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ABSTRACT

If suitablewini-weightingfactorssreused,thedisplacementof

particleswhichfollowthewiniduringtheirfallfmm an initialcloud

canbe reducedto thepxwbleunof thefallof similarparticlesat a

uniformfallratethroughtheseweightedwinds. Usinga weighted

hodographasa basis,a height-timelatticecanbe constructed,either

upontheassumptionof no horizontalwindvariabilityor not. Theper

centactivityfallingintoeachsectionof sucha latticeis assumed

characteristicforallclouds.Thecontributionto themeanintensity

of theresultingfall-outovereachlatticesectionwillbe theactivity

expectedthereindividedby theareaofthesectionaugmentedby a

stripof widthequalto thecloudradiusatthe correspondingheight.

Ifthewindsaresuchastocauselatticesectionstooverlap,the

intensitiesareadditive.

Tablesanddetailedcomputationalproceduresarepresentedfor

thepreparationof fall-outpredictions.

-3-
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1. Introduction

Thisreportis a presentationof a handmethodforthecomputation

of fall-out

(FOFW)will

Thismethod

patternswithwhichtheTaskForceFall-outPredictionUnit

enterOperationRedwinginthePacMicin thespringof 19%*

will bebutom techniqueavailabletothatunit;other

hti methodsaxxiseveralanaloguecomputerswillalsobe avdlable. It

isessentiallythemethodpreparedforuseduringtheJanuaryphase

of Project% attheNevadaTestSiteywithan informalwrite-upldis-

tributedinDecember,19% tomembersof thelK3PUof JointTaskForce

Seven.In itsessentialsitis similartothe U. S.WeatherBureau

handtechniqueindependentlydevelopedesrlierthatye- axxireported

to LosAlamosataboutthessmetime2.Thisreportrepeatssome

elementaryfactsforworkersin thefield,sothatitmaystandby

itselfasan adequatepresentationof themethod.

Thisschemeis primarilyapplicabletomediumanddistantfall-

out. Bymediumfall.-outismeantfall-outbeyondthefirstIOmiles

or sobutwithinthefirst@ or ~; by distantfall-outismeantfa2l-

+tIt
,Iwt
use

turnedoutatRedwingthattheWeatherBureaurepresentativesdid
usethisnewertechnique,butfortheirhandmethodcontinuedto
unaugmentedareas.
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outin therangeof 200to 250milesfromgroundzero. Itwillrmt

applytofall-outin theimmediateneighborhoodof grounizero(with-

intheftist10milesor so)nor,althoughin theoryitwouldwork,

willtheweatherforecastgenerallybe availableforapplicationto

verylongrangefall-out.A separatestudyshasindicatedthatwhile

singlepointwirxirunsareprobablyan adequatebasisforthepre-

dictionofmediumrangefaX1-outpatterns,thespacevariabilitiesof

thewindsalmostcertainlyoughttobe takenintoaccountinthe

forecastofdistantfall-out.Thisrequirementwasvisualizedin the

conceptionof thismethod~andtheschemetakesitintoaccount.*

2. TheHodographandtheHeight-TimeLattice

In fall-outwork,thewordhodographis usedto designatethat

curvewhichistheprojectionintothehorizontalof thepositionof

a bodyrisingat a uniformrate andsimultaneouslymovinghorizontally

withthewind. Thehodographis usuallyapproximatedby thesumof

th~neanwinisthroughlayersof finitethickness(seeFig.1). Its

significancestemsfromthsfactthattheprojectionof a uniformly

fallingparticlewouldmoveundertheinfluenceofthesamewinds

(butinreverseorder),andsowouldexperiencethesamenethorizontal

displacementaswoulda risingparticleof thesam verticalspeed

whichis passingthroughthesamesliceof theatmosphere.

*13arlyfieldexperienceatRedwinghasshownthatadequatetimeis
availableforconsiderationof space-timevariabilityin thefall-out
forecasts.

-8-
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,

Fig.1 ‘i’hehodograph(heavysoltiline)andheight-timelattice(light
solidlineam dag~edlineg,respectively.
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Thenatureoftheactiveparticlesinfall-outworkisnotwell

known. It isfairlyclear,however,thatitis quiteunlikelythat

particlesfallwithuniformverticalspeedthroughouttheirdescent.

Supposefora momentthatwe considersomeclassof particleswhose

falltimesthroughthevariouslayersareknown. Then,forthese

particles,we couldconstructa hodographwiththeWMS forthevarious

layersweightedinproportiontothetimesspentbytheparticlesunder

theirinfluence(i.e.,to thetimesspentfallingthroughthevarious

layers).If suchaweightedbdographis used,thepxmblemmaybe

treatedasthoughtheparticlesarefallingat a uniformspeedbut

throughthesefictitiouswinds. Considerthatthehodographshown

in Ng. 1 is sucha weightedhodograph.

Theparticlefallingfromsomelevel,forexample,h2,willex-

periencesucha meanhorizontalvelocityduringitsfallasto arrive

at thegroundatsomepointalongthelineh2. Howfarfromground

zerooutslongthatlinethepetitof arrivaloftheparticlewilla

be dependsuponthetotalfalltime. Note,then,thatif allthe

particlesinitiallyat thelevelh2 havethesamerelativefalltimes

inthevariouslayerssthenthesameweightedhodographwillapplyto

allof them,andtheywillstretchoutuponarrival.atthesurface

alongthelineh2. Itis thenappropriate

arrivala heightMne.

Itwasnotedabovethatthenatureof

fell-outisnotadequatelyknown.At this

to callsucha lineof

theactiveparticlesin

stageofknowledge,

-1o-



particularlyforthecaseofveryhighcloudsinwhichtheparticles

fallthroughlayersof theatmosphereofquitevaryingdensities,it

hasgenerallybeenthepracticeto useaerodynamicfall.rates. These

areusuallycomputedforspheresof density2.5fallingin sucha way

asto havelaminarairflowpastthem. Someinvestigatorshavegone

beyondthis,US* Stokesianfal.1forverysmallparticles,andnonlaminar

fallforverylargeones~

Thereis a real qwstionwhethertheserefinementsareatpresent

justified.Theseaerodynamicfal.lratesthemselvesshouldnotbe

takentooseriously.Manyoftheparticleswillmt be perfectspheres:

Somewillbe agglomeratesof spheresof condensedmaterialswhichhave

stucktogetherjotherswillbe irregularpiecesof scavengingmaterial

pickedupfromthesurface.Thetirflowpastthemwillnotnecessarily

be nomturbulent~Presumablytheywillgenerallyfallmoreslowlythan

willspheresof thesamemass. Incasesin whichtheparticlescan

mostreasonablybe regardedasspheres,thatis,whentheyconsist

eitherof a solidparticlesurroundedby a filmofwaterorof a

simplewater

duringtheir

evaporatein

drop,theirradius(- so,thetimass)willbe variable

fall;ingeneral,itwilldiminishwithtimeas they

therelativel.ydryupperair. Thisdiscussionsto

emphasizethataerodynamicfallratesforparticlesof specificradii

ere not to be takentoo literallyinfsll-outwork.

It wouldbe veryfineif the sameweightingfactorswouldapply

forthefallof aXLparticlesthroughthevariouslayers. Alcmk at

%
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tablesof aerodynamicfallratesforvariousparticlediameterscovering

therengeof interestto us indicatesthatthisis notthecase. How-

ever,it isnota terriblybadapproximation,ad inthelightof our

generaluncertaintywithrespecttotheexactnatureoftheparticles

andvariousotheruncertaintiesinherentinpresentfall-outwork,

itis an approximationwhichwe feeljustifiedinmakinghere. Ac-

cordingly,we assumethatwe can

variouslayersforsomeselected

applytheseweightingfactorsto

choosetherelativetimesin the

aerodynamicsphereof density2.5and

thewindsto obtainthe holographs

usedforallparticles.Thismeans,forexsmple,thatwe assume

irregularparticlesof a givenmassratiohaveth samerelativefall

timesas spheresof thesamemassratio.Withthisassumption,the

heightlinesof Fig.1 willindeedbe linesof theassumedlociof

depositionof particlesfromthegiveninitialheights.Inthe

practicslapplicationofthisscheme,theparticularsetofwind-

weightingfactorsto be usedcanbevariedbyKM personnelattheir

discretionduringthecourseof anoperation.

Retuimingnowto thediscussionof Fig.1,we haveseenthatthe

radialsolidlims markedho, hl, ha, etc.,are heightli.neseThese

mark lociof arrivalofparticlesfromvariousheights,withparticles

initiallyfromintermediateheightsarrivingatthegroud atpoints

intermediatebetweenthecorrespondingheightlines. Thedashedli~s

markedtl,t2,etc.J togetherwiththeseheightlines,constitutea

height-timelattice.Thesetimeli~s areconstructedasfo120ws:

-12-



Assumethatsomestandardparticlessayonefailingat ~,COOfeetper

hour,willdescendfromheighth2 tothegmti duringthetimetl.

Remenberthatby goingoverto a weightedhodographwe havereduced

ourproblemtothatof uniformlyfallingparticles.Itis thena

simplematterto decidehowfaroutalongaqyotherheightli=s

particlesstartingfromtiecorrespondingheightswouldbe attimetl.

Thehorizontaldisplacementof a particleas itfallsfromitsinitial

heightto thegrouniisgivenby tb vectoralongtheheightlineout

to thehodograph.Thusa particlefallingfroma heighthl,halfof

h2,w-d be twotimesthedistanceouttothehodographalonghl at

at thetime~. Stiil~lyifh3 isoneandone-halftimes%$ then

theparticleon hswillbe two-thirdsof thedistanceoutfromground

zeroto theintersectionwiththehodograph.We thusconstructthe

locusof pointsatwhichthesestandardparticlesarrive.at thetime

tl. Pointstwiceas faroutwouldcorrespondto a timet2,etc. In

thisfashionwe completethesetof timelines.Note,of coursesthat

thesecontain

fSlling5,000

beforet2,if

heightlines,

someelementsoffiction.A standsrdparticle(one

feetperhour}mayverywellhavereachedthegmti well

it fal.lsfromcertainoftheheights.Thusalongthose

theintersectiont2wouldhavenomeaningforthestandard

particle;however,itwillhavemeanhg asa marker- otherparticles

whichtakegreatertimemayverywell.fallto thegrouxxlfrcmsuch

heightsatthesegreaterdistances● Thewifiweightingfactorstab-

ulatedinAppendixA havebeennormalizedso thatthetotalfalltime

-13-



throughthelowest~,000feetforeachparticleisunity.Thiscorres-

pondsto useof a standard~,000feetperhourfalltimeinconstruction

of theh-tlattice.It clearlyfailsto givecorrecttimesforthe

varioussphericalparticles;certainlythefalltimesthroughupper

lsyershavebeenoverestimated.

Itwill.be seenasourdiscussioncontinuesthatthereslityof

ourstandardparticleisnotvitaltous. It isonlygoingtobe

importantthatwe usethesamestandardfallratesfora particlewhich

definesthetimelims ofourhodographinworkingup ourmodelaswe

lateruseinitsapplication.Theconceptinvolvedisthis: We mske

thebasicassmnptionnecessaryiffall-outpredictionis tobe possi-

bleatall,namely,thatallcloudsareessentia~ysimilar.Thus,

we assumethata characteristicamountof activityispresentbetween

correspondinglayers,ssybetweenone-halfandthree-fourthsofthe

heightof thecloud,forallclouds.‘l!hismeansthata characteristic

amountof activitywillfallintoeachsectordeftiedby twoheight

lines.Similarly,we assumethattheparticle-sizedistributionsare

suchthatin eachof thesesectorstherelativeactivitieswhichreach

thegroundatdifferenttimeswillbe thessmefromcloudtocloud--

thatisto say,thatina givensectorthesamerelativefractionof

activitywilllandbetweencorrespondingtimelinesfromonecloudto

another.

It is notvitalto uswhetheror notwe haveusedtheprecisely

correctfsll-timelaws. So longas ourweightedholographis of

-14-



approximatelytherightshape$we shallobtainreasonableresults.

Thus,if ourparticlesfall.atratesnotat illcenteredonthe

~,COOfootperhourrateusedindefiningtietimelinesofourlattice,

thiswill not be of seriousconsequenceto us so

terestedinwherenotwhentheactivityarrives.

determinewhatfractionof activityfallsintoa

latticesectionfrompastshots,andthenassume

willfallintothatsectionon futureshots.

longaswe arein-

We empirically

givenheight-time

thatthesamefraction

Forthemomentitis justificationenoughof ourstatementthat

thelabelsof ourtimelinesmaybe quitearbitr~, thattheinitial.

empiricalcomputationofthedosewouldcontainin it anyerrordueto

erroneoustiming(SSYSfromradioactivedecayeffects)~and~at a

compensatingerrorwouldreappearin anyforecastmade. Itmattersnot

forourpurposeswhethera smalleractivitylandsearly,or an erroneously

largerone(largerby justtheamountrequiredto compensatein the

infinitedose)is assumedto landlater. ‘M-sfeatwe isrelatedto

botha weaknessanda strengthofthescheme:A weaknessbecausethe

schemecannotbe usedto computetransient-statemapsof activityduring

thef~-o~ period(suchmapswouldbe bothoftheoreticalinterest .

andof possiblepractical.importanceaswellsincetheywouldprovide

a ‘howgoesitncheckoftheforecastagsinstearlyactivityintensity
t

reportscominginto‘t&controlcenter];a strengthbecausethescheme

iseasytomodifyin thelightof fieldeqerience-- its‘numbersM

beingthemeasurementsat thesurfacethemselves~notsomestabilization

-15-



distributionsltcurve-fittedlftomatchthesesurfaceobservations.

Inthisdiscussion,andin Fig.1,we haveconsidereda height-

timelatticeconstructedon thebasisof a wimisoutiingatone

point--thatis to say,a height-timelatticeconstructedon the

assumptionthatthereisno horizontal.v~ation inthewimi. This

is suitableformediumrangefall-outsituationshowever,aswe have

remarked,it isprobablynotapplicableforlongrangefall-out-- say

theorderof thedistancebetweenBikiniandEniwetok,or Bikiniad

Rongelap.Fbrsuchlongrangecomputations,it isnecessarytocompute

theheightandtimelinesin termsofvariable(inthehorizontaland,

ifpossible,in time)witifields.Thisessentiallyinvolvesthe

computationfromanalyzedand/orforecastwindfieldsof a seriesof

trajectoriesof particlesfallingat theassumedrates.Thisb a

meteorologicalpxwblemardwillnotbe discussedhere. It isperfectly

feasible,givena windforecast,tmconstructtheheight-timelattice

or,in particular,thosedistantsectionsof interestforsuchspace-

timevariablewindfields.Thesewilldifferfromtheheight-time

latticesshownin

straightlines.

Inprinciple

Fig.1, inthattheheightlineswillnolongerbe

we assume,then,thatwe havemeansfortheconstru~

tion of aheighb-timelatticeeitherbased

mediumrangework,orbaseduponspace(and

windsfordistantfall-out.Howwe usethe

uponone-pointwindsfor

perhapstime)variable

latticein theactual

computationof fall-outpatternis discussedbelow.

-16-



Finally,notethatwhilewe haveinferredtheuseof equaltime

incrementsforthedefinitionof thetimelines,thereis no necessity

forequalheightincrementsbetweensuccessiveheightlines.Itieed,

at ttiesitmaypniveconvenientto usevaryingheightincrements.

3. TheFall-outIntensityFormula

Intheprecedingsectionwe haveexpressedthebasicprinciple

involvedinourcomputation:Thepercentactivityofa cloudfslling

in a particularlatticesectionisasswnedtobe thesamefromcloud

to cloud.Accordin@.y,ifwe takethispercentof theestimated

activitygoingintotheprhmryfall-outfromthecloudad divideit

by theareaoftheheight-timesection,we shouldarriveat an

intensityfigure.Ourbasicformula,then,fortheintensitycontri-

butedata particularpointcharacterizedby the(h,t)thlatticesection

willbe givenby

1(h9°‘w (1)

InthisformulasK isa purenumbersthehazardfactor.Thisis the

fractionofthetotal.fissionyield,Y, whichisexpectedtofallinto

theprimaryfall-out(thatisto say,thatpartof thefall-outwhich

we aretryingto forecast).ThefactcrD expressesthedecayof

activityduringtheperiodoffall. Thequantitya(h,t)is thefraction

expectedto

h andt are

another:h

fallin the(h,t)th latticesectionforanycloud.Both

herechosenso asto scalefromone cloudheight,H, to

is in theunitsH, i.e.,h isa fractionalcloudheight,

-17-



t is in the unitsH hours/~, whereH ad ~ are cloudheightand a

referencecloudheight. Thesechoicesof unitsin effectdefinewhat

ismeantby ~correspondingfllatticesectionsfromonecloud

A(h,t)istheaugmentedareaofthe (h,t)thlatticesection

becausethecloudisnota pointsourcebutrathera source

area. Thiswillbe explainedinSec. ~.

to another.

-- augmented

of finite

Thehazardfactor,K, iscomputedbymethodsnotherediscussed,

in particularby Shelton~smethod.5

Ineachinstancethefissionyield,Y, willbe providedfromsome

othersource-- saya LosAlamosScientificLaboratoryT-Division

estimate.We shallgeneral~wishto maptheradiationintermsof

roentgematmeterlevel,n~w~lizedltR, infinitedose. Theyield

estimateswillordina.rilybegiveninkilotonsof TNTequivslent.We

willwantouryieldconvertedto R infinitedosetimesmilessquared

whichweshalllaterdivideby~ areainorderto getintensity.It

is a simplematterto makethisconversion.From‘Effectsof AtOmiC

Weapons,np.251,(LASL,19~)6 we findthatthegammaradiationat1

hourfroma nominaltmmbis6.ox 103megacuries,andfromthefigure

onpage259of thesamepublicationthat1 megacurie,spreadtiormly

overa squaremile,correspondsfor0.70-Mwparticlesto about4.2RHM

at1 hour,or to about21.0R infinitedosea Usingthesefigures,we

findthatouryieldwill.be 6300R infinitedosetimesmilessquared

for eachkilotonof TNT equivalentpredictedyield. If wind speeds

in knotsanddistancesinnauticalmiles

-18-
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tobereplacedbyb?~l.We discussthefactorsD,a, andA of-Eq.(1)

inmoredetailin thesectionsbelow.

4. TheActivitYp=titionTable,a(h,t),andtheDecayFactor,D

Basictothephilosophyoftheseparticularfall-outcomputations

is theassumptionthattherelativeactivitiesto be expectedat the

groundin eachsectionoftheh-tlatticewillhavebeendetenuined

empiricallyfrompastshotsandwillbe characteristicforothershots.

Basictootherfall-outschemesistheassumptionthat,startingfrom

thesameground-measureddata,correspondingpartitionsof activity

arxlof particlesizewillhavebeendeterminedforvariouspartsof

a cloudat ‘stabilizationNandwillcharacterizeallclouds.We shall

see,ifwe usethesimpleradioactivitydecay

thatonesuchtableof relativepartitionsof

forcloudsof dl sizes— atleastsofaras

decay&ring

theattitude

variantfrom

partsof the

Specifically

thefallthe areconcerned.To

lawgenerallyassumed,

activitywillsuffice

theeffectsof activity

seethis,letus take .

adoptedinmostfall-outschemes,namely,thatthein-

clowito cloudis therelativeactivityin thevarious

cloudat stabilization.

thatwe chooseto divide

(thenumberis actuallyirrelevant).

Forthesakeof example,suppose

thecloudintosixequallayers

Nowsupposewe treattwoclouds

of totalheights~h and H. Letus comparetheactivityfallingfrom,

say,thefifthandsixthsectio=of eachoftlx=dclouds.We seek

to ascertainthattheratioof thecontributionsto theinfinitedose

atthegroundduetotheactivityof fifthandstithcloudsections

-19-



willbe thessmeforeachof thetwoclouds.

Variablefallrates,remember,havebeen

problemby theuseofweightedwitis. Hence,

eliminatedfromour

ifwe callt~ a t6

the mean timesof fallof particlesfmm the fifthandsixthsections

of thesmallcloud,andT~ andT6 thecorrespondingmeantimesforthe

fallfromthecorrespondingpartsofthelargecloud,we have

t5 t6 h (2)= ,—, =—
‘T~ T6 H

Let S5 ad 96 be th? percentactivitiesinthefifthandsixth

layersof thesmallcloudat stabilization,andletS~ andS6bethe
.

correspondingquantitiesforthelsrgecloud.Alsoletd~ andd6 be

theinfinitedoseattheappropriatelatticepointdueto actitity

arrivingat the groundfrom

cloud,ad let Ds and D6be

cloud.We assumetheusual

theselayersforthecaseof

thecorrespondingquantities

1.2decaylaw. Accordingly,

thesmall

forthelarge

theintensity

of the radiationarrivingat the groundfromthefifthlayerof the

smallcloudwillbe s~(t#ts)-1”2,wheret~ isthetimeof stabilization.

Theinfinitedose,then,willbe givenbyd5= %5 x thisintensity,

thatisby

d~= ~t~1”2s+5-o”2 (3)

Similarly,

d6 = 5@2s6t6-oe2; D5 = 5-&2&&o*3 D(j= %s1”2s#6-0”2 ‘h)

Usingtheseresultswe cancompsretheratiosof theinfinitedoses

originatingfromthefifthandstithlayersfromonecloudto the

-20-



other:

(5)

We have assumedattheoutsetequalityof theratioss+6 ands@&

Also,fromEq. (2)we seethatthelasttwofactorsoftherightmember

of Eq.(5)arereciprocal.Hence,we seethattheratiosof thein-

finitedosesresultingat the groundfmm the fifthand sixthlayers

are indeedthe same fromone cloudto another. Thismeans thatwe can

use a universalset of percentactivitiesgoinginto eachlattice

section,that is to say,one universalset of a(h,t)1s in the rotation

of q. (1)● However,it is certainlynot the casethat,in the

notationwe are here using,d<s~ = D#S5. In fact,it is clearthat

for the largercloudthe infinitedoseswill be smaller,assumingthat

the same initial.activityis spreadover the two clouds. Thisis

becausemore is lost to decayduringthe longerfsll timesfromthe

highercloud;or, put anotherway, the infinitedosedepositionat the

Pund beginsata laterdate for thelargercloud. Thus,dthoughwe

can use one universalset of ats,we must accomp~ thisby a tableof

decayfactors,D, each dependentuponthe totalheightH of the cloud.

Sime thevariablefallrateshavebeen eliminatedby the transi-

tionto the weightedwinds,so thatwe have a uniformfall problem,it

is

be

at

clearthatthefalltimesfromcorrespondingpartsof thecloudwill

inproportionta thetotalheightsoftheC1OULS.Theinfinitedose

thegroundarisingfromeachpartofthecloudisproportionaltothe
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mean time of fallto the minusO.2 power;this givesus a readymeans

of computingthedecayfactors.Suppose,forexample,thatwe have

computedtheinfinitedoseresultingat thegzmundfroman imitisl

distributionof activi~of unitamountin a 12,000-footcloud,using

a 12-layermodel. Fig.2 is a displsyof sucha modelandtheresults

of sucha computation.Thetopnumberineachboxisthepercent

actitityat l-hourassignedto thatlatticesectionunderthecurrently

acceptedINIPUcloudmodel;themiddlenuyberin theboxistheresulting

infinitedoseatthegrouti(forthe12,000-footcasechosen),and the

lowestfigurein eachboxisthepercentinfinitedose. Thesumof

thecomputedinfinitedosesturnsouttobe 1.0329.‘hismeam that

fora cloudofheightH, thedecayfactoris

D(H)= 1.033(12,000/H)0”2 (6)

Eq.(6)istabulatedinTableB-IofAppendixBe

TableB-IIisa repetitionofthenormalizedcontributionsto the

infinitedose(thelowestfiguresineachh of Fig.2). TableB-III

isthecorrespondingonefora 6-layercloudmodel,derivedby adding

up appropriateentriesfromTableB-II. If,forexample,thewindis

turningrapidlyin thelowestlayers,sothatthelowestlattice

sectionsarebadlyfittedby representationastriangles,*smaller

incrementsof height,correspondingtothe12-lsyermodel,couldbe

takenatfirst;thenincremntscorrespondingtothe6-hyer model

We shallfindit convenientto usesuchrepresentations;seeSec.~.
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Fig.2 Activitypartitionina 12,000-footcloud,12-layermodel.
Ineachbox, the top entryis percentactivityat 1 hour;the
middleentryis the resultinginfinitedose at the ground;
the last entryis percentinfinitedose.
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usedthereafter.

uppercornersof

Thishasbeensuggestedby thesmall

the top-leftlatticesectionentryof

entriesinthe

TableB-III.

If6 layersare to be used,but with

correspondingto the 12-lsyermodel,

preparedfromthe 12-l~er one. The

the smallertime intervals

the requiredtableis readily

requiredtabularentriesare

exemplifiedby the smallentriesin the,righthardcornersof the top-

second-from-the-leftlatticesectionentryin TableB-III.obviouBly,

yet othercombinationsare derivakflsfrom TableB-II.

50 TheAreaComputation

Thereasoningaboveinthediscussionoftheconstructionof

height-timelatticerefersto a cloudtreatedasthoughitwere a

the

filament,that is to say,a pointsourceat eachlevel. In actual

fact,at a~ givenheightthe cloudrlll havesomefinitearea. In the

firstapproximation,we treatthisas a circleof radiusr, assumed

known at leastin termsof somecloudmodel,for each elevation.‘Re-

ferringb Fig. 3, wheresucha circlehasbeenplacedat thevertex

of twoheightlines,itisfairlyclearthatthefall-outwillnot

be intoanh-tlatticesectionbutactuallyintoan augmentedh-t

latticesection-- thatis to say,a latticesectionaugmentedby a

stripofwidthequalto thecloudradius,r.

Itturnsoutthatintheparticularcaseofmediumrangefall-out>

wherespacevariationofthewindisignored,thecomputationof these

augmentedlatticesectionareasisparticularly

Measurementsneedbemadeonlyon the innermost

-2h-

quickandeasy.

latticesections,that



Fig.3 Notationsused in the com utationof the augmentedlattice
Ysectionareas (seeSec. 5 .
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is to say,the ones

is a consequenceof

betweengroundzeroand the firsttime line. ‘Ihis

the factthateach latticearea is the difference

betweenthe areasof two similartriangles(extendingfrcxngroundzero

to successivetime lines). Supposewe callthe sidesof the innermost

of one suchtrianglea, b, and c, and the altitudeof thattriangle,

h;<seeFig.3. Rarther,letus callthe area of the innermosttriangle

al,that of the augmentingstrip‘cl,and the totalaugmentedlattice

sectionareaAl; callthe correspondingareasof the othersections,

theiraugmentations,and the augmentedareasCJ2,”’r2,A2; as, 7s, A3;

etc.,numberingthem successivelyfrcmgrcundzerooutwards.

EvidentlyA1 = al + T1 is givenby:

Al = l/2bh+ fir2+

l?rctnconsiderationsof the similarity

equalspacingof the time lines,

U2 = l/2(2b)(2h)-

and, in fact,in general

r(a+b+c) (7)

of the trianglesinvolvedand the

l/2bh= (22 - 1)uI

%=
[ 1n2 - (n - 1)2 u= = (2n - l)a~

so that

Also,

In general,

‘%-l-l=un+2al

T*= m?2+r(a+c+b+ 2c) =?l-t-2rc

(8)

(9)

-26-



Combining(8)and (9)jwe get

An+l= An + (bh+ 2rc) (lo)

Thus,if we but computeAl, fromEq.(7),andtheincrementin the A’s,

the quantityinparenthesesin therightmemberofEq. (10),andenter

themintotheregisterandkeyboardofa deskcomputer,we canget

alltheAlsforthoselatticesectionsbetweenthetwochosenheight

linessimplyby repeatedlypressingthe ‘addnkey.

Forthecaseofdistantfall-out,wherethisnicesimilarityof

trianglesfails(weno longerevenhave triangles),it will be necessary

to use a pl.animeteror similardevicefor the determinationof the re-

quisiteaugmentedareas. However,sincethesecomputationswill

probablybe for a relativelyfew, distant,latticesections,the work

oughtnot to be too the

The factorA-l(h,t)

calledthe ‘lwhdfactor”

consuming.

whose computationhas here been discussedwas

1
in the descriptionof the method prepared

priorto Project56 inNevada.Thisisa resonablename,perhapsmore

descriptiveof itsphysicalmeaningthan‘areafactor,nsinceevidently

thevariationof thewindconditionsfromshottoshot-- theonly

meteorologicalvariablein thecomputation-- entersonlythroughthis

factor.

6. PreparationoftheIsodoseContours

IntensitiescomputedfromEq.(1)foreachlattice

enteredat thecenterof eachona mapof the lattice.

sectionare

Dependingupon

thewindstructure,somesuchlatticesectionsmayoverlap.For
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examplesinFig.1 itisquiteevidentthattheactivityfallingbe-

tweentheheightlinesh4 andh~willbe completelysuperimposedupon

thatfallingbetween~ andh3. Thus,at th centersof thosehttice

sectionsbetweenthehh andh~ lines$the(~S h3)contibutio~must

be added.Inothercases,theoverlappingwillbeonlybecauseof the

augmentationof theareas.Inpractice,itwillpnbablybe mod

enoughto testeachcentral.pointof a latticesectionwitha pairof
.

dividersto seeif it iswithinoneradialdistameof otherlattice

sections.Ifso,theintensitiesofthesectionsimolvedshould

addedto obtainthecontributiontotheirrtensi&atthatpoint.

thantwosectionsmaycontributeto theintensityatonespet,of

be

More

course.Oncethesumnedintensitycontributionshavebeendetermined
.

andenteredat eachpoint,it is a relativelysimplematterto analyze

theresultingdatain orderto getthecontourpresentation.

In consideringthequestionofoverlapabove,we havetacitly

assumedthatan intensitydistributionfortheactivityacrosstb

cloudat a~ givenlevel,whichis zexmoutsidethecloud,jumpsto a
.

constantvaluewithintheCloud$anitkn iszeroagainat theother

edgeof thecloud.Variousworkershaveassumeddifferentsortsof

distributionsof actitityacrossthecloud.White(seeReed7],for

example,assumeda drop-offof activitytowardtheedges(a bell-
Zshapeddistribution);Nagleret ala and

distribution.Othersmightreasonablywish

distribution--onewitha.relativeminimum

-28-
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centers

exanple$

thatfor

Itmight alsobe reasonableto choosea stepfunction;for

onewiththelevelof activityrisingtoa constant,remaining

partof the way intothe cloud,risingtoyetanotherconstant,

remainingthatfora distance,descendingthenagainto thefirst

constantvAluejad thenagainto zen; thiswouldbe an approximation

of thebelll-shapeddistribution.

We actuallydo nothaveadequateexperimental.evidenceuponwhich

tomakea choicebetweenthevariousdistributions.Partof the

differencesbetweenthevariouschoicesis compensatedforby the

IIcmvefitti~s!!i~olvedin gettingtherelativeactivitydistributions.

‘hedifferencescanalsobe partlycompensatedforby differentchoices

of radiologicalclouddiameter-- a factordeterminedempiricallyafter

thegeneralchoiceofcloudmodelhasbeenmadeand,in fact,partof

the~curvefitting~involvedin gettingthe‘numbersnforthatmodel.

Sincethechoiceis tosomeextentan arbitraryone,itwasmadehere

intermsof computationalconvenience.Theessential.pointto remember

isthatthequestionof overlapof extendedlatticesectionsdoesrmt

deservemorethana roughtreatment-- thereis no use

aboutourpresentaccuracies.Hencethesimpleattack

tobe combinedwithjudicioussmoothingof thepattern

kiddingourselves

herepropesed,

whenthefore-

casterdrawshisfinalisodosecontours.Thefinalresultis,of

course,to be takenwiththeusualking-sizegrainof salt. Foran

estimateofthesizeofthisgrain$see reference3.
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Severalcommentsare

rememberedthatin Sec.4

ofa‘s wouldsufficewith

activitydecayduringthe

mindtherewasthefairly

tributionsina cloudmay

7. Discussion

appropriate.In theftistplace,it will.be

we qualifiedourstatementthata singleset

theclause,fiatle~t sofsr aseffectsof

f’fit- areconcermd.ttWhatwe hadin

obviousconclusionthattheactivitydis-

verywellbe,h thefirstplace,a fhnotion

ofthesortof sub-surfaceoverwhichthebombbursts.Thenatureof

thescavengingpartiolesclearlymaydepetiuponwhetherthesurfaceis

coral.or clayin thecaseof a drysurface,and,perhapsmoreimportant,

whetherthesurfaceiswateror land. Inthecourseof thediscussion,

we havementionedthepossibilitythatwaterdropletsor particles

coveredwitha filmofwatermaybe importantincertainfall-out

situations,azrlthattheseparticlesmaychangetheirmassasthey

fall..Shouldtheychan@ theirmassin a characteristicwayfromone

cloudto another(thatisto say,shouldtheevaporationintothe

upperatmospherebemorecr lessthessmefromonecaseto another--

asitmayverywellbe,giventherelativeconstancyof atmospheric

conditionson IIshotdays”),thenitshouldbe possibleto computea

tableofa!sforsuchshots.Rememberthatwe dormtcarewhatthe

exactfalllawsaresolongas theyarereproducible.Ifpartofthe

variabilityofthefalltimeisdueto a variablemassof theparticles,

thatis perfectlyallrightasfaraswe arehereconcermd. We are

noworseoffin notknowingtheexactfalllawsforthisreasonthan
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we are in nt knowingthem for otherreasons.

In the secondplace,it may alsovery well be that the character-

isticdistributions(thatis, the a table)dependin a qualitativeway

upon the magnitudeof the shot. That is to say,theremay be a

qualitativedifferencebetweenkilotonshotson the one handand megaton

shotson the other. Obviously,of course,thereis in fact a gradual

transition;thewholerangeis continuous.I-Ioweverjif we breakit

intotwo classes,it may be desirableto use differenttablesof a for

eachclass. We enterth forthcomingoperationwith but one set of

~ts, for lack of knowledgeof how to vary themfor the variouscases.

Thismay be changedin the field as experiencedictates;here the

simplicityof this schemewill be an advantage.

Perhapsthe singlegreatestchangefrompreviousfall-outfore-

castingpracticevisualizedin thispresentschemeis the use of space

(andperhapstime)variablewindsfor the computationof distantfall-

out patterns. Referenceto a previousreport~wi.11show the high

desirabilityofat leastexperimentingwith thi.s.This advancehas

longbeen visualizedas beinga desirableand perhapsnecessaryone by

m~ workersin the field.

It is obviousthatwe do not yet havethe lastword in fall-out

cloudmodels. Duringthe forthcomingoperation,we shsllbe interested

in trytigto get aS gooddata as possiblewith respecttO the deposition

both in termsof the spacead time distributionami of the particle

sizes. We shallalsowant b collectcloudgeomet~ data. Givensuch
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information,we can afterwardstake anotherlook at the modelani perhap

improveit.

In the prelimincuypresentationof this schemel,OM of the final

conclusionswasthatitmightbe importanttotakeintoaccountthe

divergenceofthewindfield(or,whatis linkedto thedivergence,

verticalvelocity).Sincelargescalesynopticverticalvelocities

the

rangingin extremecasesto 25-!3cm/secare

Islandsarea9,andsincethe$000 foot/hour

particlescorrespondstoabout&2cm/see,it

measuredin theMarshall

fallrateof our ?Istandard!l

is clearthatifthese

vertical.velocitiescan be at all reliablyforecast,they shouldbe

takenintoaccount,at leastexperimentally.Thisis contemplatedfor

the forthcomingoperation.

Threeeffectsuponthe

patterncan be anticipated.

the fall times. Thiswould

intensityof theresultingfall-out
.

Upwardvertical.velocitieswouldimrease

resultin greaterlossof activityto decay

duringthefall,contributingto a decreaseof titensityofthede-

position;thiswouldbe a verysmelleffect.Thegreaterfallltimes

wouldmeananincreasein themea ofthelatticesections;thisalso

wouldtendto decreasetheintensityof thefall-out(forupward

motions)andwouldbe a muchlargereffect.Fromconsiderationsof

continuity,upwardverticalmotiorsareaccompaniedby low-level

convergenceand high-leveldivergenceof thehorizontal.,winds.Assuming

thatthethe-weighted“meaneffecton thefailingparticlesforthe

casebeingconsideredwillbe a netconvergence,

-32-

as islikely,this



willresultina diminutionof theareaof eachcloudsliceasit

falls;thatisto say3a diminutionof theaugmmtingstrip,inthe

terminolo~of thispaper.

Forpostoperationalanalysestore-checkourcloudmodelsthe

courseisclear,butjustwhichof severalpossibleroughanddirty

approachestotheproblemof takingtheatmosphericverticalmotions

intoaccountinoperational.forecastswillprovetobe thebest,

consideringbothcomputationalease(andso,time)andtheaccuracies

of theverticalvelocityestimatesisnotyetclear.

8. A ‘lCookBooknProceduralOutlim

In thissectionwe listseriallythestepsinvolvedinmakinga

fall-outpredictionusingtheprocedureofthisreport.Someofthis

workwill.be donewellinadvanceof theactualforecast,thatisto

say,wellbeforethefinalwind-runtobe usedis available;other

stepsaredependentuponthatwind-runad mustbe doneat thelast

moment.In order,the stepsare as follows.

In advanceof knowledgeof theactual.wind-runtobe used:

(1) Determinetheanticipatedclouddimensionsfromthe

fieldestimate,ifthecomputationis a pre-shotone; franob-

servation,ifthecomputationis a post-shotone.

(2) Giventhesedimensions,determinethenumberof layers

tobe usedinthecloudmodelforthecomputation,andcomputethe

quantitywr2 foreachoftheelevations.In general,r willbe a

functionof height.
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(3), Givenan estimateof thefissionyield,probablyin

kilotonsof TNTequivaleti,coxnrertitto roentgensinfinitedose

timesmilessquared,determinethehazardfactor,K, anithedecay

factor,D, fromtheestimatedheightof thecloud.Formthe

productKYDad thenmultiplyeachof theatsby it,therebypre-

paringa workingtableof quantitieswhichneedonlytobe divided

by theareasdeterminedforthevariouslatticesectionsat the

lastmomentinorderto getintensitycontributions.Notethat

since,forconvenienceoftabulation,percents,notfractional

doses,appearinthea(h,t)

be entered.In effectthis

eachkilotonTNT equivalent

A suggestedworkingformis

tables,an addedfactorof0.01must

meansusing63 R milessquaredfor

forY, anithea(h,t)Isastabulated.

onelikeTableB-IIlessthea~s.

Inplaceof thea(h,t) entriesthereshown,thequantitiesKYIlz,

computedin thisstep,wouldbe entered.Notethattheboxesare

largeenoughforthesubseqwmtentryof theareasandthequotients

(i.e.,theintensities).

Afterthewindruncomesin:

(4) Giventhewindrun,consfxucttheweighted

usinga tablesuchasme of thoseinAppendixA.

(5) From

lattice,using

usingselected

thewei@tedhodograph,constructthe

hodograph,

height-time

theproceduresof Sec.2 forthemediumrange,and

the determination

meteorologicallydetermimdfalltrajectoriesfor

of the distantpartsof the lattice.
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(6)

augmented

altitudes

For themediumrange,preparetodetermi=thevarious

areas~ measufingtlwlengthsof thesidesandthe

of theinnermostlatticesections.A suggestedform

forrecordingtheseis iutl-catedon TableB-II. Here,.ifit

seemsdesirablein ordertobetterfittheseinnermostlattice

sectionsby triangles,theprocedureof ustiga closerheight

intervalforcertainselectedlayers,mentiomdin Sec.~ above,

maybe used. Foreachlayer,thendeterminetheaugmentedareas

of theinnermostlatticesectionsardtheincrementsusingEqs.

(7)and(10). Entertheseontheworksheetas indicatedinthe

leftmarginof TableB-ll$ad intoa deskcomputeranddetermine

thecorrespondingquantitiesfortheotbr latticesections,

enteringthenunderthepreviouslydeterminedquantitiesof the

workingtable.

(7) DividethequantitiesKYDa,previouslydetermimdby

theareasforeachlatticesection,andentertheresultsin the

workingtableandon the map of the latticesections.

(8) For the dist=t latticesections,determinetheaugnented

areasbymeansof a plaxxhneterandmakethecorrespondingentries

inthecomputationaltable. AgaindividethequantitiesKYDaby

theaugmentedareaforeachsuchdistantlatticesectionof in-

terest,andentertheresultinthemapofthelattice.

(9) Usingtheradiusappropriatetotb meanheightof each

latticesection,testforoverlap,addingmeanlatticesection
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inteneitycontributionswhereoverlapexists.Enterthis result

on a latticesectionmap.

(10) Analyzetk resultingintensityfigures.Theresulting

contourswillbe thex)equiredfall-cutmap. At thisstage,if

necessary,changescalefromtheworkingmapscaletothescaleof

somereferencegeographicmapin orderto linkfall-outwith

significantgeography.

-36-



REFERENCES

1. Sherman,L.,19%, A HandFall-outCtanputationScheme(notavailable).

2. Nagler,K.M.,L.Machta,F. Fboler,Jr.,June1955,A Methodof
Fall-outPredictionforTowerBurstsat theNevadaTestSite,
SpecialProjectsSection,ScientificServicesDivision,USWB,
Washington,D. C. (classified).

30 Sherman,L.,March19%, LosAlamosScientificLaboratoryReport
LAMS-2020.

4. Stetso~ R. L.,E.A. Schuert,W. W. Perkins,T. H. Shirasawa,H.
K. Chan,January19%, OperationCastleProject2.~aReport,WT-915
(classified).

5. Shelton,A. V.,Fall-outYieldScalin~Universityof California
RadiationLaboratoryRe~rt UCRL-4660,February1956(classified).

6. Los AlamosScientificLaboratory,1950,~TheEffectsof Atomic
Weapons,”U. S. GovernmentPrintingOffice,Washington,D.C.

7. Reed,J.WO$19% Predictin gRadioactiveFall-out,SandiaCorp.
Technical.MemorandumTM-11$%-51 (classified),31 pps.

8. Felt,GaelenL.,195$,An OpticalFalJ.-outAnalogue,LAMS-1961,
81 ppSe

9. Rex,D.F.,1955, VerticalMotionin theMarshallIslandsArea,
Fall-outSymposium, 595,pp.461-472(classified).

-37-



APPENDIXA

SampleWind-’JeightingTables

Thetablesareidentifiedby a referenceparticlediameterin

microns.Theentriesare,at theleft,thestandardlevelsatwhich

windswillbe reportedand~aczwssthetopswindspeeds.Thetabulated

quantitiesaretheweightedwindspeeds.

Thetablesarebaseduponaerodynamicfdl timesforvarious

particlesas computedby RardCorporation.Theweighingsarein

proportiontothetimespentby theaerodynamicallyfailingreference

particlein eachlayerwhosemeanwindwillbe representedbythe

reportedwindfortheindicatedlevel.Theweightingfactorswere

normalizedso as tomakethetotalfalltimethroughthelowest

~,000feetcorrespondto unity.
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APPENDIXB

ComputationalTables

B-1. TheDeosyFactor

B-H. Inftnltel)oseParfiitionin PerCenb,
Twelve-layerModel

B-III.InfiniteDosePartitionin PerCent,
S&-layerModel
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TableB-1

H (103ft)

D

H

D

H

D

H

D

H

D

H

D

H

D

H

D

TIIEDECAY FACTOR

D(H)= 1.033(12,000/H)0*2; H = cloudheightinfeet.

6 78 9 10

1.19 1.151.12 1.10 1.07

11 12 13 14 15 16 17 18 19 20

1.051.03 1.02;1.010.99 0.99 0.970.96 0,95 0.94

21 22 23 24 25 26 27 28 29 30

0.930.92 0.91 0.910.90 0.89 0.880.88 0.87 0.87

31 32 33 34 35 36 37 38 39 40

0.860.86 0.85 0.840.84 0.83 0.830.83 0.82 0.82

41 42 43 44 45 46 47 48 49 50

0.810.81 0.81 0.800.80 0.80 0.790.79 0.79 0.78

51 52 53 54 55 56 57 58 59 60

0.780.78 0.77 0.770.77 0.77 0.760.76 0.76 0.75

61 62 63 64 65 70

0.750.75 0.74 0.740.74 0.73

75 80 85 90 95 100 105 110 115 120

0.720.71 0.70 0.690.69 0.68 0.670.67 0.66 0.66
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Table B-III

INFINITE DOSE PARTITION IN PER CENT, SIX-LAYER MODEL
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