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The developmentof samplingmethodsand somefieldresultsof the

off-siteair samplingstationsat the NevadaProvingGroundare re-

viewed. A techniqueof radioautographyis presentedwhichyieldsin-

formationaboutthe activitiesof individualfall-outparticles. This

techniquegivesa comparisonof particleactivitiesfrom air dropsand

tower shotsand a reasonfor the greatercontaminationassociatedwith

the latter. It also indicatesthat air sa@ers do not capturethe

most activefall-outparticles$presumablybecauseof theirlargesize.
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1. Introduction

It is the purposeof this documentto contributeadditionalinfor-

mationrelativeto the beta radiationassociatedwith fall-outparticle

from continentaltestoperationsas derivedfrom past air samplingre-

sults.

type of

In

fission

Further$certaininstrumentsand techniquesdevelopedfor this

fieldoperationare described.

an atomicdetonation certainphenomenatake placewhich cause

productsto ‘plateout~ on or to be mixedin outsidematerials.

Thesematerialsare sweptup intothe atomiccloudand,dependingon

wind conditions,are carriedmany milesbeyondthe test areabefore

fallingout. The rate

variables,whichup to

event,theseparticles

hazards.

and locationof fall is dependentuponmany

this time are not fullyunderstood.In any

must be describedas both beta and gamma

Seezdmglythe greatesthazardto individualpropertiesand persons

wxitdbe that fromgammaraysbecauseof theirgreaterpenetration.

This radiationis the easiestto detectand interpretwith calibrated

filmbadgesand surveyinstruments.However,the ammnt of gammara-

diationin any givenfall-outareahas not been fatalto anyoneor

causedany knowninjuryto personsor theirproperties whereasthe

beta hazardhas producedburnson the backsof livestockthathave

been closeto the test area. Duringthe nmst recenttest seriesat

the NevadaProvingGround(NPG),Spring19532 a numberof hcickmts
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contributedto interestin beta burns. Severalhorseswere burned

quitebadlyby beta radiationand severalhundredsheepshowedlesions

that mightbe attributedto beta particles. Reportshave beenmade of

theseincidentsand havebeen publishedand distributedto the public.l

When the NevadaProvingGroundwas established,it was plannedto

use this area for teststhat wouldnot be highlycontaminating.Sub-

sequenteventsmade it necessaryto use NPG for typesof teststhat

wouldbe nnre contadnatingthan was originallyplanned. Priorto

OperationBuster-Jangle,a groupof experts$the JangleFeasibility

Committee$placedcertainlimitationson the amountof radiationthat

couldbe

Ground.

groupof

laterto

allowedto fall out on the areasadjacentto the Proving

The restrictionsthat appliedto the work of the air sampling

GroupH-5 fromthe Los Alams ScientificLaboratory(LASL)and

that of the Off-SiteRadiologicalSafetyGroupwerethe follow-

ing: The averageair concentrationfor the first24 hoursfollowinga

detonationshouldnot exceed100 microcuriesper cubicmeter. Any por-

tion of that valuethat is respirableshouldnot exceed1/100of it,

and no suchparticleshouldexceed10_2microcuriemeasuredat H + 4

hours.

With thesecriteriain mind,a groupof available

viceswas selected. The air samplersthathave proven

tory,and that havebeen used untilthistime,are the

collectingde-

nmst satisfac-

high-volume

sampler(ormdified Electrolux),the cascadeimpactor,and the fall-

out tray.

.
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The high-volumesampler$whichis now

the nameof ‘tStaplexSampler?t,was used to

producedcommerciallyunder

collecta largevolumeof air

that containedfall-outparticles. Thisprovideda grossvaluefor the

air concentrationduringthe samplingperiod. Recentdata,whichwill

be givenlater,indicatethatthis typeof samplingis more selective

than representativein its samplingcharacteristics.

The cascadeimpactorwas used to findthe sizedistributionof the

fall-outparticles. Particlesizes$measuredwiththis instrument>in-

dicatedthatthe greatestamountof activematerialcollected

the respirablerange. Hence,the air tolerance$1 microcurie

meter}was assumedto be applicable.

The materialreachingthe ground,as opposedto strictly

was in

per cubic

airborne

particles,was collectedon a fall-outtray. Thesesamplesgave infor-

mationon the activityper particleand per unit area.

2. Developmentof Techniques*

2.1 The Fall-outTray

For pure conveniencea fell-outtraywas made of 9-1/2by 11 inch

20-gaugealuminum

sion (Fig.1). A

phosphate,35 per

the eqmsed surface

J-523527)was mixed

with a l-inchrightanglebendon the shorterdimen-

non-dr@ng alkydresinmixture(10per centtributyl

centresin,and 55 per centtoluene)was appliedto

to retain the particles. The resin (DuPentRL-233S

with technicalgradetolueneto give a solution

Whe actualfieldresultsare largelyomittedfromthis report. These
data are containedin references2 to 6.

5
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whichwas easilyappliedto the tray surface. The tributylphosphate

was addedas a plasticizerto keep the resintackyat cooltempera-

tures.

The tfaywas placedin an areawhere fall-outmightbe expected,

and afteran exposureperiodof approximately12 hours$was brought

intothe laboratory.It was then coveredwith rubberhydrochloride

film (0.0002inchthick)or sprayedwith Krylonplasticand exposedto

x-rayfilm for varyingperiodsof timedependingon the approximate

activity. The numberof spotsthat appearedon the filmwas counted.

The averageactivityof the particleson the traywas determinedby

dividingthe totalactivityby the numberof spots>but stillno good

methodwas known for determiningthe activityof the individualpar-

ticle.

2.1.1Radioassay.The trayshave been usedfor threetest series

and in each casethe totaltray activityhas been determinedwith a

differenttechnique. DuringOperationBuster-Jangleeach sampling

stationhad two fall-outtrays,one for radioautographyand one for

~~radioassay(counting).No facilitieswere availablefor a direct

countof the activityon the traysso the trayswere strippedwith

tolueneand the volatilewashingsboiledaway. The residuewas ashed

with a strongoxidizingsolution(perchloricacid$nitricacid,and

sulphuricacid). The

planchets,dried,and

This methodcontained

solutionwas transferredto stainlesssteel

countedunderan end-windowGeiger-Muellertube.

severalinherenterrors. Loss of countoccurred
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duringthe strippingand ashingprocedures.In addition,the counting

techniquesavailablelimitedthe countingrate to approximately400,000

disintegrationsper minute. Henceit was oftena nmnthbeforethe nmre

activesamplescouldbe counted. The assumptionused in extrapolating

backto fall-outtimewith the t‘1”2law introducedanothersourceof

error. The samemethodof ashingthe samplewas continuedthrough

OperationTumbler-Snapper,but the countingwas done on equipmentwith

an upperlimitof 2 milliondisintegrationsper minute.

Priorto OperationUpshot-Knotholethe CMR-’7ElectricalSection

of LASL developeda techniquefor the directcountingof fall-outtray=

The traywas countedimmediatelybeforeradioautographyby meansof a.

scanningdeviceshownin Fig. 2. The traywas fixedto a traveling

carriage(Fig.3). It passeda methaneflow chamber(Fig.h) with a

narrowopen slitat the rateof about3/L inch per minute. The tray

was mounted(Fig.

chamber,remained

passedthe probe,

11 inchesor >/16

2) so the

constant.

whichhad

geometryof the sample,as it passedthe

The recordingof the countas the tray

an interchangeableslitof either1/8 by

by 11 inches,representedan integratedtotal count.

A count-ratemeter,placedin a parallelcircuitwith an Esterline-

AngusRecorder(O to l.O milliampere)or a recordinginstrumentof

similarcharacteristicswas used to determinethis integratedcount.

E&h the travelingcarriageand the recorderroved simultaneously

givinga largearea as shownin Fig. 5. The carriageand the record-

ing paperwere returnedto their

● 0 .*

:: :
● e

::
● ●C:

originalstartingpointsand the tray
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was then counteda secondtimewith a beta-infinite-thickness

(1/4-inchbrassplate)in placeto determinethe contribution

absorber

of gamma

raysto the totalcount. The resultingcurvesshownin Fig. 6 were

essentiallya gammaplus beta countand a gammacount. The areabetween

the two curveswas measuredin squareinchesusinga compensatingpolar

planimeter.A standardtray of knownand similaractivitywas scanned

in the sameway and the numberof knownmicrocuriesdividedby the re-

sultingnumberof squareinchesto givemicrocuriesper squareinch.

This is the standardizationfactor. The area betweenthe curveson the

unknownsampleis multipliedby this factorto givethe totalnumberof

microcurieson the tray. The tray was coveredwith a standardsolution

of Sr90-Y~ previouslycalibrated

2.1.2ParticleActivity. As

rent fromthe greatvariationsin

in a 4 pi geometrychamber.

thesemethodswere used,it

spot sizesappearingon the

was appa-

x-ray

filmthat some individualparticleactivitieswere far in excessof the

averagevalue. Thus,individualparticlescouldbe abovethe tolerance

of 10-2microcurieper particlewithoutthe fact beingnoted. It was

also apparentthatthe spot sizewas somefunctionof particleactivity

(Fig.7). The peripheryof thesespotsseemedto be a beta fog, ren-

deringany measurementof the diameterinaccurate(Fig.8a). In a

recentconversationwithmembers

YorkOperationsOffice$AEC, the

a printmaterialwas suggested.

of the Healthand SafetyBranch$New

use of KodalithOrthoType-2filmas

This was triedand a clear,reproduc-

ibleoutlinewas obtained(Fig.8b).
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In order to interpretthesedata,

with activitieswhichapproximatedthe

spotsize had to be calibrated

energyspectrumof mixedfis-

sionproducts. Actualfall-outparticles,fromoutsideNPG2with an

activityin excessof 1 microcuriewereused for calibration.These

particleshad sufficientactivityfor IIstandardsllbut were too large

for calibratingradioautographs.Theywere brokenintosmallerones

rangingfrom 50 to 300 micronsh size$individuallypickedup, placed

on a glassmicroscopeslide$and spray-paintedwith Krylonplastic.

The activitiesof thesesmallerparticles

methaneflow counterby comparingthemto

standardwas measured,in the samemanner

were determinedwith a

a sr9°-@0standard(the

as the previousones$on a

4 pi system)to determinetheirdisintegrationrates. The standard

had similarbackingand the geometryof the shelfand positionof the

sampleswere essentiallythe same. Knowingthe activitiesof these

particles,they were radioautographed

as shownin Table1.
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The radioautographictechniqueused was to placethe x-ray film in

closecontactwith the particlesin an x-rayfilmholder>then tape it

betweentwo piecesof plateglass. Afterexposure,the x-rayfilms

were developedin AnscoLiquidolDeveloperat a temperatureof 20 ~

0.5°Cfor a periodof 3-1/2minutes,transferredto a tankof Kodak

X-RayLiquidFiJCand Hardenerbath for a

and dried. The Kodalithfilmwas placed

printingframeand exposedto a l(X1-watt

periodof 10 minutes>washed

next to the x-ray filmin a

lightat 8 feet for 5 seconds

and then developedin the Kodalithdeveloperat 20=0.5°C for 3 min-

utes or untilthe film displayedcompleteblacknessundera Wratten

SeriesOA filter6 feetaway. A Kodakacid-fixbathwas used to fix

and hardenthe filmsbeforetheywere washedand dried.

The diametersof the resultingspots,which appearedas perfect

circleson Kodalithpositiveprints$weremeasuredin millimeterswith

a steelrule. The totaldisintegrationsthat wouldhave been emitted

in the exposuretime were determinedand plottedagainstthe spot size

on the Kodalithfilm. Thesetwo variableswere plottedon log-log

paperand gavea relativelystraightline. This techniquewas used

with threetypesof x-rayfilm: KodakBlue Line$KodakIndustrial

Type-K,and AnscoHigh Speed. The graphsof the threetypesare shown

in Figs.9, 10,

straightline.

11 are shownin

and 11. AnscoHigh Speeddeviatedsomewhatfroma

The formulasfor the graphsplottedin Figs. 9$ 10, and

the Appendk. The graphof KodakIndustrialType-K$

the fastestfilmused$has a slopeof 2.63 whereasthe BlueLine has a
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slopeof 1.92. AnscoNon-Screenx-rayfilm was reported7to give a

slopeof 2 for spotdiametervs activity. The AnscoNon-Screenfilm

is betweenthe KodakType-Kand the BlueLine in its film speed$thus

verifyingthe valueof the slopesobtained. Usingthesecurvesit is

possibleto selectan exposuretimewhichwill givean optimumspot

sizeif the specificactivityof a particleis known.

2.1*3 Conclusions.Fall-outtraysfromeachof the detonationsin

Nevadawere re-examinedto deterntinethe individualparticleactivities.

A IWMber of tray radioautographsshownin Figs.12 to 17 were reproc-

essedon Kodalithpaperand the individualspts measuredto obtain

the activityof the particles. The activitiesdistributionwas plotted

on logarithmicprobabilitypaperfor thesetrays (Figs.18 to 23).

This confirmedthe earlierassumptionthat the activitiesgenerally

followeda normallogarithmicdistributionand also showedthatmany

of the particlesexceededthe limitof 10-2microcurieper particle.

A comparisonof the particleactivityfromair dropsand tower

shotsindicatesa reasonfor the greatercontaminationfromthe latter.

The data on two air drops (Figs.18 and 19) showone with 91.5per cent

of the tray activityon particlesexceedingthe 10-2micmcurie limita-

tion and the other60 per centakevethislimit. For the towershots

listed(Figs.20 to 23),from20 to 40 per centof the tray activity

was on particlesabove100 microcuriesat

titlesof thisactivitywere foundas far

tion point.

the time of fall-out. Par-

as 140 milesfmm the detona-
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The totalactivityon eachtray,determinedby countingthe tray,

is compared,in Table2, to the totalactivityobtainedby addingthe

activityof eachparticle. The resultsagreesurprisinglywell in

spiteof the inherenterrorsin determiningthe data for Operations

Tumbler-Snapperand Upshot-Knothole.The resultsshowingthe greatest

differencesare fromthe areasof heaviestfall-out.

TABLE2

COMPARISONOF TOTALACTIVITYMEASUREDBY COUNTING
AND BY SK)T SIZINGON KODALITHFILM

Seriesand
locationof Activitymeasured Activitymeasured
Darticles by counting,w by spot sizing,w Ratio

U-K 7, Mesquite 688 706 1.026

T-S 52 LincolnMine 3,760 f+,080 1.085

T-S 2, IndianSpgs. 1.5 1.27 0.846

U-K 9, St. George 4$5$0 15#500 3.4

U-K 11, GlendaleJet. 8.6k 13.44 1.555

U-K 2, LincolnMine 2,770 7,050 2545

2.2 High-VolumeSampler

The high-volumesamplerwas firstused,on OperationsRangerand

Buster-Jangle,with a flutedfilterpaper (Fig.24). The largesur-

faceareaof the paperpermitteda samplingrateof 85 cubicfeetper

minute. This high flowratemade it possibleto collecta largeamunt
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of airbornematerial$which seemeddesirableon the basisof Rangerre-

sults. With the inclusionof more contaminatingburstsin continental

tests,the collectionof suchlargesampleswas no longerrequired.

Further$the flutedpaperwas not adaptableto directcountingbut had

to be put throughthe time-consumingprocessof ashingand platingon

a planchetfor countingwith the Geiger-Muellerprobe. In routine

fieldoperationsat NPG, this placeda severelimitationon the number

of sampleswhichcouldbe assayedproperly.

For OperationTumbler-Snappera methodwas adoptedwhichpermitted

directcountini. A flat& by 9 inchmethaneflowprobewas usedwith

the scaleras shownin Fig. 25 to countthe filter$a 4-inch-diameter

Mine SafetyAppliancesCompanyCotio#2133respiratorfilter. This

systemwas continuedin use duringOperationUpshot-Knothole.Its

efficiencyhas been reportedas betterthan 99 per cent for particles

greaterthan0.3 micronin size.8 A Fiberglaspaperhas been devel-

oped recentlywhich reducesparticlepenet~tion in the filtersur-

face. This papermay find applicationin futuretests.

The high-volumesamplerhas been very reliablefor intermittent

periodsof operation. The flowrate is nearlyas constantas the

suppliedvoltage. The equipmentis not designedfor continuousopera-

tion and shouldbe checkedfrequentlyafter24 hours. Commutator

brusheshave to be changed,dependingon the frequencyof operation

and lengthof samplingtime. A standardpitottube and inclined

gaugewere used to calibratethesesamplers.
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2.3 CascadeImpactor

The cascadeimpactorwas not used extensivelyuntilOperationUp-

shot-Knothole.In previoustestson OperationsRanger$Buster-Jangle,

and Tumbler-Snapperthe impactorwas used only to a limitedextentbe-

causeof lackof equipment.On OperationBuster-Jangle$a few samplers

were placedin the expectedfall-outpattern;on Tumbler-Snapper,impac-

torswere used at selectedstationsin the communitiesin the pathof

the predictedfall-out. Althoughthesedata do not representa com-

pletepattern,the materialcollectedwas foundto be largelyin the

respirablerange. On OperationUpshot-Knothole,all.the air sampling

stationswere furnishedwith impactors.Theseresultsconfirmedthe

prevalenceof particlessmallerthan 10 microns.

The slidesof the impactorswere coveredwitha w per centsolu-

tion of non-dryingalkyiresinin toluene. This gave an adherentsur-

facefor the particles. If theseparticlesare to be sizedwith a

microscope,one mustuse someothercollectingmediumto avoidthe

largelineof refractioncausedby the resincoatingon the particles.

A liquidparaffinwas recommendedby the manufacturerof the impactor.9

Stagemediansizesof the particlesin the impactorare dependentupon

the densityof the materialto be sized. An averagedensityof 2.5 was

assumedon the basisof densitymeasurementsof firingsite soil.

The last stageof the impactor was followedby a filter. On Opera-

tionsBuster-Jangleand Tumbler-Snappera l-1/8-inchcircleof Whatman

#@ filterpaperwas used;beforeUpshot-Knotholeit was foundthata
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greatmanyof thesehad somepinholes. Hence,theywere replacedwith

the newlydevelopedmembranefilters(MilliporeFiltersTypeAA, Iovell
~

ChemicalCompany,Lowell,Mass.). A flow rateof 17.5 litersper mi-

nute was maintainedthroughthe impactors.
~

2.4 Comparisonof SamplingMethods
I

The resultsobtainedwiththe impactorson OperationUpshot-Knot-

hole were comparedwith thoseof the high-volumesampler(Table3). ~

TABLE3

COMPARISONOF THE CASCADEIMPAC’I’tlRAND HIGH-VOLUMESAMPLER
OPERATIONUPSHOT-KNOTHOLE,1953

Time sampled
volume,

Time counted count ~3 3uc/m

Shot1 - St. George

CI 0620-1400,3/17 1830,3/18 3.03x 10+

Hv 0820-1400$3/17 1730,3/18 6.08x 10-3

Shot1 - Mesquite

CI 1650-2000,3/17 1430,3/18 17(M3d/m 3.34 1.16 X 10_3

Hv 1640-moo, 3/17 1200,3/18 3.o4 X 10-1 pc 238 1.28xl&3

Shot2 - LincolnMine

CI 0550-0740,3/2k 1445,3/25 2.478 x105 d/m 1.92 0.59 x10_2

Hv 0550-0720,3/24 1130,3/25 4.1 PC 120 3.4 X1W2

shot2 - LimcolnMine

CI 0800-1000$3/24 1515,3/25 75160d/m 2.1 1.63X10-2

Hv 0805-1035,3/24 0900,3/25 1033 PC a6 0.6 xl~2
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COMPARISONOF THE CASCADEIMPAC!IORAND HIGH-VOLUMESAMPLER(Continued)

Vol me. -
Time sampled Time counted count 1!m uc/m3

Shot 6 - C.P.

CI 0535-0935, dl$ 1021,4/18

Hv 0535-0935,L/1$ 1058,4/18

Shot6 - IndianSprings

CI 0535-1435) 411$ 2345s 4/~9

Hv 0535-1435) 4/18 2315> 4/~9

shot 6 - IndianSprin~s

CI 2020-0920,4/18 1522>4/19

Hv 2020-0920,4/18 I-I-35, 4/19

Shot6 - Las Ve~as

CI 0910-1210,4/18 1820,4/19

Hv 0840-1.lko,4/18 1745,4/19

Shot 6 - Las Vegas

CI U15-1815, 4/18 1840,4/19

HV 1.140-1755,4/18 1750,4/19

Shot 6 - Las VeEas

CI 1815-0015,@8 1930,4/19

Hv 1’755-2355,4/18 1805>4/~9

shot 6 - Las Vepas

CI 0015-0435,4/19 2040,4/19

Hv 0000-0435,4/19 1808,4/19

2285od/m 4.2 5 x 10-3

0.622po 274 2.3 X10-3

7.25 x 10’$ d/m 9.45 3.5 x 10-3

2.o6pc

54o8Od~m

1055w

60680d/m

1.05 pc

29460d/m

0.783PC

42500 d/m

0.898pc

184(Wd/m

0.445 w

605 3.4 x 10-3

13.9I.L76XUP3

981 1.6 X10-3

3.15 8.8 x 10-3

224 k.69X 10_3

6.3 2.12X 10-3

475 2.31x 10-3

6.3 3.1 X 10-3

450 1.99X1O-3

4.55 1.8 X 10_3

340 1031x 10-3
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COMPARISONOF THE CASCADEIMPACTORAND HIOH-VOLUMESAMPLER(Continued)

volume,
Time sampled Time counted count m3 fic/m3

Shot 7 - C.P.

CI 0535-0935,/+/251030,h/25 160000 d/m 4.2 1.73X1O-2

Hv 0535-0930,4/25 1030,&/25 6.84po 289 2.37x10-2

shot7 - COP.

CI 0935-1335,4/25 1345,4/26 53000d/m 4.2 5.7 x 1o-3

Hv 0930-1330$ 4/25 1130, 4/26 1.65 PC 290 S.7 Xl~3

Shot 7 - Mercury

CI 0630-1130,4/25 2305,4/25 216360d/m 5.25 1.9 X 10-2

Hv 0630-1130$4/25 2230>4/25 10.88PC 370 2.9 x 1o-2

shot 7 - Mercur~

CI 1.145-1530,4/25 1625,4/25 21900d/m 3s94 2.5 x 10-3

HV 1.I.30-1530,4/25 1600,4/25 0.68 pc 323 2.1 X1O-3

Shot 7 - St. George

CI 1052-2125,L/25 0920>4/27 1.6 x105 d/m 11 6.6 x 10-3

Hv 10f@-2120,4/25 1420,4/27 2.59po 836 3.1 x 10-3

Shot9 - Caliente

CI 0605-0935,5/19 1910,5/20 4071.2d/m 3*7 4.9 x 10-3

Hv 0605-0935,5/19 1818,5/20 0.585PO 204 2.8 xl~3

Shot 9 - St. George

CI O61O-U3O, 5/19 0355,5/21 2.73x106 d/m 5.94 2.1 x 10-1

Hv o61o-U3O, 5/19 0045, 5/21 88.5PC 397 2.23 xwl
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COMPARISONOF THE CASCADEINPACTORAND HIGH-VOLUMESAMPLER(Continued)

Volume,
Time sampled Time counted count ills uc/m3

shot 9 - St. George

CI 1.140-1445,5/19

Hv 1130-1445,5/19

shot9 - St. GeorRe

CI 1450-2300,5/19

HV 1450-2300,5/19

shot9 - St. Georgg

CI 2305-0635,5/~9

Hv 2305-0635,5/19

$hot10 - LincolnMine

CI 09CKH140, 5/25

HV 0930-1130,5/25

Shot11 - Overton

CI 1210-l@O, 6/k

0400, 5/21

0120, 5/21

0415, 5/21

0230} 5/21

0425,5/21

0340,5/21

1530, 5/26

1540, 5/26

1.7 x106d/m

75.1 pc

1.2 X106 d/m

40.6 yc

6528od/m

3.12 PC

1.8 x104d/m

3.63 X 10-1 ~

3.4 x 105 d/m

3.15 2.44Xlo-1

243 3.19x 10-1

8.57 0.6 X1O-l

608 1.4 Xlo-1

7.$7 3.7 x 10-3

558 6.34X 10-3

2.79 2.9 X1O-3

132 2.75 x10_3

2 7.7 x 10-2

Hv MO-1350, 6/4 0200, 6/5 1.97pc 59 2.8 X10-2

By addingthe activityfoundon eachof the impactorstages,the result-

ing concentrationcorrespondsto that froma low-volumesampler. In

Fig. 26 a regressionline is shownbetweenthe net resultsof the two

samplers. Becausethe slopeof the line is almostunity,the material

collectedby the two samplersis apparentlythe same. In this plot the

impactoris giventhe valueof unitybecauseits calibrationis more

●

✚✚ “: w : ““*..O
:: :

●
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accuratelyknownand its collectingefficiencyis higherthanthatof

the high-volumesampler. This informationindicatesthatthe respira-

tor filtercollectedthe airborneradioactivematerialwith adequate

efficiency.

A few impactorslidescollectedat St. George,Utah,on the ninth

shotof the Upshot-Knotholeserieswere radioautographed.Figure27

givesan activitydistributiongraphfor the particleson first-stage

impactorslidesfromthe firstthreeimpactorsamplescollected.The

activitiesof theseparticlesdo not approachthoseof the particles

foundon the fall-outtray (Fig.28) for the same period. Virtually

all the particlesare below106 disintegrationsper minuteon the first

stagesof the impactorwhereas86 per centof the fall-outtray activi-

tiesare above106. Obviously~the fall-outtray collectsthosepar-

ticleswhich contributesust of the radioactivityto contaminatedarea=

The impactortand consequentlythe high-volumesamplerscollectparti-

clesof -r significancein surfacecontaminationsbut which are pre-

sumablyrepresentativeof airbornematerial. Unfortunatelyno more

radioautographsof slidesare availablefrom otherheavyfall-outarea~

However,the radioassayinformationis availablefrom all impactorsand

high-volumesamplesfrom all the test series. None of theseslidesor

filtersdisplayactivitieswhichindicatethe collectionof even a

singleparticleof activitycomparableto thosefoundon fall-out

traysfromthe same samplinglocations. The fall-outtray has parti-

cles in the microcurterangetwhereas

● ‘* ●* **
:: “2;
.0 ●

●.: ● .6

the totalact~vityof Ita compan-

80: :**b*:*

.
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ion Impactorshowsonlya few thousanddisintegrationsor at the most

a few hundredthousanddisintegrationsas is the uniquecaseshownin

Fig. 27. mus

stageor on an

whichwouldbe

the companion

samplessince

it may be stated that the totalactivityfoundon any

entireimpactorsampledoes not approachthat activity

demonstratedbya singleparticleof medianactivityof

tall-outtray. The same reasontigappliesto high-volume

previousdata indicatedthat identicalmaterialwas col-

lected. It appearsthatthereare particlesfallingto the ground

-whichare not collectedin the air sampleso The onlypssible explana-

tion is thattheseparticlesare of suchlargesizethat they escape

capture. The theoreticalconsiderationson whichsucha supposition

mightbe basedhavenot been investigated.

?. Discussionof Results

An examinationof the samplingprogramwhichhas been presented

servesas a basis for certainconclusionsand as a guidefor future

programs.

The agreementof impactorand high-volumesampler

tions (Sec.2.4) indicatesthatfurtherduplicationis

a radiologicalsafetyunit. One or the otherof these

air concentra-

unnecessaryfor

methodswouldbe

sufficient.For fieldoperationsthe high-volumesampleris the more

practical. In this casethe entiresamplewouldbe consideredrespir-

able and representativeof the inhalationexposure.

in this assumptionprobablywouldnot be more than a

Such an erroris inherentin any tolerancevaluenow

Any errorinvolved

factorof five.

that the limita-

● ● O ● m
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tionsof the JangleFeasibilityCommitteehave

1954)●

beenabandoned(January

The medianparticlesizeof impactorsampleshas been generally

lessthan 50 microns.
2-5

For example,the threeimpactorsampleswhose

radioautographshave beendiscussed(Sec.2.4)$showedmedianparticle

sizesof 4.2>18J and 26 microns. This fractionhas beenfoundto con-

tributebut a few per centto the totalfall-outintensity. Thus it

may be inferredthat primaryconcernshouldbe givento particlesin

excessof 50 microns>and probablyin excessof 100 micmne~ when at-

temptingto predictfall-outlocationand intensity.

The hazardfrombetaburnsto the skinprobablyresultsfrom expo-

sures to the particles represented by fall-out tray collection~i.e.$

the nmst activeparticles(Sec.2.1.3). Althoughair concentrations

are knownto increaseand decreasewith time for severalhoursfollow-

ing the arrival.of fall-outat a particularlocation,the gnund level

of radioactivityusuallybecomesequilibratedto the normaldecaylaw

(t-1”2)in lessthan 1 hourand more oftenin less than 30 minutes.3-5

Thus,protectionagainstmost external

as remainingindoorsneed be in effect

afterfall-outhas begun.

No completesizedistributionwas

contaminationby sucha measure

for only a relativelyshorttime

performedon a grosssampleof

fall-outparticles. The continuousdistributionof activities(Sec.

2.1.3)indicatesa continuousspectrumof sizesmightbe expected

ratherthan thatthe particlesmightbe dividedintotwo distinct

● ● 0 ● .

::

::
● & .: ;“ ::”

● ●0: .:O .0 .: ,,

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



typesrepresented

tlsee~tbut a SIZSI.1

1. The field

● ***e*

~:;
●

● :
● O : :. ●’.●:::

● ● . ● :* ::
0. :0 :*.

by the differentcollectors.The air samplersmerely

fractionof the whole.

& Summary

equipmentemployedin the collectionof fall-outis

adequatefor the measurementof air concentrationand particlesize “

distributionin the respirablerange. Similarly,the fall-outtray rep-

resentsa convenientmethodof collectingthe more radioactivesurface

contaminationin a formwhichis readilyadaptableto radioassayand

radioautographicprocedures.

2. A techniqueof radioautographyfor

velopedwhichyieldsinformationaboutthe

fall-outparticles.

fall-outtrayshas been de-

activitiesof individual

3. Individualparticlesof veryhigh activityhavebeen foundat

distancesout to 1.40milesfromthe pointof detonation.

4. Particlesof higher

shotsthanby air drops.

5. Oood correlationis

individualactivityare producedby tower

obtainedbetweenair concentrationsmeas-

ured by the impactor

6. Air sampling

out particles. Such

ableor captured.

and the high-volumesampler.

does not appearto capturethe most activefall-

particlesare presumablytoo largeto be respir-

7. The implicationsof past resultsand techniqueshave been

consideredfor theirpracticalimportancein futuretestoperations.
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Appendix

The equation of the line for Kodak Type-K x-ray film is given by

where

the expression

log d =

or

d=

d=

s=

a=

b=

Putting in values of a and

log d =

loga+b logs

asb

total disintegrations

s@ diameter

intercept on the

slope of line

b from the curve

6.03 + 2.63 log S

d axis where s = 1

For Kodak Blue Line x-ray film the corresponding expression is

log d = 6.G7+ 1.9210g S

For Ansco High Speed film a quadratic expression is necessary

log d = logs + b log s + c (log S)2

Putting in pairs of values of d and s from the curve and solving

a = 1.9x 106

b= 1.67

c = 0.48

And the equation is

logd= 6.25+ 1.67logS + O.@ (logd2
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The value of ‘la”“isa measure of the minimum expsure capable of

producing a measurable spot and is affected by the characteristicsof

the Kodalith as well as the x-ray film. The value of the slope “b)’

might be predicted to be 2.0 on a basis of the inverse square law;

Kodak Blue

sitivities

tions from

Line film actually had a slope of 1.92.

of the films to beta and gamma radiation

this value.

The relative sen-

might cause devia-
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Fig. 7. Two-hour expsure of particles with various activities on
Type-K x-ray film.
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Fig. 9. Spot size on Kodalith film as a function of beta activity.
(Ansco High Speed x-ray film).
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Fig. 12. Kodalith prtit of a fall-out tray radioautograph (film
exposure time 120 hours). Tray collected after an air
drop at 40miles from ground zero$ Tumbler-Snapper series.
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Fig. 13. Kodalith print of a fall-out tray radioautograph (film
exposure time 36 hours). Tray collected after an air drop
at 85 miles fmm ground zero, Upshot-Knothole series.
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Fig. 14. Kodalith print of a fall-out tray radioautograph (film
exyosure time 1 minute). Tray collected after a tower shot
at 50 miles from ground zero, Upshot-Knothole series.
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Fig. 15. Kodalith print of a fall-out tray radioautograph (film
exposure time 3 minutes). Tray collected after a tower
shot at 140 miles from ground zero$ Upshot-Knothole series.
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Fig. 16. Kodalith print of a fall-out tray radioautograph (film
exposure time 30 minutes). Tray collected after a tower
shot at 50 miles from ground zero} Upshot-Knothole series.
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Fig. 17. Kodalith print of a fall-out tray radioautograph (film
exposure time 5 minutes). Tray collected after a tower
shot at lW miles from ground zero$ Upshot-Knothole series.
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Fig. 19. Activities distribution from a fall-out tray. Sample col-
lected after an air drop at 85 miles from ground zero, Upshot-
Knothole series.
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Fig. 20. Activities distribution from a fall-out tray. Sample col-
lected after a tower shot at 50miles from ground zero,
Upshot-Knothole.series.
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Fig. 21. Activities distribution from a fall-out tray. Sample col-
lected after a tower shot at 140 miles from ground zero,
Upshot-Knothole swie#C.cO

● * ●* ●

::
:: : :47”: : ‘.:

● ●** ●9* 9*O.:..*

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



Ala@‘:;
b

●
●

●0:0
● : : ::

● ● 9 : :
::

● 0 :. .

I I I I I I I I I I I I I I I I I

.— — _ .— — MICRO CURIES—— ——

t/

-L- [ MICRO CURIE—— —— —— —— .— .
z L

K+ I I I I I I 1 I I,-
(21 I 5 10 20 50

CUMULATIVE PERCENT

Fig. 22. Activities distribution from
lected after a tower shot at

70 90 99 99.9

OF TRAY ACTIVITY

a fall-out tray. Sample col-
!50miles from ground zero,

Tumbler-Snapper.se~~e::

::
::

““:.@ i“ :::●: ..

*

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



●
✎

☛
:0

●°0
:

●’
9
.

●.
●

earn,
e

●
::

b

●
4

b,●

●
●

-e

b:
●

●
.

●
●*

:
:

::
●

0
:.

.

I
I

I
I

II
II

I
I

I

\

——

-J—
3

II
I

I
I

I
I

II
Ill

I
I

I
I

I
I

%
#13asf

m
–
g
c
o

c
o
w

(901
x

U
U

/C
l)

lflO
llV

d
40

3W
11

lV
31311W

d

m
l

L
j3d

A
IIA

IIW

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



J@
@

?
●..*

●
.
a
*

●
..

●
:oc

:
0

●‘
*

●
:C

●
● *

:
:

::
●

0
:
0

●
O

.

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



:0
●

.
.

●
0

●
*

●
*

●
9
9
.

.**
-

●
●

●
✘

●
✍

✚
✚

9
:

●
:
:

●
●e:.

::
●

0
:.

.

U
M

[dS
JIF

\E
D

●✚
●

:::9

:
●

9
●

-
●

‘
*
.
~
.
o

●
ab

,**
..

:
●

,

●
O

*●
●

°:

.*
●

***
‘y[45Jf~

●*:
●9●

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



10
I I I I I I I I 0

8
I v

/
6 t /

0
0

4
#

/
#0

/
/

0
2 . K

/
/ 08

/ /0 ,/

10-’
.0

K
8

/ / 0
/ 0

6 1 /r A
/ / ‘1 . 4

—2
# /. /

e

f

,(.-2 4
0 / r /

8 0 1 .0

/ /
/ #

6 /
/ ‘

4 ,8”
r ‘PERFECT CORRELATION*’

‘----REGRESSION LINE

‘----—ONE STANDARD DEVIATION
FROM THE REGRESSION LINE

2 /
/

10-3 I I I I I I I I

2 4 681022 4 6810’2 4 6810

HI - VOL
MICRO CURIES/ CUBIC METER

Fig. 26. Air concentration. Comparison
and the cascade impactor.

of the High-Volume sampler

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



@
i!liib

lJ!!C
IA

W
F

IE
D

●00:8..:
.**

●
●0:0

.*
●

:.
.0

●
●

●.9.
.ee:e.

.:.
●*

●

I
I

I
II

I
0
3
tb

*
N

(W
(l)

S
W

IO
H

G
K

+
H

lV
31311tJV

d
&

13d
A

IIA
IK

)V

—

<C
uGw
-l

e
-l

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



.0●

●

●
.0

●

U
N

C
L

A
S

S
IF

IE
D

I
11111111

III
11111111-]

II

J
1
1
1

I
I

I
h

II
I

a
-

o
l●

3r.=t

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



—
. . ●m. ●

● .* : .** ● *O

●00 :.: ● ● .*:●*.*

t

● ● ..: ●.: :-.
..e* .

.0 . . . ● O
● 9 ● .*O ● *

● : ● *O ● *!:*: : .: : ●*
●: ●.: .:O . ● ●

● ●:0 ●.*

o. .r..

4?&!B
‘a ● **

:: . ●*.
● : ● *.

::*:: ●

..-e* .,: , : ●04 :
●9. ●a. 9

●
. &

:0: :0.. ●a’

● ●m. : ●’. ● *.
,.:: ● ● ●’”

:.* .fo:

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE


