckolls carried on the preperation of the sam-
ples including the general observations, pre-treatment and aliquoting,
The Physical State Studles wers performed by R.Cole who also prepared the
portion of Chapter 3 presenting the results of these studies, 7The oxida-
tion states of Np and I were determined by W.J, Heiman and J.¥, Pestaner,

7



respectively. M, Homma aided by Je.D. O'Connor determined the major con-
stituents in the fallout samples and the background samples of coral amd
sea water; R.,¥, Rinehart aided by J.A. Seiler analyzed them for the trace
elements, An ion exchange procedure for separating some of the radioe
nuclides was developed at the site by C.F, ¥iller and J.F, Pestaner,

Studies of the physical properties of fallout material involved
development of collecting devices, collection of samples in the field,
end analyses of samplos at USNRDL, This work was done under the direction
of T.C. Goodale, Chapter 4 was prepared by P.D, LaRiviere and C,E,
Adems, In it are discussed the measurements of the physical properties
of the fallout made on sawxples from an electrostatic precipitator, liquid
droplet collector, and filter samplers. The sample collections were made
by E.C. Evans III, J.P, Wittman, J.V. Zaccor, and N.R. Wallace, The
physical enalyses were performed at USNRDL by P.D, LaRiviere, T.C, Good-
ale, N.R, Tariow, C,E. Adams, S.X, Ichikd, J.P, Wittman, N.R, Wallace,
J.V. Zaccor, and J,T. Quan. The special film used in the electrostatic
precipitator was developed by N.,H., Farlow and F.A, French,

Chapter 5 which described the Radiochemical Studies was prepared
by L.R. Bunney and C,F. Miller aided by B. Singer, L.H. Gevantman and
®J. Heiman, Studies of neutron induced rasdionuclides were directed by
L.9, Gevantman, The decay and adsorption measurements were started at
the site by C,F, Miller, D.Sam and W.J. Heiman, and followed at later
times at USNRDL by L.D. McIsasc, L.R, Bunney and E,X, Roberts, The
interpretation of these data as presented in this report was made by
¥,J. Heiman., The gemma analyser was converted from an alpha analyser
at the site by D.F, Covell and M.S, Eichen. The field readings of the
samples were mede by all members of Project 2.6a present at the site.
W.J. Beimen and C,F, Killer interpreted the data for the report, The
analysis of Na2t was performed by B. Singer. Radiochemical analyses
for fission product and heavy element radionuclides were perfoimed at
USNRDL under the direction of L.R. Bunney, B.C, Freiling, and 1., Wish,
Figsion product measurements were made by E.M., Scadden, S.A. Ring, L.D.
McIeaac, J.A, Seiler, and S.C. Fotl, Heavy element measurements were
made by ¥.H. Rowell end J.N, Pascual,

L.H. Gevantman prepared the pretest report,

Lt. Col. E.A, Martell, USA, provided valuable suggesti through-
out the planning and execution of the project. Capt, B. Benr .tv, USN,
contributed both by his advice and aid in making the scintillation
spectrometer measurements at the site.

E.R. Tompkins was the project officer and L.B, Werner was his

deputy.
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CEAPTER 1

INTRODUCTIONS

Radiation fields produced by fallout from a puclear dotomation
oreate debilitating effects far beyond the range of its blast damage.
Information on transport and distribution of fallout and knowledge of
its physical, chemical, and radiochemical properties are prerequisite
to develoment of countermeasures against its radiation fieids, At
Operation CASTLE the tramsport and distribution of fallout was prin-
oipelly the concern of Projects 2.5a and 6.43 Project 2,5 studied the
fallout on islands near the shot point; investigatiom of fallout prop=
erties was the concern of Projects 2.6a and 2.6b,

1.1 OBJECTIVES AND BACKGROUND

The purpose of Project 2.6a was to investigate the chemioal,
physical, and radiochemicel properties of the fallout fors

a. Deducing the mechanism whereby contaminant is formed,

be Assessing redioclogical situationa,

c. Specifying realistic simulents of rediological contaminante
for use in contamination and decontamination tests.

d. Interpreting the data obtained in proof testing atomioe
warfare countermeasures for ships,

1.1.1 Mechapiem of Coptamination Formation

The contamination formed from surface or sub-surface detonation

of a nuclear weapon has i?ortant nurﬁgﬂuqmces. It was found
at Operations CROSSROADS,S/JANGLE,’//and IVY1</that high levels of
surface contaminstion were produced as a result & surface or sub=surface

detonations. Bech of these orerations represented a unique condition
of detonation, but provided insufficient data to establish bases for
predicting radiological effects for a wide range of probable conditions
of detonation, An understanding of the mechanism whereby contamination
is produced is necessary in saking such predictions, Data obtained in
CASTLE are applicable in anawering such questions on the maschanies of
the event ass To what extent is wet contaminant formed by condensation
phenomena? With what type of particles do the primary particles of
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radioactive debris associate? What is the rate and extent of <etiling
out and mixing of fallout deposited on the water surface?

Owing to the incompleteness of the data taken at Shot Baker,
CROSSROADS, essentially nothing was known prior to CASTLE concerning
the mechanism of formation of wet contamination from this type of burst,
The relative contributions of base surge and fallout were uncertain;
the roles of condensation, evaporation and mixing with sea water in the
production of either base surge or fallout were unknown., Particle size
and individual particle studies undertaken at JANGLE and IVY have ylelded
considerable information on the mechanlsm of formaticn, dispersion and
reactions of dry contaminants from these operaticns.225>2%142/

1.1.2 Asgessment of Radiological Situations

Extensive laboratory contamination-decontamination programs have
been undertaken to solve presumed field radiological problems but in
meny cases lack of fulle-scale test data has made it impossible to define
them cleerly. For example, before CASTLE it had not been determined
whether an internsl contamination hazard would be produced on ships by
radioactive aercsols from an undervater detonastion, because the nature
of such aercsols was upknown; the relative contribution of gemma radia-
tion from fallout in the water with that on contaminated ships could
no* be calculated because the rate of settling or mixing of the contami-
nsnt in the water was unknown. Insoluble particies will cettle depend-
ing on size and density while dissolved (ionic) conteminants will mix;
colloidal material, if present, will mix and settle slowly. The assess-
ment of such radiological situations and the develomment of countermeas-
ures require a knowledge of many physical and chemical properties of the
contaminant,

Linited data exist with regard to the contaminants which may be
produced by surface and underground detonations because of the atypical
nature of the soils at IVY and JANGLE. No direct information has been
obtained on the nature of contaminants from underwater detonations. For
this reason, there is special interest in surface water shots which
should produce a contaminmant most similar in nature to that from an
underwater detonation.

1.1.3 Specifications of Simulants for Radio ca \1 11

1f meaningful laboratory contamination-decontamination results
are to be obtained, it is essential that the artificial oontamimants
used must simulate real ones in chemical and radiochemical ocomposition
and in important chemical and physical characteristics, In the past,
the radiochemical composition of artificial contaminants li/has been
based upon yields of various radicelements from slow fission of U235,
It is important to know the extent of difference in fission yields for
nuclear processes other than slow fission and whether induced activities
contribute appreciably to the contaminetion. Finmally, it is necessary
to evaluate the relative contribution d erch radiocelement to contami-
nation fields on the basis of its yield and the number and energy of the
gamma rays emitted by the various radionuclides of that element,
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Fissicn yleld curves have been determined for various fission
ns detonated to date. Although some suck information exists for
the fusion-fission device detonated at IVY, it was necessary to deter-
the important radiomuclides produced by tie detonation of new types
of devices at CASTLE, .

The presence of activities induced in elements found in sea
pater was reported for Shot Baker et CROSCROADS. An anslysis for induced
sotivities was also made at JANGLE.19s4/ It wae shown that the eingle

rtant induced ectivity present in JANGLE fallout any time during
Bhe first 90 days after detonstion was Np23%, formed from U233 presemt
‘4n the device, No important induced activities have been reported for
4VY., However, some unconfirmed data indicated en activity present in
Righ yleld at early times .12/ Detonation of certain of the CASTLE devices
over water posed the question of the extent to which important induced
activities would be formed under these conditions. -

Calculations for estimating the contribution of different chemi-
eal elaments to the rate of gamma rediaeticn heve been msde., Yields from
slow neutron fission were used, Data regarding the number end energy
of the gamma reys emitted by various radionuclides were incomplete, To
improve the validity of these important calculations better radionuclide
yleld data were required. A4lso it was important to measure the gamma
energies of a few radionuclides, for which the energies had not been
edequately defined.

It has been shown that conteminetion-decontamination behavior
is a function of the physical and chemical properties of the conteminsct
systen, This is illustreted by the ease with which gross particuluate
contaminants are removed ,33/ by the relation of particle size to decon-
tamination efficiency,1_3/axxi by the influence which comnosition end
oxidation state of liquid contaminants exert on deccntemination effec-
tiveness,22323,24,10 /'Definition of the real conteminant system was
therefore an important prerequicite for specificaticn of contamirant.
simulants,

Definition of any chemical system requires & knowledge of the
identity and amounts of its various components. The conteminating fall-
out from each shot consists largely of nonradiocactive materials., The
production of realistic laboratory contaminants for more basic informa-
tion sbout rediological decontamination has, in the past, suffered
severely from the absence of elementary information about the actual
contemination~decontamination system in question. Since real contenmi-
nation had not been syeilable, many investigaticns were conducted using
highly questionable contamination procedures with no aveilable mesns of
relating the data to real events. Knowledge of the concentrations of
Bacro constituents along with radiochemical anelyticel data provide all
the information needed to vrepare laboratory contaminents which would
consistently have the same reneral decontaminetion characteristies,
With such added information as field isodose data in corjunction with
isoconcentration plote from these data, laboratory erperiments on the
effect of level on deccntamination can he investigated ~z1liably.

The thermodynsmic states of inuctive or bulk materials ususally
are of greater importance than those of the rediocactive constituents.
It is inconceiveble, for any radioclogical contamination of interect,
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that the radiocactive constituents can comprise as much as 0.0l per cent
of the total fallout, Hence, most of the properties of the contaminant
except the radiation characteristics will be easentially determined by
the inactive elements, Therefore, emphasis wes placed on determining

the states of the inactive constituents and the states of a few impore

tant gamma emitting elements,

1.1, Proof Testing Atomic Warfare Countermeasures for Shipg

There has been extenaive laboratory end field scale development
work on atomic warfare (iAW) countermeasures for shipsé/ Project 6.4
tested the washdown system at CASTLE and corducted decontamination
operations on the ships used in the operation., Since the contamination
found from certain of the shots of CASTLE 3iffered from either real or
simulated contaminants previously studied, detailed knowledge of the
properties of the contaminant was needed for interpreting these results,

Information on the rate of radicactive decay, gross gamma energy
spectrum, and the ratio of beta to gamma radiation was furnished by
Project 2.6a,



CHAPTER 2

EXPERIMENT DESIGN

Chemical, physical, and radiochemical reasurements were made oa
the fallout samples collected at lagoon, island, and sea statioms,
Short lived radinactive species were analysed in the forward area; the
remainder of the analyses were made at U.S., Navel Radiological Defense
Laborstory. Owing to many unforeseen difficulties early samples for
the radiochemical analyses were not obtained, although early decay data
were obtained from several shots. The number of samples collected was
guch smaller than plapned., However, it was possible to get comsiderable
information concerning sll planned phases except those involving very
short lived radioisotopes.

2,1 DETERMINATIONS UNDEKTAKEN

To investigate the chemical, physical, and rediochemical proper-
ties cof the fallout the following determinations were undertaken:

a., Amounte of radicactivity in soluble (ionic), colloidal, and
insoluble fractious,.

b, Concentration of macro constituents, primarily the elements
which occur naturally in coral and sea water, but also the elements
preeent in large amounts in the weapon assembly and assoclated equip-
ment.

¢, Oxidation state of certain redionuclides whose final state
under the conditions of the detomaticn could not be predicted, and whose
contemination~decontamination behavior is believed to depend upon their
oxidation state,

d. Size distributions of fallout drops and particles, and the
variation of these distributions throughout the sampling array.

o, Specific radioactivities and salt content of various particle
and drop size fractions in fallout,

f. Chemical and crystalline composition of individusl particles.

g. Size distributions and presence of radloactivity in both
1iquid and dry eerosol particles; presence of salt ir liquid aerosol
perticles.

h. Radiochemical composition of fallout, especially determinzation
of the fission yleld curve and the degree of chemical frastionation
among the fission products.
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2,2 COLLECTION OF SAMPLES

The fallout samples were collected at stations established by the
personnel of Projects 2,58 and 6.,.. The loeation of these stations and
details of the collectors used are gliven in the reports of Projects
2.53 and 6-40 ’

Chemical and radiochemical studies were made on samples from Shots
1,2,3, and 4. Limited radiochemical measurements were mede on samples
from Shots 5 and 6,

Physical data on the nature of the fallout were obtained from
Shots 1,2,4, and 5.

2.3  EQUIPMENT

The analyses at the site were performed in mobile laboratories
built in trailers. These laboratories were equipped with conventional
chemical apparatus and several tyres of special appraratus as well as
beta and gamma counters, A gamma spectrameter was located in en air
conditioned building near the motile lboratories,.

The equipment at USNRDL consisted of conventional apparatus for
chemical, radiochemical, and physical studies as well as several special
types of apparstus. Included in the conventional equipment were bsta
and gemma counters, an emission spectrogr.oh, spectrophotometers, X-ray
diffraction apparatus, a petrographic microscope, a crystalab ultra-
sonorator, Model SL 520, Beckman pH meters, ion-exchange columns with
accessory equirment, and the standard apparatus found in chemical lab-
oratoriea. The special equipment included aerocsol sampling devices
and filr coating, developing, and scanning apparatus,

2.3.1 Sample Collectors

Semplers of two types were used fcr collecting fallout for
chemical and radiochemical studies, Also, some of the samples from
Project 2.5a collectors were studied om this project.

One type of collector consisted of three l-gal polyethylene
bottles fitted with 7-in, diemeter fumnels of the same material mounted
in a frame with a mechenical device arranged to uncover the three funmnels
at detonation time and cover them again after 3 hr. These samplers did
not operate originally as well as had been anticipated but after some
modification operated satisfactorily.

The other type of collector was a collecting fumnel 6-1/2 ft x
11 £t built onto a life raft and arranged to drain into a 13-gal poly-
ethylene bottle, Because this apparatus was inadequately designed and
constructed to cope with conditions found in the field only a limited
number of samples were obtained from it,

2.3.2 Beta Counters

The beta detectors were NRDL Kodel PC-l proportional counters.
These detectors were of the cylindrical, side-window, coaxial anode type,
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¢ from an aluminum block supported by end pleces which were notched

peversl discrete positions to acoommodate a standard planchet holder,
Ihe detectors afforded a fair range of geometry variation, All pieces
uare made of aluminum and machined to close tolerances so that geometri-
ig; orientation of the counting samples could be readily reproduced and
Wucal operating characteristics could be assured from detector to
igatector. The detectors were the continuous gas-flow type, using a gas
w.ung of 90 per cent argon and 10 per cent carbon dioxide at a flow
‘sete of 10 to 15 cu cm per mix, Doubly aluminized Mylar (0.95 mg/eq cm)
was used for the window which was nominally 1 in. in diameter and colli-
'sated by 1/16 in, alumimum and 1/16 in, lead. A pre-amplifier of wide
‘$ynamic range and gain of approximately 1000 was built on a chassis
Assembled directly with the detector in such a way that the entire assem-
‘ply fitted into a commerciel leed cestle, The detector assembly had
M a 200-v plateau with less than 1 per cent slope per 100 v, and
‘gperated at about 1900 v,

Decade scalers NRDL Model 2 with self-contained register, high
voltage, and automatic clock were used, Time accuracy was about 1/2 sec.
A scale factor of 1000 was employed,

The dead time of the beta counting system was 5 .8ec which gave
& coincidence loss of 1 per cent at a counting rate of 100,000 events
per minute.

2,3.3 Gamma Counters

The gamma detectors consisted of an RCA type 5819 photomultiplier
with a light-pipe adapter and a commercially mounted* cylirdrical crystal
of sodium iodide, 1-1/2 in, in diameter by 1/2 in. thick. A removable
aluminum absorber (1600 mg/sq cm) was used to shield out beta rays. The
shelf geometry was the seme as that described for the beta counters so
that the same planchet holders could be used in both systems., The detec-
tor assembly was attached directly to an amplifier chassis, and t.s whole
assembly was mounted within a commercial lead castle., The amplifier
vag of a wide dynamic range design with a nominal gain of 1000,

The scaler, (Navy Model AN-iDR19) supplied high voltage and power
needed for the detector unit, Two types of timers were provided with
this scaler; an electromechanical automatic~-termineting timer with an
sccuracy of 1/2 sec, and an electronic timer. The electronic timer**
accepted pulses from a crystal oscillator within the ascaler on a 1 sec
schedule, scaled these down by means of glow-transfer type d.cades with
proviesions for presetting any scale factor from 1 to 9999 and feeding
the carry-over pulse into the gating jack on the scaler which stopped
the scaler with an accuracy of about 100 usec. With this timing device
short time intervals of counting could be used while maintaining a
counting error within allowable counting statistics (i.e., minimum tim-
ing error),

* Supplied by Harshaw Chemical Co., Cambridge, Mass,
**  Model GS-10C, menmufactured by Atomic Instrument Co., Cleveland, Ohio,
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The above counting system had a coincidence loss of about 2 per
cent at 1,000,000 c/m and 7 per cent at 2,000,000 c/m as determined by
the split sample method. The voliage plateau extended atout 200 v with
a slope around 2 per cent per 100 v, However, the extent and quality
of the plateau was influenced by tne energy of the incident photon.

The discriminetor and high voltege sgttings were determined fromduta
taken on Cdl09 (80 k~~ gemma) and Co®0 (1,1 and 1.3 Mev gammas) sources
so thet both the high and lcw energy photons were on some part of both
plateaus,

The calcuiated energy response of the system is shown in Fig,.2.l1.
The discriminetor and high voltage, when determined as described above,
have little effect on the energy response of the system, The curve ia
a ccmbined effect of alumlinum absorber and crystal capture efficiency
showing a virtual cut off at 50 kev due to the adscrber, a fall in
efficiency fbout 200 kev due to the thin crystal, and a maximm efficiency
at about 125 kev,

2.3¢4 Gemma Aﬁalzzer

A 10-channel alpba energy anslyzer (using an slpha ionization
chamter) was sent to the site for planned alpha analysis, After Shot 1,
when it became evident that the requirements of sample collection and
delivery could not be fulfilled, this analyzer was converted to a gamma
enalyzer, To achieve this, certain time constants in the analyzer were
reduced, a scintillation detector-preamplifier was constructed, ard an
audliary highe-voltage surply was provided, The detector consisted of
a Dumont 6292 phototube and a scdium jodide crystal 1 in, in diameter
and 1 in. lcng. The detector was attached directly to the preamplifier
(nominel gain o 100) arnd the whole mounted within a commercial lead
shield which was covered with 2-in. thick lead bricks to mirimize the
background.

The analyzer itself had an internsl gain of 100, followed by =
window amplifier and 10 different discriminetors, each wita its omn
scaling xd registering circuits, The discriminetor circultry was the
Johnstone design.l5/ The long~term stability and linearity of the ays-
tem were excellent as long as the ambient temperature was kept below
800F; the resolution was about 10 per cent under the usuzl operating
conditions. An externzl filter was provided to reduce the ripple in the
high voltage supplied by a Navy Model AN-/DR/9 acaling unit.

2.3.5 Emigsion Spectrograph

An ARL 2-meter grating spectrograph was used for exploratory
exsmination of samples, A special chamberl/was used to collect the
radicactive debris from the arced samples,

2.3.6 Speotrophotometerg

A Beckman Model 9200 flame photometer was used for the analysis
of the major constituents in coral and sea water. This photometer was
equipped with a special devicel3/to collect the combustion products from
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the exhaust gases so that the radioactive substances in the samples
could be removed, A Beckmen Mcdel DU spectrophotoneter was used to
analyse for some of the minor comstituents of coral and sea water,

2,3,7 ZX-ray Diffraction Apperatug

A General Zlectric XRDe3 X-rsy diffraction unit was used in the
X-ray analysis of Project 2.6a samples. The essential components of
this unit are a high-intensity sealed-off I-vay tube energized by a
voltage-ctabllized power supply, a2 collimesting system which permits the
use of slit or pinhole collimators, an X-ray camera using the Straumenis
method of film loading, and two types of sample mounts (rotating and
oscillating wedge).

The samples were fine, crystalline materials, Some wers indi-
vidual pellets of 1 to 2 cu mm, others were friable powders. All were
in a very satisfactory state for X-ray cnalysis.

For individual particle analysls, a pellet of approximately 1 mm
long and 0.5 mm in diameter was cemented to the end of a fine glass
fiber, supported ca the rotating sample mount with the particle centerad
in the path of a collimated beam of filtered copper K, radiation. The
diffracted rays were registered on film., Normal aposure time was 7 hr,

The friable material was crushed to reduce the large aggregates
to smaller uniform size powder, whichk vi¢ -~ onacked into the shape of a
wodge and mounted on the oscillating mount. The edge of the wedge was
adjusted to intercevt one-half of a slif.-collimated beam of filtered
copper Ko radiation. The diffracted rays were registered on film during
a 1-1/2 hr exposure.

) 1 compnrator@é/was used to compere the diffraction patterns from
fallout with those from corslsand collected near the site of the deto-
nation.

2+3.8 Petrogravhic Microscooe

A Bausch and Lomb Petrographic Microscope, model WL 3238 with a
Leitz A-axis universal stage was used to examine sections of radiocactive

particlas,
2.3.9 Ion Exchange Equipment

Ion exchange columns and assessory equipment wers used for the
separatinn of rare earth fission products, The column was eluted with
lactate at & controlled p at a temperaturs of 870C, The efflusnt wes
collected in small fractions by a fraction collector,

2.3,10 Film Coating Apparatus

This equipment was developed to produce specially coated water
droplet sensitive 35-um film, The apparatus consists of a variable
speed drive motor which pulled the film through a series of etching,
washing, api coating baths and thence through a thermal drylng chamber
to a reel onto which the film was wound in 500=£t lengths. The film was
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,'oduc0d from blank 35-mm leader by first etching it in saturated
,ogagsium hydr-xide solution, then rinsing it in three water baths, in
the lest of which {twas dip coated with water soluble nlastic mix, A
ple suction apparatus mounted beyond the oplastic dip bath cleaned the
cous plastic from the sprocket holes. Three 500-ft reels of film can
%. processed at one time at the rate of about 3/,-ft/min,

&3 11 Sun Un

. To properly sensitize seca water droplet impressions collected on
he sensitive film, they must be exposed to high intensity solar radiae
;t:: « This was accomplished with a hood-like arrangement containing six
wwn lamps which fitted onto the film coater over the empty wash tanks;
the drive system pulled the film beneath the lighted lamps, The sun
Yemp hood was connected to the ventilating system through filters and

the movement of air both cooled the film and entrapped any loosensd
rsdioactive particles,

2.3.12 Radioactivity Monitor

It was necessary to define the areas of activity on droplet
expozed film so that radicautographs could he made. For this purpose,
sn end window Geiger tube was susnended above the film and connected to
a count rate meter, thence to an Esterline Angus recorder. Activity
recording was combined with the sun lamn exvosgure. By calibrating the
coater drive speed with the recorder specd, the exact location of any
active areas could be determined.

2+3.13 Vapor Phase Reducing Unit

To properly develop eea water and distilled water spols on the
sensitive film, vapors of certain chemicals in controlled amounts and
under controlled conditions must he brought inio contact with the film
surfece, The developing apparatus consisted of three¢ temperature con-
trolled units; one for the saturation of air with phenylhydrazine vapors,
one to saturate air with water vepor, and the central unit where the two
vapors were mixed with ammonia gas. The central reducing chamher was an
oil jacke*ed tank through vwhich the film was drawn into contact with the
reducing chemical vepors. All of the saturation units, temperature con-
trol systems, and heat exchanger coils were comvletely immersed in oil
batha contained in stainless stecl tanks surrounded with fiberglass
insulation, The sunlamp treated film was led from the reducing chamber
through a thermal drying chamber to a wind-up reel.

2,3.14 Microscope Traversing Mechanism

This unit was built to allow & rapid survey of hundreds of feet
of processed film, A precision stage was devised which allowed the film
to be tracked under the lens system without scratching the silvered sur-
faces. A counting device mounted on the stage allowed en accurate com-
putation of the film footage passing across the stage.
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2.3.,15 Aeropo] Sampling Deviceg

The aerosol sampling devices were an electrostatic precipitator
(ESP), employing a moving film coated with a drop sensitive emulsion,
accompanied by millipore filter and dimethyl-terephthalats (DMT) air
samplers,

The millipore filter (MP) consists of a specially prepared thin
(150u) sheet of cellulose, of wniform cell structure, sutmicroscopically
honeycombed such that the volume of the filter is 80 per cent voids, or
5 x 107 pores/sq cm, The aerosol type filter has a theoretical pore
size slightly larger than 0.5., although it is claimed that 0.2 u par-
ticles are retained within 50 u of the surface, Tests at USNRDL on the
NRL smoke penetrometer at operational face velocities (70 cm/sec) indi-
cated 100 per cent efficlency for 0.3 u diotylphthalate particles,

The DMT filters conslasted of DMT crystals packed to a thickness
of 0.7 cm between two supporting screens, The DMT filters were sublimed
off at USNRDL under reduced pressure and elevated temperature, leaving
the captured aerosol material on microscope slides or in centrifuge tubes,
as desired, Celibration tests as described above ylelded a capture
efficiency of 98 to 99 per cent.

The air sampler suction units ,ZZ/duignod to collect a total
sanple for a 6-hr period following a shot, drew 10 cfm through an effec-
tive sampling area of 64 sq ecm for ‘both the MP and IMT filters.
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CHAPTER 3

CHEMICAL MEASUREMENTS

The significant properties which determine the relative thermo-

¢ stability of a contaminated system ares (1) the composition of
the fallout material, (2) the phase distribution of the various comstit=
vents, and (3) the chemical and physical state of certain elements. Most
of these properties of the fallout were found to be determined by or
dependent on the location of the point of detomation. Reef shois pro-
duced largely coral-derived material; barge shots produced largely sea
water derived material. The distributicn of the radioactive elements
and the stable or carrier materlal between the liquid and solid phases
and further between colloical and ionic fractions gives information on
chemical and physical states of components known to be importdnt contam-
ipation~decontamination parameters, In addition, the oxidation states
of certain radioactive elements determines their chemical behavior in
the fallout mixture during the period of conteminetion. Thus the ther-
modynamic envirorment in which radicactive species of the fallout occur
influences their contaminstion potential to the extent of controlling it.
Chemical measurements of the significant properties were made on samples
collected from Shots 1,2,3, and 4.

The characterisation of the fallout samples consisted of: (1)
measuring the total activity of each sample with a survey meter; (2)
determining the total quantities of solids and liquids in them; (3)
measuring the pH of the liquid phase of those samples which had suffi-
cient liquid; (4) determining the total beta and gamma activities in each
sample; ?5 ) fractionating representative samples into solid, colloidal,
aud ionic constituents and measuring the radiocactive characteristics of
eash fraction; and (6) analyses for the major and minor constituent
elements in fallout samples and in several samples of sea water and coral.

The samples received for analysis were not alweys representative of
the actuel fallcut owing to the collection of rain water, sea water spray,
and extraneous coral and orgeric material in the open collectors, Never-
theless, from the analytical date an estimate of the composition of the
actual fallout has been made by subtracting the extraneous sea water and
coral constituents found in the diluted samples.
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3.1 DESCRIPTICN CF FALIOUT SAMPLES

Upon delivery of the semplcs to the site laboratory, the exterior
of all the sample bottles was ceconteaminated with 4ilute acid and rinsed
in water after which a reading of each samvle was taken with a survey
meter in contact with the bottom of *he cleaned bottle., On Shots 2 and
4, much of the fallout activity was retained by *he Tunnel. In these
cases, the exterior of the funnel was clcaned and the interior monilored
by inverting the funnel carefully over the meter, The funnel wes then
rinsed with dilute acid into the bottle until it had been sufficiently
decontaminated. The inside of the tottle was similerly washed and the
rirsings collected in a graduated cylinder and aprropriately aliquoted
for covnting and other treatments. Semples of both Projects 2,58 and
2.6a which were not treated at the field leboretory were packed for
shijment to USKNRDL after the sample bottles had been decontaminated and
the survey meter reading had been observed,

The samples retained at the fielld laloratory were removed from the
polyethylene tottles, For larger samnles, the bulk of the material was
transferred to weighing hottles or gradusted cylinders and the remainder
rinsed inte the cylinders with water or dilute acid. For smaller samples,
the bottle was cut and the mesterial colle:ted by use of a large rubber
policeman or brush depending on whether the material was wet or dry.
After obtaining the to*al weight or volume, the sample was aliquoted.
Miost of the samples were slurries, or mixtures of solid and liquid,
These were subjected to vigorcus stirring and aliquoted with pipettes,
the tips of which had teen removed. In numerous cases it was extremely
diffiecult to slicuot the untreated material because of large coral par-
ticles, organic debris, and other material. A number of experiments
required camples just as they had been ccllected. As the samples gener-
ally were smell and triplicate samples from & given station were not
available es had bteen planned, they had to be aliquoted by the hest means
available., In cases where the samples could ve acidified the aliquo*ing
was greatly simplified,

3.1.1 Samnles from Shot 1

These samples, described in Tehle 3.1, were received by the field
leboratory on B+5.3 days. Stations 250 were lagoon rafts amd stations
251 were island positions. The lat*er were concrete pits at ground level
which nermitted considerable coral to drift into the collectors, Due to
a short supply of bottles for refitting the stations for subsequent shots
collecting teams were otliged to combine all three bottles from each col-
lector or occasionally discard two of the three fallout samples, Conse-
quently, a conparison of the collecting efficlency of three adjacent
collectors at a given station could not be determined as had been planned.
For lagoon staticns, samples from two bo*tles were rinsed into the third
with sea water; samples from the island statlons vere combined without
rineing. This procedure resulted in urcertainties in the total quactity
_ of fallout ccllected per unit area. Furthermore, since the samples col-
lected on the lagoon were ¢ iluted with sea water thelr original composi-
tions were difficult to determine.
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No rain fell between shot time and sample recovery so the chemical
'..poaitiOH of island stations was affected only by the coral sand which
h'mominbythewind.

TABLE 3.1 = Samples from Shot 1

Weight(a) Total Count(a) Description Comments(¢)
(grems) at B+14,1 de
(c/m x 1077
Gamma Beta
—
14.85 3.02 2.25 | Slurry(b) | 3;sampler 11d open
61.28 5:97 4493 Slurry 3;sampler 144 open
23.11 1.82 1.67 Slurry 3ssampler 1id open
1..20 0.0188 | 0.0035( Slurry 3ssampler worked
2.87 0.183 0.112 | Slurry 3;sampler 1id open
37,31 2,63 1447 Slurry 3;sampler 1id open
3.85 0.0607 | 6.0275] Slurry 3;sampler worked
120.69 111.0 61.0 Sclid and ljsampler may have
liquid worked
«251.03 15.46 14.0 11.4 Solid and | 3;sampler open
liquid
«261,0L 32,54 8.59 7.34 Solid(wet) | 1;campler open
251,051 107.01 0.246 0.0/5 | Solid and 1;sampler open
liquid
«251,06 1.52 3.67 0.19, | Solid(wet) | 3;sampler open
«251.,07 0.802 0.0090 | 0.0053| Solid(dry) [ l;may not have
opened
-251.08 0.373 - - Solid(éry) | 3;no information
«2£1.10 1.50 0.0279 | 0.0113| Solid(dry) | l;sampler worked

(a) Data on single bottle basis
(b) Slurry - appearance of sea water plus slaked lime suspemsion
(c) Number indicates bottles combined at the time of pickup

3.1.2

Table 3,

nels as well as that in the bottles,

Samples from Shot 2

Samples collected on Elmer at R+l hr from very light fallout
were used only for decay measurements,
were received at the fleld laboratory on R+2 days; they are described in

2,

The samples from Project 2.5a

con‘aminated than the bottles, especially for the dry samples.
on the buoy mast of the “loating stations collected very large amounts
of fellout, On station Ri, for example, the bottle read 60 mr/h, the

funnel 400 mr/h, and the flag 9000 mr/h at R+2.1 days. Rain fell over
scattered areas between the placement and recovery of the samplers for

Shot 2,
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In general, the funnels were more
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TABLE 3.2 - Samples from Shot 2

Station Volume Total Count at Description Comments
(ml) R+5,2 days
{(c/m x 1077
Gamma  Beta
VA 39.5 12.5 17.8 1iquid Buoy -~ Tc(a)
2-A5 12.9 10.3 16.1 1iquid Buoy - TC
2=04 0 0.222 0,292 dry Buoy = TC
2=P4 0] 0.0145{ 0.0095 dry Buoy - T3
2=Q4 11,0 12.5 14.7 1liquid Buoy ~ TC
2-R4, 0 5544 88.3 dry Buoy - TC
2=T4 21,0 15,2 15,1 1liquid Buoy = TC
2-¥39(b) | 373.0 1.96 | 2.16 liquid C
2-40(b) 579,0 | 15.8 |23.5 1iquid ¢
(a; Project 2.58 total collector
(b) Project 6., YAG
3413 Samoles from Shot 3

These sawples were received by the field laboratory on K+3 days;
they are described in Table 3,3. The samples contained large volumes of
liquid as a result of heavy rainfall on both the day of the shot and the
following day. The samples conslisted of a suspension of light-gray
material (1ike slaked lime) as did those from Shot 1; however, they
appeared to contain a larger amount of umchanged coral sand than did
those from Shot 1, especially for the samples recovered from lagoon sta=
tions. The triple collector on Coca Hezd operated exposing the bottles
for 3 hr, tut the contents of the three bottles were combined before
being received, The values in the table are therefore onme-third of those
determined for the totsl sample., Values for samples from duplicate total
collectors st station 250.05 show good agreement except in total volume
while those for statiomn 250,07 differ by almost a factor of two, the more
radioactive sample having the lesser volume, Bottles from 250,05 read
120 and 160 mr/hr at contact at X+3 days while those from 250.07 both
read 80 mr/hr, The large (and different) volumes in the 250,07 samples
would account for the relative differences in the mr readings and the
total counts, The heavy rainfall decontaminated the funnels to essenti-

ally background,

Samples from Shot

Samplos collected by Project 2.6a personnel from Project 6.4
YAG 39 and YAG 40 are described in Tabls 3.4. Twelve bottles and funnels
were placed on eachchipe. On the TAG 40, six bottles were placed on the
port side of the bridge and six bottles on the starboard side at U-12
days and recovered on Ut/ days. On the YAG 39, all 12 bottles were placed
on the No, 1 kingpost. The YAG 39 was manped during this shot., The
bottles were exposed at U-1 hr and recovered at U+8 hr. In addition,
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1e8 of washdown water wers collected on the YAG 39 with a 7-ip. fun-
‘gel which was fitted into a hole in the deck and connected by a lomg piece
\of tygon tubing to a collecting bottle Just above the recorder room where
the personnel were stationed, Radioactive washdown weter was collected
rting at U+1.2 hr, The rete of collection was apnroximetely 200 ml/hr.
£irst 50 ml measured 10 r/hr at the surface of the container; it was
uted and aliquoted for decay measurements, On U+l.5 days, the hottles
YAG 39 were rccelved at the fieli laboratory. Their average reading
69 £ 5 mr/hr; the funnels measured 24 * 4 mr/hr. Six of the 12
tles were sent to USNRDL,

f

TABLE 3ﬂ3 - Samples from Shot 3

tation Volume | Total Count at Description Comments
(m1) K+7,3 days
(c/m x 107)
Geamma Seta
? —
3.250,05 1365 | 30.6 48,0 Liquid and solid | Buoy - Tc(a)
3-250.05 1822 31.4 42,5 Liquid and solid |Raft ~ 7C
8.250,07 1650 | 15.6 23.8 Liquid and solid | Raft - TC
$=250,07 1065 26.3 4243 Liguid and solid |Raft - TC
}-250.08 1020 35.7 56.6 Liquid and so0lid |Raft - TC
3~Coca 355 53.1 82.1 Liquid and solid | TC
Y=Coca 166 3.33 5633 Liquid and solid 3(3(b)(1 bottle’
3-251.02 1160 | 36.8 57.8 Liquid and solid |TC (4sland)

s.; Project 2.5a total collector
b) Project 2.5a triple bottle collector

On the YAG 40, significant differences were ‘ound in the sampla
collected on each side of the bridge. fConsideranle rain had fallen
before the samples were recoverad, Bottles from the port side read
24, + 3 mr/hr on U+, days; the funnels averaged 6 + 1 mr/hr; and the
average water volume was 376 * 68 ml, Bottles from the starboard side
read 28 * 8 mr/hr; the funnels averaged 10 + 3 mr/ar; and the liquid vol-
\me was 911 + 80 ml, On that day, the average total gamma count was
4467 x 107 ¢/m per bnttle for port side collectors and 13.2 x 107 c¢/m
per bottle for starboard collectors or 2.8 times as much activity for the
collectors which had been directly exposed to the drifting fallout.

In addition, on U-day wipe samples were taken from an F-8/ which
had flown through the cloud., These read as high as 35 r/hr at about
U + 6 hr. The early decay of these wipe samnmles was much slower than
that of the fallout collected on the YAG 39, Since considerahle frac-
tionation would be possible during contamination and decontamina‘ion of
the aircraft, these samples were not considered to be truly representative
of the material in the cloud. Although these samples were given rather
extensive ireatment, only the data for iodine analysis will be reported,
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TABLE 3.4 - Samples from Shot 4

btationAW Volume Total Count Description Comments
(m1) (e/m x 10°7)
Gamma Beta

4=739(8) | 9,2(0)| 32.4(c) [ 58,0 Liquid Top of No. 1 king=
post ave, of 6
bottles

4-Y40-P1 | 385 5.62(d) - Liquid Port side of bridge

4=Y40~P2 | 280 4,08 - Liquid Port side of bridge

4=TL0=P3 | 340 2.%9 - Liquid Port side of bridge

4=YL0~-P4 | 374 4492 - Liquid Port side of bridge

4=Y.L0~P5| 393 4426 - Liquid Port side of bridge

=Y40~P6| 48, 6.26 - Liquid Port side of bridge

4=Y40=S1 | 987 2445 - Liguid Starboard side of
bridge

'4=Y/0~S52| 937 10.9 - Liquid Starboard side of
bridge

4=Y40=53 |1006 11.6 - Liquid Starboard side of
bridge

L=Y0=5/ | 818 8.75 - Liquid Starboard side of
bridge

4=74,0-535| 840 7.36 - Liquid Starboard side of
bridge

£, =Y,0=36] £78 15.9 - Liquid Starboard side of
bridge

(a) Y - Project 6.4 YAG
(b) Total volume of 7 bottles was 64.. ml
(¢) Count at U+2.6 days
(d) Count for YAG 40 samples at U+4 days

3.,1.,5 Evaluation of Samples

Since the primary purpose of the investigatlion was to character-
ize the fallout material, with the ultimate aim of obtaining information
which could be used to predict its contamination~decontamination behavior,
it was originally considered essentisl that the fallout be collected
upder carefully specified conditions. Requirements were that no extra-
neous materials be collected befors the detonation or after the fallout
had stopped. No loss of material could be allowed after the collectlon
of the fallout material had been made, Ideslly, the samples should have
been collected and examined as soon as possibdle after the cessation of
fallout so that, in addition to meeting the above conditions, the sam-
ples would have been analyzed before extensive physical or chemical
changes could occur. However, because of a cambination of such factors
as fallure of the automatic sampling apparatus, changes im the recovery
scheme, and incomplete recovery of station arrays these conditions were
not attained. The result was that some samples wers diluted by rain
water and others by sea water (spray and/or waves), Still others were
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centrated by evaporstion, Murthermore, for three of the shots the
‘gamples were not received until 3 to 6 days after detonation and even
oe the fourth shot the fallout sample was not received at the site
jeborstory until late in the day after the detonation,

For these reasons, the characterization of the fallout itself in
mpany respects was not achieved, However, it is doubtful whether a com-
‘plete characterization of fallout material from some of the shote would
Rigve been feasible even with satisfactory collection methods, Acocord-
| to some eyewitness reports, it would appear that the fallout frem

t 1 (at least at distances of the order of 30 to 50 miles from ground
: ) consisted of dry particles, while that from Shot 2, at the same
;!;ptances appeared to comsist of & fine aerosol which in itself would
Jproduce practically negligible volume in the collector bottles (scme
‘sollector bottles were, in fact, dry). For Shot 4 early, invisible fall-
vt arrived on the IAG 39.
K In summary, it should be borne in mind that the results of some
of the following analyses and experiments do not apply to material as it
sotually fell at the collection sites, but ratber to the total sampled
paterial as received at the site laboratory and which in the majority of
euses underwent important changes before it could be examined. This
‘applies especially to the physical state separations and chemical states
of Np and 1.

9.2 PHYSICAL STATE SEPARATI(

This part of the investigation sought to separate the fallout
material recoversd as an aqueous suspension into three fractions: ionie,
oolloidal, and solid, and then to determine the distribution of the
gamma emitting activity and also the distribution of inasctive elements
smong the three fractions.

The solid fraction was defined as that material which was removed
by centrifugation for 15 min at 2500 RPFM (980 g). The ionic fraction
wag defined as that part of the supernatant which passed through a
oellophane ultrafilter membrane of pore size 12 to 40 A; the colloidal
fraction was that part which was stopped by the membrane,

3.2,1 Physical Treatment of Samples

A 10 to 15 ml aliquot was taken from the original sample with
rapid stirring, A volumetric’ pipette with its tip broken off to sample
the suspended particles was used in this sampling. The slurry aliquot
was placed directly in a weighed, graduated cone-point centrifuge tube,
which was then reweighed to obtain both the weight and the volume of the
sample, In addition, an aliquot of the original slurry was taken with a
micropipet whenever possible for gamma counting; for samples with appre-
ciable quantities of suspended solids the aliquot for gamma counting was
taken from the acidified materisl used in the neptunium procedure,

The slurry sample was centrifuged for 10 min at 2500 RPE. The
pH of the supernatent was messured immediately., 4 smell aliquot of the
supernatant was taken for a gamma count and a 5- or 10-ml aliquot was
placed in an ultrafilter, The ultrafilter was a modification of one
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used in earlier work in this Jaboratory.ll/ Its medium was a cellophere
dialysis membrane previously found to have a pore size of 12 to 40 A,

One thickness of cellophane at a pressure of 400 psig (under nitropen)
gave a flow rate of 3.5 to 4.0 ml/hr. After the whole supernatant ali-~
quot had ressed the filter, a garma counting aliquot of the effluent

was taken. Upon disassembly of the uwltirefilter, the membrane was counted
to determire the gamma activity in the collcidal fraction.

The solid fraction separzted by centrifugation was transferred
quantitatively to a weighed fritted glass filter using anhydrous methanol
and after drying the filter was weighed cgain. Then the solid on the
filter was dlssolved with &N-ICl and washed through. After seversl
washings, the combined filtrates were transferred to a 100-ul volumetric
flask and made ur to volume. An eliquot of this dissolved s0lid frace
tion was taken from this solution for gamma counting.

Thus, for each sample five gamma counts were takwn, (1) original
slurry, (2) supernatant, (3) ultrafiltrate, (4) colloidel fraction, and
(5) solid fracticn. This procedure allowed the calculation of an activity
balence for the ‘two separation steps. The last three counts gave the
breakdowr. of the gamma activity into ionic, colloidal, and solid fractions,
These samples were also used to folluw the gamrma decay of the fractions
for all the shots, For the fractions of the samples from Shots 1 and 2
lead abhsorption date were taken; for the fractions of the samples from
Shote 2,3, and 4 gamma analyzer data were teken, Firally, portions of
the fracticns of samples from Shots 2,3, and 4 were returned to USNRDL
for quantitative analysis of their mejor and minor constituents,

3.2.2 Resulis

The results of these studies are given in the folluwing sections.

3.2.2.1 Gemma Activily Distribution Among Physical State Frsctions

In general, good activity balsnces were cbtained for the sera-
ration steps. The sum of the total grmma counts of the liquid (super=-
natant) and the soli¢ fracticns was 94 to 103 per cent of the total
genma count for all samples, except one, as determined by the assay of
the original sample, Similarly, recoveries in the ultrefiltration step
(sun of collcidal and ulirafiltered fractions) ran about 26 to 96 per
cent of the total liquid activity. Totals were normalized to 100 per cent
by taking account of the known sources of loass, In the solid-liquid
gseparation the main source of loss was in the transfer of the solid to
the frit and in the residue left on the frit after the acid wash. In
the ultrafiltration separation the main source of loss was in adsorption
on the metal surfaces of the ultrafilter below the membrane, Separate
experimente showed that the extent of these losses was sufficient to
account for an occasional low recovery. Tables 3.5 and 3.6 summarize
the gamma sctivity fractionation results together with pH values and
percentage of solids by weight, Table 3,5 gives the resulis for the
individual samples while Table 3,6 gives rances of values for all semples
analyzed in each shot, and groups these results by type of shot. Some
pertinent observations based on Table 3.€ are:
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TABLE 3,5 - Physical State Fractionation of Gamma Activity

Sample Time After| Wt.,of o 3! Gamma Count Amount. quic(a)

De?onat%on S?%§d S?;§d I?;§c Col%;;dal in Liq?;g Phase
days .

1"?.51 003 6.5 9.2 1109 96033 3056 0.11 9700

1"251'02 801 0.94 1203 92.% 7.72 0020 9'705

1‘250.05 803 0.85 9-0 98.05 1.89 0.% 97.0

2=AL 34 <0,01 75 | 24,70 | 72,90 2,40 96.8

3-Coca TC 4e2 0.18 10,5 | 92,44 7.33 0,23 97.90

3"251002 505 0023 1102 910017 5060 0023 9601

4“Y39 108 <0001 707 40.20 57091 1089 9608

(a) Percentage of gomma count in the 1ijuid phase found in the ionic fraction

TABLE 3,6 - Summary, Physical State Fractionation of Gamma Activity

Shot Number of | Time After | Wt.of o3 Gamna Count Amt,Tonic(2)
Type Number | Samples |Detonation Solid Solid Ionic | Coiloldal | in Lqd.Phase
(days) (%) (2) (%) (%) (%)
ISI&nd 1 3 605"803 0085-9.2 9.0‘1203 92.1'98.1 1.9-7.7 oo%‘0.2 97.0"9705
3 2 4e2=545 0.18=0423 | 10451142 | 92449402 | 5.6=Te3 | 023-0,23 | 96.,1-97.0
Barge 2 1 34 <0.01 75 24,7 72.9 24 96.8
I3 1 1.8 <0.01 77 40,2 57.9 1.9 96.9

(a) Percentage of gamma count in the 1iquid phase found in

the ionic fraction




(1) Percentage of solids by weight - Island shot samples show
a much higher percentage of solids than do berge shots, with Shot 1
samples having a higher percentage than Shot 3, No quantitative corre-
lations based on per cent solids can be made because of the variable
volume of water.,

(2) pH - Island shot samples had the high pH characteristic
of suspensions of alkaline earth hydrcxides. Ca0 or Ca(OH), was present
in the fallout as a product of the pyrolyzation of CaCO,, from the
island coral which had been drawn up into the fireball,” The fallout
samples from the island shots consisting of both solid and liquid ususlly
contained enough of the hydroxide %o maintain a solid-liquid equilibrium,
The pH of the liquid from barge shots was falrly close to the pH of sea
water itself,

(3) Gamma Activity Fractionmation - Where the solids were pres-
ent in large percentages (1sland shots), most of the gamma activity was
found in the solid fraction., On the other hand, for barge shots most of
the activity was in the ionic fraction.

It should be noted that for every cample treated (both 1sland
and barge shots) the liquid fraction itself was 96,1 to 97.5 per cent
ionic, The constancy of this figure suggests that the material held by
the filter membrane was not colloidal since the percentage of colloids
in the liquid samples should depend on when the samples were treated and
should also vary from sample to sample ard shot to shot, It is more
likely that a constant percentage of the liquid activity is adsorbed by
the membrane, Whatever constituted the so-called colloidal fraction,
it was never very important in the samples as analyzed, for the gamma
activity in this fraction was never higher then 2.4 per csnt of the total
sample. The small percentage found, however, does not necessarily mean
that there was originally such small amounts of gamma activity associated
with a colloidal fraction in the fallout itself. Disappearance of a
colloid which may have occurred originally in the fallout could be
explained by: either (1) agglomeration of collioidal particles with time
in the presence of rather high concentrations of electrolyte, or (2)
adsorption of colloidal particles on crystalline materials or on the walls
of the sample bottle, The centrifugation separstion would not distinguish
between particles which were large enough to settle in a centrifugel field
and colloidal-sized particles which were associated with crystalline
solids. A very early collection and analysis of liquid fallout material
for detonstions which might produce a liquid phase fallout would serve
to determine whether colloidal particles are present and whether they do
indeed agglomerate et aporeciasble rates. In terms of particie size, the
colloid cannot be disregarded in estimating contaminetion potential of
the fallout unless it can be conclusively shown that they do not exist at
the time the fallout contacts a surface.

3.2.,2.,2 Gamma Decay of Physical State Fractions

Decay for the three fractions and the original slurry are given
in Figs. 3.1 through 3.4 for some of the semples separated. To aid in
the comparison of the fractions for a given sample, all counts were nor-
malized to.1000 at the earliest possible time, Where a decay curve was
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stralght for an appreciable time the log-log decay slope was determined
graphically. The decay slopes for all of the samples are summarized in
Table 3.7. They are tabulated for three time ranges: early times are
up to 4 days after detonstion; medium times are 4 to 9 days; and late
times are after 9 days.

In the G to 30-day pericd the solid fraction decay was generally
more rapid than the original sample, The ultrafiltrate decayed more
slowly than the originsl. The colloidal fraction usually decayed more
slovwly than the ultrefiltrate,

The decay curves of the various fractions diverged more for
islend shot samples then those for the bearge shot samples, The solid
fraction from island shot samples decayed a2t about the same rate as the
originel slurry, while with the barge shot samples the ultrafiltrate
decayed like the original slurry. These results are logical in view of
the gross distribution of the gamma activity between the liquid and
golid phases for the two types of shot,

3.2.2.3 Gamma Energy Distribution of Physical State Frsctions

Lead atsorption curves were taken on samples for Shots 1 and 2,
The curve for the 2-A4 sample on Shot 2 was taken at two times, Some of
the curves are shown in Figs, 3.5 through 3,7. All fractions were nor-
malized to a count of .1000 at zero thickness of lead absorber for better
comparison. The absorption curve of eech fraction was analyzed into three
component energies and the percentage of each component was determined
by weighting the "zero-alsorber™ count rate of each component energy by
the relative photon efficiency as taken from Fig. 2.1, The resulis are
tabulated in Table 3.8, It may Ye noted that the average gamma energy
of the "colloidal" fraction was consistently higher for both surface
island and surface water shot samples, whereas the solid and ionic frac-
tions show large differences in relative amount of each component and
average energy. This agair lends support to the argument that selective
absorption occurred on the ultrafiltrate. The low energy components
range from 145 to 180 kev, the mediium from 320 to 485 kev, and the high
from 1020 to 1620 kev,

The fractions of the three "apparent" gamme energies from the
solid fraction of Shot 1 sample (1-251.03) were similar to those for the
originsl sample. In addition, the ultrafiltrate (ionic) fraction had a
higher percentage of the highest energy gammas then did the solid frac-
tion, while the colloidal fraoction had a still higher percentage of high
ensrgy gamras, The order of averzge energy was colloidal > ionic >
solid, The 1-251,02 sample fractions were somewhat different; both the
decay and the lead absorvtion show very little fractionetion of gamma
emitting isotoves between the solid and the ionic fractions. However,
the comparison of average energies amcng the nhysical state fractions of
any semple is not as reliable an indicator of fractionation as is the
comperison of the percentage of the high energy component among the frec-
tions, The latter depends uron the observed count at high absorber
thicknesses while the former deperds upon slopes extrapolated from 2 or

3 points,
For the Shot 2 sample (2-AZ) absorption curve of the solid
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TABIE 3,7 - Summary of Log-Log Decay Slopes

Semple(a) Times
Early ledium Later

Slope Days | Slope Days Slope Days

1-251,03 F - - - - =1.32 9e=15.
S - = - - '2033 90'300

C - - - curved

0 - - '1079 "3--90 -2025 9."'30.

1-251,02 F - - - - -1.83 9.-13.
-2027 13 .-25.

S - - - =2423 9.-30,

C - - - -0.76 9.’150

0 - - =24.23 9.-30,
1'250.05 F - - - - '1.05 9.-14.5
"1049 14.5-30.

S - - - -2034 90-300

C - - - - -1094 90"1/,o

0 - - - - -2.21 9.~30,
2"A4 F - = "1 o% 3 08"!5 06 '2 014./4- 9 07"20n
S - - -1.07 3.8"{06 "2010 10.-250

C - - '1.0’7 3.8-/4-.6 -2010 100-250

0 - - -1.% 3.8"‘4.6 -2038 100-200

3"00!38 CF - - 0097 1&02"700 '1.50 90"30.
S - - curved 2,27 9.=22,

C - - curved curved

0 - - =1.34 Lo2=6,6 | -2.12 9.=22,

3-251.02 F - - -1.71 5-5'90 '2023 90’350
S - - cmed -2023 90-220

C - - curved -1.15 10.=22.

0o - - curved ~2423 Qe=22,

4'!39 F -C .70 1 07"'2 .9 - - -1 070 9 0-22 .
S "0.52 1.8"2.6 - - '2011 90"250

C '0093 108"400 - - '1.65 9.=324

0 | =0.70 | 1.7-2.5 | = - ~1.82 9e=32,

-0094 201."401

(a) State of sample indicated by following symbolss
colloid; O = original sample

F = ultrafiltrate; S = solid; C =
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TABLE 3,8 - Camma Energy Distribytion of Physical State Fractions Determined by Lead Absorption

Scnple(b) Time Half-thickness Fraction of Total Count DR
(3ays) | (gm of Pb/sq cm) Energg (Uncorrectsd) | (Corrected)'®) Avera%e Energy
(kev (%) (%) kev)
1-251.00 8 8.3 0,27 150, n.7 50,1
1,42 340, 16,8 21.5 466,
11,0 1120. 11.5 28,1
1-251003 F 8.3 0027 1500 60.8 36 .3
1.85 380. 18,5 19.35 669.
11.7 1220, 20,7 Lhe35
1"251.03 C 803 0.38 180. 10102 18.25
2.90 480, 18.8 17.95 1153,
14.1 1620, 40,0 63.8
1"251.& S 901 0.25 M5o 69 09 1&7.0
1,52 350, 17.3 21,9 527.
11.8 1230. 12.8 31.1
1"251 002 F 901 0030 160. 73 olb 50.25
1,73 375. 13.0 17.35 508,
11.0 1120. 13,6 32,4
1-251.& c 901 0.38 180. “.7 21 .8
2,0/ 400, 20.5 19.6 880,
12.3 1300, 3.8 58.6
1-250.05 8 9.2 0027 150. 73 02 53 07
1.32 325, 18.0 23,2 429,
11,5 1180, 8.8 23,1
of energy

5;; Corrected for counter officienc{ ag function

State of sample indicated by fo

lowing symbols:

S = 30lid; F =« ultrafiltrate (ionic); C = colloid
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TABLE 3.8 - Gamma Energy Distribution of Physlcal State Fractions Determined by Lead Avscrption (Contd.)

Sample(b) Time Half-thickness Fraction of Totel Co
(days) (gm of Pb/sq cm)| Energy | (Uncorrected) (Corrected)\8) | Average Energy
1-250,05 F 9.2 0.34, 170. 70.6 46.1
2,96 L85, 1544 22,15 573,
11.7 1220, 14.0 31.75
1"250.05 C 9.2 0.32 1630 4805 2601
1.27 320, 2,2 22,3 T23.
11.5 1180, 27,3 51.6
2=Al S 3.6 0.27 150. 66,2 4440
1.40 340, 19.4 23.5 478,
10.1 1020. 1444 3245
2"“ F 3.6 0.27 150. 7509 57025
1.40 340. 16.9 23.3 390.
11.3 1160. 7.25 19.45
Z“M c 3.6 0027 150. 63.10 4005
1.40 340, 21,0 2445 529,
10.8 1100, 15,6 35.0
2"“4 S 503 0025 1105. 68-0 4600
1.40 340, 18,7 23.2 463,
10.2 1030. 13.3 30.8
2-A4 F 5e3 0.25 145. 733 53.6
1.40 340. 18.7 25.15 433,
12.1 1270, 8.0 21.25
2-44, c 5¢3 0.25 145, 65.7 42,5
1.40 340, | 18.7 22,25 5145
10.6 1000, | 15.6 35,25




fraction was higher than that of the ionic fractlon so that the average
energy for the solid fraction was higher than for the Shot 1 samples,,
The absorption curve of the colloidal fraction was again the highest of
the three resulting in a highest average energy for the colloidal frac-
tions. -
Gamma spectra were taken of samples for Shots 2,3, and 4, but
because of low resolution and other limitations, it was not possible to
use the gamma-spectra to obtain important information about the constitue
ents of the physical state fractions,

In general, the spectra only support what was already obvious,
such as the fact that Np239, which was the most important single con-
tributor to the activity in the time range 2 to 10 days, became less
important at later times,

Figure 3.8 is a gamma analyzer plot for pure neptunium separsted
from the fallout sample 3-251,02, It was taken 7 days after detonation.
In the rangs 0 to 0.7 Mev, it shows the reported Np2 9 peaks at 0,065,
0.105, 00230, and 0,295 Mev.

Figures 3,9 through 3.1l are gamma analyzer spectra (low energy
region) for the physical state fraction of the same sample at the same
time. The solid fraction spectrum, which contained 94 per cent of the
activity was a fair reprodustion of the neptunium spectrum with an addi-~
tional peak at 0,51 Mev due to an unknown constituent, The ultrafil-
trate fraction, however, did not reproduce the neptunium spectrum; the
spectrum had peaks at 0,14, 0.39, and 0.49 Mev, The peaks at about 0,5
Mev are undoubtedly due largely to annihilation gammas, indicating the
presence of gamma radiation with energies greater then 1 Mev, The col-
loidal fraction spectrum appeared to contain portions of the neptunium
spectrum, as well as peaks found in the other fractions, Spectra of
fractions taken at other times show otherpeaks, but it was not possible
to identify these in the absence of other information about important

speclies present,

3.2.2.4 Quantitative Analysis of Physical State Fractiops

The concentration analysis of the solid snd ionic fractions
(as separated in the field) is given in Table 3,9. Aliquots of the solid
and the ionic fractions of samples 2-AL, 3-Coca TC, 3-251.02 and 4-Y39
were returned to the laboratory as liquids (the solid fraction had been
dissolved in HC1l and made up to 100 ml), The concentrations are given
in microgrzns per milliliter (ppm). The colloidal frestion was not
returned fér analysis because it was used in its entirety as a counting
sample and because of the difficulty of recovering the small quantities
from the ultrafilter membrane, There were no visible-depoeits on the
membrane,

Table 3,10 gives the mass in milligrams of each element in the
liquid and s0lid fractions of the total semple recovered in the field,
It also gives the total mass of each element in the total origimal sam-
ple as well ac the percentage distribution of sach element between the
1liquid and the solid fractions. For sample 2-4;, the liquid fraction
data are taken as the average of the supernatant and ultrafilter data.
For the other samples the ultrafiltrate represents the liquid; supernatant
was not returned for amalysis.
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TABLE 3,9 - Concentration of Elements of Interest in Solutions of Physical State Fractions

Sample Vol. of |Vol. of Concentration (ug/ml)
Sample | Semple | cila) Na K Mg Ca Fo Al Cu si
separated | as ana-
in f1eld, | lysed,
(m1) (ml)
2414 %==j
Supernate 8.2 | 1,59, 8,0, | 37.0| 104, | 58.6] 0.78|<0.40|<0.40| 0.97
Ultrafiltrate 19.3 3.5 355, 5T | 39.6| 151. |105. [<0.4 [<0.,8 |<7.6 |<2,0
Solid 100.4 - 1.5 1.8 0.0] 7.6 2.74| 0.40| 0.22] 0,03
3--Coea TC
UMtrafiltrate 12.1 2.7 1,170. 27, | 115 28,0 | 428, |<0.3 [<0.67 |<0.43 |<0.40|
Solid 9.0 = 0.8 0.0 4.8 e 1,50 0.30}<0,08 0.0R
3"251002
Ultrafiltrate 27.0 Tk 35.5 37.3| 1.7 0.0| 15.8| 0.67| 0.02[<0.38 | 1.10|
Solm 98010 - 1.6 000 1502 158. low 0.30 <0.(B 0.0S
4=-Y39
Ultrafiltrate 15.0 4,0 |25,100. |12,680. |496. |[1,870. |574. [<0.05| 1.15[<0.76| 1.8
Solid 9.0 - 0.0 0.0 0.0] 4.8 0,55| 0.,02{<0.08 | 0,03

(a) Chloride

concentrations given originr”ly as nommality; for <400 ;.L,g/nl, o

1 significant figure
400 - 4000 ug/ml 2 significant figures
>4000 1g/ml 3 significant figures
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Table 3,10 ~ Mass Distribution of Elements of Interest in Liquid and Solid Frections

Sample C1 Na K Mg Ca
ng 4 ng % ng 5 mg K3 mg
2-44 Liquid 63,0 | 100 28,0 98.9 1.49 80,1 5.04 100, 3.23 | 67.6
(39.5 ml) Solid - - 0.31 1.1 0.37 19.9 0.00 0, 1,55 | 324
Total 63.0 28.3 1.86 504 4.78
3~Coca TC Liquid 419. 100 81.1 97.1 4410 | 100, 10.0 41.4 1153,0 39.7
(355. ml) Solid - - 2.4 2.9 0.00 0. | 1.2 58,6 | 233,0 | 60.3
Total 4190 83.5 4010 2402 38600
3-251,02 Liquid 43. 100 4344 86.3 1.97 | 100, 0.00 0. 18.3 2,6
(1160 ll) 3011‘1 - - 609 13 .7 O.m 0. 6400 lwo 679. 9704
Total 43. 50.3 1.97 64.0 697.
4~139 Liquid |1,615. 100 815, 100, 31,9 100, | 120,0 100, 36.9 9446
(6‘.‘ -1) 801“ - - 0.00 oo oom 0. OQw oo 20% 504
Total 1 ’615 815. 31.9 120,0 39.0
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TABLE 3,10 - Mass Distribution of Elements of Interest in Liquid and Solid Fractions (Continued)

Sample Fe Al Cu
ng 1 g | £ ng 1 ng 3
2+AL Liquid|< 0,047 < 8, < 0,047 < 36, <0.,016 | <26, 0,038 86,
(39.5 m1) Solid | 0.560 | >92, 0,082 > 64e 0.045 | >7% 0,006 Lo
Total 00560 0.082 0.M5 0.064
3'000. TC Liquid < 0.11 < 2. < 0‘210 < 21. < 0.15 - <0.u < 700
(355. 1) Solid | 4.40 >98, 0.88 >79, <024 - 0.06 | > 30,
Total | 4.40 0.88 < 0439 0,06
3‘251.02 Liqu1d 0.”6 1404 000232 1.8 < OOM - 1.16 8‘.0
(1160. ml) Solid 4060 85 06 1.3 98.2 < 0034 - 0.& 16.0
Total | 5.38 1.32 < 0,78 1.38
4-Y39 Liquid |<0.003 | < 1. 0.0741 89.3 | < 0.049 - 0,119 90,2
(6404 ml) Solid | 0,236 | >99. 0.0086 10.7 | < 0,034 - 0.003 9.8
Total | 0,236 0. < 0,083 0.0132




Since the concentrations for many of the elements were cavivmey
low and the volumes of the ultrafiltrate were small, some of the analyses
had to be made near or below their lower limit of reliabvility, Thus, the
results for iron, aluminum, and copper, which are the important detona-
tion products, are very much in doubt, However, some conclusions can be
drawn, Sodium and potassium, as expected, are predominently in the liquid
fraction, Magnesium and calcium, derived from both sea water and ocoral,
are predominantly in the liquid fraction in the barge shot samples and
predominantly in the solid fraction in the islend shot semples, Calcium
hydroxide being more insoluble than magnesium as well as constituting a
larger percentage of coral had a greater tendency to bs in the solid
fraction than does maganesium.

More than 85 per ceat of the iron was always found in the solid
fraction, Aluminum also was found predominantly in the solid fraction;
however, lower total concentraticns of alumimm and lower pH tend to
reverse thiu behavior,

3,3 CHEMICAL STATE OF NEPTUNIUM AND IODINE

Experiments were carried out to determine the oxidation states of
Np and I in the fallout material, These two elsements contribute sig-
nificantly to the gamra radiastion of the fallout from nuclear detonations,
and accordingly, their contamination-decontumination bebavior is impor-
tant, Furthermore, the decontamination of these two elements depends on
their oxidation states since the sorption and solubility and chemical
reactivity of each are dependent on it. Knowledge of the chemical
behavior of a few of the important radionuclides in the fallout together
with that of some of the stsble elements could lead to a realistic ard
practical approach to the preparation of synthetic contaminants,

3,31 Oxidation State of Neptunium

The oxidation state of Np in fallout samples was determined for
Shots 1 through 4, In order to carry out the determination, a feirly
large amount of activity was required (sample reading of 20 to 30 mr/hr
at surface of container{.

3.3.1.1 Chemical Treatment of Samples

The procedure for separating Np(IV) from Np(V) and Np(VI) was
based on the extraction of Np(IV) into a 0.4 M TTA solutica in bensene
from a 2N-HC1 aquecus phase. The Np(IV) back-extracts into an aqueous
phase of &N-HCl, The chemical procedure is given in Appendix A,

3e3.142 Neptunium Results

The experimental results for Shots 1,2,3, and 4 are tabulated

in Table 3,11.
Two Shot 1 samples not listed in Table 3,11 were processed but

the results were not considered satisfactory for the reasons given below.
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Shot 1 semple 251.02 (lend station) was the first processed, As a result
of the observations from that experiment, significant. improvements were
made in the procedure. Therefore, the results of that run, which gave
10 per cent Np(IV) and GO per cent Np(V-VI), were not considered signifi-
cant. On sample 251,04, Shot 1, an attempt was made to shorten the nep-
tuniur procedure considerably by eliminating some of the purification
steps. However, decay curves of the product indicated impure neptunium
which invalidated the results,

TABLE 3.)1 ~ Summary of Analysis of Neptunium Oxidation States

Shot Station Np(IV) | Np(V-VI) Sample Source
(%) (%)
———eee e
1 1-250.05 58 42 Lagoon station
2 2-T4 4 56 Free floating buoy
3 3-Coca TC 66 34 Center of lagoon
3 3-251.02 % 20 Island station
4 4-Y39 23 YAG=-39
Average €5+ 11 35+ 11

The decay of the various neptunium fractions for all samples
was followed for at least three half-lives, In every case, except those
speciflied abcve, the neptunium showed no indication of any impurities.
Decay was followed with a gamma scintilletion counter, Gamma ray spec-
trometer data were also used to help identify the Np samples,

3.3.2 Chemica) State of Icdine

The chemical state of iodine in the fallout samples was deler-
mined for Shots 1 through 4. The procedures and results are given in the
following sections,

3.3.2.1 Chemical Treatment of Samples

Several procedures were used to investigate the oxidation and
phese state of iodine in the fallout material. In the first procedure,
BaCly was added to the originel sample to precipitate the sea water
sulfate ard any iodate present as BalO,., The sample was centrifuged to
separste the solid and liquid phases, "Iodide and iodate carriers were
added to the supernatant ani precipitate, respectively, and the iodine
oxiiized and reduced with NaNO, and NapS03 alternately while in contact
with a CCl, phase to extract the iodine as I5. This procadure actually
gave the amount of iodine in the liquid and solid phases when the two
were Initially present (as was the case in the samples as received fcr
Shots 1 and 3).

In another procedurs, the sample was dissolved in e minimum
amount of HC1l, divided into two aliquots., Iodide carrier was added to
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one fraction and iodate carriar to the other, The iodide carrier was
oxidized with NaNO, in contact with a CCl, phase to extract iodine as
Is. The lodate carrier was reduced carefully with an equivalent amount
of NagS04 in contact with a 0014 phase; after separating the phases,
more iodate carrier and then Ha2303 were added to the aqueous phase;
both fractions were then oxidired with NaNOs in contact with a CCIL
phase, The iodine was back-extracted from the three CCl, solutions into
the aqueous phase with NasS0,, Comparison of the iodine activity in the
three fractions was used as &n indication of the oxidation state of
iodine,

A third procedure incorporated the use of ion exchange resins,
For this procedure the original sampls was placed on a cation resin col-
unn at a pH of 5 to 6, Iodine along with other anions and uncharged
particles was washad out with de-ionized water. The wash-through was
analyzed for iodine, Procedures for the separationd iodide and iodate
on an anion resin column resulted in a good elution of iodide from Dowex 1
resin with 3N-HCl, A number of reagents were tried for an elution of
iodate but no satisfactory reagent was found at that time; iodate was
not removed by 50 column volumes of 3N-HC1,

3.3 0202 Results

The results for the analysis of iodine are summarized in Table
3,12, The values showing the distribution of total iodine activity in
the s0lid and 1iquid phase are accurate to within a few per cent, The
growth in and decay of the different isotopes of iodine complicate the
procedures and the interpretation of the data., The procedures were not
as senaitive nor as satisfactory as those for neptunium to show the
presence of the several oxidation states. Furthermore, the oxidation
state of iodine in the criginal fallout probably changed before the
samples were recovered., The presence of organic bodlaes, the suscepta-
bility of iodine to air oxidation, possiblities of self-oxidation
reduction, and exchange with sea water carrier would contribute to the
formation of the resultant oxidation state of iodine in the samples at
the time of analysis,

The gamma spectra of the iodine fractions for Shots 2,3, and
4, showed the presence of 1131, 1132, and I133, The decay of the early
semple on Shot 4 indicated a large amount of I132 while the gamma spec-
tra showed also the presence of I131 and 1133,

34, COMPOSITION OF THE FALLOUT MATERIAL

The samples analyzed quantitatively consisted of materials col-
lected from the environment of the shot points prior to detomation and
the fallout samples, Three coral samples each from sites Charlie and
Tare, two surface lagoon sea water samples, one bottom lagoon sea water
sample, and ons bottom lagoon coral sample were analyzed, ¥Within the
1imits of variation of the major elements in these samples their chemical
analysis was used to determine the amount of envirommental or background
constituents in the fallout samples., Then, if it is assumed that no
great variation in the constituent elements occurred due to fractionation
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subsequent to a detomtfion, the fsllout material can be cousidered as
being composed of one or more of the following three componments: (1)
corsl, (2) sea water, and (3) device products (DP). By proper choice
of elements, the chemical changes of the conatituent compounds of the
background components nsed not be considered, The radicactive device
p;-oducte are treated in other sections.

TABLE 3,12 - Summary of Results for State of Iodine

Shot/ Station Time After |Percentage of | Percentage of | Apparent
Shot Iodine in Total Gamma |Oxidation

Solid Phase Count State

1 ] 250,05,250.06, |+ 6 to 7 5080 ca 5 -1

251.02 days
2 | 2-A6 + 2,5 to ca O oa 6 -1l
+ 3.5 day’
3 | Coca Head + 3 daye 93 5 -1
4 |airplene wipe |+16 hr ca 0 0.7 -1
3shel Physical Treatment of es

The asctivity of each sample was first measured with a laboratory
survey meter, The liquid fraction, °f any, was then separated from the
solid phase by filtretion through a weighed sintered glass frit., The
activity of each phase was again measured, The volume and pH of each
liquid freotion was then measured and the weight of solid was determined,

In generel, the samples treeted were portions from the fallout
collectors aliquoted at the site laboratory.

34e2 Chemi Treatment of o8

The 1iquid samples were processed without chemical pre-treatment
whenever possible, The solid fractions were dissolved in nitric acid
which ususlly diesolved most of tho material. Remaining organic residues.
were oxidized by the wet ashing method using perchloric acid as the
oxidizing agent, Two such perchloric acid treatments ususlly gave a
clear colorless solution. Chemical anslysis of the solid frections was
done whenever the total solids were greater than 5 mg,

In general, the chemical treatments of the samples were restricted
to a minimum of reagents to prevent as far as possible the addition of
elements es impurities which were being determined.

The analytical methods for the various elements are summarized
in Tables 3.13 and 3.l4. The Beckman flame photometer was specially
designed to permit analysis of radiocactive samples without hagard to the
analysts. The elements C1l, Na, K, Mg, Ca, and Sr were designated as
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major ~onstituents; the elements Fe, 41, Cu, Si and Br were designated
as minor constituents on the basis of analysis of the background come
ponents (coral and lagoon sea water). -

TABLE 3,13 - Summary of Analytical Methods

Element Method(a) Reagent
Cl Mohr Titration Method Silver nitrate
Na Beckmen Flame Photometer -
K Beckman Flame Photometer -
Mg Beckman Flame Photometer -
Ca Beckman Flame Photometer -
Sr Beckman Flame Photometer -
Fe Beckman Spectrophotometer Dipyridyl
Al Beckman Spectrophotometer Aluminon
Cu Beckman Spectrophotometer Diethyldithiocarbamate
Si Beckman Spectrophotometer Reduced Silicomolybdate
Br Beckman Spectrophotameter Fluorescien-eosin

(a) Application of Analytical Methods to the dnalysis of
Fallout Material, USNRDL Technical Report in preparation

TABLE 3,14 - Spectrophotometric Analysis of Minor Constituents

Element | Solvent ) i Wave Length of | Optimum Amount
Mediwm |[Permissible Used |Max. Absorption of Sample
Range (mu) Liquid Solid
(m1) (mg)
Fe H0 3.0 - 9,0 57 520 >100 N - 50
Al Hx0 LeO = 75 Le2 535 10 18 = 25
Cu CCl, | 540 = 9.0 5.7 | 435 (in CC1;) [>100 D.00=500
(for ex~
trection)
si B0 Le2 = 6,8 4.5=6,0] 820 (used 700)| 10 - 100 10
Br HA0 - 547 517 <1 -

The elements Fe, Cu, and Si were characterized by very stable ,
complexes ideally suited for mnalytical purposes. However, the Si proce-
dure gave soluble Si only., The Al and Br procedures were sensitive to
il and salt concentration, Solutions of Al and Cu could be concentrated
without inoreasing interferences from other elements to any great extent -
the A1 being carried on Fe(OH); and Cu being extracted into CCl; as the

diethyldithiocarbamate complex.
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9...3 Results

Analyses of the background components, sea water and coral, are
summarized in Table 3,15, The sea water analysis is compared to that
given by Sverdrup.30/ The ratio of Cl to the other elements given by
Sverdrup was used as the sea water component compoeition in reducing the
data. Ratio values of 1.05 x 106 for Fe and 5.3 x 10=7 for Cu were
used in the ocslculations, The coral analyses for sites Charlie and Tare
are averages of three samples each of surface coral furnished by Holmes
ard Narver, Inc, All samples did not give identical analyses; and sinoe
they were surface samples, further differences in the ratio of Ca to
other elements could have occurred in the fallout coral itszelf., These
analyses, however, were takenm as bteing the best estimate available of
the coral component composition.

The physicel measurements made on the fallout samples are given
in Table 3,16, The fraction of a sampler bottle analyzed was occasion-
ally greater than one when the fallout from more than one bottle was
combired. In other cases funnel rinsings were added to the sample so
that the fraction is not always the direct ratio of column 1 in Table
3,16 to the total sample eas given in Section 3.l.

The concentration analyses of the liquid and solid fractions are
given in Tables 3,17 and 3,18, In the cases where the samples were
slurries or mixtures of liquid and solid, the comparisou of the concen=
tration of the various eloments in each phase with those in Table 3,15
for the see water and coral elements were used to show something about
the history of the samples, For example, the consistent high velues for
1-250,25 (1iquid fraction) indicate evaporaticn of sea water, This was
the case for other samples from Shot 1 where the sample bottles could
not be securely sealed, the caps having been destroyed by fire on aite
Tare,

The concentration analyses of the two frections were combined for
a component analysis of each semple as shown in Table 3.19., The usual
procedure was to use the Na and Cl anslyses ae a basis for the sea water
comporent; when small amounts of Cl were found the Na value was used.
After correcting for corsl Na, the sea water Na and Cl were recalculated.
The ratio values of Table 3,15 were then used to estimate the remaining
elements in the sample contributed by sea water. Using the remaining
Ca as coral Ca, the ratio values of Table 3,15 for coral were used to
estimete the remaining elements as contributed to the fallout from coral.
The remainders are attributed as being the contributicn of the device-
products to the fallout., In most cases positive amounts of Mg remained;
this may be due to poor sampling of the background coral (surface coral
may not be representstive of all the rorel thrown up by the detomation).
In all cases, excepting ome, positive remainders for Fe, Al, and Cu
were found, For Shot 1, the island station samples (1-251 series) which
contained no 1iquid were used as a qualitative guide for determining the
nature of the fallout, None of these samples show the presence of sea
water; the Na remainder after taking out the corsl is negative more often
than it is positive. The high coral content of many of the island sta-
tion samples wes undoubtedly due to drifting of coral particles into the
surface-level pits, The lagoon samples were known to be rinsed together
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TABLE 3,15 - &nalysis of Background Components

Element Sea Water (i « 7.8) Coral (weight basis)
e Ratlo Site Charlie Site Tare Lagoon Bottom
" {og/1) NRDL Sverdrup (%) Ratio (%) Ratio (%) Ratio ]
c1 | 19,570 1 1 0.2, |6.710"3 0,20 | 2.8x10"3 - -
Na 10,610 0.542 0.556 0.31 8.7x10~3 |0.31 8.8x10"3 | 0.69 2,9x10"2
K 990 0.0199 | 0,0200 0,01 3x10~4 {0,01 In10~4 c.03 1x10~3
Mg 1,313 0,0671 | 0.0670 2,0 5.,68x10-2| 3,00 8.46x102 | 0,64 2,7x10"2
Sr - - 6.8:1_8-4 0.33 9.3x10°3 10,34 9.6x10°3 | 0.37 1.6x10"2
Fe <0.05 [<3x10% | 1x10°- | 0.0041 |1.1x107% [0.0043 |1.2x10% | 0,0193 | 8.L4x10™%
1x10~7
Al < 0,01 |<0.5x1 2.,60106 | 0.00010 | 2.9x10°6 |0.,00026 | 4.6x10 | 0.000058 | 2.4x10~6
Cu < 0,08 |<4x1 5.3;110-3- 0.00013 | 3.5x10~6 |0.00018 | 5.2x106 | 0.00016 | 6.
5.3x10~
St 1.8 9.3x10°5 mg_-g- 0.132 |3.710°3 {0.074 |{2.1x10~3 | 0.044 1.9x10~3
1x1
Br - - 3.4x10-3 - - - - - -




TABLE 3,16 - Physical Messurswents of the Fallout Samples

Semple Total |Prection of | W&, Soltd(s) |vol, Liquid| i of
Anralytioal |One Sampler Fraction Fraction Liquid
Sample Bottle (ng) (m1) Fraction
e__-——_—.—_:ﬁ==:.: = === — ————
(g)
1-250.& 260” 1080 1,204 u.‘ 11.7
1-250005 23039 0037’ 39‘ 21.7 702
1-250.06 24,12 1.04 398 22,0 7.8
1-250017 2‘036 1.63 3‘06 2200 801
1‘250022 40% 10101 53 .0 3.‘ 7.6
1-250.24 52,03 1.39 206 49.0 745
1"250025 7090 2005 131 606 801
1"251 003 30& 00248 2% 306 1202
1-251.% 00m 0.&50 m 0 -
1-251.05 a.17 0.385 13.9 AR 7e2
1'251.% 2.78 1.82 2,782 O -
1-251.07 0.430 0.536 430 0 -
1‘251.“ 0.608 1.63 608 O -
1"251 010 ?08?6 005‘9 8?5 G -
nl

2‘“ 18 00 °0L56 Lol 18.0 705
2-A5 5.8 0.126 24 5.8 749
2-QA 18 02 0.7w 1 .8 1802 -
2'& 53 06 00958 502 53 06 -
2-T, 9.0 0.300 2,1 9.0 -
3-250.05B(b) | 517 0.379 289 517 10.4
3-250,05R(¢) | 515 0.273 782 515 10.7
3-250,07A 355 0.25 230 355 7.9
3-250,07B 126 0.,0764 124 126 8.3
3-251,02 128 0,110 1,033 128 11,5
3~Coca (1C) | 128 0.360 326 128 11,9
3-Coca (3C) | 128 0.T 4549 128 7.8
4-Y39 28 1.70 12.5 28 7.4

(a) Density of corel was approximately 2.4
(v) B - Buoy 1TC
(¢) R - Raft TC
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TABLE 3,17 -~ Concentration Analyses of Liquid Fractions from Fallout Samples

Sample Element
{ppm)

C1 Na Ca Fe sile) Br
1-250.04 15,880 9,000 1,610 <0.05 0.10 5942
1-250,05 20 »450 11,300 660 <0,05 1.43 95.0
1-250,06 25, 630 14,800 570 0.07 0.94 117
1-250.17 38, 640 20,000 796 <0.05 1,07 110
1-250,22 62,760 34,000 1,740 .10 0,046 -
1-250,24 19,610 10,700 426 <0.05 0.59 95,0
1-250,25 60,260 | 33,500 1,340 0.73 0,39 -
1-251.02 780 680 237 0.56 0,56 -
1-251.03 1,910 1,348 28, |<0.3 0.30 -
1-251.04 0 0 0 0 0 0
1-251.05 920 198 30,8 | <0.05 1,13 0.80
1-251.,06 0 0 0 0 0 o
1-251,07 0 0 0 0 0o (o)
1-251,08 0 0 0 0 0 o
1-251,10 0 0 0 0 0 0
2-AL, 2,700 760 38.9 | 7.98 2.50 -
2-‘5 5,“ 404 48‘4 3084 0005 -
2-Q - 250 26.8 19.8 0.10 -
2’310 - 200 19 04 21 Y 5 0.10 -
2-T4 - 552 404 23.9 4 0.30 -
3'2500058 1102 52.2 1702 <0005 0.04 0 15 -
3"250.0% 1w 5001 2.8 18.2 0003 0.04 0 18 -
3-2504,07a 754 50 04 0.8 18.9 0.01 0.02 0.23 -
3"?50.07b 83 07 107 02 208 1'7 02 0001 0.14 0.28 -
3-250,07¢ 109 25,8 0.8 12,2 <0,05 0.10 1.3 -
3‘251Q02 58.6 16.1 3.0 20 5 <0.05 O.% 0.43 -
3"0008 (TC) 259 120 6.6 41 6 0.16 < 0.% 7.72 -
3-Coca (3C) 276 34.0 2.6 1m <0.05 | 0.19 0.23 -
L-Y39 21,130 12,620 374 412 1.88 | 0,27 0.7 | 21.0 |

(a) As soluble silica
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TABLE 3,18 = Concentration Anslyses of Solid Fractions from Fellout Samples

Sample Iiilement
Wte
Na K ¥g Ca Sr Fe Al Cu sile)

1-250,04 0.509 | 0,020 3.7 38.1 0.50 0.0282 | 0.0121 <0,0034 0.0009
1-250.05 0,990 0.050 9.82 28.6 0.45 0.0L47 0.,0234 < 0,0037 0.@69
1'250 o% 00980 0.039 70710 3407 00110 0.0250 ooma < 0.m37 Olel
1-250,17 3.80 0.18 4e34 19.2 - 0.0872 | 0.0737 0,0268 0.0157
1-250,22 12,1 0.34 1,42 15.1 0.034 0.171 0.116 0.,0131 0.0051
1"250.21& 00396 0.019 70“ 36.5 0032 0.0667 000125 000189 OQW
1-250.25 lom 0.036 5.87 33 .5 0.18 0.0910 00&13 0.0285 OQW
1-251.02 0.239 | 0,013 2,62 43.6 0447 0.0338 |0.0139 0.0078 0.0014
1"251 003 0.181 0.m28 2.33 4/“0 0041 0001033 0001102 <00w36 0.0019
1-251 004 00102 OQMB 2.31 37 olo 0‘46 0.“)1#10 0.035‘ 0.@2 OQM
1-251,05 0,105 | 0.0 1,27 2444 - 0.0834 | 04,0176 0,0192 0.0211
1-251,06 0.243 | 0.0090 2,78 38.2 0.54 0.0200 | 0,0444 0.0021 0.0150
1-251 .C'T 0.258 OQMS 2.26 37.7 0.62 0.0617 OOM Oom 0.0(12
1-251,08 0,372 | 0,024 2,62 37.7 0,50 0.0095 | 0,0062 <0,0034 0,0006
1-251.10 0.263 { 0.0089 2,08 36.9 0,72 0.0223 |0.0112 0.0152 0.0006
2-A4 - - - - - - - - -
2-45 - - - - - - - - -
2-Q4 - - - - - - - - -
2R, - - - - - - - - -

CIVA - - - - - - - - -
3-250,05B 0.134 | 0.006 4,06 38.1 0.36 0,180 0.0494 0.,0266 <0,0011
3-250.05R 0,154 | 0.006 3.23 37.0 0.43 0.099 0.0134 0.,0042 0.0046
3‘250.(778. 0.16[0 0.025 2.90 35.1 0047 0.336 0.0418 0.m <0.w12
3‘250.07‘0 00171 00038 0080 35.5 0039 0.189 000254 oom 0.00025
3=250.07c 0.203 | 0,008 2,29 39.1 0642 0,587 0,0105 <0,0089 0,00075
3-251.02 0.205 | 0,008 2.9 | 35.6 0.31 0.0309 |0.,00726 0,0080 <0,0010
3-Coca (TC) 0.170 | 0,003 3.8, | 36.5 0.36 0.403 |0.0199 0.0224 0.00038
3-Coca (3C) 0.159 | 0.007 2,04 | 28.3 0.037 | 0.959 |[1.29 0.0477 0,00074
4'Y39 20.6 0.%2 2089 2.L6 - 1.05 001910 0.‘7719 <0.020

(a) As soluble silica




TABLE 3,19 - Component Analysis of Fallout Samples

Sample Component Element )
Cl Na K Mg Ca Sr Fe Al Cu
1=-250,04 | Total 388 26 724 52,2 |498 6.0 0.339 0.16% 0.016 <0,057
Sea Water | 393 219 7.86 26,3 8 o3 0.0004 0.001 0.0002
COm:t 3 4 0.14 27.8 [ 490 Le5 0.056 0,001 0.0017
p.p. (o) -8 | +3 ~0.76 | -19 | O (+1.2 [+0.283 ([+0.162 | 0.014 <0.055
1=250,05 | Total 444 29 8455 7562 127 1.8 0.0580 0.107 |<0.,017
Ses Water “5 ?47 8090 2908 9 003 0.0005 0.001 0.,0002
Coral 1l 1l 0.03 6.7 |118 1.1 0.0134 0,0003 | 0.0004
D.P. -2 +1 -0.,38 |[+38.7 0 |+044 |+0,0241 [4+0.106 [<0,016
1-250,06 | Total 564 |330 11.8 82.5 |151 1.6 0.101 0.0602 | 0,0026 <0,0176
Sea Water | 577 321 11.5 38,6 | 12 0.4 0.0006 0.0015 | 0,0003
Coral 1 1 000’0 7.9 139 102 000158 0.0004 0.('1)05
D.P. 14 +8 +0.3 +36.,0 0 o +0,085 {+0,0583 | 0.0018 <0,0168
1=250,17 | Total 850 A Y 18,6 116 24 04 - 0.0302 0.,0383 | 0.101
Sea Water | 822 457 1644 55 17.3| 0.6 0.0009 0,0022 | 0,000,
Coral 0.05} 0,06| 0.002 0.4 7.1 | 0,07 0.0008 0.00002| 0,00002
1-250,22 | Total 213 122 4467 22,5 | 13,9 | 0,016 | 0.0909 0.0621 | 0,00702
Sea Water | 216 120 433 145 4e5 | 0.15 00,0002 0.0006 | 0,00011
Coral 0.1 0.1 0,003 0.5 9.4 | 0,09 0.0011 0.00003| 0,00003
D.’. .3 + 2 + 0034 +705 0 -0.22 + 000896 +000615 +oom8
1=250,24 | Total 961 525 17.7 110 96.0 | 0,66 0.137 0.0399 | 0.0458
Sea Water | 952 529 19.0 6. 20,0 | 0.65 0,001 0.0025 0.0005
Corel 0.5 0.7 0,02 A 76,0 0,004 | 0,009 0.0002 00,0003
D.P. + 9 -5 -1 03 +‘2 Q +0,01 +0,127 +0,0372 +000450
1-250,25 | Total 398 22 7.97 53,6 | 52,8 | 0.24 0.0167 0.,0327 | 0.0399
Sea Water | 398 222 7.97 26,7 8s4 | 0.27 0.0004 0.0010 | 0,002
Coral 0.3 0.4 0.01 2.5 | 4hh | 0.4 0.0051 0,0001 | 0,0002
D.P, 0 | o [-0.01 |+24.4 | 0 |[-0.44 [+0.0112 [+0.0316 [+0,0395 N
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TABLE 3,19 -~ Component Analysis of Fallout Samples {Continued)

Sample Component Element (mg)
Cl Na K Mg Ca Sr Fe Al Cu
1-251,02 | Total 11.0 } 10,2 0.47 7.7 114 1.2 0.0936 0,0412 0.0324
Sea Water 16.5 962 0.33 1.1 0.3 0,01 0,00002 0,00004 | 0,000009
Coral 0.8 1,0 0.03 604 114 102 0.0130 0,000 Oom
D.P, VA 0 +0.,11 + 0.2 0 0 + 0,0806 | +0.,0408 [|+0,0320
1-251,03 | Total 6,89 | 5.2 | 0,17 5420 91.5 0.84 0.0898 0.0345 (<0.,0168
Sea Water 796 4.43 | 0,16 0.53 042 0.,005{ 0.,000008, 0,00002 | 0,000004%
Coral 0062 0079 0003 5.18 9103 0084 00,0104 0.0&3 O.W
D.P, =1,59| 0O =0.02 -0.51 0 0 + 0,079 +0.,0342 |<0.,0165
1-251.04 | Total - 0.83 | 0,059 | 18.8 304 3.7 0.0357 0.118 0.0181
Coral - 2,65 | 0,086 17.3 304 2.8 0.0347 0,0009 0.0011
Dopo "1 082 "00027 + 105 0 + 009 + 0.0010 + 00117 +0.0170
1-251,05 | Total 37.8 { 8,15 | 0.33 1.956 Lo6b| - 0.0116 0.0135 | 0.,007M9
Sea Water 14 .6 8,11 | 0,29 0.98 0.31| 0.01 0,00002 0.,00004 | 0,000008
Coral 0.03 0.04 0.‘)31 0025 4035 0004- 000005 0.00001 0.00@2
D P, + 23,3 0 +0,04 {+0.73 0 - +0.,0111 |+ 0.0135 |+0,00M6
1-251,06 | Total - 6,76 | 0.25 77.3 |1,080 15 0.0557 0.373 0.0175
Coral - 9.3 | 0,30 61., |1 ,080 10 0.1234 0,003 0.0038
b.P. - ~2,67 |-0,05 |+15,9 0 +5 =0,067T7 |+0.370 +0,0137
1-251,07 | Total - 1,11 | 0,032 9,71 162 2.7 0.,0265 0.0416 0.0244
Coral - 1,41 | 0,045 9.18 162 1.5 0.0184 0,0005 0,0006
D.P. - -0030 '0.013 + 0.53 0 + 102 + 0.0031 + 0.0411 +000238
1-251,08 | Total - 2,26 { 0.15 | 15,9 229 3.0 0.0578 0.0376 {<0,021
Coral - 2.00 | 0,06 13,0 229 2.1 0.0262 0,0007 0.0008
D,P. - +0,26 |+0,09 +2.9 0 +0,9 |+0.,0316 |+0,0369 |<0,020
1-251,10 | Total - 2,17 | 0,074 | 17.2 305 5.9 0.184 0.0924 0.0126
Coml - 2.% 0.086 17.3 305 2.8 0.035 o.m 0.001
D.P. - -0049 ‘0.012 "0.1 - + 301 + 00149 + 0.@15 +00125




TABLE 3,19 - Component Analysis of Fallout Samples (Continued)

Sample Component Element (mg)
Cl Na K Mg Ca Sy Fe Al Cu
27 VA Totel 49 13.7 0.61 2.1 0.'700 - | 0044 0.,0068 | 0,0545
Sea Water | 25 13,7 0.49 1.65 0.518 - | 0,00003 | 0,00006| 0,000001
Coral 0,001 0,001 0,00005| 0,001 0,182 - | 0.00002 - -
D.P,. +24 0 +0,12 +0.49 0 - |4+0,144 +0,0067 [+0,0545
2=A5 Total 32 2,34 | 0.094 0.469]| 0.281 - | 0.0208 0.0043 | 0.0326
Sea Water A2 2,34 | 0,084 0.282]| 0,089 - | 0,000005| 0,00001| 0,.000002
Corel 0,001| 0,002{ 0,00005( 0,001( 0,192 - | 0,00002 - -
Dp.P. +28 0 +0,010 [+0,186] O - |4+0,0208 |4+0,0043 |+0.,0326
2=Q4 Totel - 4,55 | 0.12 1,78 0.488 - | 0.360 0,049) | 0,131
Sea Water - Le55 | 0,16 0.55 0.172 - | 0,000009{ 0.00002( 0,000004
Coral - 0,003{ 0.,00009| 0,002] 0.316 - | 0,00004 - -
DQP‘ - 0 ) '0.04 +1 023 - - '*00360 +0001091 +00131
2=r/ Total - 10.7 0.13 2.83 1,04 - | 1,15 0.133 0,110
Sea Water - 10,7 0.38 1,29 0.40 - } 0,00002 | 0,00005] 0,00001
Coral - 0,006] 0,0002 | 0,004] 0.64 ~ | 0.00007 -~ -
D.P, - 0 =0425 +1.54 0 - |41.15 +0.133 [|+0.110
2=-T4 Total - 4,97 | 0.083 1,08 | 0,364 = | 0,215 0,0379 | 0,0383
Sea Water - 4.97 | 0.1 0, 0.188 - | 0,00009 ;| 0,0002 | 0,000005
Coral - 0.002| 0,00005| 0.001{ 0.176 - | 0,00002 - -
D.P. - 0 -O.®6 +O.48 0 - +Ooas +0.0377 +0.0383
3-250,05B | Total T3 (274 1.0 17.2 |119 1.0 | 0,521 0.164 o, 0m <0,118
Sea Water 47 010 26.4 009 302 1 0003 0.00005 oomool O.WOOZ
Coral 0.3 1.0 0.03 10.0 118 1.0 | 0,004 0.0005 | 0,0006
p.P, +25,7 0 +0,1 +4.60 0 (o} +0,507 +0.164 0.076 < 0,117
3’250.05R Total 51.5 27.0 1.5 3102 299 3.10 O.?@ 00125 00033 < O.WL
Sea Water AB 08 2% .4 0.9 2.9 1 0003 0.0“)04 0.0001 0,00002
Coral 0.8 2.5 0,08 25.2 |298 2.9 | 0,036 0,0014 | 0,002 i
L D.P. +6.9 |0 0.5 [3a | o  |+0.5 [40.753  |r0.124 | o0.031  <0.072]
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TABLE 3,19 - Component Analysis of Fallout Samples (Concluded)

(a) Device Product

Sample | Component Element (mg) ‘
C1 Na K Mg Ca Sr Fe Al Cu j
3-250,07a | Total 26.8 18.3 0.34 | 13.4 87.4 1.1 0.776 0.0968 0.20 <0,048
Sea Water 31.4 17.5 0063 2.1 0.7 0.02 0.(!!)03 0.“)008 OQW
Coral 0.3 0.8 | 0,02 | 7.3 86,7 0.8 0.011 0.0004 0.0004
D.P. =449 0 ~0,31 |4 440 o +0.2 |+0.765 [+0,0963 | 0,020 <0048
3=-250,07 | Total 10.5 6,16 | 0,40 1.80 | 46.1 0.48 0,234 0.0490 0,011 <0.,021
Sea Water 10.4 5,761 0,21 | 0.69 0.2 0.,007! 0,00001 | 0,00003 | 0,000006
Coral 0.1 0.40| 0,01 | 3.88 | 45.9 044 0.006 0.,0002 0.000R
D.P. o 0 +0,18 | =2,77 o +0.03 |+0.,228 |+0,0488 0.011 <o0,02
3-250,07¢ | Total 1.,.0 3,61 | 0,11 3.73 | 60,6 0.63 1.0 0.,0287 [{<0,0235
Sea Water 545 3.08| 0,1 | 0.37 0.1 0.003| 0,000005| 0.00002 | 0.000003
Coral Ue2 0.53 | 0,017 5012 | 60,5 0.58 0.007 0.0003 0,0003
D.P. + 8.3 0 0 ~1,46 0 +0,05 [+1.03 40,028, [<0,0232
3-251,02 | Total 7450 4618 | 0,47 | 32.1 391 3.2 0.319 0,0827 0.083 <0,093
Sea Water 1.35 0.75 | 0.03 | 0.1 0,03 | 0,001] 0,000001| 0,000004| 0.0000007
Coral 1.10 343 01 | 33,1 {391 3.8 0,048 0,0018 0,002
D.P. + 5005 O + 0033 "1 .1 0 '0.6 +0.271 +0008® 0.081 < 0.@1
3=Coca TC | Total 33.1 15.9 0.86 113.5 (12 1.2 1.33 0.0649 0,073 <0,083
Sea Water 26.6 1,.,8 | 0.53 | 1.8 0.6 0.02 0.00003 | 0.00007 { 0.00001
Coral 004 101 0.04 10.5 123 1.2 0.02 0.«1)6 0.0@6
D.P. + 641 o +0.,29 |+1.2 [123 0 +1.31 10,0642 0.072 <0,083
3-Coca 3C | Total 35,3 L2 | 034 | 2,02 | 27,2 0.18 | 04443 0,617 0.022 <0,032
Sea Water 75 49 | 015 | 0,50 0.2 0.005 | 0,000008| 0,00002 | 0,000004
Coral 0.1l 0,24 | 0,008| 2,29 | 27,0 | 0,26 | 0,003 0.0001 0.0001
D.P. +27.7 0 +0,20 | -0.77 0 0,08 |+0,440 |40,617 0.022 <0,032
4=T39 Total 592 353 10.6 | 47.7 11.6 - 0.184 0.0318 0,0166
Sea Water [613 341 12,3 411 12.9 - 0.0006 | 0,0016 0.0003
D.P. -1 12 1.7 [+6.6 1.3 - +0,183 [+0,0302 [+0.0163
Sea Water(®} 932 | 51.8 | 1.9 | 6.2 | 2.0 ]

(b)_ 15.21_or total sea water elements as fallout material



with the aid of lagoon sea water., Although the analyses for a number of
tbese samples indicated various stages of evaporation, the amount of the
various sea water constituents was generally in the correct order. On
the other hand, the sea water rinsing of two bottles into the third proe
vided samples in which the recovery of the total fallout was far greater
than when the dry material was collected without rinsing, For this
reason, the amounts of fallout material as coral or device~products from
the lagoon stations (1-250 series) were considered the most valid, Hence
the fallout material from Shot 1 consisted of coral and the device-product
comvonents, The material from Shot 2 showed the presence of &ll three
components, Three of the samples were combined acid (EC1) washes of
funnel end bottle so the Cl analysis was not included. Smell smounts of
residue (carbonaceous) were not analyzed., The fallout from Shot 3 also
contained significant amounts of all three components in addition to
large volumes of rain water, The rain washed down the fumnels. Only one
sample from Shet 4 was snalyzed; the analysis of this sample gave a

15.2 per cent excess concentration (tased on C1, Na, and Mg analysis) of
sea water but no remainder as coral; however, the sample was known to
have been exposed too short a time for evaporation of thet extent to
occur so that the excess was attributed to fallcut,

The fileld teams of Project 2,5a inspected the collectors periodi-
cally to remove extraneous material from the bottle collectors; however,
it was not always poscible to make such an inspection immediately prior
to shot time at all stations, Therefore, when aneiyses indicate, the
island station samples mey be assumed to be high in coral while the raft
or buoy (or YAG) station collectors high in sea water comstituents. For
any shot, the best estimate of the amount of coral would accordingly bve
obtained from a collector stationed in the lagoon while the best estimate
of the amount of sea water in the fallcut would be obtained from a sam-
pler stationed on an island. Any deperture of sea water constituents
from the lagoon water concentration would indicate either evaporation or
collection of rein water. Samplers mounted on buoys were further from
the water than those mounted on rafts; hence the amount of spray collected
by buoy samplers would be less than that collected by raft samplers and
should give a better estimate of sea water in the fallout as well as a
better estimate for the radiocactive msterial, These considerations,
along with those given in the preceding peragraph, are used in the fol-

lowing discussion of the data.
The surface density of the three comvonents, coral, sea water, and

device products are tabulated in Table 3,20, The density distributions
are plotted in Figs., 3,12 through 3,14, The surface densities are calcu-
lated for tte 7-in, diameter funnel in terms of the original (unchanged)
component material, Due to limitations of time and manpower as well as
considerations of application of the data, analyses to determine the
amounts of pyrolyzed and non-pyrolyzed coral were not attempted, If they
had been, estimates of extraneous materisl (as drift~in) might have been
pade, From appearances of the samples, however, the coral component from
Shots 1 and 2 was essentially all pyrolyzed coral while that from Shot 3
appeared to contain large amounts of unchanged coral,

The surface density of equivalent coral on Shot 1 ranged from sbout
50 to 3000 mg/sq ft for the lagoon station semples, On Shot 2 (buoy
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TABLE 3,20 - Surface Density of Fallcut Componenta

Sample Coral R ~___Sea Water Device
Total Ca | Density\®) [Total Na | Density'®’ | Total Fe Densitylc)
(ng) (mg/3q ft) (rg) (ml/sq £t) (ng) (fraction/sq ft) x 1012
1-250,04 272 2,860 0 0 0,157 10.6(d)
1-250,C5 313 3,290 0 0 0.064 430
1-250,06 134 1,410 0 0 0,082 550
1-250,17 ded 46 0 0 0.018 1.20
1-250,22 647 70 o 0 0.064 4430
1-250.25 2 230 0 o 0.0055 0.37
1=251,02 1,000 10,700 o 0 0.707 4476
1-251.03 368 3,870 0 0 0.320 2.5
1-251.04 12,200 128,000 0] 0 0.040 2.69
1-251,05 11 120 0 0] 0.029 1.95
1-251,06 594 6,240 o 0 - -
1-251.07 302 3,170 0 0 0.015 1.01
1-251,08 140 1,470 0 0 0.019 1.28
1-251.10 556 5,840 o 0] 0.272 18.3
Z‘M Oo 40 402 30.0 10‘6 0.315 5.01
2-45 1.52 16,0 18.6 6.56 0.165 2,62
2=, 0.45 47 6.5 2,29 0.514 8.18
Z'M 0.67 700 11.2 3095 1.20 19.1
2"T10v 0059 6.2 16.6 5.% 00717 11 010
3-250,058 312 3,300 69.7 245 1.34 98.2
3-250,05R 1,090 11,500 89.4 31.5 2,76 202
3-250,07a 403 4,260 8l.4 28,7 3.56 261
3-250,07b 601 6,350 754 26.6 2.98 28
3-250,07c 504 5,320 25,7 9.06 8459 629
3-251,02 3,550 37,500 6.82 2.40 2.46 180
3-Coca TC 342 3,610 41.1 4.5 3.64 267
3~Coca 3C 35 370 5ebds 1.92 0.570 41.7
4-Y39 0 o 30.5 10.8 0.108 1.52

(a) In terms of original coral composition

(b) In terms of original sea water composition
{c) From total steel in device and device-site construction

(@) Values for Shot 1 for above grade materials only
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CQUIVALENT SEA WATER (ML/SQ FT)

Fig. 3.13 Density Distribution of Equivalent Sea Water for Shots 2,3, and 4
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samples), the surface ‘density ranged from 4 to 7 mg/so ft (with -
ple at 16). On Shot 3, the surface density of co?g{ iangeé fronoggogazo
7000 mg/sq £t (with one sample at 12,000),

The surface density of equivalent sea water on Shot 2 ranged
from 2 to 11 ml/sq ft. The samples collected wers both dry and wet.

For those containing 1iquid, the concentration analyses gsve too low
values to indicate a pure sea water splash-ia, Some rain was experienced
during recovery of these samples. :lence, Shot 2 fallout was probably
essentially a dry material when it arrived at the collectors. On Shot 3,
the surface density of sea water ranged from 2 to 30 ml/sq ft. The
island station and 3-bottle sampler values were near the lower end of the
range; the total collector on Coca Head gave a mid-range value; the total
collectors on the lagoon rafts and buoys generally gave values at the
high end of the range as shown by the split distribution plot, No defi-
nite information is available as to when the sample bottles were last
checked for splash-in prior to shot time., It seems likely, however, from
the analyses alone that the higher distribution was due to splash-in and
that the 2 to 15 ml/sq ft surface density is the more reliable distribu-
tion. On Shot 4, the single sample gave a value of 11 ml/sq ft for the
equivalent surface density of the sea water component.,

The surface density of the device is given for Fe in terms of
fraction of the device which fell on each square foot range from about
1 x 1012 to 10 x 1012 on Shot 1 for the lagoon station samples, 4
mid-ranse fractional demsity of 4.3 x 10712 per sq ft would give (as a
minimum) a coverage of about 8000 sq mi for a 100 per cent fallout. On
Shot 2, the fractional surface density for the device ranged from about
3 x 10712 to0 20 x 1022 per sq ft. _On Shot 3, the fractional surface
density ranged from about 100 x 1012 to 300 x 10-12 for the majority of
samplas, A mid-range fractional density of 230 x 10-12 per sq ft would
give a coverage of about 150 sq mi for a 100 per cent fallout. The areas
for a 100 per cent fallout are given only for a qualitative check on the
analytical data and do not indicate the actual coverage such as do the
fallout distributions as given in the CASTLE report of Project 2,5a. If
it would have been possible to analyze the fallout samples at more sta-
tions, fallout contours of surface density of coral, sea water, and
device products could have been determined for comparison with the dosage
contours. On Shot 4, the one value at 1,5 x 10~12 per sq ft was about a
factor of 3 less than the mid-range value for Shot 1 and roughly a factor
of 5 or 6 less than that for Shot 2,

A comparison of an estimated radiation field to the surface den-
sity of each component is made in Table 3,21, with the corresponding dis-
tributions given by Figs. 3.15 through 3,17. The totel gamma counts for
each fallout collector bottle (taken in the same geomstry) were corrected
back to 1 hr from a calculeted beta decay scheme (see Chapter 5)s For
Shot 1, the estimated radiation field rerding at 1 hr given by Project
2.5a was used, On Shots 2 and 4, preliminary estimates of the field were
made using uncorrected data taken from recorded data on a 50 x 50 ft
section of flight deck of the YAG 4O at as early a time as possible
(5 to 16 hr). These readings were compared to the total gamma count in
the Project 2.5a total collectors. On Shot 2, the ratio of r/hr to ¢/m
ranged from 0.026 x 107 to 0,051 x 10~7 while on Shot 4, the ratio
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TABLE 3,21 - Comparison of Radiation Field with Surface Density of Failout Comnonents

Sample Total Gamma Count Estimated Equiva- { Ratio of Field |Ratio of Field Ratio of Field to
per bottle lent Field to Coral Sur- | to 3ea ¥%ater Device Frectional
(¢/m x 10~7 at 1 br) | (r/hr et 1 hr) face Density ({3urface Density Density
{(r/hrimg/sq £t)|(r/arml/aq £t) (r/hr:fractigg/sq ft)
x YO"L

1-250.04 2,400 100{8) 0,035 o 9
1-250,05 4,800 gol(a) 0.024 0 19
*=250,06 1,500 eola) 0.057 0 15
125017 15 50(2) 1 0 25
1-250,22 150 26(a) 0.4 0 6
1-250.24, 2,100 28(a) 0.048 0 5
1-250.25 50 30{1) 0.13 0 80
1-251.02 89,000 1,650(8) 0.15 0 350
1-251,03 11,000 60o(a) 0,15 c 28
1-251.04 6,900 350(a 0.003 0 170
1-251.05 200 210(a) 1.7 0 110
1-251.06 2,900 60{a) 0.01 0 -
1-251,07 10 22(8) 0,607 0 22
1-251.08 - 19(a) 0.01 0 15
1-251,10 20 30(a) 0.005 0 2
2-A, 2,200 120 29 11 24,
2-a5 1,700 90 6 14 34
2-04, 40 2 - - -
2-P4 2 0.1 - - -
29, 2,000 110 23 48 13
2-R, 9,000 480 69 120 25
2-74 1,700 90 15 15 ?
2-139 310 20 - - -
2-Y40 2,600 140(®) - - -
3-250,05B 8,300 440 0.14 18 4e5
3-250.05R 8,500 450 0.039 14 2.2
3-250.07a 4,500 24,0 0.056 8 0.9
3-250,070 4,500 240 C.038 9 1.1




TABLE 3,21 - Comparison of Rallation Field with Surface Density of Fallout Components (Concluded)

Sample Total Gamma Count €stimated Equiva- | Ratio of Field | Ratio of Field
per bottle lent Field to Corel Sur- to Sea Water
(¢c/m x 10~7at 1 hr) (r/hr at 1 hr) face Density | Surface Densit
(r/hring/sg £t) | (r/hrimd/sq ftg
%"250.0’70 7,1m 380 O.m lvz
3-251,02 9,900 520 0.0 220
3-Coca TC 14,400 0 0,21 53
3=Coca 3C 900 50 0.14 26
3-250,08 9,600 510 - -
L-139 2,300 120 0 11
L-140P 660 Ao(t) -
/-Y405 2,000 110 -

Ratio of Field to
Device Frsctional
Density

(r/hrifrectiopn/sq ft.

0.6
2.9
2.9
1,2

79

(a) Average of Bad Safe and/or Freject 2,5a surveys (see Froiect 2,5a repcrt)
(b) Estimate from Project €., preliminery uncorrected dsta (see text)




TABLE 3,21 - Comparison of Radiation Field with Surface Dansity of Fallout Components (Concluded)

Sample Total Gemma Count tstimated Equiva- | Ratio of Field | Ratio of Field
per bottle lent Fleld to Coral Sur- to Sea Water
{c/m x 10~7at 1 hr) (r/hr at 1 hr) face Density | Surface Densit
(r/hrsmg/sq ft) | (r/hriml/sq ftg
3=250,07¢ 7,100 380 0,071 L2
3-251.02 9,900 520 0.014 220
3-Coce TC 14,400 70 0.21 53
3-Coca 3C 900 50 0,14 26
3’250.08 9 ,600 510 - -
L-¥39 2,300 120 0 1
4=1L0P 660 L0 - -
L=Y405 2,000 110(t) - -

Ratio of Field to
Device Fresctional
Density

( r/hr:fmctigg/sq £t

0.6
2.9
2.9
1.2

79

(a) Average of Rad Safe and/or Frcject 2,5a surveys (see Froject 2,5& repcrt)
(b) Estimate from Project €.4 preliminery uncorrected dsta (see text)
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FREQUENCY OF OCCURRENCE

0O 20 40 260 O 20 40 26O O 20 40 260 80
RATIO OF R/MR AT | HR TO ML SEA WATSR/SO FT

Fige 3.16 Distribution of the Ratio of the Radiation
Field to the Surface Density of the Sea Water
Component

varied from 0.045 x 107 to 0,070 x 107, For samples 251,03 and 251.04
on Shot 1, using only the island survey data (as corrected to 1 hr by
Project 2,5a) _gave a ratio of 0,045 x 107 to 0,064 x 107 and 0.043 x 10~7
to 0,058 x 107 while other Esland station samples gave ratios varying
from 0,01 x 10-7 to 1,0 x 10~/ when similarly compered. Excepting for
those noted in Table 3.21, a factor 0,053 x 107 was used to estimate the
field reading from the total gamma count, If the assumption of complete
mixing of the three components with the radioactive device components is
valid and if the sampling techniques are sound so that the sample is a
representation of the over-all fallout in the particular area, then the
ratio of the field radiation to the surface density of the tracer fallout
components should be a constant for each shot. The comparisons as given
in Table 3,21 show lamge variations instead of constancy, Actual field
readings were available only for Shot 1 island stations where the eample
Tecovery was actually the most questionable, The extent of error in the
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given field reeding corresponding to the sample area for all other
samples is entirely unknown, With the available data and in view of the
semple treatment from recovery to snalysis, the followirg values were
aelected as a gst of reasonable values for the radiation field to sur-
face density ratios (1) Coral (ratio of r/hr at 1 hr to mg corel per

sq ft); Shot 1 - 0.04, Shot 2 - 25, Shot 3 - 0.05, (2) Sea water (ratio
of r/hr at 1 hr to =l sea water per sq ft); Shot 2 - 20, Shot 3 -~ 200,
Shot 4 = 10, (3) Device Conponents (retio of r/hr at 1 hr to fraction of
device per 5q ft); Shot 1 ~ 20 x 1082, Shot 2 ~ 25 x 1012, Shot 3 -

3 x 1012, Shot 4 - 50 x 1012, The constancy of these values should serve
as a means of testing the relisbility of sampling methods, testing the
reliability of the component analysis for tracing fallout components, and,
in the absence of & redicactive cowponent (fission product surface den-
sity data), to furnieh a guide as to the radiation field associated with
s given surface density of debris material.
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CHAPTER 4

PHYSICAL MEASUREMENTS

The aerosol and fallout sampling devices discussed in this chapter
were placed in the field primarily to obtain representative samples of
active airtorne material for measurements of particle size and concen-
tration, activities, and the physical and chemical nature of individual
paerticles, These objectives were only partially fulfilled.

In this chapter, aerosols are taken as dispersions of solid or
liquid particles in air which are so small that they readily follow the
streamlines of air set ir motion by air-suction devices of verious types,
Fallout is that material which happens to deposit ir or on various
containers and surfaces, It is clear that the distinction is purely
for instrumentel convenience and that no actual dividing Iine exists.

4,1  PROPERTIES OF AEROSOLS

Efforts were made to determine the properties of the ambient
aerosols samrpled at three island stations, William, Yoke, and Zebra,
and on the Project 6.4 YAG's.

4ol.1 Operatio Reco:

Many wnanticipated difficulties were experienced ir the field,
The unexpected size of Shot 1 and the fire on Tare destroyed all but two
of the air filter heads, greeatly curtailing the filter earpling effort
subsequent to Shot 1. The millipore filters from Shot 1, though torn
or punctured, collected a considerable amount of activity and were use-
ful for some purposes, After exposing electrostatic precipitators on
island stations for Shots 1, 2, and 3, with virtually no airborne activ-
ity arriving within the preset 6~hr sarpling period, the island stations
were abandoned and one ESP was installed on each-of the Project 6.4 test
ships, YAG 39 and YAG 40. The two salvaged air filter heads (DMT) were
mounted on the flying bridge of YAG 40, Successful collections were
obtained with these instruments from Shots 4 and 5, with the exception
of the ESP on YAG 39, Shot 4. In this inatance the plug to the aerosol
inlet was ‘nadvertently left in place during the sampling run,
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4ele2 Observat Resgult,

Results of the investigations of the properties of aerosols are
summarized in a series of general observaiions on Shots 1, 2, 4, and 5,
by a consideration of the physical state of ibe activity onm the air
filters and in measurement of the specific gravity of the settled active
aerosols.

4.1.2.1 Gene Obgervation t

Millipore filters were examined with the optical microscope by
reflected and transmitted light. The general deposit comsisted of large
friable aggregations white in color, and frequently exhibiting black
specks of adherent material. Autoradiographs of thin sections of the
larger fallout particles (Section 4.3) show very little correlation be-
tween particle size and activity. Two general types of active particles
were found; (1).aurface-active, with some diffusicn toward interior if
the particle was exposed to water, and (2) approximately spherical, with
the activity distributed throughout the particle volume,

In an effort to determine the physical nature of the radio-
active components of these particles, DMT filter samples were leached in
water and weak acetic acid, and fillered witb the hydrosocl type millipore
filter. It was found that after the water leach, 76 per cent of the
activity was retained on the filter, whereas after a weak acetic acid
leach only 4 per cent was retaired,

The active perticles from the water leach, as disclosed by
autoradiograrh, were red-brown, red-gray, gray, and black, with sone
smooth and white (type 2, above). The white particles frequently pre-
sented black surface~occluded particlea.

The active solids surviving the acetic acid leach were red-
orange to black in color, irregular in shape, and generally lumpy in
appearance, Small black specks were generally distributed about the sur-
faces, Other faint autographs were found for which no source could be
located under 600X magnification,

Figure 4.1 comprises photomicrographs of the original, water
leach, and acid leach active particles, while Fig. 4.2 gives their size

distributions.
All ¥P filters recovered from Shot 1 were damaged to some sx-

tent by blast and large coral fragments tearing through the paper; con-
sequently, the total airflow through the filters is unknown,

4J1.2,2 General Observations, Shot 2

The aercscl from this shot was fundarmentally different from
Shot 1, the explosicn having taken place over water. Much of the infor-
mation obtaired was derived from VP filter sarples from Project 8 4 with
additional informaticn sometimes available from ESP film samplesZ and

DMT filters.
The millipore filters exposed topside on the washdown ship

YAG 39 were intensely radioective, The major portion of the radiocactivity
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Pig. 4.2 Size Distribution ol Active Aerosol
Particles from Shot 1

appeared to have arrived at the filter in the form of liquid droplets,
as shown by Fig. 4.3, a reproduction of an sutograph of the filter on
type K X-ray film., Examination of these active areas of the filter
under the optical microscope revealed simply a deep tangled deposit of
crystalline forms, with no specific resolvable eource of activity other
than the whole generalized mass covering the autograph., On the other
hand, millipores exposed topside on YAG 40 were free from radiocactive
drop indications, as shomn by the X-ray autograph also reproduced in

Fig. 4.3

Microscopic examination of these filters autoradiographed with
Bastman type NTB stripping film by a slightly modified technique developed
at this Laboratoryl®/definitely associated the activity with material
bhardly deseribeble ag particles or crystals, They were flaky or ash-
like, quite large (~ 10 p to 70 ) and generally distributed or smeared

out in nebulous patches, as iliustrated in Fig, Lode There were a few
coral grains, In some areas of high concentration, the active material
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b. Flying Bridge, YAG 40 *

Flg. 4.3 Autoradiographs of Millipore Filters, Shot 2
(Type K X-ray film Actual Size)

86



NN
1ldivision e 1

Fig. 4.4 Photomicrograph of Radioective Aggregate, Shot 2.
This sample was collected on a millipore filter
mounted on flyirg bridge of YAG 4O, Autoradiograph
on NTB Nuclear emulsion surrounds activity,
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wag spread out in very large cﬁains and clumps of crystalline a

for which the term "particle size" becomes quite EGZZingleaa. %%r:g;:::’
that the active aerosol material when collected was in the s0lid state s
cerrying no more water than the normal temperature-humidity equilibriu;
amount,

4.1.2.23 Genersl Observaticns, Shot 4

Millipores exposed topside on YAG 40 appear to have collected
e mixture of dry and liquid active aercscl material, as evidenced by the
X-rsy film autoradiographs in Fig. 4.5. A sample autograph of a topside
MP filter from the washdown ship (YAG 39) is included for comparison,

So far as is known, the VP filters on YAG 40 were not subjected to spray
from cther erxperirental equipment on the ship, or to matural rainfall
before recovery. Again, NTB autoradicgraphs and microscopry identified
the active centers as crystalline aggregates in the heavy deposits, and
sometimes resolvetle crystals arranged in a ring in the areas which ob-
vicusly were struck by radioactive liquid droplets. The droplet auto-
graphs ranged from 1 to 2 mm in diameter. There was an almost contin-
uous background blackening of the film due to very small low-activity
crystals dispersed more or less uniformly over the face of the filter,
Free NaCl crystals were generally present in low concentrations, with
no associated radicactivity, Figure 4.6 comprises photomicrographs of
two active centers and their autographs from the MP filter samples
collected on the YAG 40 at deckhouse and flying bridge positionms,

The ESP on YAG 40 functioned on Shot 4, collecting the most
concentrated sarples at zero plus 2 hr, and zero plus 5 1/2 hr, Quali-
tatively, the active deposits were identical to those on the MP filters,
It was observed that in every case the activity was associated with a
halide-reacted spot on the filwr, The active spot diameters were gener-
ally greater than O.1 mm (the upper useful limit of the film); conse-
quently, most of the impinging liquid droplets were smeared as the film
wound onto the take-up reel, The active drop residue, distributed or
ageregated within the spot boundary had the same appearance as the heavy
active deposits on the P filters, described above, The occurrence of
active spots to inactive =alt and fresh water drops was about 1 to 100.

4.1.2.4 General Observations, Shot 5

On this shot MP filters exposed topside on the YAG's were badly
damaged, apparently dus to exposure to heavy rains following the period

of active aerosol sampling.* The filters were in fregmente, as shown
by the X-ray film autographs of Fig. 4.7. The filter material was very

# Deduced from the recorded pressure drcp across the venturi system
of the I'P filter pumps. The records from the topside samplers on
YAG 39 and YAG 40 show three periods of simultanecus relief valve
operation, which occurs only with excessive filter resistance.
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¢. Kingpost, YIAG 39 (washdown)

Fig. 4.5 Autorsdiogrsphs of Millipore Filters, Shot 4
(Type E I-ray film actusl gise)
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a8, Flying Bridge, YAG 40

1 division » 10 u

b. Deekhouse, YAG 40

Pig. 4.6 Photomicrographs of Radfcactive Areas of
Millipore Filters, Shot 4. Black arees
are autoradiographs on NTB nuclear
eaulaion,
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b. Kingpost, YAG 39 (washdown)

Fig. 4.7 Autoradiographs of Fragments of Millipore Filters, Shot 5.
(Type K X-ray film, actual size)
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brittls, and would not dissolve in the usual solvents for millipores
suggesting possible radiation damage, ’

The ESP fared little better, some 70 ft of £ilm at the start
of the run being permanently glued together on the reel. Usable portions
of the film, however, showed active deposits very similar to those of
Shot 4, except that the spots were on the order of 1 or 2 mm in diameter,
The active spots contained densely aggregated crystals containing Na, Ca,
and Mg. It is believed that the aerosol from this shot wes identical to
that of Shot 4, with the possible exception of having a slightly higher
1iquid-solid ratio,

4belel4.5 P State of Activity on Air Filter

DMT and MP filters were also used as a source of activity for
physical state studies, MP samples were dissolved in a sultable golvent,
and thoroughly dispersed by ultrasonic agitation. The specific activity
was then determined, after which an aliquot was centrifuged* and the
specific activity of the supernatant again measured, yielding fractions
of activity associated with the insoluble residue and liquid portions,

TABLE 4,1 ~ Physical State of Activity

Per Cent Total Activ
Insolu?l?
Shot Sample Solvent Solids\a Ionic
Weak
1 ’(fgi‘;) Acetic Acid 4 % 0
William Water 76 23 1
(DMT)
2 Kingpost Ethyl Acetate 95 - -
YAG 39 (MP) (b)
" Acetone 95 449 0.1
4 Flying bridge| Water 89 10 1
YAG 39 (DMT)
Dackhouse Acetone 98 - -
YAG 40 (MP)
5 Flying bridge| Water 49 47 4
YAG 40 (DMT)
Kingpost Sthyl Acetate 97
YAG 39 (MP) l N -

(a) Values for MP samples include colloidal.
(b) Acetone decanted after centrifugation, water added to centrifugate
and electrodialysed.

# Air-driven, capeble of settling 0.01 to O.1 u diameter gold ascl at
approximately 20,000 RPM.
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DMT samples, free of the filter after sublimation, were
leached directly in water, and filtered through the hydrosol type MP
filter for the inscluble residue fraction. The filtrate was electro-
dialyzed for the colloidal and ionic fractions, Results of these mea-
surements appear in Table 4.l.

The various fractions reported above do not refer to the
gtate of the active aerocsocl as it existed in the fileld, as all filter
samples were of course in the solid state when received at the Labora-
tory. The purpose was to determine if any significant amount of activity
were associated with colloidal particles in the serosol, The results
indicate a negative conclusion,

4010206 ] £ ()

A number of shallow trays containing a thin layer of salicylic
acid crystals were placed on the floors of test compartments in the
ships YAG 39 and YAG 40, The active material settling out on the crystal
bed was transferred with the crystals to a small conteiner, where the
galicylic acid was sublimed off, resulting in a concentrated sample.

The distribution of activity with respect to specific gravity
was determined by counting the precipitate following successive centri-
fugations of the sample in bromobenzene-bromoform mixtures of increasing
density. Results appear in Table 4,2

It should be emphasized that these measurements apply only to
that portion of the radicactive fallout and aerocsol material which reached
the ships, penetrated a curtain of exhaust smoke (and washdown spray, in
some cases), entered the vent system, traversed some 50 ft of duct, and
settled to the compartment floor, It is possible, if not probable, that
the modal specific gravity of~2,0 is dus to carbon (Sp. gr. = 1.8 to
2.,25) and oil droplets acting as carriers. The Shot 5 sample was
particularly black and oily in appearance,

4.7  PROP oF F. SHOT

The flour-tray drop sampling instruments33/were designed to sample
liquid fallout over the size range of natural raindrops. Trays of flour
(exposed area « 14 sq in) were serially exposed to the fallout, liguid
drops forming pellets in the flour and solid partlcles retaining their
identity. The flour trays were shipped to USNRDL, the flour sieved,
weighed, counted, and in some cases, thin-sectioned. In the event of
mixed liquid-solid fallout, the presumption was that the drop-formed flour
pellets could be easily distinguished from solid fallout material by
means of a water-soluble dye (in powder form) mixed with the flour.

Water produced pellets would then be distinctively colored, in contrast
to solid fallout particles which would retain their natural appearance
or at most be coated with the dry, white, flour-dye mixture,
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TABLE 4.2 - Specific Gravity of Active Material Settling

on Decks of Ships Conpartments

A. Shots 2 and 4
Per Cent Total Beta Activity in Fraction
Specific Gravity| Shot 2(2) | shot 2(0) | shot 2(¢)| snot 4(@)| snot 4(P)
—— ——
< 1.50 9.7 8.9 19 5.5 7.3
1,50 - 1,98 42 56 67 13 J A
1098 - 2.30 24 409 9.4 70 42
2.30 ~ 2,45 45 9.4 2.2 0.9 2.1
2./1.5 - 2.58 1.2 903 1'2 lolb 105
2.58 - 2.77 U-A lol 0.3 007 0.7
2.77 - 2085 002 105 003 106 004
> 2,35 18 8.5 0.3 6.8 1.9
B. Shot 5
Specific Gravity Per Cent Total Beta
Activity in Fraction(2)
< 1,50 9.2
1.50 - 2,10 52
2,10 = 2,37 28
2037 - 2.51 308
2.51 - 2.62 105
2.62 - 2080 2.0
2030 - 2‘85 007
>2.35 3.2

(a) Unprotected Ventilation System, 670 cfm, YAG 40
(b) Unprotected Ventilation System, 1000 cfm, YAG 39 (washdomwn)
(¢) Unprotected Ventilation System, 1000 cfm YAG 40
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Dus to procurement difficulties, no proper dye could be obtained in
time for Shot 1, which produced great quantities of white coral fallout
Attempts at separation of flour pellets and coral grains have proved to
be unreliable, making it impossible to determine the water-coral ratio
of the fallout.

4.,2,1 Distribution of Activity with Particle Size

. Gross samples, therefore, were sieved,* weigzhed and counted, with
the resulting size-activity data of the mixture reported in Table 4.3.

The size fractions indicated in the table were analyzed for Na
by the wet ash method, capable of detecting 0.20 +0.05 ug of Na, Only
background amounts of Na were found,

Following the sieving runs, fallout samples from other collection
devices were received, from which it was learned that most of the active
coral particles, altered by heat and water to Ca(OH);, were friable, a
development casting doubt on the validity of the sieve-determined size
distributions.

A total of nine collection devices were exposed on Shot 1, of
which Love cycled two trays (combined in Table 4.3), with one cycling at
Oboe, Uncle, William, and Zebra. The remaining instruments, positioned
at Fox, How, Nan, and Yoke, suffered various combinations of malfunction
due to blast damage and flooding. Spere parts, stock flour, and pre-
loaded trays stored on Tare were destroyed by fire, Furtier drop samp-
ling was abandoned.

4.3 INDIVIDUAL PARTICLE COMPOSITION AND CHARACTERISTICS

The work reported in this section was undertaken to obtain a descrip-
tion of the intermal structure, chemical composition, and distribution of
radicactivity within the radiocactive fallout particles collected follow-
ing Shot 1. A description of a likely mechanism of formation of the fall-
out particles is given,

4.3.1 General Description

Most of the particles studied were collected in sampling devices
which were distributed in a comprehensive array over the lagoon and
islands of Bikini atoll, The wind directions at shot time wers such that
the main path of the fallout passed over many of. the collecting stations,
The particles selected for study were chosen from stations over as great
an area as possible, The greatest number of particles were, however,
chosen from stations in or near the path of heaviest fallout.

Two techniques were used in studying the particles: X-ray di”-
fraction analyses of individual particles and the observation under the
petrographic microscope of thin sections ground from individual par-

ticles. 332/

#* Mechanical agitation was employed for about 1 min, followed by
manual sieving and brushing on the 50- and 60-mesh screens.
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TABLE 4.3 - Distribution of Fallout Activity(a) with Particle Size

Shot 1
Sampler | i M.
Location >1.9(®[1.9-0.93 | 0.93-0.57 | 0.57-0.42] 0.42-0.29 | 0.29-0.26 | < 0,26
Aotivityins) [135.0 |33.06 33.67 19.49 14.58 4,08 89.23
Love wt(g) u.542 | 0.662(¢) | "0.514(e) | 0.217 0.108 0.0598 -
Specific
Aotivity(nv/g) | 29.7 |49.9 81.3 9.7 135. 68,2 -
Activity(mv) 1.84 | 4.17 1.9 0.656 1.79 0.005 6.50
Oboe wt(g) 0.132 | 0,292 0.150(¢) | 0.0915 0.0669 0.0016 .
Sp. Activity
(mv/g) 13.9 [14.3 12.9 7.17 26,8 3.13 -
Activity(mv) 0.121 | 2.57 1.79 3,30 1.12 0.0814 12.46
Uncle Weight (g) 0.083 | 0.188 o.msle) | 1.210 0.961 0.057 -
Sp. Activity
(uv/g) 1.47 |13.7 2,50 2,34 1.16 1.43 -
Activity(mv) 4.70 | 1.12 1.31 1.12 1.65 0.024 8.19
William | Weight(g) 1.704 | 0.406 0.198(¢) | 0.17 0.150 0.002 .
Sp. Activity
(mv/g) 2,76 | 2,76 6.60 6.45 11,0 11.80 -
Aotivity(mv) 0.307 | 2.09 3,73 1.12 1,16 0.016 11.64
Zebra Weight(g) 0.068 | 0.394(¢) | 0.661 0.432 0.252 0.009 -
Sp. Activity
(v /g) 4.53 | 5.30 5.64 2.59 4,60 1.72 -
(a) Measured by 47 gamma chamber, 9 March 1954. 0.l mg radium produces a reading of 78 mv.

ib)' The fraction>1,9mm generally contained pieces of flour crust, mold, organic debris, etc.

c) Analysis mads for sodium content, Background amounts only detected.




The radiocactive fallout particles were white, opaque, irregularly
shaped grains, Some of them were fluffy and very fragile while others
appeared hard and dense. They varied in size from about 25 ML tolor2 m,
in diameter, IX-ray diffraction analyses showed that they were composed
primarily of calcium hydroxide and calcium carbonate (calcite structure).
Other compounds occurring in minor amounts were calcium oxide, calcium
carbonate (aragonite structure), sodium chloride and magnesium carbonate
tri-hydrate, Tentatively identified as present in several particles were
calcium nitrate tetra-hydrate and calcium sulfate dihydrate and hemihydrate,

Studying the thin sections of the fallout particles with the petro=-
graphic microscope gave a detailed picture of the distribution of the
hydroxide and carbonate., Most of the particles were composed largely of
calcium hydroxide in the central part with an outer layer of calcium car-
bonate., The thiclkness of the outer layer of carbonate varied from a few
microns up to about 100 . While the areas of the two compounds were
distinct, the transition between theam was sufficiently gradual to indicate
that the outer carbonate layer had been formed by the carbonation of the
calcium hydroxide,

Occasionally, a particle was found with an inner core of unaltered
calcium carbonate and an outer zome of calcium hydroxide.

A few particles were found with cores of calcium oxide the outer
layer of which had beer hydrated to calecium hydroxide.

Some radiocactive particles consisting of unaltered coral grains
were found,

4e3.2 Distribution of Activity

By making radiocautographs of the thin sections with Eastman NTB
stripping film, a knowledge of the distribution of the radiocactivity
within the particles was obtained., In practically all of the thin sec-
tions studied, the radicactivity was located on the exterior of the
particle, The activity was most intense on the surface and diminished
fairly abruptly to very low levels at depths of 50 to 150 . The graded
appearance of the boundary suggested that the pernatration of the activity
into the particle was by solution and deposition, The distribution of
the activity was independent of the compositional structure of the particle.

In a few instances, the radiocactivity was distributed irregularly
in patches throughout the particles. In these cases, the particles them-
selves usually had spherical or spheroidal shapes as contrasted with the
apgular shapes of the particles in which the activity was found on the
exterior,

4.3.3 Solubjlity Studieg

Four samples of fallout material from Shot 1 were leached in mater
for varying times., An initial separation was then made into soluble and
insoluble fractions by filtering the suspensions through millipore filters.
According to the manufacturer's description, millipore filters are com-
pletely retentive for particles one-half micron and larger in diamseter,
The filtrate was then subdivided into ionic and colloidal fractions by
treatment in an clectrodialysis cell., The results are tabulated below:
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Sample 1 Sample 2 Sample 3 Sample 4

Z;iivity remaining in the 763 82% 96% 98%
insoluble residue

Soluble activity in ionic form 23% 8% L% 24,

Activity in colloidal form 1% Trace Trace Trace

The percentages refer to the comparative counting rates of each
fraction a3 measured with an end-window GM tube under the same geometrical
conditions, These results are consistent with those found in similar
studies cn fallout performed at the site (seec Tables 3,5 and 3,.6).

Sample ] was obtained from & DMT filter, The sample was leached
in water for 3 days and was 20 days old at the beginning of the experi-
ment.

Sample 2 was obtained from a DMT filter, The sample was leached
in water for 4 weeks and was 25 days old at the beginning of the experi-
ment,

Sample 3 consisted of sevaral fallout particles obtained from a
belt sampler.2?/ The sample was leached in water for 2 weeks and was
6 1/2 months old at the beginning of the experiment,

Sample 4 consisted of several fallout particles obtained from a
belt sampler. The sample was leached in water for 3 weeks and was 6 1/2
moaths old at the beginning of the axperiment,

44344 Mechanism of Formation

The processes by which the fallout particles originated can be
described as follows, The material constituting the non-active body of
the fallout particle was derived from the coral atoll, Modern reef
building corals are composed mostly of the calcium carbonate chiefly in
the form of aragonite., The effect of the bomb detonation was to heat and
throw aloft a huge amount of coral dust, Most of the coral dust which
was close enough to the explosion to become contaminated with radicactivity
was heated sufficiently to drive off car.cn dioxide and to form calcium
oxide,  These calcium oxide particles swept off the condensing fission
products which were probably in the form of very small metallic or metallie
oxide particles., At some subsequent time, as the cloud cooled, the calcium
oxide hydrated to calcium hydroxide, This could easily have occurred
while the particles were still in the air since large amounts of sea water
were evaporated and blown into the air by the explosion. In some cases,
the hydration was not complete as shown by the examples of several parti-
cles still retaining cores of unaltered calcium oxide,

Probably during the hydration process a part of the soluble frac-
tion of the radioactive material went into sblution and diffused into
the particle leaving a zone of radiocactivity which was most intense on the
surface and diminished gradually to very low levele within a distance of

about 100 ul
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At about the same time, the outer surfaces of the calcium hydroxide
icles must have been carbonated by the carbon dioxide of the atmos-

phere. It is well known from observations on the bardening of plaster
(caleium hydroxide) that the outer layer of the plaster is slowly con-
verted to calcium carbonate in the presence of moist air., The fallout
particles were exposed to moist tropical air ceversl days before their
shipment to this Laboratory: A study of the thin sections plainly showed
the progressive carbonation of the calcium hydroxide which was, however,
confined to a surface layer usually not exceeding 100 u in thickness,
Any calcium carbonate formed in this manner would probably have the
calcite struoture as this is the stable form at low temperatures, The
X-ray diffraction analyses showed the presence of both calcite and ara-
gonite (unaltered coral) in the fallout particles. However, the amount
of calcite was much greater than the amount of aragonite indicating that
post of the calcium carbonate in the fallout particles was of this
secondary origin,

It seems probeble that most of the fallout particles were formed
from discrete grains of coral rather than by the agglomeration of pulver-

‘ized materials, This is evidenced by the homogeneity of the particle in

texture and composition, by the amgular chape of the particle and by the
occurrence in some particles of a central core of unaltered coral sur-
rounded by a layer of calcium hydroxide.

A few of the particles, however, showed definite signs.of being
formed by accretion. They had spherical or sub-gpherical shapes and were
not homogeneous but were formed of agglomerations of crystalline grains
and the radicactivity was distributed irregularly throughout the particle,

Some of the particles were not close enough to the fireball to be
decarbonated and remained unaltered except for collecting a surface
coating of radioactivity,



CHAPTER 5

RADIOCHEMICAL MEASUREMENTS

Gross decay, energy spectra, and radiochemical composition of material
resullirg from the various detonations were determined, Fission product
yields and neutrcn induced radionuclides were measured, From this infor-
mation computations were made of the extent of fractionation of the bomb
constituents and also the fraction of the bomb per unit area collected
at severel fallout statioms,

5.1 RADIATION CHARACTERISTICS OF GROSS FALLOUT SAMPLES

Beta and gamma decay were observed at the site as well as at USNRDL
with geiger counters, proportional gas-flow counters, and scintillation
counters., Gamma ionization decay was observed on a single sample from
Shot 4 in cooperation with Project 6.4, Both absorption and gammm spectra
measurements were made,

5.1.1 Preparaticn of Countirg Samnles

Counting sources for decay and absorption measurements were made
by taking a measured amount of the fallout material from various collec-
tors, These fallout samples were carefully aliquoted so that the total
beta and gamma count of the fallout in the collector could be determined.
Fallout in the form of solids, or slurries containing coral was dissolved
with a minimum amount of HCl before the counting sample was taken, Liquid
fallout was sampled directly. The source for the beta coumting was pre-
pared by pipetting an aliquot of the solutiocn onto a piece of rubber
hydrochloride plastic (2 x 2 x 0.00094 in.) which had been loosely spread
over a glass planchet (1 in. o.d. x 1/4 im, deep)., This srrangement con-
fined the solution to an area about 2 cm in diameter, The solution was
then evaporated under an infrared lamp placed at sufficient distance to
prevent the rubber hydrochloride from melting., When the solution bad
completely evaporated, the sheet containing the dried contaminant was
mounted on 8 stiff piece of cellulose acetate (3-5/16 x 2-1/2 x 1/32 in.)
with a 1-3/8 in, hole in the center. The rubber hydrochloride sheet
was sealed to the back of the cellulose acetate with scotch tape so that
the contaminated area was centered in the hole, Krylon plastic was
sprayed over the top of the counting sample. The Krylon tended to
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contract the rubber hydrochloride to & smooth, taut surface, The back-
ing and cover for the counting sample which were made of a very thin
film of low atomic weight materials reduced self-eabsorption and back-
scattering of the beta rays to & minirum. On Shot 1 the beta counting
samples were prepared in glass planchets because of the large amoumt of
solids) these sarples were quite thick so that those beta decay data
for Shot 1 wers subject to comsiderable self-absorption of the soft
components ,

Gamma counting samples were prepared in glass planchets 1 in, o.d,
from the same solutions as the beta sources, After drying, the sample
was coated lightly with Krylon,

5.1.2 Grogs Decay

Beta and gamma decsy measurements were taken of all fallout sam-
ples received and processed by the field laboratory for Shote 1 through
4 to check for gross fractiomation in the fallout,

The gross beta decay of the fallout samples from Shots 1 through
4 are given in Table 5.1 and are plotted in Fig. 5.1. The groes gamma
decay data are given in Table 5.2, and are plotted in Fig. 5.2. The
relative count in each case was normelized to the mumber given in paren-
theses at + 10 days.

5.1.2.1 M_‘l

The gross bete and gamma decay data are average walues of all
the fallout samples received at the site laboratory (Chapter 3), In
addition, some values for the gamma decay (later than 10 days) were
obtained from Project 2,.5a as an average decay of five active particles

from gummed paper samples,

5.1.2,2 Shot g

The early gasma decay wes taken on a gummed paper collector
exposed to fallout at Parry Island on shot day. Fallout arrived at
about 1800 to 1830 hr or + 12 hr after shot time, The sample, consisting
of a one sq ft folded paper did nmot prove suitable for beta decay mea-
surements, The beta decay and garma decay data from 3 days are an averaged
decay of all the fallout semples received at the site laboratory,

5.16203 ghot 3

The beta decay date and the gamma data are averaged values of
the decay of all the samples received at the site laboratory.
5.1.2.4 ghot 4

Beta decay was observed on a sample recovered aboard the YAG-39
(Project 6.4) at + 20 min., Gamma decay was started et + 4.2 hr, Both
decays were initially observed on a GM counter, Due to the high beck-
ground,high-counting samples were required. A gamma jonizatlion decay
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TABLE 5,1 - Gross Beta Decay

Shot 1 Shot 2 Shot, 3 Shot, 4
Relative Relative Relative Relati
t(daye)| Count |[t(days)| -Count t(days) Count t(days) | Count
T% _%
7.46 | 1.27(®) | 3,30 |2.50(2) 3.62 | 0.962(2) | 0.0575 |30.6(b)
2,33 | 1,51 3.72 | 2,20 4.54 | 0,740 0.0596 |27.7
9.10 1,26 4.28 | 1.82 5,10 | 0.648 0.0625 (27.1
10.0 (1,00) 6,18 | 0,512 0.0646 (26,0
10.2 0.587 5,21 | 1.42 7.23 | 0,397 0.0695 |22,0
1.1 0.£04 6,21 {1,213 . 8,08 | 0,327 0.0708 |21.4
12.0 0.676 7,21 | 0,898 9,12 | 0,258 0.0779 |19.3
1.2 0.460 | 8,22 {0,707 1C.00 |(0.,215) 0.0800 |17.5
15.1 0.393 9.21 | 0.574 10.2 | 0,210 0.0842 |16.6
2.2 | 0.170() | 10,0 [0.473) 12,1 | 0,146 0.0863 [15.7
25.2 0.138 10.1 | 0.470 16,1 | 0,0860 0.0896 [14.3
26,1 | 0,133 | 11,1 {0.372 22.2 | 0.0479(¢)| 0.0946 |13.3
31.0 0.0970(d) 16,3 |0.163 43.1 | 0,0186 0,092 |12.4
39,2 0,0673 |21.1 |0.102 8.2 | 0,0158 0,108 |10.9
45.2 0.0540 | 25.1 |0,0739 62.0 | 0,0108 0,115 [10.3
5342 0.0428 | 33.1 |0.0459 99.1 | 0.00578 | 0,130 | 9.02
67.0 0,0304 | 54.1 |0.0231 105.9 | 0.00524 | C.149 | 7.48
75,8 0.0259 | 59.2 |0,0201 110.9 | 0.00484, | 0,161 | 6.83
8744 0.0212 72,9 [0.0143 118,0 0.00460 0.164 6,70

110.1 |0.00782(¢)| 125.0 | 0.00427 | 0.169 | 6.40
116.9 |0.00713 131.9 | 0.00398 | 0,174 | 5.99
121.9 |0.00664 | 145.9 | 0.00345 | 0.185 | 5.87
129.0 |0.00624 | 161.1 | 0.,00295 | 0,210 | 5.18
136.0 |0.00571 173.9 | 0.00269 | 0.219 | 4.53

142,9 {0,00532 0.234 VAYIA
156,92 | 0400461 0.274 Le2d
172,1 |0.00402 0.325 3.59
184,9 |0.00365 0.370 3.22
04420 3.01
0,464 | 2.78
0.554 2,27
0,628 2,04
0.641 1.9
0.747 1.7
0,758 1,63
0,943 1.33
0.%9 1027
1002 1020
1.14 1’08
e
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Shot, 1 Shot 2 Shot, 3 Shot 4
Relative Relative Relati Relative
t(days) | Count |t(dsys) | Count |t(days) | Count |t(days)| Count
#
1.29 0.932
1.39 | 0.g66(e)
1.57 0.807
1,69 0.742
2.11 0,615
2.60 0.511
3.18 0.423
414 0.323
5.10 0.251
8,95 | 0.121
10,00 |(0.100)
11,00 0.0856
2.1 | 0.0234(¢)
29,2 0.0173
43.2 0,00910
80.2 0000431
87.1 0,00392
9R2.1 0.00367
99.2 0.00330
106.1 0.00304
113.1 0,00288
127.1 0.00248
142.2 0.,00211
154.9 0.00190

Beta counter (gas flow)

Geiger counter

Beta counter #2, USKRDL

Beta counter, USNRDL (L. Mcleaac)

(a)
(b)
(e)
(a)

The same superscript is implied for all undesignated quantities immedia-

tely following one that is designated,
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Fig. 5.1 Gross Beta Decay of Fallout Samples
From Shots 1, 2, 3, and 4




TABLE 5.2

Gross Gamma Decay

Shot 1 Shot 2 Shot 3 Shot 4
Relative Relative Relative Relative
t(days) Counts |t(days)| Counts |t(days)| Counts |[t(days) Counts
5.41! 3,05(8) | 0,638 [13.4(8) 3.38 {1.06(®) | 0,197 | 7.72(f)
5.62] 2,97 0.664 |13.3 3.51 | 1.00 0,207 | 7.13
6.10| 2.64 0,690 |13,0 3.60 | 1.00(¢) 0.239 | 5.66
6.37| 2.33 0,707 |12.6 4,08 | 0.280 06276 | 4.47
7.43| 1.91 0.212 |11.1 4.20 | 0.850(®) | o0.328 | 3.46
8,08 | 1.52 0.896 |10.3 4e32 | 0,812 0.374 | 2,77
8.29| 1,46 0,979 | 9.50 4.8 | 0.785(¢) | 0,218 | 2.52
8,96/ 1.18(e) (1,06 | 8.94 5.10 | 0,674 C.468 | 2.26
9.10| 1.23(a) {1.19 | 7.77 5,51 | 0.602(0) | 0.548 | 1.26
9.15| 1.20(0) |1.26 | 7.37 6.08 | 0.527(¢) | 0.635 | 1.57
9.52 | 1.11 1l | 6439 6.55 | 0.472(b) | 0.750 | 1.29
10,00 1(1.,00) 1.63 | 5.56 7.28 | 0,392 °§ 0,932 | 1.08
10,03 o.%séabe) 2,04 | 4.38 7.50 | 0,374(%) | 1,02 | 0.%€1
10.9 | 0.215%8) 12,48 | 3,56 8.20 [ 0.325(¢) | 1,15 | 0.265
11.1 | 0.798(b) | 3,07 | 2.88 9.08 | 0,260 1.29 | 0,743
12.1 | 0.656(abe) 3738 | 2,45(b) 9.14 | 0.258(%) | 1.42 | 0.726(c)
13.0 | 0.576(e) |3.51 2.2s§3g 10,00 £0.215) 1.54 o.essm
140 | 0:474 3.53 | 2.31le 111 [0.172 163 | 0.654(a
18,2 | 0.461(P) [3,55 | 2,34(b) | 12,1 o.u.s(bcg 1,70 | 0.635
15.0 | 0.216(®) 13,72 | 2.18(¢) | 314.1 [0.0994(t) | 1,21 | 0.594(b)
15.1 0.395?;; 4,03 | 2.,0068) | 17.4 |0.,0635 2.12 | 0.522(ab)
16.0 | 0.3568e) |4.16 | 1.976(be)| 18.2 |0.0550 2.22 | 0.508
17.2 | 0.304 4.55 | 1.79(®) | 18,5 |o0,0528 2,39 0.490(*’;
. ° P a ' . 2 » O. 62 a
8.1 |02Ry) |457 | LAY | 26 |.0u) | 247 | 04e2fa),
19.0 | 0.245(¢) |5.14 | 1.35(8) | 29.1 |0.0242(P) | 3,13 | 0.386(ab)
20.0 | 0.218 5.20 | 1.47¢) | 34.2 |o.0184 3.35 | 0.357(c)
21,9 | 0.180 5.53 | 1.38{P) | 37.1 |0.0166 3.46 | 0.349(a)
22.4 | 0.26468) |6,09 | 1.7(¢) | 38.1 |0.0060 3,66 | 0.332
23,2 | 0.161(e) |6.14 1.11(3; 431 |0.00992(e) 4.1 | 0.297(ebe)
24.0 | 0,150 6.20 | 1.16(p 23.1 0.00912 22 Z.%g 8'51623
. . .1 |o.0047 . .
%?Zg 8218 9. %.831@) 101.% 0.001f90 d5 8.15 | 0.146
26,3 | 0.122(a) |7.17 | o.e18(a8)|114.5 |0,00163 8.92 | 0,126
27.0 | 0.119(e) |7.32 | 0.277%) | 125.0 |0.0045 9.20 | 0.116
30,0 | 0.0092 g.10 | 0.729{¢)|132,0 |0.,00133 |10.00 [(0.100)
30.2 | 0,0970(8) | 8,49 | o.620(8) | 138,9 [0.00124 |10.1 | 0.0982
31,0 | 0.0928(e) |g,52 | 0.664(P) | 145.9 {o.,c0123 |[10.9 | 0.0837
32.0 | 0.0868 |9.,08 | 0.573(¢)|161,1 |0,00101 |12.2 | 0.0710
33,0 | 0,0808 9.11 | ~.555(a) | 173,9 |0.000857 |15.1 00449
36,1 | 0.0744 9.34 | 0.544(b 16.1 0.0408
37.1 | 0.0698 10,00 |(0.473) 16.9 | 0.0378




TABLE 5.2 - Gross Gamma Decay (Comt)

Shot 1 Shot 2 Shot 3 Shot 4
Relative Relative Relative Relative
t(days) Counts | t(days) Counts [t(days) | Counts |t(days)| Counts
38.0 0.,0640 10,1 0.46l£c§ 17.9 | 0.0339
39.0 0,0619 10.3 0.438(b 21.9 | 0.0225
59,1 0.0354 11.1 0.375 23.1 | c,0202
0.2 | o.37(e) 24,1 | 0.018,
11.4 0. 382$ ; 25,0 | 0,0168
12.2 0,295 29,9 | 0.0127
13.2 0.245 31,0 | 0.0118
4.1 0.209 32,0 | 0.,00983
15,3 0.172 37.0 | 0,00748
16.3 | o.u6le) 43.1 | 0.00519
16,5 0.142(b) 8.2 | 0,00154
17.6 0,122 89.1 | 0,00141
18.5 0.109 2.1 | 0.0Q131
20,1 0,0895 93,1 | 0.00120
21,1 0.0203(¢) 106.2 | 0.00114
23,1 0,0672 113.2 0,00104
25,1 0.0564 127.0 | 0.000856
2542 0.0545 1U2.2 | 0,000741
28.4 0.0447 154.9 | 0,000655
32.6 0.0
33.3 0.0326(¢)
0.1 0.0236(b)
4542 0.0192
541 0.0138
59,2 0,0118
6342 0,0105
73.0 0,00805
12,0 0,00358
122.0 0.00304
129.0 0.00288
135.9 0.00260
143.0 0.,00243
150.0 0.00221
156.9 0.00199
172.1 0.00174
184.9 0.00153
(a) Gamma counter #1 (tut)
() » #2 (trailer)
(6) 0 . #3 (cave)
(@ s 2 USNRDL
(¢) ® "  USMRDL (B. Schuert)

(f) Geiger Counter

The same superscript is implied for all undesignated quantities immedis-
tely following one that is designated.
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. sample was prepared in which a Project 6.4 ion chamber was sealed ang
immersed in a 1-gal polyethylene bottle containing radicactive washdowm
water diluted sufficiently with dilute acid to give an activity within
the operating range of the detector. The ionization decay data are

given in Table 5.3 and are plotted in Fig. 5.3, Survey meter readings
at the time indicated background within the shielding to be about 5 to 19
per cent of the room reading as measured at station 73A (Project 6.4 ion
chamber), In general, the main background source was above the chambers;
however, at + 7 hr the background increased rapidly due to higher cone
centrations of activity in the sea about the ship, With the background
gsource being mainly from the hull, station 73A readings would be more
affected than those of the sample since it was much nearer the hull,
Accordingly, from + 7 to + 16 hr, 5 per cent of 73A was used as a back-
ground correction instead of 10 per cent as was used for all other read-
ings, A new chamber was set up at USNRDL to continue the decay after
reﬁrﬁ? of the YAG's, The data for + 120 to + 150 days gave a decay of

£ Le4e .

The high-counting samples as well as background on the YAG 39
proved to be in the severe coincidence loss region of the geiger tube,
Before disembarking, two of the decay samples were utilized as split -
sanples to determine the coincidence corrections at the operating counte
ing rates. The readings are given in Table 5,/ along with the standard
and background reading, Rp for the holder, The backzround readings show
that attempts to keep the planchet holder clean were unsuccessful, How=
ever using the ratios for shelvea 3, 4, and 5, and the background read-
ings it was possible to calculate the true background, The observed
reading was the sum of the plate contamination plus the baskground, or

b4
Rb = B+0.xR-x (5.1)

in which °-y is the y to x shelf ratio, B the background, and Ry the

contaminatiou as read on shelf x, Values calculated by use of Eq. 5.1
are given in Table 5,5. The average value of B, 532 c/m, checks well

with the value, 531 c/m, when a heavy Al absorber was interposed be-

tween the holder and the tube,
The coincidence loss for the GM counter was calculated, from,

RO = R + R21y + BRI, + BT +.., (5.2)

in which R is the observed count, the T's are constants and RO is the
corrected count, The constants Ty, T2 and T4 were determined from the

aplit sample data,
Thus, for any set of split samples, the corrected total count

was,

Re® = R)° + R° - B (5.3)
After substitution for the corrected counts from Eq. 5.2, there resulted,
Ry*Ry=Ry-B = (%2'312‘322)'1:1 * (%3'313'323 JTo(Reh-Ry 4B 9Ty (5.4)
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TABLE 5.3 - Gamma Ionization Decay of Sample 4-Y39

Time Sample Reading | Station 73A Reading le De Relat
tmays) (efor) | (m/ur) e ) | oattE)
0.125

4.5 28 38,7 15.0

0.146 34.0 21 31,9 12.4
0.167 28.3 16 26,7 10.3
0,187 24,0 13 2.7 8.79
0.208 21.0 10 20,0 7
0,250 16.5 74 15.8 6.12
0.283 13.8 5.8 13.2 5.11
0.312 12,3 15 11.6(a) 449
0.350 11.2 17 10.3(a) 3.9
0.371 10.5 26 9.,61a 3.7
00383 1003 21 902 e 3.6
0.404 9.90 21 8.8&!3 3.
0.446 9.10 17 g.2(a 3.2
0.462 8.30 19 7.9%3) 3.1
0.558 7440 16 6.6(8) 2.6
0.575 7.30 16 6.5§a) 5
0,600 7.03 13 6.4(2) 2.5
0.679 6.92 11 6.3(8) 2.4
0.638 641 11 5.a(a) 2.2
0.750 6431 10 5.3 2.0
0.766 5.89 9.7 4.9 1.9
0.833 5.50 8.7 beb 1.8
1,04 4eli5 6.7 3.8 1.5
1.25 3,70 5.3 3.2 1.2
1.6 3,20 bod 2.8 1.1
1.67 2.80 3.6 2.4 0,93
2,08 2.18 2.5 1.9 0.7
2.50 1079 108 106 0.62
2.92 1.50 1.3 1.4 0.54
3.33 1.25 1.0 1.2 0.46
3.75 1,07 0.8 0.99 0.38
2.16 0.94 0.8 0.86 0.33
4e58 0.82 0.7 0.75 0.29
5.00 0.73 0.6 0,67 0.26
5,58 0.65 0.5 0.60 0.23
6.55 0.50 0.4 0.46 0.18
8.9 0.34 0.3 0.31 0,12

(a) Corrected by 5 per cent of station 73A reading.
(b) Normalized to 0.100 at 10 days.
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TABLE 5.4 - Data for Coincidence Loss from High Counting

Samples from YAG 39

| Shelf 3 | Shelf 4 | Shelf 5 |Shelf 5 = Absorber(2)

Split Sample Readings
(e/m)

Shelf 1 | Shelf 2
Ry |43,148 |14,978
Ry [42,739 |18,339 9,452 | 5,657 3,684
Ry |69,163 [29,890 | 15,627 |10,428 7,071
Ry | 1,452 | 1,032 872 704 638
Std|10,128 | .3,650 1,588 847 500

7,318 | 5,675 4,170 ‘ 1,263

1,2%
2,047
531

(a) 1600 mg/sq cm of Al.

TABLE 5.5 - Caleculation of Background from Shelf Ratios and Contaminated

Plate Readings

Term Shelf 3 Shelf 4 Shelf 5
o] 1 0.533 0.315
0 1,875 1 0.59
a.: 3.176 1.693 1
R, 351 176 102
5(a) 534 526 532

(a) Average 532 c/m.




Solving Eq. 5.4 with the data from Table 5.5 for shelves 1, 2, and 3
gave the values of the constants im Eq. 5.2. Hence,

R a R + 2,820 x 10682 + 1,388 x 10~10r3-4,738 x 10~16R4 (5.5)
Equation 5.5 may be expressed as,

RPR=21+y (5.6)

in which y/R = 2,820 x 106+ 1,388 x 10"2%R-6.738 x 10"1%2 (547)

These equations give an effective dead time of 200 sec at about 4000 c/m,
The value of y for each observed sample and background count was read
from a plot of y against R, From + 1.5 days, + 5 days, the sample was
obgserved on a gas-flow counter at the site and from + 9 days it was
counted at USNRDL on other gas-flow counters, The ionization and beta
check well from about 0.4 to 10 days; at sarlier times the ionization
decay was somewhat faster, '

' Calculated beta decay curves for Shots 1 and 4 are plotted
in Fig. 5.4. The decay of the induced activities for Shot 4 are in-
cluded. The calculations were based on capture to fission ratio:%/
and on the fission product d/m for 10,000 fissions at zero time., The
experimental beta decay for Shot 4 are superimposed on the plots by
normalizing the 10-day values., Agreement between the observed and cale
culated curves is fair. The induced activities cease to effect the zross
decay at + 60 days. The calculated decay curves exhibit some differences
in the mode of decay between the radicactivities produced by Shota 1
and 2 for times less than + 60 days. The observed curves are all some- .
what steeper at + 60 days and longer, The gamma decay of samples from
Shots 2 and 4 at times shorter than + 10 days are different. Unfortumate
only single samples were available for the early time decay for those two .
cases; and, further, the decays were obgserved on counters having differemy
spectral responses, Hence there is no basis for determining the real <
significance, if any, of the differences, The ionization and gamma coumt.
decay could not be expscted to agres with the calculated curves as closelyf
as the beta decay; howsver, their divergence generally was not great for -
short intervals of time,

5.1.3 Gamma Spectrometer Mesgurementg

Since the gamme analyser was converted from an alpha analyser f%aiB
Shot 1, it was not available for early measurements on fallout samples Il
that shot, Gamma spectra were taken of gross decay samples from Shots
2 to 4 at various times after detonation, The results are summarised I
Tables 5.6 through 5.,9. In these tables the heights of the various 3
are shown relative to a valus of one for the energy pesks nearest 0.1 ¥& 2
Since a small Ral crystal was used, the spectra were limited to -
the lower energy region and the peak at about 0.5 Mev was undoubtedly
contributed to by annihilation radiation from gammas of higher energy
than 1 Mev, However, the data were used mainly to compare the genersl
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spectra from samples collected at different places and different shots
with time, A comparative analysis for only one fallout sample from each
shot is presented here.

5010301 g}_O_t_l

A sample of fallout from Rongelap was analysed on + 29 and
+ 31 days after detonation, The results are shown in Table 5.6. Most
of the same peaks show up for both curves with the exception of 0.03 and
0.27 Mev which do not appear at 31 days. Also the relative height of
the 0.22 Mev curve is somewhat lower at 31 days. The 31 day curve shows
a greater similarity to the ocher shots than the 29 day curve. In view
of the fact that the calibration of the analyser was not completed at
the time the first analysis was made the data collected on + 31 days are
probably the more significant of the two analyses.,

TABLE 5.6 - Gamma Energy Measurements from Rongelap Sampls, Shot 1

Time
after Shot Energy (Mev)
(days) [0.03 [ 0,07 | 0.10 | 0.15 | 0.22 | 0.27 | 0.32 | 0.50 |0.62

Observed Peak Height Relative to 0,10 Mev Peak -
29 0.87 | 0.80 1.0 0.86 | 0.59 | 0.35 | 0,17 | 0.18 {0.05

31 - 0.57 1.0 0.57 0012 - 001.2 0.15 0.05

501¢3.2 Shot 2

On + 2 days there are significant peaks at 0,03, 0.08, 0,23,
0.30, 0.38, 0.62,

On + 3 days, the 0.30 has dropped way down, the 0,23 is about
the same, the 0,08 is considerably higher and a very high peak has shown
up at 0,12 Mev along with a smaller 0.15 peak, The higher energies, 0.38
and 0,62 have decreased considerably,

On + 4 days the high peak is still 0,12 Mev, the 0.08 and 0.15
are somewhat lower, and the 0.23 is about the same. There is a 0,28 peak
slightly lower than the 0,23, The higher energies are still very low,.

On + 6 days the 0,03 peak is the same as it was in all pre-
vious plots., There is very little change from R + 4 days,

On + 6,25 days, Very similar to R 4 6 days. The 0,08 and
0.15 peaks are now symmetrical bulges on either side of the high 0,12

p”-kc )
On + 9 days. Same ag R + 6 except the 0,03 peak does not

appear,
On + 11 days. Similar to R + 9 days except 0.03 peak again
appears, There is a low but definite peak at around 0,50 which has bees

present since + 4 days,



TABLE 5,7 - Gamma Energy Measurements from Sample 2-A5, Shot 2

Time |
after Shot EBnergy (Mev)
(days)|0.03 [0.08 { 0,09 | 0,12 ] 0.15 [ 0,22 [0.28 [ 0.36 [ 0.50 10.70
Observed Peak Height Relative to 0.12 Mev Peak
2 0055 0063 0.‘5 - - 1.0 3.8 1026 0037 0045
3 025 10,75 | = 1.0 {0.47 10,22 |- - - -
1" 0.20 0042 - lco 0036 0‘18 Onll - - -
5 0.20 10,40 | = 1.0 10.40 |0.17 |0.11 |- 0.03 |-
503 0.21 - 00A5 100 - 0.16 O.lo - 0.34 0.“»5
9 - 0050 - 100 0046 0.25 - - - -
11 [{0.39 {042 | - 1.0 | - N21 {005 | = 0,04 |-
5-10303 M

It appears that for this sample which was observed from + 3
days to + 15 days, the amcunt of low energy (less tham 0,1 Mev) radiation
increased with time while the high energy (greater than 0,15 Mev) fraction
decreased,

There is a very prominent peak &t 0,10 Mev at a2ll times up to
+ 16 days .

TABLE 5.8 - Gamma Energy Measurements from Sample 3 - Coca TC,Shot 3

Time
after Shot Energy (Mev)
(days) | 0.,03( 0.08 | 0,10 | 0.15 | 0422 | 0.37 | 0.28 | 0.50 | 0,55
Observed Peak Height Relative to 0.10 Mev Peak

3 0.27 | 0,39 | 1.0 - 0,16 | = 0,10 | 0,014 -
A 0024 0032 1.0 - 0022 - 0.09 0.013 00015
506 0036 0054 1‘0 - 0019 - 0.09 00022 00015
6 0028 0.29 1.0 - 0016 - 0009 0002 0.01
7 0031 0031 1.0 - 0018 - 0009 0.03 0.02
8.7 [0.37 | 0,36 | 1.0 - 0.18 | - 0.C9 | 0,03 | 0,01
9.3 0.4l | 0.47 | 1.0 - 0.,22 | = 0.12 | 0,04 | 0,02
10 0036 0036 1.0 - 0.18 0001& - 0004 -

11 0,42 | 0445 | 1.0 0.21 | 0.12 | 0,05 | = 0.02 | -

16 0049 0056 1.0 0.38 0028 0009 - 0009 -

5.1.3.4  Shot 4

These spectra have an unusually high component at 0.55 Mev,
It was generally higher than the neighboring 0.50 Mev peak, There were
few peaks below 0,06 Mev, at least up to the + 22-day curve where a 0.04
peak definitely occurs, These data do not change much with time,
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TABLE 5,9 = Gamma Energy Measurements from Sample 4-Y39, Shot 4

Time \
after Shot Energy (Mev)
(days) | 0.01] 0.04 | 0.06] 0.09[0,14[0.7¢ ] 0.29 ]9-3510-4319:5010r§§i§2§i
Observed Peak Height Relative to 0,09 Mev Peak
1.3 {(1.57)(1.87)(4.0) {(1.0)[- (0.15)] (0.23)- |- |- [~ [-
BOA 0024 - 0035 1.0 - 0015 - - - 0002 0.0l -
g1 |- - 0.59] 1.0 |- |0.,23] = - = |0,04{0.,04]~
9.2 |- - 0.72] 1.0 |- |0.24| = [0.36]- {0.19{0.19c, 0
.1 |- - - 1,0 [=  [0,36| - [|0,10{- [0.,06/0.07]|-
18.3 | - - 0.58| 1.0 |= |C.30| - [|0.12]- |0.0710.131«
22,3 | - 0.57 | = 1.0 [= |- O P P
22,3 | - .72 | - 1.0 [0.60[0.41| 0.26}]- |- [0.22 0.23|-

5¢1e345 Comparisons of Spectra of Samples frog Shots ] through 4

In every cwrve studied the highest peak oecurred at 0,09 +
0.01 Mev., There was usually, but not always, one or more lower energy
peaks near this energy., If the 0,09 Mev peak is given a relative height
of 1.0, then the relative heights of the other peaks were about 0.5 for
0.01 Mev and 0,7 for 0,04 Mev, These relative heights decreased with
time. There was another definite peak 0,20 Mev which ran about 0,30 of
the highest peak, Higher energy peaks were observed at 0,50 and 0.55
Mev ranging from 0.1 to 0.2 of the highest peak, The 0,43 Mev peak how-
ever is doubtful since it appears in only one curve, The small Nal crystal
which was used was not satisfactory for higher emergies. In addition,
the large amount of shielding required because of the high background at
the site increased ‘he scattering which resulted in very high counts in
the low erergy region and probably the peak at 0,50 Mev, The low efficienay
of the crystal at the higher energies, however, was the chief reason for
not taking spectra above the 1 Mev region.

The energies and relative heights of the peaks at 0.04, 0.06,
0,09, 0,20, and 0,29 Mev were very close to those observed in a pure
Np23é spectrum which would indicate larger amounts of Np23? gammas. Some
of these peaks gradually disappeared as the Np decayed out.

The following generalizations are evident from the analyses of
the gamms spectras

1. There did not appear to be any significant difference in
the distribution of gamma-ray energles between the samples from the first
four detonations,

2, The gamma analyzer curves showed no important differences
between variocus samples from the same shot indicating that fractionation
was not detectable by this method,

3. There was no great change in the relative heights of the
various gamma peaks with time, although there was a Cetectable shift
from the high 0.10 Mev peak toward both the low (0.03 Mev) and high

(7,50 Mev)ends of the spectrum at later times,
L. There was a relatively large amount of 0.10 lev gamma

radistion present in the gross fallout mixture.
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5¢ The relative peak height description permitted a general
comparison of samples from differenmt shots, from different locations for
& given shot, and for the same sample at various times after burst, It
should be emphasized that the descriptive technique used here, namely,
analysis by relative peak height, is only a qualitative summary of the
important photon energies present and has no relation whatever to the
true photon-energy distribution of the radiation source,

5¢1e4 Absorption epents

Aluninum absorption measuremenis were made with absorbers ranging
in thickness from O to 3430 mg/sq cm. Before plotting, the aluminmum
absorber thicknese was corrected for air and window thickness, Lead
absorption measurements were taken with lead sandwiched between two
aluninum absorbers, The aluminum absorber next to the counter window
had & thickness of 1590 mg/sq cm and that just above the counting source
861 mg/sq cm. The lead absorbers ranged in thickness from O to 29,0
g/8q cm, The absorption measurements were taken at various times after
detonation on one fallout sample from each of Shots 1 through 4.

5¢ladel Lead Absorption

A summary of gamme ray energles from the lead absorption
curves is given in Table 5.1C., These curves were analyzed into three
conponents which give the "apparent" gamma energies although it is
lnown that there are many different gammus contributing. The soft,
medium, and bard compcnents were then used to compare different samples
with each other. The amount of each component was corrected by the
counter efficlency for the apparent energy. The usual procedure of
analyzing absorption curves was used; the "zero absorber" count rate
was determined by extrapolating the three lines on a semilog plot to
zero absorber thickness, The energy of each line was determined from
Pb half-thickness curves; this energy was used to determine, from Fig.
2.1, the component crystal efficiency which was, in turn, used to
weight the "zero absorber" count rate for each component to determine
the relative amount of that component,

From these data the following conclusions may be drawn:

(1) Between 0.3 and 26 days there appeared to be no appreci-
able change in the emergy of the soft gamma component, The average
energy for all soft gammas observed was 0.16 Mev with & maximum deviation
Of OOOA mev.

(2) Between 0.3 and 26 days there appeared to be no signifi-
cant change in the energy of the medium gamma component., The average
energy for all medium garmas observed was 0.37 Mev with a maximum devia-
tion of 0.1l Mev.

(3) There were larger variations in the energies of the hard
garmas with respect to time especially for Shots 2 and 3. However, no
definite trend is apparent as may be seen from Table 5.11 where the hard
gamma component has been averaged for each shot. The over-all hard gamma
energy average was 1,3 Mev with a maximun deviation of 0.5 Mev,

(4) There appears to be no trend common to all shots for the
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TABLE 5.10 - Energies and G}oas Diastribution of Gamma Rays from Gross
Fallout Samples

Time Low Energy .Mediuvm Energy High Energy
Shot Sample | After Gammas Garmas Gammag
Burst (Energy [Amount | Energy | Amount | Energy| Amount
(days) | (Mev) | (%) (Mev) | (%) (Mev) | (2)
e —
Shot 1 . f £ s
1-251,03 311 5.4732 | 0,16 | 42+233) 0,32 | 29 | 1.1 29 #47
no» 4524 6,114 0,20 | 41 1é2] 0,36 | 21 247 1,1 38 v
L 335/ 7.4 | 0,17 | 46 19¢| 0.30 | 27 134 1.0 27 7.7¢
nom aaal/ 8,177 0,26 | 30 ¢ 0.29 | 32 M| 1,1 38 &so
now 4,731/ 8.3%' | 0,18 | 47 144] 0,38 | 23 13| 1.5 30 /h2¢
LI 52214 2,115 | 0,16 22 19| 0,30 33 2371 1.2 45 111
no» 3.58]7 10,142 | 0.14 48 118 0,32 2 298 1.5 31 &7
n e $01714.23% | €,15 | 37 120 ] 0433 | 24 43| 1,25 | 39 9.5%
"o ta0|7 22,4371 0,20 | 32 r60] 0448 | 17 30| 1.3 51 iy
non b5y 26,1016 | 0,16 | 24 139 0,33 | 18 242 1.3 58 2.62
Shot 2 -
Elmer 447, 4.350m4| 0.16 | 44 129 Oudd | 22 39| 1,20 | 349,11
2-A5  sf 3.7 0910 027 | 66 13¢] 0.0 | 16 39| 10 | 18 rhe
" 2iqf 6,1 1401 0,13 | 68 ses| 0.48 | 15 3¢ 1.5 17 5
" 427 8.16'" 0,165 | 62 133 0,40 16 214} 1.7 22 11.47
Shot 3 44103/
3"000& T.C. 3055f‘ 00165 53 133 0037 19 2,95 103 28 354
" on 1.00]Y 4e2 191 | 0,16 7L 129 C.38 12 308 1.35 17 7004
" 40107, 5.1 1 0,17 | 59 13v| 044 | 15 | 1,45 | 26 mT
L 4217 6,16 10,16 | 47 129 0.36 | 21 2%7 1,28 2%
e ® 43lv 8,131 0,17 | 49 156 | 0,38 | 20 343 1.5 31 /!
o (sf | 10422491 0,145 | 40 M1T| 0.34 | 36 17| 1.4 35 /554
®r wd 13.13% 10,17 |37 43| 0,42 | 18 3] 1,6 | 45084
Shot 4 B
4=YAG=39 3.29%¢| 0,245 | 50 w? | C34 | 23 271] 1.2 27 944
Plane Wipe 0.297¢| 0,15 | 26 sa1 | 0,40 %3 sae| 1,2 61 3%
" ] 1.63)94 0,16~ | 38 139 | 0.34 9 27| 1.0 43 1¥
J " 2,37%91 0,15 |35 13| 0.42 | 26 38| 1,05 | 39 €&
" " 2,676 0,135 | 35 »4] 0.31 | 27 247 1,2 38 231
" " 3,3564 0,16 {34 | 0,39 | 25 il | 1.1 41 0459
" 5.3%3 0,135 |36 1e9| 0.29 | 29 2| 1.0 | 35 ¥




variation of the proportion of different gamma component

to time after burst., The average percentages for the 10:,'::31:’13:3

high energy gamma rays was 45, 22, and 35 per cent, rospoctholy.’ How
ever, the percentages varied considerably from one absorption curve to

another, The lead absorption curves of 1-251,03 sample taken on + 22,/
;l:l-: 26.1 days show an exceptionally large proportion of high enu'gy.

8e
TABLE 5.11 - Aversge Hard Gamma Energy for Each Shot

Shot Average Gamma Fnergy ‘Maximm Deviation
(Mev) (Mev)

1 1.2 + 0.2

2 1.55 t 0.35

3 1.4l t 0.19

4 . 1.1 * o1

Table 5,12 shows the percentage of each gamma component
and their averaged eaergy for each shot at times less than 1L, “;:z.x

TABLE 5.12 - Average Energy and Average Percentage of "Apparent" Gamms
Components for each Shot at Times Less than 14 Days

Soft Kax, | Med, Max, Hard Ko
Shot | Gemma Dev, | Gamma Dev, Gamma ::t. g&m;
(%) (%) (%) (%) (%) (%) (xev)

1 39 15 25 +8 36 * 9 0.59
2 60 116 17 " £5 23 1 0.52
3 50 t 20 20 * 16 30 dh VA 0.58
4 % | t U 23 +10 JA ] * 20 0.60

5.1e4e2  Aduminum Abgorption

The only portion of the aluminum ebsorption curves analyzed
was that for the highest beta emergy. The upper portion of this high
energy curve must be extrapolated over a large range of absorber thick-
ness which would make any further analysis of the original curve doubtful.
Analyses of aluminum absorption data for beta energles for all shots
indicate that the energy of the hardest beta ray decreases with time in
accordance with the theory.
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The energies of the hard betas from Shots 1, 3, and 4 are
listed in Table 5,13, The wvalues for the maximum beta energy are nearly
constant and approximate 2 Mev, The hard beta emergy for sample 1-251,03
at later times appeared to be somewhat high compared to the samples from
other shots, The beta-gamma ratio is 2 for most of the aluminum absorp-~
tion curves altbough for Shot 3 at + 10.3 days the value was one and for
one sample from Shot 4 at + 11.1 hr it was three,

TABLE 5,13 = Preliminary Summary of Beta Energles

(' Shot Sample  |Time after Burst | Max. Beta Energy | Approximate
': - (o) g::o a

1 251,03 Tozaays | 21 | 2z |

1 251.03 14.05 days 1.3 2

1 251.03 22,15 days 1.9 2

1 251,03 26,1 daye 2.2 1.5

3 Coca-TC 3.63 days 1.9 2

3 Coca-TC 4,63 days 1.85 2

3 Coca~-TC 10.29 days 1.2 1

4 Y39 5,6 hr 2.6 2

4 139 11.1 hr 2.3 3

4 139 23,7 hr 2.3 2

4 3% 2.62 days 2.1 2

4 I3% 3.53 days 2.0 2

4 Plane-wipe 8 hr 2.4 2

4 Plane-wipe[ 3.3 days 1.8 2

(a) Ratio of beta count rate to gamsa count rate corrected for sounter
efficiency.

5.2 FISSION PRODUCT DETERMINATIONS

5 Iagjochumioal soniyeng, of the ﬁ;:}ﬁ w’d % 33”

0415? and Tb161 'ere
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5.2.1  Radiochemical Procedures

Radiochenical determinations of the fission producte were made
according to standard published procedures’/which are outlined here.

Sr?J was separated as the nitrate and purified by scavenging
precipitations, It was determined as the cerbonate,

Y91 wae separated as the fluoride, purified by ion exchange, and
determined as the oxalate,

2r95 and Zr97 were exchange” with cartier Zr by use of BF, puri-
fied by scavenging precipitations and determined as the oxide,

Mo?9 was separsted and purified as the alpha-benzoin oximate,
It was determined as PhﬂoOL.

Aglll was separated, purified, and determined as the chloride.

cdll5 was separated as the sulfide and purified by scavenging.,
It was determined as CdNHLPO .

Cel4l and Col44 were separsted as the iodate, purified by
scavengings, and determined as the oxalate.

Yields of various fissiorn product radionuclides were determined
relative to the yleld of Mo%9 and/or 2r?”?, The determinations were made
on different samples collected at various distances from ground zero,
Comparison of relative ylelds among these reveals the extent of frac-
tionation which occurred. In the absence of appreciable fractionation the
relative amount of any fission product nuclide of interest is then ob~
tainable from the measured fission yield curve.

5.2.2  Results

Analyses were made on all adequate samples obtained from the
various events., The radiochemical results are presented in the form of
R values where R is defined as follows:

Cr Cr
¢x /' Cx
where C; = counting rate at zero time of reference radiomuclide in
uranium thermal neutron fission.

Ct = counting rate at zero time of radionuclide of interest
in uranium thermal neutron fission.

~
n

C. = counting rate at zero time of reference radionmuclide in
event of interest,
Cx = counting rate at zero time of radionuclide of interest

in event of interest,
Counting rates of a given radionuclide from the event of interest were
measured under the same conditions of geometry and absorption as those
used in measurements in thermal neutron fission. Counting rates were
corrected for chemical yleld. By inspection it is seen that an R value
of 1 showa a relative fission yield the same as in thermal neutron fission
of uranium, a value of greater than 1 shows a higher relative yield and
one of less than 1 shows a lower relative yield. Results of the measure-
ments are given in Tabdble 5.14. The precision of measurement vas 10 per
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cent or better., Results of analyses on cloud sanples are inclucded to
allow comparisons between fallout and cloud meterial. The cloud samples
were portions of filter paper collections made for radiochemical deter-~
minations of weapon yield by LASL and UCRL,

5.2.3 Fractionation

5e244 Fission Yield Curveg

5.3 INDUCED ACTIVIT

Analyses for Nac4, k42, Mg?8, 0138, NpR39, U237, and U240 were
performed on cloud and fallout samples. However, because of the diffi-
culty of obtaining early samples only Na24, Np23é, 0237, and U240 were
detected. The fallout samples analyzed at the site were aliquoted as
described in Section 3.1, The remainder of these samples and the
cloud samplzs were analyzed at USNELL,

8.3.1 Radiochemical Procedure

Radiochemical dete tions were made according to aither
standard published procedure or those developed at USIRDL. They are
outlined here and described more fully in Appendix A.

Na’4 wag separated from the gross activity by a two-step pro-
cedure, First, the alkali metal fraction was separated from the gross
activity by ion exchange, Then, Na24 was isolated by a gravimetric

procedure employing the specific precipitation of sodium zinc uranyl
123 4. /zz jm/o
SECRET - RESTRICTED DATA



acetate,*

K42 wasg separated from the alkali metal fraction as the KC10

¥22€ was isolated as the kg hycroxyquinolate. 4t

€138 vas precipitated as Agfl after removing the interfering
activities by solvent extraction,

Uranium wmas separated and purified by sther extraction and
deposited Sy electroplating to determine U237 and 7240

Np239 was separated and purified by oxidized fluoride - reduced
fluoride cycles and determined by electroplating.

5.3.2 Activities Induced in invironnental Substances

Neutron inducad activities in enviromm=ntal matecrials were con-
sidered a possible source of significant radiation contributors at early
times from hizh yield dgviceg, The nuclides considered as possible con-
tributors were ila”4, K42, C15°, and Mg<°, 1In general, the determination
of most such induced activities reaquires an early delivery and processing
of samp".es., In no case was an acceptable fallout sample recovered at a
sufficisntly early time to give reliable analysis for more than one in-
duced activity (Ja4), Analyses were run on Skots 2 and 3,

An upver limit was established for K42, Comnutations based
uopon this lig‘t are nade for purposes of comparing the relative contri-
bution L Na** and K%,

5.3.2.1 Chemical Trea*ment of Sanples

Only two representative samples were obtained for analyses,
From then Na24 was isolated. This was accomplished by first removing
the alkali metal fraction from the gross activity by ion exchange, Then
Na?4 was separated from this fraction by a gravimetric procedure, The
alkall fraction contained approzimately 10 Eer cent of the total activity
of the gross sample, Decontamination of Na 4 from Csi37 was dons by a
preliminary separation of cesium silicowolframate., Rubidium activity
was not considered troublasome since all the sigrificant rubidiuwa acti-
vities formed in fission are short-lived (12 min or less).’/ Interference
of potassium was found to be negligible because of its relatively low
yisld,
In the procedure used for the isolation of NaZA, the sodium
carrier was added before the ion exchanse step. The effluent fraction
from the column containing the sodium was trented with a solution of
saturated sodium zinc uranyl acetate. The resulting precipitate was
dissolved and precipitated twice more with the same reagent. The final)
precipitate contained 95-100 per c¢ent as much sodium as the amount gi
carrier added originally. However, owing to the dilution of the Na
in each precipitation step only about 3 per cent of the active nuclide

* The ion exchange step in this procedure was developad at the site when
it became apparent that the isolation step did not give adequate -
fication. Several other radionuclides were fractionated in the ion
exchange treatment, Details of these studiss are reported in Append
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was regoverad. A decontamimation factor of at least 107 was obtained
by s ssthod,
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in cloud material: Na and K were found to undergo extensive fractiona-
tion in JANGLE, 30/

$.3.3  Activitjes Indyced in Device Components

The most important radionuclides produced by neutron reactions
in the device components are Np239 , U237, and 0240 (0239 1s also
important but is too short-lived to have been seen in our meesurements),
They were produced in sufficiently high yields to affect the gross decay
rates of the residual contamimation and to comtribute significantly to
the radiations from the contaminant,

50303.1 m

To illustrate the extent to which these radionuclides contri-
bute, their counting rates measured at the same shelf geometry and
corrected for chemical yield and decay are presented in Table 5.16. In
order to allow comparisons of their actl levels with those of fission
products, corrected counting rates for Mo”7 at the same shelf geometry
are also presented,

Conversion of the above relative counting rates to relative
numbers of atoms requires determination of counting efficienci These
have been obtained for all of the above radionuclides except 0245. Con-
sequently, there are presented in Table 5,17, for each sample, the number
of atoms of Np239 and 0237 uced relative to the number of fissions
ocourring as measured by Mo77,

5., FRACTION OF BOMB IN FALLOUT SAMPLES

Radiochemical methods can provide an accurate determination of the
fraction of the bomb included in fallout samples, The data required are
the total mumber of fissions occurring in the detonation and the number
of fissions giving the activity in the fallout sample, These determina-
tions have been made bv radiochemical means, the first at Los Alarocs
Scientific Laboratory,2¥and the second here,

S5elel Result



CHAPTER 6

SUMMARY

6.1 GENERAL

Characterization of cloud and fallout samples from CASTLE has
furnished information useful for (1) deducing the mechanism of the
formation and subsequent reactions of the debris from nuclear detona-
tions, (2) assessing the radiological situation in the areas of fallout,
(3) synthesizing simulants for use in decontamination tests and (4) in-
terpreting data obtained in proof testing atomic warfare countermeasures
for ships,

6.2  MECHANISM OF FORMATION AND SUBSWQUENT REACTIONS OF NUCLEAR
DETONATION DEBRIS

The composition of the debris varied with the weapon type and the
location of the shot point, For surface land shots the fallout consisted
of irregular solid particles derived from coral with associated bomb
products which were usually concentrated at or near the particle surface.
The outer layer of the particle was chiefly calcium carbonate; the imnmner
part a mixture of calcium oxide and hydroxide. Apparently the coral
grains were taken into the fireball as discrete particles and calcined
to the oxide in the high temperature environment, The bomb products
collected on the surface of these particles and as they fell through
the humid atmosphere they were slaked to the hydroxide and the surface
layers reconverted to carbonate,

Surface water shots produced fallout with relatively little solid
matter. Small particles less than 10 u in diameter appear to have arri
at the earth's surface in the solid or semi-golid state, Liquid drops
baving a range of size up to several millimeters in diameter were also
deteocted, The mode of formation and subsequent reactions of these fall~
out particles is not so well understood as that from the surface land
shots, It is apparent that the bomb debris mixed to some extent with
the large amount of sea water and the relatively small quantity of coral
that were taken into the fireball, Rvaporation of the water probably
led to the formation of condensation nuclei derived from the sea water
constituents. These small particles then collected the condensed bomb

132 fps. 1304 73/ deteted.




products. Much of the water condensed in the cloud gathering additionel
bomb products, As the particles fell they probably changed their com-
position through reactions with atmospheric constituents, Their exact
nature at the time of arrival at the earth's surface is not known. The
meagurements of the serosols collected on the YAG's indicated small solid
particles and larger liquid dropleta. Results of the decontemination
studies of the YAG's (Project 6.4) and special panels (Project 6.5) could
be explained best by assuming a contaminant whose constituent radionuclides
were largely in the ionic form, The gross fallout samples had little
solid matter, In fact, the fallout was invisible both in the air and on
the surfaces where it was deposited. A large fraction of the radio-
nuclides was water soluble,

6.3 SITUATION F UT

One of the factors nesded to estimate the radiological situation
in the fallout zone is the decay rate of the radiation field. This was
determined by direct measurement on land areas wherever it was possible
in moderate radiation fields, In other instances, it was estimated from
measurements of the decay rates of samples collected in the areas of
interest, The observed beta and gamma decay rate curves compared well
with calculated curves based on the radiochemical composition of the
samples, There was little difference in the decay rates of fallout
samples collected at various distances after any single shot, This fact
showed that fractionation was unimportant in determining the gross decay
rate. Small variations were observed in the decay rates of samples from
different shots. The decay rate changed considerably with time; at 60
days .after the induced activities had decayed to a negligible level,it
achieved a relatively constant value consistent with the t~1:2 1aw,

Radiochemical measurements on debris from detonations in CASTLE
gave informetion on the shape of the fission yield curve, on fission
product fractionations, on contributions of neutron induced radionuclides,
and on the fraction of bomb in fallout material,

The shape of the fission yleld curve from these detonations was
altered in respect to that from thermal neutron fission of U235, The
valley of the curve was raised by a factor of about 20 while the heavy
wing was raised by a factor of about 6 at mass 156, Fractionation of
several fission products was found to occur, That of cr89 wag the most
extensive among the limited mumber of elements which could be studied.
Neutron induced radionuclides were demonstrated to be very important
contributors to the radiocactive mixtures resulting from .he detonations.
Most important were U239-Fp239, U240, and U237; Na24 was only a minor
contributor, Ratios of amounts of the important induced radionuclides
to amounts of fission products showed that at certain times the uranium
and neptunium isotopes contributed as much as 50 per cent of the total
beta activity. Since the energy of the Np gammas is low as compared
with the average of those from fission products, its contribution to the
total radiation field is less than indicated by the beta ratio, Values
of fraction of the bomb falling out at certain locations were determined
radiochemically. These were useful in connection with the fallout studiees

of Project 2.5,
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6.4  SINTHESIS OF SIMULANTS FOR DECONTAMINATION TESTS

Characterization of the contaminants from the surface land and
water shots has furnished information needed for symthesizing simulante
for laboratory decontamination studies., For the surface land shots the
composition and physical characteristiecs of the fallout were documented
adequately, A relationship between the radiation level and the quantity
of fallout per unii area was established, The physical nature of the
fallout from surface water shots is somewhat uncertain but its chemical
composition and radiochemical properties were determined, The ratio of
radiation field to the quantity of fallout per unit area is much lower
than that for the surface land shots,

6.5 PROOF TESTING AW COUNTERMEASURES FOR SHIPS

The information regarding the nmature and distribution of the fali-
out has been useful to Project 6,4 in interpreting the effectiveness of
the countermeasures on the YAG's. A knowledge of the chemical and radio-
chemical properties of the contaminant aided in their decontamination
studies, Informetion regarding the physical properties of the aerosols
was used in determining the effectiveness of various protective systems
for the ship's ventilation air, The rates of decay and energy measure-
mentg of the fallout from the various shots have been useful in evalvating
the data from the radiation detection devices aboard the ships. This
information is also useful in determining the shielding provided by the
ship's structure,



APPENDIX A

CHEMICAL AND RADIOCHEMICAL PROCEDURES

Al DETERMINATION OF OXIDATION STATES OF NEPTUNTUN

The procedures employed in determining the oxidation states of Np
are given below,

1, To the sample in a 100-ml beaker add concentrated HCl dropwise
while warming gently; keep volume as small as possible.

2, If s0lid material remains undissolved, centrifuge, retain
supernatant, and add additional HC1l to precipitate, boil, centrifuge;add
supernatant to that already obtained and diseard precipitate.

3. Measure total volume of sample in graduate cylinder for activ-
ity assay., Take an aliquot for gamma spectrum and decay.

4. Bvaporate solution to 6N-HC1.

5. Dilute solution to 2N-HCl and transfer to a separatory funnel,

6. Add approximately 20 cc of 0.4 M TTA in benzene to the solution
and stir vigorously for 30 min.

7. Separate the phases, Wash the benzene phase containing Np IV
with 5 co 8N-HC1 ( saturated with TTA) for 10 min and then discard the
benzsne.

8, Treat the 8N-HC1l which now contains the Np IV by the procedure
given below starting with step 9, Also treat the aqueous phase contain-
ing Rp V and Rp VI starting with step 9,

9. Add several drops of 30 per cent B,0, and 10 cc concentrated
HC1 keeping the volume as small as poasible,

10. Boil the solution to destroy the Hy0, to bring the HC1l concen-
tration to 6N and to reduce volume.

11, Dilute the solution to 2N and transfer to a 125-cc separatory
funnel.

12, Add 20 ml of 0.4 M TTA in benzene to the solution and atir
vigorously for 30 min,

13, Separate the phases, The benzene phase contains 2r, Pa, and a
smal]l amount of Np, Wash this with 5 ml of 8N-HCl (saturated with TTA)
for 10 min and discard the benzene phase, The 8N-HC1l which now contains

the Np is retained for later use,
14. The aqueous phase from the extraction contains all or the other

substances including the greater fraction of the Np. 4dd 2 ml of formic
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acid and 10 ml of concentrated HCl.to this solution and boil for about
10 min to about 25 ml in 6N-HC1,

15. Dilute this solution to 2N-HCl and then extract with 10 ml of
O.4 M TTA in benzense for 10 min,

16. The aqueous phase containing the fission products, U, and
other heavy metals is discarded,

17, Wash the benzene phase containing Rp IV with 5 ml of 2N-HC1
(saturated with TTA) for 2 min and discard the wash solution,

18. Back-extract the Np for 10 min from the benzene with the 5 ml
of 8N-HCl retained in step 12, Discard the benzene,

19, 4dd 1 ml of concentrated formic acid and 10 cc HCl to the
solution in 8N-HC1l and boil for 10 min under a watch glasa cover,

20, Transfer the solution to a separatory fumnel, dilute to 2N-HC1,
and extract with 10 ml of 0,4 ! TTA in benzene for 10 min,

21, Discard the aqusous phase,

22, Wash the benzens phase with 2 ml of 2N-HCl (saturated with TTA)
for 2 min, '

23, Wash with 1 =l 0,1N-HC1l (saturated with TTA) for 2 min,

24, Back-extract the Np from the benzene rith 5 to 10 ml 8N-HCl
(saturated with TTA) for 10 min,

25, Separate the phases, Measure the total volume, 7Take an
aliquot for assay, gamma spectrum, and decay.

A.2 SEPARATION OF SODIUM ACT

The procedure used for the isolation of sodium activity from the
gross activity was accomplished in two parts, Part I consisting of
separating the alkall fraction from other radionuclides by ion exchange
is discussed more fully in Appendix B, Part II consisted of a gravi-
metric procedure employing the specific precipitation of sodium zine
uranyl acetate, The complete procedure is given below,

Step 1. Transfer an aliquot of the original sample to a 100-ml
beaker, Acidify solution with a minimm amount of ECl (usuaily to a pH
of 5) This is usually sufficient to dissolve any of the solids present
in the sample. Then the solution 1s evaporated down to approximately
2 ml,

Step 2, This volume is absorbed on the top of a cation exchange
resin column along with added Na carrier (5 mg). After rinsing the
column with de-ionized water, the column is eluted with 0.5N-HCl, In the
water wash, I, C1, Br, other anions, and some collolds are eluted., In
the 0,5N-HC1 elution, U and Np are first eluted. The second peak of
activity contains the alkali metals. The Na breakthrough is determined
by a Pt-wire flame test for the Na carrier., The alkall fraction is re-
moved in approximately 50 ml of solution at a rate of 8 to 10 drops per
minute,

Step 3., Evaporate the alkali fraction to 2 ml. Add 20 mg of Rea
carrier plus 10 to 20 mg of Cs* and K* carriers, Acidify with 10 ml of
dil, HC1 and then add 5 drops of 0,13 M silicowolframlc acid (see Note 1).
Allow to stand with occasional stirring for about 5 min, Centrifuge,
and wash the precipitate twice with 5 ml of 6F-HCl, Combine supernatant

and washes (see Note 2).
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Step 4. Evaporate filtrate to 2 ml, Add 25 ml of zine uranyl
acetate reagent (see Note 3)., Allow to digest with intermittent stirring
for 4 to 5 min, Filter. Wash 5 times with small portion of zinc uranyl
scetate, Wash twice with 2 to 3 ml of ethyl alcohol (see Note 3)., Use
2 to 3 ml of hot dil., HCl to wagh the precipitate into a 50-ml centri-
fuge tube, Cool in ice bath,

Step 5. 4dd 5 mg Cs* + 5 mg K*. Then add 15 ml of zinc uranyl
acetate reagent for 15 min, Ceamtrifugs, and discard supernatant, Wasb
precipitate 2 times with 5 ml of n-propyl alcohol., After washing, slurry
precipitate in 10 ml of n-propyl alcohol and precipitate NaCl with HCl
gas (see Kote 4).

Step 6. PMilter on & weighed filter paper disc in a small filter
tower, and wash 3 times with 5 ml of n-propyl alcohol. Dry the precipitate
at 110°C for 10 min, weigh as ¥aCl, and mount on a counting disc.

A.2,1  Kotes

1, Unless otherwise noted, all solutions are to be kept in an
ice bath during the entire procedure,

2, It may be necessary to repeat the centrifugation 2 to 3
times to assure complete precipitation of cesium and silica,

3. Zino uranyl acetate reagent was saturated with sodium zinc
uranyl acetate; n-propyl alcohol was saturated with NaCl; ethyl alcohol
was saturated with sodium zin¢ uranyl acetate, These solutions were
filtered into a fresh container before using,

L. GCas flow was continued for 10 min.

A3 SEP. ION OF POT. CT

Potassium is first separated with the alkali metal fraction ob-
tained from 0.5N-HC1 elution of the cation resin colum (see socium pro-
cedure), Purification is then accomplished by the following prccedure,

Step 1. To 2 ml of the alkali metal fraction add 1 ml of Cs”

(10 wg/ml), 2 ml of K* (10 mg/ml) and 10 ml of 6N-HCl in a 50-ml centri-
fuge tube, Add 0,5 ml of 0,13 M ailicowolframic acid and allow to stand
with occasional stirring for 5 min., Centrifuge and wash precipitate
twice with 5 ml of 6§-HCl, In a 100-ml beaker combine washes with super-
natant and discard precipitate. Add 2 drops of silicowolframic acid,

If precipitate forms repeat centrifugation and washes, Repeat until the
formation of a precipitate is no longer observed.

Step 2, On a hot plate evaporate solution to dryness, Cocol and
then add approximately 5 ml of 10 per cent HCl solution, Break up lumps
of silica with a stirring rod. Transfer solution to a 50-ml centrifuge
tube and centrifuge, Wash residue three times with 2 ml of 10 per cent
HCl solution, Evaporate combined centrifugate and washings by swirling
over a burnmer until the volume is approximately 3 ml, Cool for 2 min,

Step 3. Carefully add 5 ml of 70 per cent HC10,. Evaporate by
swirling over a burner until dense fumes of HC10, are evolved, Cool for
5 min in air, then place in an ice bath, To the cold solution add 15 ml

of absolute ethanol.
Step 4. Filter on & weighed filter paper disc in a small filter
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tower, Wash 3 times with 5 ml of absolute ethanol. Dry precipitate at
1109C for 10 min, Cool in a dessicator. Weigh as KC10;. Mount and
count,

A4 SEPARATION OF CHLORINZ ACTIVITY

Apparatus for chlorine determinations permitted the analyses of
three sa.mgles in duplicate in less than 60 min, The procedure for deterw
mining C138 ig glven below,

Step 1. Transfer 3 ml of the gross activity to a 50-ml centri-
fuge tube., Add 3 drops of Fe*3 (20 mg/ml); 3 drops of Br0y (20 mg/ml)
and 3 drops of 103 (20 mg/ml). Add concentrated KH,0H drop by drop
until the precipifate of Fe(OH)3 is formed, Add ome drop in excesa.
Centrifuge and decant the supernatant into a separatory funnel,

Step 2. To the supernatant solution add NaHSO, dropwise until a
colorless solution is observed. Adjust solution to pa 2 with concentrated
HNO,,

? Step 3.  Add approximately 25 ml of 0,25 M TTA in CCl, to the
solution of Step 2, Pour the mixture through the side arm of the separa-
tory funnel and stir for 2 min,

Step 4. Separate the CCl, layer and wash aqueous fraction with
pure 0014. Separate again, To the aqueocus phase add an equal volume of
CCl, and while the mixture is being stirred add approximately 3 ml of
concentrated HNOy. The characteristic yiolet color of iodine will then
form in the CCl, phase. Remove this layer and wash the aqueous phase
repeatedly with 0014 until the violet color is barely discernible. Then
add 5 drops of a saturated solution of Na.N% and wash again with 0014.
Separate by removing the lower (organic) phase.

Step 5. Stirring the aqueous phase add dropwise 0.1 M KMnO, untid
a brown residual color is observed. At this point add NaKO, drop by
drop until the aquecus phase becomes colorless, BExtract with CCl, wntil
no color is cbgerved in the CCl, phase. Then do an additional raction,

Step 6, Transfer the aqueous phase to a boiling flask which con-
tains 5 g ol crystalline KMnO, (see Note 1), Heat gently., The resultant
Cly-air mixture is bubbled through a solution of 0,1 M NaHSO,,

Step 7. Acidify the RaHSO,; solution with ooncontrateg HNO;. Y. |
A.gN03 solution in excess and precipitate AgCl,

Step 8. Collect precipitate on a pre-weighed filter paper using
a small filter tower, Wash 3 times with small portion of acetons,

Mount precipitate on a planchet and count, After decay counting ia
completed, heat the precipitate for 10 min at 110°C, Cool precipitate
in a dessicator and weigh to a constant reading,

A4 Notes

1. The boiling flask is so constructed that when it is
attached to a Vigreux column and receiver, air may be drawn through the

system by aspiration,
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APPENDIX B

PARTIAL FRACTIONATION OF FALLOUT
COMPONENTS BY CATION EXCHANGE

B.1 EXCHANGE COLUMN PROCZDURE

An ion exchange procedure was utilized to separate the Na24
activity Crom the fallout samples. The procedure was developed at the
site after Shot 1 when it became evident that the fallout samples werse
smaller than anticipated. It was designed for utilizinz small samples
of fallout combining the Na and I analyses. The ion exchanze column
consisted of 50 to 65 mesh Dowex 50 in a 80-mm i.d. class tube 15 cm
long. Washing and eluting solutions were fed into the column from e
constant-head nolyethylene bottle throuzh polyethylene tubing; after
passing through the column, the solution was carried below a GM tube
by 1.5 mm i.d. thin-walled polyethylene tubing and into a collecting
beaker., The tubing was threaded through two small holes drilled into
a lead shield which held the G tube, The radiocectivity passing beneath
the counting tube was recorded on an Esterline-anrus recorder throuch a
General Radio Co, Model 1500-3 rate meter.

Lfter acidifying the sarples with a minimum amount of HCl (usually
to a pH of 5), the samples were adsorbed on the top of the column to-
gether with a measured amount of Ne carrier, The colurn was then washed
by eluting with de-ionized water, The water elution carried out anions
and some colloidal materials, W%hen the eluted wash water activity coun-
ted background, the column was eluted with 0,5N-HCl, The Na breakthrough
was detected by means of a Pi vire flame test. Cccasionally, after no
Na. was detected, other eluting iwacents were used for further elutions.
Samrpling beakers were changed at the desired points, the volume of
sarplo measured, and an aliquot was taken for counting., Gamma decay
and spectral measurements were taken on the various fractions,

B,2  RESULTS

One elution is given by the chromatogram in Fig., B.l. The
circled letters or numbers are the eluted fractions which were noted on
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the chromatogram at the time the collection of the fraction was begun,
Analysis of the decay data for the first four fractions of

Sample 4-3 (Shot 4, third eluticn run) of the chromstogram is showm in
Figs. Be2 through B.5. Since Sample 4-3 did not contain sufficient Na
activity to increase the count at the Na breakthrough (Fraction 4=34),
the analysis of the decay of Fraction 4-24 from Sample 4-2 which did show
Na activity is given in Table B.l and is plotted in Fig, B.é. Sample
4-2 was run about 24 hr prior to Sample 4-3, When the elution of Frac-
tion 4 did not Ezve an activity peak, the fraction was not further
analyzed for Ne<4, The spectra of the five fractions at various times
are summarized in Table B.l; only the major photon peaks are listed,

The probable radiocactive constituents of the first five fractions are
given in Table B,2., The first, or anion fraction, contained the iodine
activities and also activities from the insoluble (acidic) elements Ru,
Rh, Te, Tc, and possibly some Ko, The relative amounts depended, of
course, on time after burst when the elution was made and on the pre-
treatment of the sample. The elution of fallout sarples from the island
shot which were dissolved with strong HCl and diluted to pH 5 generally
gave smaller peaks for the water wash which, in turn, contained relatively
smaller amounts of the insoluble (acidic) elements, However, small
amounts of these materials tailed aleng into the HC1l eluticn until the
alkali Fraction /4 where 1099 peaked along with the alkalis. The Te
(Fracticn 3) usually gave a higher pesk than that shown by the chroma-
togram - especially at earlier times., The Np (Fraction 1 and 2) usually
contained less Te impurity than that shown in Table B.l, At +3 to +5
days, when the Np activity reaches a maximum percentage of the total
activity, it was often difficult to detect the Te (or other) impurity

in those fractions., ‘hen the fallout sample was treated with & reducing
agent prior to adsorbing it on the column, the Np peak did not appear,
The alkali slements (Fraction 4) then came off first in the acid elution,
Hence, the Np in Fractions 1 and 2 must be in the +5 (or +6) oxidation
state, The general double peaking of Te, and perhaps. of Ru and Mo,
first in the water wash and again later at different places in the HCl
elution, seems to indicate a distribution of oxidation states for these
elements, First, they did not tail off in the usual manner, and secondly,
radionuclides of each element appeared to have fracticnated to some
extent, Since the stability of the chlcride complexes and the acidic
properties of Ru, Rh, Te, and Mo depend upon the oxidation state of the
element, the latter would therefore determine the ion exchange behavior,
Further exploitation of ion exchange methods in the analysis of fallout
meterials in future field tests such as this would be extremely useful
in the detailed characterization of the contaminant - especially for
the importani redicective constituents.
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TABLE B.1 - Summary of Major Photon Spectra Peaks of Ion Exchange Fractions

| Buret (days) _ Peak Talues (ev)
Fraction 4-3A
2.2 0.04, 0.05, 0.09 to 0.18, 0,24, 0,31 to 0,33, 0.45, 0.50 to 0.53, 0.65, 0,70, > 0,7
9,0 0.07, 0.105, 0.15, 0,21, 0.27, 0.48, 0.66, 0.76
23 0.07, 0.14, 0.23, 0,30, 0,38, 0.46, 0.48 to 0,57, > 0.6
40 0,04, 0,06, 0,24, 0,29 to 0,33, 0.37, 0.52, 0.61, 0,68
Fraction 4-31
2.2 0,03, 0.06 to 0,14, 0.22, 0,24, 0.28, 0.46, 0,52, 0,65, 0.73
9.1 0.105, 0.21, 0.27, 0.49, 0.69, 0,74, 0.78
23 0,07, 0,105, 0.14, 0.18 to 0,20, 0,23, 0.27, 0.38 to 0.43, 0.46, 0.48, 0,58
Fracti -32
2.2 0.07 to 0,15, 0,24, 0.28, 0,50, 0.67, 0.74
9.2 0.075, 0.12, 0.22, 0.27’ 0051, 0069, 0077
23 0,085, 0,105, 0.14, 0.18, 0,20, 0,22, 0,27, 0.46, 0,59, > 0.6
Fraction %—22
2.2 0.05, 0.08, 0.15, 0.21, 0.24, 0.33, 0,62, O,
9.2 0.13, 0.22, 0.36, 0,66, 0.77, 0.95, 1.1, >1.3
23 0.02, 0.14, 0.22, 0,35, 0.46, > 0,6
AD 0.02’ 0.10' 0.23, 0.35, 0.41, 0.52, 0.&
Fraction 4-24
2.1 0.02, 0.07, 0.15, 0,18, 0.28
2.2 0,02, 0.08, 0.14, 0,24, 0.29, 0.54, 0.65, 0.73, > 0.9
9.2 0.10, 0.14, 0.22, 0,34, 0.44, 0.49, 0.65, 0.73, 0.93, 1.1
40 0.08, 0.105, 0.16, 0.23, 0.34, 0.48, 0,52, 0.69
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TABLE B.2 - Major Gamma Emitters in Ion Exchange Fractions

Gamma Energies
of Probable
Nuclides

(Mev)

Initial| Fraction
Gamma |of Initial
Count Gamma Probable
(c/m% Count Contributing
Frac-|Half-Life | x10~ (%) Nuclides
tion
#=F=—_==r
4=3A|ca 40 days| 0,20 | 2.6 Rul03-gpi03m
78 hr | 2.39 |31.2 Tel32.7132
36 br | 2,00 26,0 RR105 (7¢129m)
ca 6hr |3.08 [40.2 TeIMm(1135)
4=31|ca 70 days | 0.011 | 0.06 Tel27m(Ry103)
78 hr | 1.20 6.2 Tel32.1132
56 hr [16.4 93.1 Np23?
4-32 |ca 80 days | 0.0092 | 0.02  |TelR7®(py03)
78 hr | 3.00 8.0 Tel32.1132
56 hr  [34.6 |92.0  |Np?39
4=33|ca 24 days| 0.022 | 0.5 Tel2%m
ca 50 hr | 0,07 1.5 Tt 1m_7131
4=24 |ca 23 days | 0.013 | 0.5 1el29m(cal36)
66 hr |1,70 |(67.4 Mo?°
14 hr | 0,40 |15.2 Na24

0.04, 0.50

0.23, 0069, 104
2,0

0.32 (0.106, 0,3
0.8)

0.14 (0.25, 0.52,
1.3, 1.8, 2.4)

0.09 (0.04, 0.50)
0.23, 0.69, 1.4, 2.0
0,070, o.lgs, 0.23,

0.09 (0.04, 0.50)
0.23, 0.69, 1.4, 2.0

0.070, 0.105, 0.23

0.106, 0,3, 0.8
0.23, 0.69, 1.4, 2.0
0.08, 0.16, 0.18,
0.28, 0.36,
0.64, 0.%
0,106, 0.3, 0.8 (0.9)

0004’ (0.14) ’ 0018,
0.37, 0.74, 0.78

1.38, 2,76
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