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ABSTRACT I
I

t Ves of t.h+s .4~ the chemicaland
rad<ochemicalco.rpositlonOf solld falloutzs a Nmtion Of particle

the and d~sta~eg of rollectlon,and
;%2 ::::;%:;:2%::;+S5

4“’””
~Y?ghe chemicala

radlochemicalnature of l%quld falloutand base &Iwed

L sample of solid falloutfrom Shot 1 was sep$r:lt?dinto lb uart-
icle-size?ract+onswhich were analyzedfor+.‘#9+rJ~,-i?O=i3#@
aiad4e~. In,.eachcase the act~v~typer unit wefS!~tof act:vepar~icles
below 50~&’~:asfound to decreaseregularlywith incrtiasingSiZS+.tit h
a differentrriann~,r,for,each nucllde,hilcati~ ra.i~?~hemicalfractiona- ● ,
tion . J,bove 50.,+th+ >dationships were obscur ‘he gross decay
did not vary at all with particle timfi$, and OnlY slightly
2t Lltor”wmms.

—-

LIn the falloutfrGm Shots 1 and 3,~&8kYni-wi40 showeda greater
tendencyto concentratein the llquid phase than the otherfission
products studld.

Shot 4 falloutsamples,principallylfquld,obtai~
“~.~int+ti?nkfdl-ti~~ter indicatmithat the relative

concentraklonsof,S&mH3#Q Increase’with ti~eof co~ection.
l%4&bae9--sGrge-san?pli.ng-plwg~ -unWuc=JeeG+k
?!oInYow.atlonwas o“otainedon varj.ztiong Or cm~wsition with

“’’”C”” ~

.

●
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FOREWORD

‘fhisreport Ls one of thg reportspresenthg the resultsof the
x projectsparticipatingin the F?ilitavEffectsTests Programof
Operation CASTLE, which includedS5.X testdetonatlons. For reader~

interestedin otherpertinenttest information,referenceis made to
WT.934, !%xnnaryReport of the Commander,Task Unit 13,.Programs1-9,
MilltaxyEffectsProgram. This sunmary report includes the following
informationor yossiblegeneralInterest.

a. AXIo.zer-alldescriptionof each detonation,includingyield,
height of burst, grourxlzero locatlon,time of detonation,
.anbientaL~ospherlcconditionsat detonation,etc., for the
SiX shots.

b. Mscussion of all projectresults.
c. A sunmaryof ezch project,includl.ngobjectivesand results.
d. A completelistlngor all rsports covering the MilitaryEffects

. Test Program.

ACKNOWLEDGEMENTS
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mzde by the Directorof Progr:.m2, Lt Col !3.A. Marten. Spechl
cr+dit is du+ J-3 Division, Task Croup 7.1, for their splendidco-
operationduring the difficultrsccveryoperationfor Shot 1.

7-8

SECRET- RESTRICTED DATA

— .—



.. . .
. .

.’. . . .,. . . . .

.;:

1.
. .

I

!

.

ABSTRACT.. . .

FclwoRD. ● ● ●

ACKNMSXMENI

ILLUSTRATIONS●

TABLES . . . .

CONTENTS

● ☛☛☛☛☛✍☛ ● *****e

● *****=* ● ******

● ******* ● ****O*

● **9*.*** ● 5

● *O ● ****-* 7

● ******** ● 7

● ***-*-* ● * U

● *.***** ● * U
,

.

.

CHAPTEU

1.1

cRAP?m

2.1
2.2

nwa—u-but

3,1
3.2

.

3.3

lXNTROIXWTION.. . . . . . ..s.

Oh$ectiveo . . . . . . . . . . . . .

l.lel purpose. . . . . .‘* .*...

2 THEuR?AND EhCK(ROUND.~. ,.. o

Theory. . . .. e.... ● o....
Background..*. .~. . . . . . . .

3 —---’ -- IzSIG& ● ***..*.-ULUUM A

titrodtaction. ..~e.. .. OO. O
FYAd @struzaentatlon. . . . . ● . .
3.2.1 Tuo-l_haseFalloutCoLlector..
3.2.2 IntermittentFallout Collector
3.2.3 LaboratoryZYailar.. . . . .
3.2.lJ Station Layout. . . . . . . .

● ☛☛☛☛☛☛☛ ● ☛

● *****e** ●

● **e* m**e ●

● a*** O*eb ●

● .*e ****a b

.0009000+ ●

● *******6 ●

● O******* ●

● *******O ●

● ****O****

● ******** ●

● ******** ●

● ****D** ● *

0poratlon3...0.... . . . . ...**.*.* ● *
303.1 @ner~fioced~a 0.. o.e. .a..~D.O~
3.3.,2 Sm=YoZ Shots . . . . . . . . . . . . . . . .

;:;:;;; shot 1 .* 9...*. •**e9.~* ●

shot 2 ● *******O *e*O***-
3.3.2.3 Shot 3 ● OOOOOae O ● ea ****_
3Je2,& Shot b ● .****** ● *e***** ●

13

13
13

14

u
15

X6

16
16
16
19
19
19
20

::
20
20
20
22

9

SECRET- RESTRICTED DATA



.—-...=. .--.-— , ---

;
;.:.””..& . . -...,*.

3J4 Analytid Hetb& . . . . . . .
3.b.l rFarticleSize Separation.
3.h.2 Preparationof SaIU@ea .
3.la*3 Radiochdsw. ● ● ● ● ●

3JJJI ~~tti ‘fec~que~ . ● ●

3. h●5 -t~tativa ~YB~8 “ “
3.b*6 AutiratioGapW . . . . .

CHAPTERIIRESULTS...*OO ● o-as

S.’k
5.5

CHAFTER
6.1

● O*-***** ● ***

● *9***** ● ****

● **O***** ● -CC

● *9****** 8***

● ******O* ● 000

● **O***** ● **O

● ******** ● ***

● ***eeee ● **b* 28--- -
Shot ltSize-OradedUut FrCm HOW. . ● . . . . ● ..* . . 28
‘Mae-llifferentlatdFa’Uoh. . . . . . . . . . . . . . ● . 32
Cozuparieon of Uqtid IS@ so~~d AC%~flWa ● ● ● ● ● ● ● ● . 33
LeackdlugstuM@sti**oe ● .**..**-**.* ● **33

5DI~S=O% . .. . . ...*..**** •*9*9**~35
Di8cwsica of~orn ...*.. . . . . . . .. *....35
~aluatiom of Size sep=ation d Au~rati$xaph ● . . ● . 37
Variat+onof Radioch@ical CompositionWith Particle
Size, Zero Point E2wtrwment, and Tti and Dlatance.
Ofcoll.isiono. o. ● **09 **BO* ● ********
Liqtid FaUouttidB-etige* . . ...9..*.***. E
Gross Decay . . . . . . . .oe o.*

6 CO:{CLUSIONSAND N?fMMENIMIOl?S ● -
conclw3ions..0*. ● *.* O*e -

APPENDIXA RADIOCHEMICA.LPRQCEDU=q . . ● ● ●

APPZ~X B CALIBRATIONOF THE ROLLER ANALYZER

● O******* ● us

..o . . . . . ..~6

. . . . . . . . ..L6

● O******* ● h?

.e **a.*.* ● a

s **** ev *** u

● a* ***@e* ● 55

● **e*66b ● * 57

●

10

SECRET- RESTRICTED DATA



. . ..,.

.,
-.... .

1---”
~...
I
,.

i

.

;::

3.3

3JJ
3.5

. 3.5

H
5.1

B.1

ILLUSTRATIONS

Tuo-PhaseC+Hector on Reject 6.S Barge in EnlwetokLagoon,.
Xnteriurof Two-phaseOol&c’~z ShouAngtiled DeliveryTube.
Interiorof Two-phasecollectorwith Chlorobenzeneand
l)esiccantin~ace. o.. ● o.. C........ .- o..
preparationof Two-rose Cdlecter Ga Jmet for Shot 6. . . .
i?ec~~evGf Totai FaUout Samples (Janet). , . . . . . . . .
Ion fichangeCokmns for Sodiumfmalysis . . . . . . . . . .
cvmthig,Rpip=bent b b~~mtay ~r~ier ● . . . . ● ****
Per Cent“Acti.YeParticlesva PSrtlfieSize. . . . . . . ● . .
ActitityConcentrationof .Sr89YS ParticleSize . . . . ● *O
ActivityCkmcentrationof Zr~s vs %rtide .Sze ● . ● . . . .
ActitityConcentrationof M099 va ParticleSize . . . . . . .
ActivityConcentrationof BaUO m ParticleSize. . .
ActitityConcantrat%onof C* w ParticleSize. . .

● ***
● eeo

Gro9s Acti7ityConcentrationvu ParticleSize. . . . . . . .
ActivityConcentration.of Cabs V8 Particleshe . . . ● e**
NegativeSlope of Gross Deca& w ParticleSize
From 110-200Dws . . . . . . . . . . . . . ..-. coeo -
The Roller &@MU’..* ● . . . .. ~...... . . . . .

TABLES

StationVacations. . . . . . . . . . . . . . . . . . . . . .
Tuo-PhaseCollectoroperation.. . . . . . . . . ● . . . ● .
Per Cent Active Particles- Shot 1, How Station.. . . . . .
ActivityConcentrationof Size-GradedFallout- Shot 1$
Hrlwst.e?.tcc.. . . . . ● ● . ● ● ● ● ● ● ● ● . ● .: . ● ● *-

R-Valuesof Size-GradedSaRPles- Shot 1, How station.. . .
Actitityand ParticleSize Distributionof Total Fallout
Sample FromHowStationy Sbotl . . . . . . . . . . . . . . .
c~~i~ ~~ofide Contentof Falloutfrom Shot 1,
HowStation. . . . . . . . ., . . . . . . . . . . . . . ● *
Ttme-DiffermtlatedFalloutShot ~, I?ouStation.. . . . . .
B-Valuesof l%me-tifferentla?edFalloutShot h, Pow Station.
ActLtityConcentrationof Soil md Liquid Fallout.. . . . .

409 Total Aktit.yof Solldand Liquid F’tiotiSmplea . . . . .
4.10 R-vdues of Liwid=d=lid Pdlout. . . . . . . . . . . .
5.1 Per Cent Spreatiofm .~uochdca Hyes . . . . . ● ●

S.2 PredictedvsObswved? articleSize Separationsby
StandardSieves. . . . . . . . . . . . . . . . . . . . . . .

5.3 F?x!dhtedw Cbserved%rticle Size Se~~stims by
Rol.lerAnalyzer.. . ● . . . ● . . .* . ● . . . ● . . . . .

.

U-12

SECRET-RESTRICTED DATA

.-.-—

17
17

U
21
21



,----------- --------- .- --------- . . .-. -. .J, .
—.. ”...— ..-.—..-

..

\

SECRET

.

.

CF$JT!CR1

INTRODUCTION

The objectivesOf Project 2.6b were to determhe:

.

.

1. The variationsin chemicaland radlocheu.icalcompositionof
solid falloutwith particlesize, zero-pointenvironment,and time
and dlstsnceof collection.

2. The chemicaland radlochenicalnature of liquid falloutand
base surge, if formed.

3. T’hemanner inwhlch gross decay rates are affectedty
variationsin radiochemical.composition.

1.1.1 Purpose

The purposeof obtainingthese data was for use in studyhg
basic problemsof f~lout phenomen~l~~. TIJeult~imateobjectiveof
t.hi_s and =;m~lar work Is t.o c?ht.aln dat.z wb!-eh nxy IW U$Pd t.n develop n

theo~ for the predictionof the militaw ef?cctsof operational
nucleskweaponsunder specific?ondftions. Data obtahsd to meet the
f%rst ob$ectivemay be used to ai.d.~nthe devela~ent of a n~~l Of
fireball.dynamicsin relatlonto $zrtlclefon=ticn. Llqu’idfallout
wa~ also studiedto g~in furtherins5ghtinto the histmy of the fall-
out materielafter its formation,and for documentationof internal
rzdiationhazztig. An Investlgatlonwas carrhd out on the relation
bet~een decay rzte ard r~dlochemlcal cmrosltion bzcauseIt appeared
that it might be applicableto the problemof predictingthe decay
cb.arzcteriztlcsof falloutmaterialfro= any operationaldetonation.

.

.
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THEORY AND BACKGROUND

2.1 THEORY

The ultimateobjectiveof studies in falloutphencmenologyIs
the predictionof militzryeffects from the operationaluse of nuclear
weapons un:ler any given field conditions.

The vzriablesinclude:
1. Type and yteld of weapon
2* Envtromnent

a. Surfacewat-3
b. Underw2t9r
co Surfacelad
d. Undergrcii
e. Soil type
f. Weather

In order to make th~se predictionsit is

.

.

necessaryto have a
ger.eraltheory of the fcrmationand subsequenthistory of fallout
!wltsrlal..%1+ a th+rv mls~ +ncfi!!p?.$$.------cti,tow57r-e4.9”--.--.”..““.

First of al? ther~ must b~ a model of fireballd~amics, which
determinesthe nechani~mof’fomation of particles (or drops of water)
and the distributionof the particlesin the cloud.

The mechanismof part%cle formationfor surfaceor subsurface
detonations5s Tore coqllcatecithan a sirFlevaporizationand con-
densztlonof earth or water with the Izco.rporztionof fisztonproducts.
There are a nunber of xays fn which the .actLvity may be associated tith
tke p2z-t~clez. The 2ctLvity may b9 cle~oslted fin the .surfsces;it !@y
be dispersedunifomly thrvlgh the pzrticlevolume; or it may be dfs-
persed in severalnon-uniformways throughthe particlevolume.
Evidently,tha r?odeor ss~~ciaticnis de?endentupon the =cchanism
of particleformstionand u?on the subsequenthistcry of the particles,
wh~ch p.zyprcxhce ck:nges such as ~?~lc~craticnzrd lezch~ng%J water.
The condensationprocess IS not thorough~~understoodand probably
vzriesWltb.differmt detc~ationsurfzces. The fzctors~hich detennlno
the Fz.rticlesize distrib~tionof the condensatehzve not be?n estab-
lished. In some czses, ~zrt.~cularlyundergroundshots,materialmay ti
thrown through the firsballwithout vz~orizationor even extenstvefusion.

.

14
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Radiochemistryprwides a prcdslng ap?roachto the study of
?article fonr.ation.The mode of sssoclatlonof aetlvityw%th the
particlesis reflectedin the relatlon~hipbetx~en activity(per
particle or per unit rass) and particlesize. FUrthemo?e, since

●

the di?ferentfissionproductshave differentchemicalproperties,
and sone have relativelylong-livedgaseousprecursors,they may
become associatedwith the particles in differentways (frzct$onation).
As a result dlrfkrcntnuclidesmay exhibit,on radiochm%cal analysis,
dif?~rent ~+~st*LGrlsh~~$ with particle SiZe.

Other featuressuch as transport’and depstt%on of falloutLnh
volve meteorologicalconditions,which are beyond the scope of this
project.

Radiochemicalfractionatim has been definedas any variationIn
the relatlve fission product nuclidoabundance.$ The phenomenonwa?
discoveredat w esrly stage of atomicweapons testingwhen it was
obsexwed that certain.flsslonprcduct ratios vary with the type z?i
locztion of sample.~ tiring the course of routinecalculationsof
cascade ti.pactorc?ata”frqOperationGRSENiiCUSE,~tho authorsdis-
covered that grcss fissionprotiuctdscay was relatedexponentially
to particle ‘jizeaccordfngto the equation,

NYD = Icefn,
.

where NKDsis the numbermedian diameter,n is the slope of the gross
deczy curve, and k and f are constants. It thereforeappearedllkely
that rzdiochmicsl fractionationw~s primarilya functionof particle.
size digtrlb~tionIn a sample.

OperztlonJA.NGLqaffordedan oppcmtun%tyto study fractionation
in greater detail. Size-gradedfallout from the undergroundshot was
Investlgz;edradlochemically.~”The Spgcificactivityof several
nuclid~swas found to vary regularlywith particlesize, In the range
from 50 to 70 ~. Mfferent nucll.deswere foumi to be distributed
differentlyin tha particles,a.g., Sr89 on the surfaceand Zr95 h the
bc-dyof the particle. A theorywas proposedbas& on the exfstenceof
gaseous gmecursors. Similar idea,shave been disccssedby Cadlt?~ and
tiLd~s et~.~ .

A similar investigationwzs undertakenat +eratfon IVY (Muton
et ala) ~or part~clesin tha range from 70 to 220 p for the study
of a greater number of nuclidesthan at JAMGLE. The analysiswas
seriouslyhamperedby the presenceof a large quantityof water in the
fallout samples. Certain nuclideswere selectivelydissolvedin s@-
nificznt auounts ard contaminatedthe inactiveparticles. As a result
m reliance c~uld be plzcction figunz for the ?er =ezt mtive prticles,
whtch are necessaryto correctthe specificactivities. For this
reason the rzdiochemicaldata hzve thus far defi~d theoreticalinter-
Fretatfon. They did sugg=~tsome strongpossib~i~ies, kwver. It
appearedlikely at the tire thzt F099, like Sr89, was tieposftedon the

surface of particles,pos5ibleas a retult of th9 volatilityof MOO
f?under the high temperaturesassociatd with themonuclea: experimens.

15
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EXPERIMENT DESIGN

3.1 TNTF07UCTTON
.

It was evidentlynecessaryto correctin the OperationCASTLE
stud~sssome of the apertiental difficultiesexperiencedat IVY and *“
extend th9 scope of ,their.vestigation.In otier to minh5ze the cctn-
tcminatlonof Lnzctiveparticlesby active sslutlonand to avoid
collectionof excesstveanmmts of.extraneousdust and rain, a new
systemwas devised for collecting.fallout,which 1s describedblow.
The rmge of particlesize under Lnvestigat%onwas extendeddownward
to5J1.

This operationprovidedthree types of detonation: .sunfaceland,
3urf2cewater, acd lnte~.edlats. Unfortunatelyoperationaldifficulties
preventedan adequatecomparisonof effectsfrom the differenttypes.
It was’originallyan objectivecf this px%jectto.stutiybase surge,
tmt the base zui.gecollect.lngstations~ere destroyed,&s reported~
Wllsey and co-workers.~

3.2.1 ‘IYo-PhaseFalloutCollector

This cqllectorwzs essentiallyan invertedcone, 2 ft in
diameterat the base, and 2 1/2 ft in height (Fig.2.1). The cone was
equippedwith a dust-proofand water-tightcoverwhich slid o-penwhen
a signal was received,reralnedopen for 5 hrs, and automaticallyslid
shut. ).pproximatelyb liters of a solut%on of carbontetrachloridein
chlorobenzene(one part c~rbon tetrzchlorideto five parts chloro-
benzene)x~re plzced 13 the bottom Gf ths ccllectw. Ona liter of
aqueoussolutioncontainingO.~ per cent Aerosol OT and 0.125 per cent
Versenewas stored In a containermountedon the side of the collector.
h delive~ tube from this containerextendedinto the collectorand
was sto~ered with a cork connectedto the cover of the collector(Fig.
3.2). Wh.m a slgnal%zs received, the cover opened retracting the cork
from the dal~ve~ tube. me ~quews ~oluticnflowedcnto the he:vier,
Irmlscibleorganicliquid. Wen falloutarrivedat ths collector,all
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Two-Phase CollectorShowingCorked Delive~ TUb
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solid raterlalS2nk into t,h%o~ganicphrse, and liquidfalloutYemahd
In the zqaeousFhase. The ACYQS91 @T, a wetting agent,was USed ti
lower th% t>t-rfac%altecs%~n there~ permittingth~ solidparticles
t~ +escend into the chlorobmzme solution. Verseneis an agmt used
to preferentiallycomplexam cations In the aqueousphase and to limit
my dlsttibctianof the cationsbetwe=n the two yhases. Carbon

tetrachlorideuas used to rninLmizeemulsificationi.nthe chlorobenzene.
A bzg CC desiccsntwzs placed In the chlorobenze~esolutionto absorb
zny maist~represent ~?Jy~q ,&~2p.lcphsse. (?i~,3.3)

Fig. 3.> Interior of l%o-Fhase Collectorwith Chlorob6nzene
and Desiccantin Pl%ce

Since the effi.cieneyof the collectorwas dependentupon the
concentrztlonof the xetting ag~nt and con?lexingag~nt,a reservoir
was mounted on the side of the collectorto counteractthe iilutlcn
of the zquecusphase by any ra fn~all thzt might occurduring the Col-
lectionpried. This second containerWAS equippedwith a h l/2-in
dtameterfunnel to which a cc.ndomv!asconnect~dinsidethe c0nt2iner.
Tf the rain fell into the collector,a co~Fzrzblemount fell into the
Ctlnnel,the~e~ swellingthe &OndOm. ?his would disrlacea 16 per cent.
Aerosol,!$per cent Versene so:ution fxm the cont2inerInto the col-
bctor, thus kecpirg the cr:~tzslconccntr=tiozsIn the aqueousphsse
const2nt. ~h.amouth of the funr,el wag ~~osed on]? when the COV8r of
the collectorwas open.

.

. .

.

.

.

.
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I

1

!

I
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After Shot 1 the concentrationof the ‘Iersefiein the a~uew

phase wag ch~.Sed‘0 1*75 Per cent”
Tineconcentrationof the reservoti

solutionwas also changedto 10.7 per cer~tACZWMO1OT and 4.7 per cent

q~.s~
A hand-contlm~ed &ate valve was located9 l/b in. above the

botbm of the cone so that the aqueou
phase couldbe easilydrawn off.

A quick-petig valve vas
located at the apex of the cone so that the

solid materialcould be dram off with the orgdc phase.
An evaluationof the collector

operationis givenin Appen&

D.

3.2.2 IntermittentFalloutCollectir—

This hstrment consists of a
seriesof 2b trayswhich are ex-

psed in twn to the fallout
for any arbitrar~periodof ti.’.’efrom 1 to

30 min. It was ‘Xed in this project
far the investigationof variations

in radiochemicalccmpd.tion with time.
A co~pletedescriptioncanbe

fou!!dinthe rcportoffio~ect 2.!%. ~

3.2.3 LaboratoryTrailer
.

Analyticalwork at the test site was carrn~dout priwiti mthe Sigr@l
the ~boratory trailerjRatiac Sec A:@+ ‘btaned ‘romAdescrip-
corps, which was set uP ‘n

pa,ry Island,EruuetokAtoll=

Lion is given in TM-U-!%37.

3.2.lt StationLvout

‘lNo-phasecollector were located as sl;ovnIn Table 3.1.

TMLE3.1 - StationLocatio~

Islands

How
Nan
Victor
Yoke
Ilravo
Fox
Oboe
Tare

~wetok Atoll
;:ack

project6.5 ~arge
Janet

Distancej
shot 1

97,730
122,230

62, 9XJ
51$*1.L70
L?,740
50,600
83,660
77,800

ornGround

~

69,280
28,L30
IJ3,190
59,520

%#iP---

117,700
35,000
lc,ljlm

XJmo
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3.3 OPSRATXOVS

3.3.1 General Procedure

Tho generalscheme for prep.wat~n Of We t~+~se ~~~s
ma as follows:

.

1. The-ra-h-displacement reservoir waa filled with 8olutlon
and adjustedso that additionof 2 drop of water b the flmmel caused
1 drop of solutionto flow into the collector.

.

9 Th~ e~pro~+~z~~-n?...-.-e -k?.~be~~~;e.~~-%oz tetrstic~.d.e.“*-..”“* -.-u.“
ti.ure-&a &tSad togetherwith the bag of deiiccaat,and tte li@d

I

level wee measured.
3. Mter tisertionof~t& c;rlc)adclooureof the coyer, the

other reservotiwas filled.
Recov~ was made in cmj&ct;on with the recov~ operationof

Project205b. The general scheme for the recoveryof the total fall.
Q$-*J?zqo~~ y~, g~ *ml?num.--—--- .

1. Upon arrival at the station,the aCtivW ~aa r=r~d.
2* The cover of the two-phasecollectorwas epea~ abnorma-

litiesinsidathe co~ector were mted$ ~d the liq~d level was
rneaeured.,

3. The valve on the side of the collectorwas opened, and all
the aqueousphase collectedIn a euitableCOn_-.

b. After *he aqueousphise wee drawn off, the Alorobenzme
phase along with the solid falloutwaa collectedthrough the quhk-
openl.ngvalve at the bottom of the collector(fig.3.~).

3.3.2

3.3.2.1 shOt 1

The .%ot 1 device
near Charlieat tis local

.

.

was detonatedon tie reef of Bikini Atoll
time, 1 March 19%. Sampleswere rewvered

‘byneiicopteron wti and D+S and ~etumed M Parzy Islandby destroyer.
Analysiswaa begun on D+6. only tile How samplewae suitablefor part-
icle size work.. Samples from Victor and,Fox wer~ used for wmparisoa
of squcotusand solid phases. A crater samplewag obtuinedfrom Ta?k
Unit 7.

.3.3.2.2 sbt 2 .

me ,Shot2 device was detonatedon a baige l-nthe Shot 1
crater at 0630 local time, 27 ikch 155b6 ~ne tin-phase muec~ra
were xwt actfvated for this event. A ground sample from Ab18 and
iiquicix~m the craterwere obttied from Task Wt 7.

3.3.2.3 shot 3

The Shot 3 devicewas detonatedon Tare at 0620 local time,
7 April 1951A. Sampleswere recoveredby helicopteron D+l and returned
b Ps-ry Islandby see-gclngtug. k~sis vss begua on D3.
sampleswere obtahed from Victor and Yoke, but were quite ati on

●

✎
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Fig. 3.4 Pfeparatlonof Two-FhaseCollectoron Janet for Shot 6

Fig. 3.5 Recovew of Tot~ ~-~~t S~P1es (Janet)
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account of the 10V ;cleldof the de?ice.
from George. ,

3.3.2.b Shot &

~ The Shot h device xes detonated

A groundsamplewas obtained

on a barge in the northern
r,

part of Bikini Lagoon at 0610 local time, 26 April 1954. The two-
phase collectorswere not activatedfor this event. Samplesfrom the
~.te~ttefit fallout collectoron pow were obtainedfrom I%oject2..%.

l%ia project did not participatein shot S. X6 satisfactory
sampleswere obtaimd from Snot 6. A surr~-~of collectorogeration
IS @+en in TabIe 3.2.

●

✎

Tj@LE 3.Z Two-PhaseCollectorOperation

Stitiul shot 1

-

shot3

I

Dld not oprat.
?fOtorbxl-doutboforo
shot on aeeountof shot
dam-o

s.ticlfwto~
satisfacto~

.

3JJ*1 Particle Size Sepwation

In order to meet the first objectiveGf t~~s project,it was
n~cezs?ryto size ~ade t“hesam?le in such a manner as to providea’
sifificientqutity f.Rea& size range to perform the reqairefianalyses.
For this reaeon it was decided to uze sta~dsrdsieves down to the
.mallestparticle size possible and the Roller analyzer below that
point. The ltitatlorxs of these t.echnlquesare discussed5n
section 5.2.

The mhture of solid fallout and approfiate~ SO ml of the
cl&mobenzene from the tUO-phaSecollectorwas slurriedon a Lb P sieve
and permitted to settle through the sieve. l%i~ procedurewas repeated
thee times. The sieve was then tilted and the chlorobenzenesolution
that had settledtk”ough the sieve was re-addedwith a droppingpipette
so that the solution settled through a? exposedsectionof the sieve.
When all the particleswere washed to one side Of the sieve, the sieve
wzs tilted h the other &lrectionand the process repeated. Care was
~~rcised to keep one ~~cti~nof the sieve clear of large pSrtiCleS

●
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so that the small particlesin the wash could ~ettle throughwithout
being blocked by lzrge particles.

The particlesremainingon the sievewere washed with approxi-
mately 20 ml of ~cetoneand dried. These particleswere then placed
In the Roller anaiyzzr;ail particlesbelow LC)’PIn diameterwere ,

blown over into an asbestoaco13ectio.n th~~ble. T~g st@P neat~
reduced the number of fines in the largerparticlesizes. These
large particleswere then sieved dzy with mechanicalshakingfor ~
tin into 9 cize-fractions.

The smli particiesthat had seitleawith the c“dorobei@ei&e
throughthe M p sieve were centrifigedswashed,~th aP?ro~titelY 2~
ml of acetone,and dried. ‘Theywere co~binedwith the fractionbelow
1+0pthat hadbecn ~eparated-bythe Rolleranalyzer. (see Appenti B)
This ectire sa-plewas then separatedby the Roller analyzerfito S

,.

size-fractions.
Particlesizes are reportedas mean vohme diameters:

3.4.2 Preparationof Samples‘F ‘

The various fractions of.the size-gradedfalloutwere wei@d,
dissolvedin 5 ml of cone.nitric acid, and heat@d to ~s~e c~mplet@
dissolution. Hiquots of the aqueop phaseswere fumed to dryness
twice with concentratednitric acid and then with a mixtureof nitric
and perchloricacids. The final solutionswere made up to volume
with water. Aliquotsof all solutionswere meaeuredfor gross activity

. and decay. Other liquidand solid sampleswere treatedin a similar
manner.

For the leachingstudiesa wei~hed cpontltyof the soltd
● falloutwzs placed in a sisteredglass cruciblemd slurriedwith 10

ml ofxater for 10 min. The mixturewas filteredthroughthe cruc blei
and the filtratedilutedto volune* The cruciblewas dried at 110 C
for m min fin,al da/--- . . . -..--- =n.d u~~~h~d t.o rb?t.qvine +.howei~ht c.fsample
removedby the leactiing.Subsequentleachestiere carriedout with
dilutehydrochloricacid vhich pernd.ttedgreaterdissoluticcof the
particles.

.

3.)4.3 Radiochemlstrg

Na24 an ;<~99ana~s~~ ~ ,
i!

~~e performedat &5the test site; Ca , “
Fe59, &. 9, zr~ , 13a~0, and Cel~ ,analyseswere performedat the
Amy Chemical Center, Four allquotsof ez 5 samplewere taken for
each analysisexceptin the case of the Na$&?rocedurewhere only
one a]tql~twas analyzed, The reported results are the
averages Of the fo’urallqcotg,

The separationprocedure~U1’UA‘-89 and ila~o is essentially
ti}at of Gler.deriri.11/ The G,nlysi(yjificantmd-ificati.cfiis that the
barium is final>~~~ciaitatcd an nountedas the chromate. The
proceduresfor Zr?~, 1:099,and C& are the rethods ezj)lcyedby the
?actiocherist.~Group J-1.1,

{
Los Alaws ScientificLaboratory.12 The

-4;;a24~fidCab analiseswere &veloped by t5eselaboratoriesan are
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SECRET- RESTRICTED DATA

.. . .



2b
describedin AppendixA. ‘Thei~fiexchangeCOIUIWMused for the Na
analysesare sk.ownin Fig. 3.6. Exterminationsof Fe59 activities

Fig. 3.6 Ion EkchangeColums for %diun Analysis

were atxc%ptedby gamma ray spectrometrfcana>~ses. All radiochemicti

sampleswere fi!o~utedin the2centerof 2 1/2 x 3 1/2 in” al~num Cads
and covered‘Ath o.~~ W/en pliofi~~c

3.!/.4 CountinSTec!migues

Co’.mtingwas corriedout with thi??mica window CiHcounters
mountedon Lucitestages. These stages w’erc of the same basic
de~ip ~~ the Corflericalr~dels sUCil 33 RCL .~ 11~~~~e~ Is ‘otified

by these Laboratoriesto provide an absorbershelf md to Mprove
reproducibilityof counterpositioning. The stages?.~dcounters
were housed in TechnicalAssociatesModel LS2 verticallead pimc
Outputwas fed h BerkelJ2M10 scalers. The counttigroom In the
laboratorytraileris shown in Ng. 3.7.

-- --. --:..- - -, ,-r. . . . . . *.- .’- .“. . -
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Every samplewas &untd for a tot~ of 10,000 touts or for
whlchevsFoccme d first.

The f~~

a total counttigthe of 30 dn8
prodded for a O % error of 2 p- cmt (i*e● S.a 95 P= cat ~babut~
of behg within 2 per cent of the true countbg rate),but a tti--- ........ ~~.,>no cf t.?w-rk bad+_--La .A*-

I%a backmwd
xea”A’&G”*”a“- -.... -d -------
was tcntinwmlY monitireduith a Gcner~ Radio cmnt rate meter,$o
ticate aq severevariatio~ in the backm’md which would inv~date
the count- done at that time. C@ntbg rates in excess

of XQO dm

were correctedfor coti~tice lots.
Standard of each fissionp’rodwtof interestwere SepSrzt8d ‘

from a sampleof u~3s irradiatedwith tliemd neutrom I.uthe Broohvm
reactor. ~ese stmdu& usre used for three p~sess

1. Cross-@ Mbration of oount=s for =ch sh= psitti~
WU cotiers pl.cced LII cervice later in the operattinwere cross.

.

calibratedby means of fissionproductsseprated from tha f.,lloti
Ga@e%

2. Ratioa for the atatirtizationof R-v~ws. (R-vdw are
obtaind by dVi~ tho obs~ed ratto of &o nuc~des b a shot

8a@-e, coti=ted to zero
time. Ly the actititvratti of the same

235 countedurder the
zwo nuclidesfor.thermal neutronfissionof U

,
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3.. ~onversionof cou!ting ret es to microcurf es. Althou$l “
the primrf inte?estof this projectwas in relativeactivities,
advantagewas take? of t~.esestandardsto calculateabsolute
activities. Since the neutr~ flux,wei@t of ‘$35* ~d fission
yields ~ were known, it was possible to obtafn for each fission
product of titeresta rati m for each counter. The$ of pc to c/
fissioncross sectionof U 35 was taken as 575 barns.

INceptin the case ofverf lone lived nu~idess counting
rates wer? read fronsmoothedtecay c’urres.These valueswere
correctedto zero time, 100 per cent chemicalyield, zero added
abzorb$r,and sta..dardtube and zhelf.

The correctims to zero sdded absorberwere based
Data for C#%dabsorptioncurvesme,aswedin these h$ratories.

1<.99~!erecorrectedfor self-absorp,tion~,d self-seatte ng. ne
3err ra introd ced by neglectingthese correctionsfor S 9, Zr9SB

P hB“al@, can Ce ~: are discussedin Section5.1. The alw!dn?nacards on
which tke samplesvere mounted provided inllrLteback-scattering.

For the goss activitymeasurementssmall aliquotsof the
dissolvedsampleswere evaporatedin glasz countingcups. The counting
techniquewas shrilaxto that for the indititiualnuclidesexcept that
the various correctionswere not attex?ted.

Gross decaymeasurementsfrom 110 to 20(2days were performed
on aliquotsof the dissolvedsize fractionsevaporatediiismall glass
planchets, The counttigwas done with thfn mica end window GM counters.
The physicaZgeo~.etryof the .Vstemwas d~fiwd by a hole in a 3/8 tich
br~zs pl~te whic5 finirlzedthe contribcttonof side scattering. The
total absorptionbetweenthe sample acd tbs sensitivevolume of the
countercorrespondedto about 6 mg/cm2. The countingrates were
correctedonly ~or coincidenceloss. Since absorptionapd scattering
effects aye rore or less si~ificant de~endingupon the beta energies,
the slopesof ti]e FOSS decay curves cannotbe directlycorrelated
with the radiochemicalcompositionunless these peitinentcorrections
p,z.<z%.-..-.*-“GG,L,Waue.

3.4.5 QuarititativeAnalysis

As a resultof the tremendousheat generatedby the detonatlon~,
large volumea of sea water were evaporatedand sodium chloridewas
incorporatedin’~ the fireball. Blmney and Ballou 13/ concludedfrom a
thermodynamicstudythat chlorideion would be the predominantform
of chlorinein the fallout. They reasonedthat the strong electro-
rw~at,ivityof chlorinewocld czuse it to react at his! ten?crature
with alkali and zone other metals to fern chlorides. They do not
_..-4A- CpA~oiz~ZS
*“..”*=*. =id p-S=Chki=~eS poss~bh at il~gh tt31iperatureo
?or further irdforqationwith re~azzdt~ ~~.~~tioncl’the particlesill
the fireballaI??tb.eirsubse~;uenthistory, the chlorideTon concentra-
tion wa3 determinedby the Volhardrriethod~ in each size-fractioaof
the failout.

The calci~qi~~ co~ce~tratiocf~r each size-fractionof the
falloutvas also i~t.er~inedby the method describedby ‘?readwe~and
;Iall151. T2is ~roced~’rehvolves tk,equantitativeprecipitationof—

I
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the calcium as the o:<alateand then the tltr.lnetricdetermtiationOf

th+ oxalatewith Potazsiu permanganzte.
The s“crfccewater shots va~rizcd the 250 ton steel ~rges

uamn whtch the deviceswere detonated. Tne coficcntratioaof iron was
-. measured irithe fallout from these shcts by a calorimetricdetermina-

tion of the fntensered complexformedby ferrous ion and o-pbenan- ,

throline.16J

.

.

P4rtionsof size-gradedsample fractiofisuere studiedauto-
radiographically.Each.fractionwas monitoredW estLnate its radio-
activity,then depasitc<on Nuclear Track ~~t~ stri?r~: f- and
exposedfor a tim~ estimateato give good contrastbetween radio-
actititi~-’affectedfilm areas and back&roundareag. The developed
autoradioflaphwas exa-?inedby microyojection ta meas”me the particles
and determineit they >:ereradioactive. This yielded gross size
distrib~tionsradioactiveto total particlerati~a PSndwhere their
number uas statisticallys~~ficient$radioactiveFarticlcssiz? dis-
tribution,

The per cent active particledata were calctihtedon a volme

hasiss (X ni %)3
$Acti-ve- ~ activex 1!)0

(z ni di)3tota1

The detailed techniqueis describedin the report of Project
~.,co
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RESULTS

Tn orx!srto obtalm activityper unit weight of activeparticle8
only, correctionrust be made for the per cent Of inactivep~ticles
in the Szrple. The values for p+r cent act%ve particles (W volme)
obtained from the autoradlogrsphs are listed h Table 4.1 along with

TABL~ tiol per &nt Active particles- Shot 1, HOW Station

k
Particle SLze

in p

5.08
10.3
23.3
29.5
43.7
62.4
70.5
E5.8
113
116

L%__!

ObservedPer Cent Active
Particles

63.7-
36.5
48.!5
84.8
95*3
84.5
75.8
91.6
75.4
79.9
96.8
96.9

Per Cent’Activa
Farticlesfrom

11.3
35.8
49.6

2::
86.8
86.8
86.8
86.8

2::
86.8

.

t

+’

*

.

the decay curves,
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Fig. 4.1

“lnp
-
5.f)e
10.3
23.)
29.5
la3.7
62.k
70.5
85.6
113
116
~72
225
239
‘w

CXAMETER $4 MKRON$

Per C7nt ActiveParticlesvs Particlesize

ActivityConcentrationsof Size-Graded
Shot 1, How Station

—

Ieti*ity ?ancentratlon In pelw
of Mot P*rtielns ● t 7eIV TM

1 I I 1

rosa *etlvity
>nc*ntratiOIl
f HotParticles
n lrbitram
nitsat 0+7JV*
~

60.6
20.9
8.*
5.34
;.:

2:96
3.33
2.6s
2.59
2.60
2.33
2.33
O.*

*

Fallout-

— -—
29.1
21.3
9.83
9.27
7.~5
1.21
b.c%
7.70
2.57
3.P

I
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Tabia 4.3 lists tineP-values,standardizedby use of data frou
thermal neutron bombardment of u235 b the 13rook_havenreactor. TIMS

TABL!?b.3 R.?aluesof SizeGraded Samples - Shot i, F- station

Su!l&
5.9(
10.3
23.3

;:;
62.4
?0.5
85.8
113
116
172
~15

~39
i&-

Q
R-Value

~F . 95 l?alQO—
m. ~ .=———

2o.3x1o-2 3.34X1O-1 8.12x10~;
II.5X10-2 3.88x10-1
.!?.?2X1O-24.39X1O-1 ;:::%
9.OOX1O-2 4.5OX1O-1 3.7*1O-1
8.55x10-2 6.53x10-1 3.2ti10-1
7.56XI0-2 3.16xlo-~ 2.41X1CI-1
7.9$X1O-: 4.I3X1O-1 2.54X1O-1
9.43X1O-4 4.45X1O-1 3.O7X1O-1
1O.WO-2 3.16X1O-1
11.5X10-2 3.37X1O-1
g.87xl&2 3.04XI0-1

2.8%10-1
12.6X1O-2 4.49X1O-1
7.41X1O-2 . 2.7?~l0-1

5.?Axlo-~
5.1QX1O-1
5.92X19-1
6.66x10-1
3.49X19-1
3.37X1O-1
4.38x10-1
4.O3X1O-1
3.76X1O-1
3..52X1O-1
3.13X1O-1
3.59xlo-~
2.20XI!3-1

R-value Is o’otatiedby dividinzthe ubse~ed counting rate ratio of two
nuclidesat zero time by the c%es~ondi?g ratio fOr-a stzndarclflsslon
samplecountedunder the sane conditions. Tablg 4.4 lists the weight.
total Zctivity,.=& gross Ascay exponentsof one size fraction.

The sanplescontainedless than 1 per cent Cl-. It wiuirealized
late in the operatim that chloridewas lost from the samplesby heating
with nitric acid. Howeverthe same resultwas obtainedvhen the analysis
wns run on a portionof 1 siza Tracti.wdissolvedat roo~ temperature
umier non-oxidizingcorxiltlons.Analysesfor Fe+ ln<5.eat4less than
0.074 pgr cent: Quantitativeanalysesfor Ca+werti used in conjunc-
tion with the total smple weizhtsto calculatethe Ca(OH)2cont=nt
of the size-graded
two particle SIZ9S
sizes ‘Mch” cam~t
coral in a mortar.

samples. ~-e resultsars giv~n h Tabl; 4:5. The
having the highestCa(OH)z contentare the same
b,>obtaiae~in sig~fi~ant q~antity by $@ndiw

No ?e5g was detectd wit”-the gamma-rayspectrweter.
.

.
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TABLE k.4 Activityand FartielaSize Distributionof
Total Fbhut SaznplsFrom %w Station,Shot 1

T
5.06 2.W1 iJ.lb7
10.3 0.975 3.19
23.3 O.ilz O.*
29.5 0.923 3.02
lb3.7 0.597 1.95
6z.b 1.031 3.36
70.5 0.522 1.71
85.8 O.MO 1.31

11) 9.W 1.33
1L6 o.&6 2.11
172 0.691 2.26

Gross ,~.ctlwlty Par cant
inArbltrerY of Tot&z

WLto ●t 0+7 Activity
— :*?*..

7.ji -Tz!F
2.29 5.59
;J;3 0.758

1:% R
3.22 7.96
1.30 3.1?
1.16 2.83
0.950 2.32
1.45 ;.g
1.%
1.58 3:86
1.* b,n3

;l* OtLOg-L4
;7-0s9kay c cross bcay Curm
B5 to !M30 0+110ti -*170

-2. *~
-2.0 -1.20
-2.> -1.31
-2.0 -1.09.
-2.0 -1.13
-2.0 -1.09
-2.0 -1.18
-2.0 -1.lb
-2.0 -1.22
-2.0 -1.17
-2.0 -1.15
-2.0 -1.1s
-?.0
1.6 . 20

TA5LS 4.5 CalciumI?ydroxldeCtmtsnt of Falloutfrcm
shot 1, How Ztation

Particle Sizes in p

5.08
10.3
23.3
29.5
43.7
62.4
70.5
85.8
113
116
172
215
2J9

Per Cent Ca(CH)2

11.1
40.7
100
16.0
28.1
?7.2
12.2
15.4
12.8
26.3
23.6
16.8
12.6
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lh2 TTY% DI?F5RVTTAT?D FAn

sti llq.u%dsampleswere madeby cmblning sever~ SWleS o~
talned ever 33 mirtphriodsby the intermittentfalloutcoLlectoron
MOW (Shotk, Project 2.5b).”These samplescontslnedlittle solid.
Fls.sionproduct activitiesand rilllgrzmsof ?6++ per milliliter of
falloutar? given In Table 4.6. %vzlues are given in Table k.7.
No dry sarpleswere obtained.

T!.BLE4.6 Ttie-JXfferentiatdFallout
Shot &, How Station

. .
The (After
Shot) of sample Actlvtty ~ri v.cfml of.

Collection in
_ hr SF8? yo99

2*60xlo-~ $.glx~
;:; : ; 4.98x10-3 l.obxlo-f
8 -9 4.b3xlo-3 1.98X1O-1
9 - 10 1.61XI0-3 2.47x10-2
10 z.1%10-3 2.91x10-2
11 : :: S.66X10-3 7.G6X10-.2

allout at

_ 13a14Q

KgXii=
3.78x10-~
2.89X1O-Z
8.bIX10-3
9.29x10-2
2.87x20-2

‘eroTime Fe++ In
_/.~

=+=

,Celu$

3.6x10- 5.3xlo-
6.4xio-2

1
?.6OX1O-4 3.:X10-3
I.35X1O-4 1.4X1O-3
7.L5X1O-5

9

2.310-3 i%%~

TA.BLE4.7 R-Valuesof Ttie-M??erent~ated
Fallout Shot 4$ How Station

L
3.5-5
a -9
9 - 10
10 - 1!
11 - 12

Sra?[l’ogg
0.702–– I 9.788

-#__LwL
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4.3 CWP#RIS9N CF LTCTJTDA}?!lIsOLTD ACTTVTTT

Table 4.8 lists the activityconcentrationof
fallcutsamples.,,Ictivitiesper milliliter are not

. because evaporation ?de It bposzible t? deter?rine
llauld collscted. Unless otherwisestatedthey are

Solid and liquid
2

from the tvo-phase
coilector. The emulslonfrom Shot 3 was a mixtureof chlorobenzene

. and water; Its zct~v~ty”was shcwn to come from the llquid fallout.
Table
given

4.4

4.9 lists the correspondingtotal acti.v~t~es. R-valU*3 ~m
Ln Table 4.10.

LEP.Cq?fiSTUDT!H

Leachfngstudieswere abandonedafter It was f~undby independent
experimentthat readsorptlonof activityfrom the l-ch solutionmakes
it iinpossiyleto interprettineresuits.

.

TABLE b.8 ActivityConcentrationsof Solid and LlqutdFallout

.

.

?xllout Samr!lo

2?L2U

Fox Saltd
victor eolld
Crstersolid
Cr~torliquid

Sh!2u
Cr~tmliquid
Abl-8elM

Victor solid
Victor aquscua
Vl:tor mmlslon

+39
—

2. UX1O-3!EU
8.7UX10A/W.

.!
IJ.9X1O-6 mg
2.OOX1O- /d

2.02xlo-3/m2
l.mw~fms

14.uxlo-Q/mg
3.85x10-3/d
2.21.xlo-’J/d

kct

>95
——

5.b5xlo-3/ln4
i.ltilo-~rw
1.73XW41%

ltyln pa at?

MJ99

?.93xlo-ifd
5.&9xio-lfd

i
6.9x10-2xc
8.7@x10-fml
f,1.ZXIO-ZIM2

3.27X1O-%S
2.61x10-zhw
2.38X1OJ$IXS
1.XX1O-%

9.edo-4fmg

9. 13xloJ$/ms
7.9eAo-3/xl

*X10J+IX2.

lAzxio-3/mg
1.6N1W319S

3.7O%1O-3I*

I

.
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TJ.3LE~.9-..:%:.!,
Total Actktity of solld snd Llqu%d

Sarple

shot 1

FOX solid
Fox acpeOUS
~I~ctorsoltd
Victor aaueous

shot 2

L.ble sol$d
hkle leach

victor solid
Victor aqueous
I%ctor emulsio~

Fallout Samples

3A8X1O-1
1.*

1
3.:5xlo--

1.75X1O-1

7050X10-:”
1.62
9.76X10-!

:tivl.ty inj

AL!
7.90XI0-1
1.82
10.7
3.69X1O-1

9,R?X1O-1
1.9 -~
-j.l$xlo

: at 7ero Time

-

3.63X101 4.72 2.62xlo-
7.35X131 1002
4.81xi02 25.0 1..58
2.mxlo2

!

2 9,58X1O-1 3.76

;:;:.%

.,

l.nxloi 1.55X1O-~ a.?&oxlo-

?.69 3.36 3.63xio-
2.92x10~ 1..9+

T;9L? 4.10 R.T,rz~~esof Liquid and Solid Fallout

Sample

Shot 1

?OX solid
?OZ aqueous
l[ictorsolld
Victor aqueous
Crater solid

.Shot2

Crater liquid
Able solid

w

victor solid
V~ctar a~llecus
victor emulsion

@9/yo99

2.31X10-1
3.39X1O-1
4.17X1O-2

la5~l(rl

1.65XI0-1
7.5OX1O-3

R-~:~

Zz2!u22——
4.73X1O:;
5.36X10-1
4.87%10 ,
2.85x10--
5.10

1.84
9*39
2.6X1O-1

%

SE CR ET- RESTR

5,p5xli@ 8.68x16-1
6.2~10-1
~oyxlo-i 3.94X1O-1

1.51

-Lc 0<+0-2 9,OOZ1O-1,.,,.-
h.lo 11.7
2 78x10-1 ———“
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DISCUSSION

5.1 DTYYJSXON OF ERR(XS

*

.

The statisticalerrors in.the countingrates have been mlnL*lzed
vhenever ~~zslble by reading the a“ctivltlesat specifiedtires from
smoothd~czy curves. The oh%ssi.on of a self-absorption- sel -scatter-

5 95in correctionIn the reductionof the acalytlcaldata for 5r 9, Zr ,
f?a 40, and CelW has Introducedac?ditlonalerrors. The maximum

possiblev2rtatLon, or spread, in the data that this Cmlss%on can
produce Is S.5 per cent for S#9, b.6”p~rcent for Zr95, 2.7 .p.’rciwt
for Bal”O, and 10 per cent for CelW. Thesemaximumpercent2g~swern
calculatedby taking the differencebetweenthe extreme self-:.b$Z~tlon-
zelf-scatteringcorrectlonsforall the samplesand ditidin& bjJ the
averageof th~se two corrections. The self-absorption-self-zc.,tlerlng
correctionswere estlrztedfrom the data presented ~ !Ingel!..*r~lret
al.~ In all cases the errors among the four aliquots of any one
sample are ruch sraller than the maximumpossibleerrorpre~~-ted%Ore.

~E+se t.VOso~~ycesOf eyrors are comb~~ed in t,hc est.fi:+te v(’ t?e

totpl error for each analysls. These estL7atesare report~ a~ ~yre14s
in Tabl~ 5.1. ?.3h the calculaticmof the maxtiumpossiblee:-~.r !SIe

to self-zbs~rption- self-scztterhg effects,,the

spread = hlgh+st value - lcwest value x 100
average vzlue

Tn general the sprezdsare zpFrwimately txlce the st~ndati ‘,-v’.*’Y~~.
In the calculationsof the ‘-valuesthe sprezdsara ccmround::+; :?*
equatim

(

1/2
SR = S:+s$+s$+s;

)

where SR = Spread of the F&value

S1, S2, S3, and S4 = tke sFreads of the Individualanalyses?cr :he
nuclidesIn question(Cf.de?lnitionof ?-v&:10
section4.1)

s~<RET - REs~f/jcTED DATA
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T}3LE 5.1 Per Cent Spreadsof all ?adiochemlcd Jndyses

Shot 1
Farticie .SIze
w
5.o8
10.3
23.3
29.5
1.a3.7
62.4
?o.~
85.5
113
116
172
215
239

>jm
FOX Soliti
Victor solid
Crater solid
Crater liquid

shot 2
Crater l~quld
P.ble
Ground sample

Shot 4
Time of sample
collect,lonafter
shot (hours)

;:; : ;
-9

: - 10
10 - 11

r-

. P&r Cent Snread

Y

lb,10

12.2
12.7
5.22
7.38
~~.?
6.70
12.4

12.5
0.613
31
fjmo

11.1
8.@
5.43
14.2
4.77
c -+,*.&

;:2

3.26
9.00
31.1

1.6o
10.9
16.3
4.06
11.4

1.14
6.o4

13.7
14.9
2.38
5.S$
8.61
‘8.39
9*57
2.46
9.55
4.16
8.61
24.0
5.02
1.77
3.65
8.70

1 6.98 5.65

1.29 27.6 3.?0

m -
39.3 4.51 21.4
40.9 11.1 5.74
17.5 7.89 b.zo

20.8 4.13
8.62 15.6
2.95 5.:2

10.7 11.1
8.06 7.09
2.16 4.30

TjalQO

6.bl
3.82

!).0
16.6
5*55
16.0
5.38
6.]0
4.76

2901
5.38
12.6
23.2
3.74
18.0
4.72

1.56

14.3
5.81
b.u+

6.31
10.1
0.73
2.51
4.96
35.7
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Cel~_

13.5
1.35

10.4
1.18
11.5
k.65
8.02
3.45
6.39
~.~~~
5.45
4.51
6.76
24.9
13.4
6.58

-

-

2.36
21

7.58
12.9
3.93
9.23
50
3.70

:=45
—

2.8:
50
+4
13
4.2
Lo
22
)8
8.4
14
18

.
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In the calibrationof theeonntlng equipmentta yield disirAegra.
tfon ratist calculationswere p-f cjrmedinvolvlngtheflux ofa
th&rmalneutroni.rradiattonof U23 and the fisslon

%!
elda of p-

thent.nucU6es from tlw resultantfissionof the U2 . If the
neutronflux and fissionyields are each assigneda precisionof

. 10 per cent, the microcurte Talces have an additionalerror of about
lh per cent independentof the analyticalprocedure.

All but two of the Zr95 analysesperformedon the size-separated
. samplesat early times after shot had to.be repeatedbecauseof wide

variationsin results. Better reproducibi~ty was obtaiti when the
analyses were made ~ mntbs later. There appeared to be poor exchange
between camier and tracer In the early analysesbecause almost identi-
cal chemicalyields among the aliquotsproducqisi~ificantly different
actitit%es. Similaranomalousbehaviorof tracerzirconiumhas been
obseryedin these

?
boratoriesduring other investigations. The poor

-reads In the Tab analysescan also be attributedtO PoQr ~~nge

~~! has also been reportedby Jacobs and Jo~;. ~
ertieeb~t”uu~il the CSrii~~ Gi& ‘ti-acer...... ch&-Gc+AFLzt%cs:

The BaMo contaminationof the so$um analyees has never been
resolved. Repeatedattemptsto simulatethe test shot sampleshave
tieTerre~r~ducedthis baxim ccmh~irst%c> in the sodium frzctionof
the cationelution. No satisfactoryexplanaticncanbe offeredfor
this anomalousbehaviorof bartum which has been observedonly ia
these shot samples.

5.2 EV4LUATICNOF SIZE SFPARATJGNAXD AU’PJRADIOORAPHTECH’NW3JES ~

. There are certilninherentdifficultiesin any method of particle
size separation. Standardsieves are quite satisfactoryfor discretu$
sphericalParticlesjalthoughthe size fractionsobtainedshow ●

. ,conside~gbledistributionof sizes on accountof variationsin the
spacing of the screens. If the p~rticles are irregular in shape$ they
may piss though the scieens in vartcus orientations so as to produce
.veqy broad distributions. l%anglble or agglomerated particles may be
broken up by the agltatlonnecessaryto carry out the separation.
These factorsare greatlyinfluencedby the lengthof time the u~evea
are’shaken. This time was kept to a minimum in order b minirize these
effects. Neverthelessthe size distributionswere quite broad and did
not comparewell with the sieve sizes, as may be seen in Table 5.2.

.

3?
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TABLE 5.2

Predictedvs ObservedParticieSize S~p&r&tlonsby StintiardSteve8

Size !?angeof SLwes
(!1)

l&j3
53-62
62-?4
74-.!38
88-105
105-125
125-149
l&~-li7

dv Hmber of Particles
(o,\ qc~nted

62.4
85.8
70.5
113
116
172
215
239

The fr?ctlonfrom the 62-74 p sievehzd a particularly broad
distribution, so that all data associated with it should be vlewd
with gre2t suspicion.

~q Rol]er an~yzer, US& hem for particlessraller than 5~ p,
movides sh~rnerstze separationsless sensitiveto particleshape.
than the siev;s. On th~”otherhanclit Is nore likely
frzngibleor agglomeratedparticles. A comparisonof
with observedsize is given in Table 5.3.

T}WE 5.3

Predictd vs ObservedParticleSize ZeparatlonsQy

to break up
czllbratedsize

Roller Analyzer

*

Calibrated Rxnber of
Size ?ange (t Pzrticles

(p) Co)>nted

D-5 5.c18 4443
5-1o IO*3 743
10-20 23.3 376
20-30 29.5 1089
20-@ 42,*7 429L

~ro~ recent a~torad~~graph~c ~tud~es It hzs been found that the

experimentalcieterminztiunof the per cent activeparticlesin the
lower size rznge may require a co?rectlonunder certah cond~tlons.*
l%ls results fron ex~ertiental limitations as to the size and specifta
activity of a particle ~;n%ch m:.y be c!etected as hot,

*This discussion
“French of these

of autoradiogr~pherrors is due to W. RobertJ.
Laboratories.

3“
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The ~etectim of a particle&s hot depardsu~ the number of
silver grains exposedin the film, and the determiningfactor In such

a measuremmt is thg total flux (radiatl>nper unit area of observation
par unit tine). This Is a functionof the activityconcentrationand

. of tks particle size, shape, i.e.,

Flux =
● K

&(R)~

V(R) =
G(R) =

E=

Y~(R)v (R)G(R)E
constantof pr~portlonallty
activityconcentrationwhich may vary with
size
volume (4/surs)
geometryfactor (inversesquarelaw for
sphericalparticlesand isotropic radia-
tion)
correctionfactor used to express the

sensltlve
As the limit of detection Is reached, the percentageof hot

particlesd~tectedwill decreasefroz 100 to O. This vartationis to
be expectedsince the expertientalnethods of detecting, the processOf
rad~oactivech?cay,and tineexposure of developing centers of a f~lm
are all statlsttcal in nature. This effect till be zudden or gradual
(With varf,atlan In flux),dependingon the statlsticdspread, which
may be quite large. It 1s then necessaryto make a correctionfor the
detsctioneffi.cimcy(percentagesof hot particlesdetected)in
the range where this effect Is present.

?ecause of the delay before the process”lng“ofthe sanplesunder
conslderatlon,the activityconcentrationxay be low enoughthat thts.
effectwill be observed. At the tLme the autor~diogr~phswere made,
the activityeoncsntrationwa? estimatedto be about 0.15 pc~mg. It
was found with artifickl hot Sr9°C12particlesthat the point o? 50
p~r cent detecti>nefficiencywas at about 10 micronsfor & specifio
actitityof 0.005 pc/mg. TWO considerations m.ke these figurescompara-
ble. The ff.sslonproductshave a considerablyhigher mean ener~ than
Sr90 afid thereforeproportionatelyless will be registeredby this fl~.
The Sr~°C12 crystalsVera very flat and would have a much smaller
geometzy correc:lm than sphericalparticles. The flux till then In-
crease much fasterwith pzrticle size, so that a smallarparticlewill
be detected as hot. The falloutparticlesin the range under conslder~-
tion are essentiallyspherlc~l. Therefore,the effectun[lerconsi?era-
t~on may result In a variatim in detectim efficiencyfrom lCO per cent
as the particlesize decreases, which would have to be correctedfor.

.

.
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The var~at~on of rs.dlochesn%cal com~stt~on with particle size Is
illustratti graphical,,in Fig. 5.1 - 5.7. The activityconc~ntration
decreases regularly k%th ~article stze to about 50 p; above 50 ~ the
situationis scmewhzto’oscure.Hugs. 5.1, 5.3, znd 5.4 e~.%ibita
sharp dlscoctintityat 50 p. It is possibleto draw llnes throuEh
the points In the other figuresh such a wznner a~ to indicatedis-
c~nt~nuitles,rather tb.anthe snoothCUti~S sha.n. It has b~en
postulated~ that this discontinuityis relatedto the breakir~up
of ag<lor.cratesby the ?oller analyzer,as discussedin the preceding
section.

The differencesbetueenthe vzr~ous curves detail t% fractiona-
tion indicatedby the R-values(’fablesb.3). Only th~ relationships
betuezn the different CUW+S c?n be regarded as si.gnifi.c~nt,hcwwe~
Iwc?.useof the uncerta~ntyix the ner cent setivep2rticlesnentibned
iq the nPfa-aA4---..-+4---c-------~ “.W.A”,,.In Wi3tJmis repori~ t.ne authors “~ave used
certain assumptions rega~ding Ca4s to obtain per cent active pzrticles
figures. Correction of the data by these ffgures leads to curves
whose zlopeshave bem Ynterprgtedto give an insightinto the m~chznism
of Partielg fomation.

DIAMETER IN !.WWW

Fig. 5.1 Activity Concentration of S@ vs ?mticle Size

40
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Fig. 5.2 ActivityC0nc9ntration

MO?ONS

of 7r95 vs ParticleS3ze

.

Fig. 5.3 ActivityConcentrationof Y059 vs ParticleSize
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OIAh$TER IN MICW

Fig. 5.4 Activity Concentrationof PE?140 vs ?artlcleSize

D-

@2

,*4

2 5
O! A:&T& MlCRON&

100 200
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Fig. 5.5 .\ctlvityConcentrationof CelU vs particleSizes
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DIAMETER IN MICRONS

Fi.s.5.6 Gross ActivityConce~trationvs ParticleSize

u 20 50

OIAMETER IN MICRONS

I

I

G

100 2(IO

5.7 ActtvLtyConcsntratlonof Cak5 vs ParticleSize
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Xnstificient &it& were obteined to study the effect of zero point
environment aduquaielyg It was found that tt.e surface lard’shots

producedprwimlmntly eolid fallout,uhfle the eurfacewater shots
producedpredom~tly liquid fflout. Iron wus found In falloutfroa
one of the barge shots.

J
6 and &.7 eku that the gaseousprecursor-mclidos

MeSr89 %% ~, Increaaedwlth tfmt in comparisonto M&@ uid Ca
‘MIs result canbe attributedto the expectedaeaociatlonof gaseous
precursornuclideswith late condenskgmciterid. !’h iron fr
shortbarge, which has no precursor,

~ ~;he
behavedlike M09 and Ce

m iml~ficient number of samples waa obtal.nedto find a correla-
tion of radlochemlcalcomposition with distance. il%-rtbermre$for 8uch
large shots the samples collected ~ere probably ~t at a~fici~t~
different distances from groundzero to akw si@ficant effects on
,radiochemicalcomposition

Eeyond the fact that therewaa radioactiveliquid fallout from
shots1, 3, end h, t~s woJect obt~inedlittle ~o=t~nof ~~~
shoutliquid falloutbecauseshot delaysand elow recovev permitted
eignilicant evaporation of the liquidphaseas
couldnot be determinedwith any accuracy. ~% ::tBU~d VOl_sO showed the

greatesttendencyto be concentratedin the ll@d faIlout.
As pointedout in Section 3.1, the base surge sampld-ngwas

unsuccessful. The ProgramDOector 22/ has cpated Project1.lc ta the
effectt~t there was nO base s~ge ~ signific~t dent.

5s5 GROSS DECAY

The slopesof the gross decay curvesmeasuredi>ou!110 to 200 days
afterBravo shot for each particleel.zefractionare plotted In Fig. 5.8
as a flmctionof particlesize; Below 50 p there is a sl.lghtdbcreaee
in the Cross decay rote with increwing particle size. A~ve 50 P the
generaltrend la not aa clearly defhed. Ilotieverthe entire cmq re-
semblesthe actititybehavitii”of the concentration of Sr@ and Ea~O
with rekpect k particle sizee

(Je141~c~~&.fi&
g t. Hunter and Ballou Sr8p, YP1, Zrys, h’by~,and RulOJj

contribute approtiatel.y go Per cent of thg tot~
activity t the tlm the &Tosa decay measurements were HWKLS.

?
The irl-

tiucedCati also contribute significant activity in the faUout sampled
~~ter 11o d~s. ce~bl} R@j ~d y$’1nere .Wt aral~.ed bv% en esthate

jl
of the contr utionsof the fi.mt two can be nade b mtit- lying the

163/Ji andclwl
~~~~~~~e~forthem~flssionof U23~. Si~e@1ha8a9secoti

cancantrationsby the literatureRu

rare gaseousprecursor,fll~y behave lfie~ 9whfchbs a2.6
minute rate Las precurpor. Consequentlythe @l ccficp.trattiucan be
calculatedfrom the Srd9 coucentrat.ion and the Y91/Sr8g litwatu.re VdUS~
lf these actlvlty cc]]centratio!x! are corrected for the munting absorp-
tion of the countingrig In uhlch the gross decay measurcxcentswere made,

.

.
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CHAPTER6

CONCLUSIONS AND RECOMMENDATIONS

6. I CWNCLUS1ONS

The actititymncentrationa of Sr89, z~s$ M#9, BsUO$ and C~
in the hot fallout particlesfiwm Shot 1’collectedat How decreaaed
regularlywith il~creasingparticle size from 5 to 50 P. The relation-
ships displayeda disconttiuityor inflection”at aboutSO p. Between
5 and SO p there was rektive fract onationof these fiseiOnpI’OdUCtS
with the excepttonof M099 and Cd

Determinationof thorelati~e eknts of Ca(OH)2end CaC03.fi the
samples gave inconclusiw resu.ltn.

The relative concentrationot~ss andBa~O in Shoth fallout
increasedwith tfme of collection.

There was fallout f both radioactivesolld and radioactiveliquld
from Shots 1 and 3. 8Sr 9 and wWO dhpleyed a greatertandencyto
concentratein the liquid phese than the other flss~on productsstudied.
Shot 4 falloutwas almwst entirelyliquid.

The base surge EWM)pltigprogram was UnSUCC8SS~.

The FJOSS decay Shot 1 falloutdld not vary with particlesizs
at early tfie. At later tties the gross decay variationwith particle
size does correlatewith the slight trend in radiochemicalcompo~iti,on.

● ✎

.

.
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RADtOCHEMICAL Pft=EDURES

&ucIuM

R. Jensen,F. Celio, and P. W. Krw

.i

●

A-l INTRODUC~O~

The calcium Is s9parated from the majority of the fission products
~ a palladim sulfidescavenging,

a calciumcarbonateprecipitation,

and severalferrichydroxi~ scavengines”
Furtherpurificationis

effectedby severalbarium and stront~um nitrate scaveqlngs follmd

by two additional ferrkc hydroxidescavznti%s.
The calciumis fin-

precipitate and mounted
for countingas th~ calciumoxtiatemono-

hydrate. The chemicalyield aver%es about 25 per cent.

Ca carrier: io~g Ca/ml

stprdardiz~
Fe carrier:
Pd carrier:
aa carr3-er:
Sr carrier:

H2S :
Aerosol ~t
!a-?40H :
KzC03 :
HNOg
(mr4)2c@4:
~hanol :
Ethyl ether

(addedas Ca(N03)2.4H20fi H20

10 mg Fe/ml (addedas
10 tngPal/ml(addedas
10 mg Ba/fi (addedas
10 mg Sr/ml (add~ as
gas
o.lf sOlutlon
cone*

FeC1’j.2H20in dfluteHCl)
PdCl .2H20in diluti HC1)
5a(N~3)2inH20)
Sr<N~3)2inH@)

saturat~daqueo~ssolutim
fuming,cone., 6 M
sat.urat~daquecusso~~t~on
95$

A03 FRm&~.TIo~ AND 5rANOAFDT7.4fiCNOF CkWl~

Mssolve59.O g of Ca(No3j23.~i@MH#.
add 5 ml of cone.HN03

47
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and dilute to 1 liter with R@. Remove a Z ml aliquotof the Solutlon,
make the solution basic with ccnc. NH@H, and dilute to 20 ml.
I%ecipitqte the calcium “q adding a s~ight excess of saturatedsolution
of (NW)2C204. !Wter on a sintered glass Goach crucible;wash the
precipitate’with10 r~ of ethanoland 19 ml of ether. Suck * on the .

vacuum desiccatorfor one hour. “+leighthe precipitateas Ca C20~.H20

1. To the sample add 2 T1 of calcium carrier (lOmg/ml) and lG
mg of Pd and precipitatewLth H2S. Add 3 drops of 0.1$ solutionof
AerosolOT, centrifuge and discardprecipitate.

2. Boil.out H2S and add cone. NH@H carefullyunt$l the *olution
is baste. Centrifugeand discardprec~pi.tateif the solatlonis not
olear.

3. Heat to boiling and precipitatecalciumbath 2 ml of sai.uruted
K2C03. Centrifugeand dlscarc!superr.ate.

4. Dissolveprecipitatewith Z ml of 6?!HN03 and heat to eliminhte
the C02. Make the solutionbasic with JNH40Hand d~ute to a volume of
20 ml. (Note 1).

5.”, Add 10 mg of Fe, cenb-ifug:e, and discard the precipitate.
Repeat the iron scavenglr~step twice.

6. To the supernate add 10 w of Cs, heat to boiling,and
precipitate the calcium with 2 ml of standardsaturatedK2C03.
Centrifugeand dlscsrdthe su~pernate.l~ashthe prsWit~te ~th 5 ~
of K20 and discard=z;hings. Mssolve the preci.piiatewith l-ml of
cone. H%.

7. Add 10 mg of ~a &nd 10 mg of Sr carriersto the solutionand
precipitatethe Ba and Sr nitratesulth 25 rd.of cold fumingHN03 in an
Ice bath. Centrifugeand discard the preclpitatgs. Add 10 mg of Bs
carrier and 5 ml of cold fumingTJ03 to precipitateBa(NO )Z %@n.

?Centrifugeand transferaupernate to a 125 ml.Erlenmyer lask. “
8. Boil down to 5 ml on a hot plate and transfer to a centri-

fuge tube. Vash the Erlen~eyerflask twicexith 3 ml of R20 addhg
the uashings’tothecentrifugetube.

9. Add cone. !IWf@H carefullyuntil the soluticn is basic. lf
necessary dilute with uzter to ZO ml volune (note 1). k.dd10 mg Of
Fe carrier to precipitate Fe(OH)?. Cen?.rifugeand discard precipitate.

. Repeat the Fe(OH)3 scavengingstep.
10. Heat the zupernateto boiling and .sdd5 ml of a saturated

solutionof (NH4)ZC2Q. Digest in a water ba~h to coa@ate Precipitate.
Filter on}hatman #$0 paper;wash with 5 r. of HzO, 5 ml of

ethvl alcohol.and 5 ml of ethyl ether. Wy In a vacuwn desiccatorfor
1 h-&r and weigh as-CaC2Q.H20. The chemical
25$.

A.5 m:

yield Ls approxtiately

The volume of the solutionat thfs point
elbinate loss of calciumas the hyc!roxldein
scavengingstep.

4a
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● A.6 T!iTWLWC’fION

me ~~dl~ is se~r~ ted from the fhsion products ~ e~utln&’ tho

I

sample. from a column of collotdal Dowex-SO cat%on resin. The sodium
fraction of this elutlon contains some ations n%ich canbe reir@ved ~

a subsequent elution of this frzctlon from an anion column of Nalcite
SAR resir,. The sodium fractl~nfrom the anion elutlon1s find.ly
sluriiedwith fine mesh Zowex-50to adsorball the sodiumpresent. The

!

....4”4. +k.- f4~~*~+- ~~ l.+.z+-rn.~n. +~fj nsn-v md !mUnt.d for Col.ul?.fr!!.. . .-“A..a“ ......
l%is separation was a 190 per cent che~<~ yield.

A.7 p,~~c~s

ColloidalDowex-50cationresin
Dowex-50,cation,resin,below 400 mesh
I<alciteSAR resin, 20-50mesh
HC1 0.5 N

1-
A:8 PROCEDURE

1. Prepare a glass column, 11 mm inside diameter, with glass
wool plugglng the restrictedlower end. ‘fhiscolumnis filledwith

●

colloidalDoi.wx-5Qre51n slurried in G.5?(HC1 to a settledbed height
of 11 ~ 0.5 cm.. Any excess resin in the column is rcnovedby slurring
the res~n~th addit~on~ o.5 }Wcl and drawing the excess f- the

I
top of the columnwith a syringe. Then the column1s conditionedby
washing with 10 ml of ~ N NaCl followedby 100 ml of 0.5 N HC1. This
cycle is repeatedthree times (Note 1).

2. A samplecontainingnot moro than 15 mg of NaCl (usuallY1 to
2 ml) Is added to the columr,after the 0.5N HC1 has drainedto the top
of &-a reskn bed. Care is taken to add the sample directly to the top
lzyer of the resin tithoiat contzcttr~ the sides of the coiumn. After

I

the szrcplehas dr.ahvxito the top of the resin, sufficient0.5N HC1 is
c5ref~lY ~~petted onto the resin to prevent slu~g when the 0.5 N
HC1 reservoiris connected.

3* After the 0.5E HC1 reservoirhay been connect~, tha elution
flow rate shouldbe approxtiately1.5 rr!!/min(note2). ThefirSt 30
ml Of eluate are di~czrded. The next kO ml, which containthe scdium*

I

along k%th sore anions such as r.olykdate,~thenate, and, ~~ate,
are collectedfor addttionto an anion column.

,>
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4. The an%,m column %s ccmposedor ??alciteSaE restn, 20-50 mesh,
snd reasures 52 cm in ler@.h and 11 m inside diameter. It Is con-
dit%c.ms? vr~o? to use ty washing with 50 ml of 10 pe? ce~t ::aCHfcl-
lowedby jcloto 500 lnlof H@* The fr~ctioncollectedin step 3 Is
added to the anion column in aliquots of 10 ml, penzitting the cslumn
t.o drain to the top of the resin bed after each addlt%on (Note b).
The contsinerused to collect the fraction Is washed with z ml
portions of’ KzO, ~~ the washtngs are a&%ed to the col~.

5“* .!distilled~!20reservoir Is connect~d to the anion column
and a flow rate of :.0 to 1.5 nL/n!inIs maintained. The first 15 ml
of eluateare discarded. The next 70 ml containingthe sodiumare
collected.

6. The 70 ml fractionIs transfemed to a lwaker which contains
70mg of fine mesh Dowex-50(not colloidal). ‘l%esl~ is stj.md

Intem.ittently for 20 t.o?0 n%zutesto adsorball th% sodium on the
resin.

7* ‘fheresti IS filtered onk%atrr.an450 pzper.washed tith 10
of ethanoland 10 ml of ether,ant suckeddry on a vzcuuxcllne. The
resin Is then mounted onan aluminum plate for counting (?Jot+ 5).

A.9 P!W

1. Conditioningmy be csrriwd out using large batchesof resin
than treatingthe analyticalcolumnsseparately.
2* The flow rate was initiallyrestrictedto O.~ ml/min but the
increasgto 1.5 ml/min had no adverseeffect~.

rather

3’. Prior to making up the anion column, the resh en be slurkied
with a d%lute solutionof phenolphthaleln.The phenolphthaleinis
absorbedon the resin afid’indiczteswhen the resin is In the hydroxide
form.
4. A nuch betterpracticeis to boil the cation fractiondown to a
few ml before addition to the anion column.

5* The chemtcalyield is 100 per cent.

.
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B.1

CALIBRATION OF THE ROLLER ANALYZER

w
prank Cello

INTRQDU~ON AND SUM’~Y

TheRoller particlesize a@lyzer,* Ng. B.1, was used to separate
the particlesunder st@. The Rnller anolyzerwas used for the par-

ticle size separationof cord (CaC038afiity 2.3 ~CC) in the O-&k p

ran”ge.The Roller analyzerand the calibrationcurvesin the in-
structionmanual are desi~ed for the size separationof spherlcd
particles. Since the coral in questionwas not spherid, it wau
necesa~ tO ctibrate the instrumentfor the coral. Separationwas

achievedexpezirnmidly with favorab14aqd usableresults b the fol-
lowing ranges: 0-5, 5-los lo”zo~ 20-30S ‘XAO ““

Boa ()~A~@IAL~NCm()N

1. The ah is pumped from the air compressorto an oil filter
and then proceedsto the capillaryflowneterwhese the proper rate of
flow is selected.

2. Three paper thimblefiltersconnected ~ parallelare used
.to remove a~ impurities in the air.

3. The air pqsses thi’oughthe LaboratoryLectrodryarW (an
activatedaludna system)in which 5.tis dried to s per cent relative
humidityat room temperate.

A Drieritetrain is next in the system. When it turns a
*!; color, the Lectro@er mustbe reactivatecL

5 The air is passed throughthe humidifyhg solution,which
gi,~es’ita 25 per csnt relztivch~~d.tityat rcaz temperature.

6.. It then passes through a water trap and flows directlyh

1

t

i

!
1

i

i

i
I1
I

the s~ple in the ‘@sea tube.

I

~trwnent forparticls size seprati.cnm~ by the Americ-
InstrumentCompany,silver Sprtig,Maryland
+};f,,n~eactiuredby the fittsb~gh LectrO@er ‘Z~raUOn~ ‘ttsbW*8
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!

the self-abeorpttin,se~-scattering, and back-scatteringof the !
eamples themselve!iaan e@Amate of the gross decay can be awie. such
calculationsyield decay rates that are slightly lower than the experi-

1

mentally dd~ed rate# but they both follow the same trendwith i

particle size below 50 p. The discre~cies between the calculated
valuea and the ‘experimental values might be expected in vleu of tho
JMUWapwo-tti~ *~ved W tie c~datiom In eeneralthe

‘

slightdecreaeein decay rate with increasingparticlesize below 50 II ;
+

can probablybe att buted to the relative ticreasein the actitity
&

/
concentrationbf Ca with respect b the ther activitiespresent.

89since B@o/M40 behwes SMLWZY to s ~ the v~riatio~ ~ the aOSS i
1

de~.ra& are probably more pronounced ah earlier ttiea when the %
h ~ /h O equilibriumis a significantamtributor to the total

I

actiwlty. The uranium &pture productsfromBravo shot cmpletely
!

masked the fission pro~uct decay characteristics far the flrat 30 daYs. ,

Unfortunatelyno data were obtainedbetween 30 and 100 days.
{
i
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