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detonation, of nuclear weapons. It has been extensively studied

and reported upon _/ ~ __. and, in general, although certain

questions remain unanswered, the broad characteristics of the

behavior of radioactive fallout have been established. We might

take a few minutes to review these.

The stratosphere, the top 1/4 of the atmosphere lying above

about 4),J0U0 feet, plays an extremely important role. In fact,

the failout from megaton yield weapons occurs very largely from

it while the troposphere is the medium which disseminates the

fallout from kiloton detonations; thus, speakin, broadly,

Stratospheric debris is from H-bomb detonations and the tropo-

spheric fallout is from A-bombs. It is not that the yield of

the detonation is determinative, out rather the altitude to which

the fireball rises that determines the faliout rates. The mega-

ton yield firebalis are so enormous that they stabilize at levels

only above the tropopause -- the imaginary boundary Layer

dividing the upper part of the atmosphere, the stratosphere, from
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the lower part, the tropospnere -- while the kiloton yield fire-

balls stabilize below the tsopopause. The tropopause normally

occurs at somethin, Like 4¥,J0U to 59,300 feet altitude, although

it depends on season and location. In other words, iow yield

bombs fired in the stratosphere would ve expected to give the

same fallout rates as high yielu weapons do when fired in the

troposphere -- or on the surface. There is some small: part of the

fallout, ever. for mezaton yield explosions, which does come down

from the troposphere.

The stratospheric debris descends very slowly unless, of

course, it is so large as to fail in the first few hours. This

paper is concerned only with the world-wide fallout -- that is,

the faliout which does not occur in the first few hours and

excludes the iocal faliout which constitutes the famous elliptical

pettern which is so hazardous because of its radiation intensity,

but which, in test operations, is carefully restricted to test

areas. It is worth mentioning in passing that the local fali-

out may be the principai hazard in the case of nuclear war.

Most serious attention should be paid to it in civilian defense

programs.

Il, WORLD-WIDE FALLOUT MECHANISM

The world-wide fallout from the stratosphere occurs at a

slow rate. The cate of descent of the tiny particles produced

by the detonation. is so smail that something like five to ten
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years appears to ve the average time they spend before descending

to the ground, corresponding to an average annual rate of about

ten to twenty percent of the amount in the stratospnere at any

given time. It is not clear as to just how they do finally

descend. It seems possible that the general mixing of the

stratospheric dic with the tropospheric air, which occurs as

the tropopause shifts up and down with the season as well as what

is brought about by the jet streams, constitute the main

mechanisms. The descent of the stratospheric fallout apparently

is never due to gravity but rathex to the buik mixing of

stratospheric air with tropospheric air which brings the radio-

active faliout particles down from the stratosphere into the

troposphere where the weather finally takes over. This mecnani.m

makes the percentage fallout rate the same for all particles tco

small to fali of their own weight -- and the same as would be

expected for gases, providing some means of rapidly cemoving

the gases from the troposphere exists, so the reverse process of

troposphere to stratosphere transfer does not confuse the issue.

The world-wide fallout from the stratosphere descends very

 

slowly and one of the questions unanswered at this time is just

at what rate it does descend. There have been various estimates

from 109% per year to 20% or even higher. But everyone is agreed

that che stratosphere does hold its cadioactive fallout for a
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much lonver time than the lower part of the atmosphere. In fact,

the stratospheric material has a residence time of something

like several years and we shall estimate, in the course of the

discussion, that this figure is something like six years, whereas

the troposphere has a mean residence time 2f£ about one month

with the lower 10,000 feet of it being washed clean on the average

about every three days. Between 10,090 feet and the tropopause,

which is at something like 40,000 to 50,000 feat, the residence

time is perhaps 45 days for a mean time for the troposphere

of about one month. Thus, we see that radicactive faliout which

is injected into the troposphere is restricted to the general

latitude of the detonations for the reason that the residence

time is so short that it doesn't have time to mix eppreciably.

latitudinally.

The principal mechanism for removal from the troposphere to

the surface is rain. The tiny fsilout particles kit cloud

droplets and stick to then. Because the particles are so small

(perhaps a few hundred atomic diameters) they are subject to a

violent random jiggling motion due to collisions with air

molecuies. It is this motion which causes them to hit the cloud

droplets. This motion is cai.ed the Brownian motion. In fact,

for a particle one micron in diameter, Greenfield _/ calculates

that the mean residence time in a typical cloud of water drop-

lets of 20 microns diameter wili lie between 50 and 300 hours,

av 4
te



  

{

that for a particle of .04 micron diameter it wiii be between

39 to 60 hours, and that for a particle of .31 micron diameter

it wili te between 15 to 2) hours. The theory caiculates the

diffusion due to the Brownian motion and says tnat it is just

fismotion induced by the collisions with the air molecules

which makes possible the contact between the fallout particles

and the cloud dcops. Since this theory is based on first

principles with the single assumption that the fallout particle

sticks to the water droplet on impact -- an assumption sc

plausible as to be aimost beyond doubt -- it is no surprise to

learn experimentally that the Greenfield theory appears to be

correct,

There is essentially no world-wide fallout in the ebsence

of rainfall; i.e., in desert regions -- except fer a little

that sticks to tree leaves, blades of grass, and general surfaces,

by the same type of mechanism Greenfield describes in the case

of clouds. Thus we see that it i5 the moisture in the tropo-

sphere which assures the short Lifetime of the world-wide

fallout particies and, that when the stratospheric air which

contains essentially no moisture* and, therefore, has no cleansing

*Note: The total water in the wtratosphere is about .01 gms / em

while that in the troposphere is atout 2 gms /em@, 2u0

times as much.

«
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wesWGmechanicvm, aescends into the troposphe the tropospheric

moisture rroceeds to clean it uy. On thi. mcdei, we see that

submicron faiiouc particies, weather pnenomena are controliingFo “

and thet tne bembs which nave insufficient energy to puch their

fireballs above the tropopause will have their world-wide fail-

out brought down in caindrops in a matter cf about one month

on the average, in extreme contrast with the stratospheric

t foc years on the average.t
hcars alomaterial which apparently sea:

chese two Ll es meens thet thetealThe contrast between

concentration of radioactive falinut in the stratospneric ai

in terms of equal denzities of eins is -tlways, much

tropospheric air. heon experimentally cboerved to be

“ the suvface as given in

true.

astData from measurements meade

1 to 5 inciucive ar2 caicuzated from surface air filterFig..

measurements made by tne Navel Radioioxsical Defense Laboratory i

igs. 1 and 2 present the mixed fission product data and

oz the filters

F

Figs. 3, 4, and 5 sive data ortaines by analysi
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and ca:culatea as waces of strontium-95 fFaiiout. The caicu:za-

m
ntior. of fallout sates from the air fiiter data was madd vy

acsumia.,; the mean :esidence time in the Lowec atmosphere to be

three days. Ten thoucand feet ic estimates to se the avevaze

thickness of the aiv tying beiow the catu ovigin. The opservec

fallout rate in Pictzoucgn for tne same period of time checks

very weli with the calculated rate for Washington, D. C., from

the aix filter data.

Tabie I, and II give the cesuléz: of similar caicutations for

Ltes strontium-9., data for& F
eboth mixed fission products and air £

ues ave those caicuiated< isvarious latitudes. The cheoretica: va:

from the model, assumiu, the avesase trogocpheric resiserce time

of one month ard of the stratospheric materia. ten yeas.

The mean average coucentration in the Lower atmosphere durin,

the Last montnc of 195/ and the first few months of 1956 was

apout i aicintesation pes minute pes 1j0 standard cubic meters

or 3.25 per stanaaia cuvic foot in the Northern Hemisphere. At

chis time tne content of che nines troposphere would have veen

expected to be about 15 times this ox 3 to 4 cicintegrations peroO

 

c . ¢ a s ae
feec. This wouid be expectedJo

e
QMinute pes tno..and xtandacd cub

‘
rs or air juct be-ow the tropopause in the hi:ner Levels of che

tropospnere.

vie umuerstana the broad probiemc of the residei.ce time ana

che scavensit., mechanicm for the troposphese. In brief, falsout
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comes down from the troposphere mainiy with rain; ac a comcequence

of accretion in chouds by the rapid uifxucive movemer.ts of the

tiny particles cauving them to hit the cloua droplets. Ly the

same tyne of mecnaiiicm, contact with any cuxsface such au grass,

leaves, trees, etc., also wil. cauce deposition. ‘is a resuit of

tnic the mean reridence time 20 su.face air up to about

lJ,JUJ feet is avout three days ana the average residence time

for the whole tropocphece is about one montn. The residence time

for the hisher part, the top 2J,JjJJ to 35,JJ0 feet, would be

cometning Like <5 day. with an expected steady state concentra~

£tion perhaps ten to fifteen times che value at the curface.

Now let us turn to the question of the cesidence time in the

: ce
cteatospuere. This i: a very aifficuit one in the absence

of reliatle data on the actua: quantity of »vomvy debris in the

St-atosphere. Ii. che absence of firm direct measuremenitz, one

makes estimates of the stratospne.ic content by adding the

amount of radioactivity wnich i. tuiectea, subtracting the fal.-

out and subtractin, for the decay anc thu. calculating the

difference. Ina cnii way numbers are derived which can be used

to compare with che inadequate info:mation tnat is available on

otratosphevic concert. Mow it r2n't aiways cxeac just what

fraction of a boms falle out Llocaiiy and what fraction goes into

the stratosshere and troposphere. lUowever, certain empivical

rues have been uced to estimace tsece rumbere. These ave:

r
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(1) the mezacou bpome cebzis waich does

tne first few nocws 22 acsigneu C77

1% to tne tropusphere;

7 a
e

ue #

sot fall out locally in

cue stvatouphere and

ic assumea to ve CIJ% for

Leua surface shotc ain 25% fo2 surface water shots anc 100%

for aivy ohots; “2) ali kiioton Vnot. ace agssi.yned to the

trovorpnaze; (4) it i: ascumed that the Latitudinal spread of

txoposphevic bomb cioucs is onsy Ld

function ratner than a nocmal ervor

<ecidence time for tunis FaiLout is

described above.

degrees with a sharp step

curve divcribution and the

taixen to be one month as

Or. the basis of tnese assumptions, knowin, tne

yieids and types of vomb. Whicn nave veen fired, we estimate the

total stratospheric inveutory anc on the pasis of various

,easonable st-ratospneric sesidence cline py -edict the sfvatospheric

faliout over the earth's Tusface

vain

au averageu Latensity of

Fa.L. Figuce 9 Vives the stratospnecic inventory for

strontium-92 as Geauceda in this maine: up to January 1, 1959,

calculated on the vasis

5 and

It is interectinu, to note the tremendous

last yeac due to the xussian test o

‘bout a 69% increase due to ain ercimated

injected iato tne ctratosphere in tnat one month.

"o
O

of two av vumecs cesider.ce times

SL LRA'S

vise in Octover of

ix. the polar rezions.

25 me,,atons, of fiesion

Tai. makes

oesible a searcning test of ali tne theories of stratospheric

te
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scorage, mixing and fa..cut anc in particutLar of an intecevting

new one advancea seceinciy by E. *. Martel: _,. Dr. Macteli'‘s

theocy iv that whereas equatorial chots would have ctneis zadio-

accive debris dictcibutea uniformly cnsoughout the utratospheze

é&..1 might wei: come down accordin, to a residence time of

5 co 21) years, tunic is not true for snotc made in the poiar

vesjion, as for the russian tests. He su,z.,ests that there may pve

a dictinction to be dvawn for these as compared to the U. S. -

Bicitish tests carried >.ut near the equator. For the pola. snots

he suggests a mucn shorter residence time - 1 year or tess - ana

over the Northern Latituses of tue particular nemicphere involved.

we Russian Octoter cevies makes ai immeurate and definitive

cect possibie. Ii: Tatie II we dispiay the ctrontium-Sl fai.our

sate for naortherr. Latituaes expected now - on Dr. Marteli's theory -

o£ come 32 miiiicuvies of vtvroutium-9. pew cquave mile pex year

day stvontium-c9U
r
e
ewich an avevaje ase cuch that the ratio of the

to sccontium-9) whould be .Z2) in November wecreasins to 45 in

Jai.suary as compared to expected sates on the older uniform

dictcibution theory of 2.5 or 5.i wiliicuries per square mize

pe: year dependin, or whether tiie stratospheric cesiaence time

be taxen aS :0 of 5 years respective:y and witn the stvoncium-09

to strontium-93 at 55 fo2 Uovember, 4i for December ana 32 for

January 1959.

——7
In the table ave Jiven vome om Wovemver for Pittcouryh,

December for iJestwoou, Mew Jersey, and Januacy fox Wasnir.,ton, B.C.
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woich, as you eee, fail somewhat ii.cermediate pvetween cue tivo

theories, pernaps more ciosely fittin, the old theory, particu-

larly insofar as the ctrontium-v9, wtsrontium-95 values are

concerned. ‘t the present time it does not seem to be possitie

tc decide definitely betweer. the two alternatives, thou, the

next few montis wnoura yive us auequate aata to distinguish

between them.

Ii: ordes to tetter delineate ana understand the mechanism

by woich stratospneric fallout occurs the Atomic Energy Commission

adued the isotoses curjsten-id5 and chodium-1JZ to some of tiie

nucteac devices expisdea in the Harstack Series last summer.

Tunysten-165 with a haif-iife of /4 dayz was produced in a uumber

of detonationc over ciiica sand. Unueviying the etudy of

cun,sten-iu05 is tne hope that by decerminii., the contribution

r
hof a single equatociai test series ir a.t part. of tne world it

would become possible to cictinjuicn amon, the differert models

which have been propoceu: (1) the one ty the author ir wnich the

stcatospheric mateviai ic assumed to mix uniformly over tne world

and then fail out at a rate corresponaing to a seciaernce time

 

ae of 5 to i3 years ox something intermediate to be determined;

(2) the one by Ds. Machta and Mr. Stewart which ways that the

mixing in che stratosphere is aiso uniform but that the fai_out

fxom tne stratospnere occurs mainey at about 4J°N Latitude where

the polav tropopauce ineets the equatorial tropoyauce and for

as|DOS



certain Gistaice two cropopauses exist and the tet stream occurs.

Tce is Dr. Machta’s thouyht that this phenomenology is associatea

witn a particuiariy nish leakage sate from the stratosphere;

(3) the theory of De. Marteli chat uniform mixing of the

cuevatosphere verticalsy and horizonta.1y similar to the first

model occurs for equatorial shots but that for a polar stiot thir

does not occur with a vnort residence cime of one year ox less.

The chodium-150Z having a iife of ZiJ days was released only

in the nydzo;en oomps fired nigh in tne stratosphere over

Johnson Iuland in ‘ujust. Thuc tnic i:otope will allow us to

mea.vure the stratospheric;mixing time fcom the data whici will

become availabie ax a resuit of che vamplin,, of vainfail over

the worid and the variouc programs for taxing air filter sampiec,

coth of the stvatospnere and in the tropospneve. These data

are not yet avaiiable but it mizgnt be interesting just to preaict

the order of ma,nitude »9ne wouid expect in vainfai.. By

assuming perfect mixing in the stratosphere in a period vf come-

like three mouth. over the wiuole eaxtn, then it wovks

out that 1J) mez,acuries of these icotopes would give sometuing

 

like 23 disintegration. per minute for lug standard cubic meters

r
a curface air, a veacily aetectabie quantity.Q
o

There ave pres:iminary data aiveary inuicating that as eacly

as October 351 sampies for the lower vtxatosphere near the

equator at about i2°i) chowed the vhodium-ivz isotope. In other

ee aa
we
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words the vertical mixing in tHe stxratosphere nad occurred

rapidly. This is one of the seriouc assumptions which aii tue

modeis have in commoi.. There appeazs to be a considerabie speed

Wicthsywhich the stratosphere mixes, particuiariy model one assumes

essentially inctantaneous mixing though, of course, as shown in

the above remazik one need not do this and perhaps three montne

time would be a reasonable figure to use.

There wa. another tracer added in the Johnson Inland snots

by virtue of the fact these were tie fivet hydrosen bomcu ever

fired in the stratosphere. ‘*s has been cemaziked previourly, ail

of the hydrogen bomos release a conciderable amount of tritium

io7 , but because the devices previously have always been

fired in the troposphere where a lav,e quantity of watez is

iz:corpocated in che firepali with the result that wher it rises

into the utratosphere and coois maxing the familiar white

cloud which consists of rather iarge ice crystals whicn

catcher quickiy and thus carry che tritium back to earti azain.

This did not happen for the two uevices fired over Johnson Iclarid

in the stratosphere, and therefore, we can expect that for tne

 

et first time the ctratosphere has its tritium content of its water

vaised appreciabiy above the cevei it nad previouciy uue to the

cosmic rays. The stratosphere is so Low in moisture (a faixz

extimate seemc to pe avout lo millisrams per square centimeter

of the earth's. surface for the entire stratosphere as compared

to somethin; Like 4 to 3 gram. perc square centimeter for the

 



troposphere) cuac tne concentrdtion of che cosmic ray tritium

- 14

in the stratorpiuexvic moisture will be very higit, sometnin, rixe

in the inverse .atio of the water concentrations, to,echer with

an additional factor for the 5 to +. year stora;e time of tne

ecomic vay-prowuced tritium. Weil, in cub-ctance, the nyd-og

vomb: fired over Jonson Islami wade critium water in lasse

i: to be expectea ifr
squantities in the wtvatosohnere and co it

che simpie uniform mocel is corvsect tnat the scainu as. over che

world will show a stratospheric tritium avip as well as tne

weli known stratospheric strontium-90 and cesium-137 ficcion

product drip. wich nave peen occurring for years. But this

-tratospneric tritium drip from Jourson Inland haa its

zelo time in ‘ujuct of 1956 just ac tne wsnodium-iJ2 Lrotoge

aid. The tritium, however, witn a 12.25 year haif-life and ite7

2 a
presence as natucal wace. and folivwwin, the hydrotozical cycle

of the atmocpheve wili, im come way., ve more enlightening. So

it i. with reai interest we loox forward to the next few mortar

to determine the mecnanicm vy whici tne toy part of the world’s

atmovphere mixes in itceif and with the tower atmos,nere. This

wiili be am importar.t contributioi to metecroloyy and zeophycics

if it develops as expected.

The apparei.t a,e of che failouc i: measured by the ae,

a
a..o9 a } a tO, La5 eo 4 e a oe eae cs

Se /sr2? ana ba (oe vatios. Gt.ontium-39 with a 54 Gay

half-life and variun-i4) with a 13 uay nalf-1ife give indeperdent

measures of the ase. Ti. Fijure / tne recutc of extenvive

DO ARCHIVES
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meacurements on tne stvor.tium-C9,otcontium-93 ratio, as shown

by vain samples coliected monthly at vaziouw. piaces ail over tue

world, are plotted toyether with the values predicted by the

simple uniform theocy for 40° Latztude and for pure

ctratospheric faliout. fccording to the model, stratospheric

fal.out i: the principle type sccusring throughout most of the

Southern Hemirphere and in certdin parts of the Morther: Hemisphere

which happen not to have been in the path. of txroposphevic

aeprvis. The theoretical caicuiation i made by taking the

various contzibutions to the stratospheric ceservoir and

muitiptying by their caiculated strontium-v9 to strontium-92

ratios (new deoris is taken as naving a ratio of 18) ana the

nhaif-iife of stroncium-sc9 is taken as being 54 days with, of

course, strontium-9)'s haif-life being 28 years). In thi.

manner the expected 3289 j 5299 ratio of faitout from the

Vtcvatosphere is calcuiated. It hac a fluctuating value due to

injections from weagone tests but it rapidiy settles down at all

times prior to Octover 1958 to something Like 5 to 13 units.

The tropospheric debris on the other nand having a mean

i
yesidence time of only one month has a much higher strontium-39

co strontium-9) satio. Ir makings the ca.zculation for the tota1

expected faliout at any given position the amount of tropospheric

depcris is caicuiated oy the cules siven previously and the

averaze taken. Similac caiculation. are done with barium-149

‘rT semeeeereALAMtla
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Wuieh has a half-life of iz.6 days. It bein; a mucn vnovter

~ G
y

revealin, cetailsF
alived fission product affords a pousibility oa C

which tne ionger Livea ctroncium-C9 cannot suow. Fi.ure ve

“29% sats for ouc mostvA“ives detailed date foc the sz¥9,

concerted and carefuiiy conducted vain fallout study, the

aPictcburgn etuay. In the figure iv cnown the theoretica: cuxve

and again the agreement ceems to be caticfactory. Figure 9

shows the anaio,ous Gata for the cavium-i4J - strontium-9 ratio

in the Pittspurln rain, ana Ficvuce ij snows recent fal_out vata

for the cities of Plttsbuysh and Wevrcwooa, lew Jersey, together

witn the stzontium-v9 to ctrontium-9. ratiog in Westwood.

Finalsy, Figuee i. shows tue wocla-wice rain pot data for montnly

collections in variou. places over tue woxit. These data

corvsespona to the stxorticm-o9 co sersntium-95 vatio data siveii

Figures 6 and 7- fil of tnese Gata ace piven in the

ceference, H’SL-42 .eport —/.

Tt iv clear from Figures / througn ii that these ic a

strong correlation vetween the strontiun-o9 to strontium-9y

cest secies as snown on tne bottomF
avatio and the occurrence o

 

ures, and tiie success of the cimple theory ino e
n

c
i

ar
) oO me
)
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te

C
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peedictins anu acesunting foe the Vtcontium-c9 to ctrontium-9J

vatios indicates that it ic quite Like1Ly that a goou part of

the extia faiztout Lis Lacitudes ia weieh testing occurs, cucn ac

che midd_e novtnercn iatitudes ic due co tropospheric faliout and

tekee ene meleeer
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may not be due to Dr. Machta's mechanicm of pieferential

vctvatospheric drip in thece middie Laticuces.

In order to alleviate the abcuptrness of the ztep function-type

of assumption in the modei proposed by the author, calculation.

wece done assumin,, that afte, the first montn, tropospneric

debris cpread »sut to cover a band much wider than in tne firct

mor.th and, in fact, woula cover an entire nemisphere. In tnis

Lout curves were obtained which chow thej
-
*

way, ctheoreticai fa

total predicted faiiouc at variouw latitudes assuming the avezva.e

annua rainfal:. It is always necessary to rememper that

particusarly avid places will necessarily iave low faitout aid

one whould realize that thic Leads to othex places having normal

vainfali having higher fallout. This broau band tneoreticai

model may fit the observations somewnat better than tne rarrow

band model presented eaclier.

Figure 13 gives the iaticudinai profiie of totai failout

from the marrow bana step function calculation and Figure 14 che

bicad band fallout curve. The important quescior. is whether

these predictions agree witii observations. *. first and moct

 

4

sinvortant point is that the aata muct ve valid and not due to

locai fallout. Mosc are for the United States and the question

ic whetner faliout is somewhat hi.h becauze of the proximity

of the Nevada tert site. In Table III we compare United States

ana foreign coil strontium-90 content for tne year 1955, tae
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foveisn -oil camples having deen taken ir. the same -atituse

banu and at the vame time. It is clear that the difference is

Large and amount. to about 11.4 miliicuries per square mile

aooWisiCii Correspor.d. to some 34yu kiloton: of loca: fizsion failout

ove. the avea of the United States, a reasonabie figure. In

ucnec words tie vuarp divirion between iocai and worid-wide faii-

out is probaviy comewuat artificial ad tne United States tert

ite bein, close to many of the wampling..station. in the

Uuiitead States has caused the United States data to be nigh as

compared to the worid-wide average. nerefore, in comparir.

che cuesceticariy predicted fal.out with obsezvation we choose

co ure only foreizr voit data. Fo. vainfati, nowever, it ic

[
r
t
e

fhf
enot necessary to do this at times when no firin, is yoing on

Hevaca ana the Nevada test tropospheric material has veen

xemsved from tne atmocphere. So, the data which are of principal

uce in measuring the total inte,rated fallout, are the foreign

~Osi gamples. Thic does not mean to say that the soil data in

cne United Staces snouid not correlate with the rain faliouc

data ard, im fact they ao, as Figure 15 shows, which presentc

the compiete cevie. of Pittsburga cainfaii data,atogether with

cue Ui.cteu States aveca.e soii uata as a function of time

coLetner witn cne cheoretical fo. the overlap of the two bande

at 39° to 40° from the United States tests in Nevada and 30°

.
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dowevec, to check the theory carefui.y, it is necessavy to

chiooce foveicn coil sampies whicn are wiiely celected ovex the

world and which are carefuily avialyzed by the HCl extraction

technique which vemoves all of the contained stcontium-9). The

only complete series of data availabie iz for samples collected

in the year 1955. They are presented in Fi,ure 15 toyethe-

with the theoreticait prelicted curve for that same period. The

total observed fallout wa. oO me,jatons of fission and the iJ year

vecidence time theory would peedict somewhat less thai. that,

peshapc the average of 5.3 and o.1 me,atons, these vein; the

figuces for the two dates, January 1, 1955 and January i, 195/.

The foreicn coil vampies were collected througnout 1955 ara

veprecent vometihiin, iLike an averaze for cnat period of cime.

Coxresponding fi,ure. for the shorter ectratospheric reciderice

cime of 5 years ave 8.Jc and 12.44. It wouid seem from these

numbers that a recidetce time in the stratospnere of betweer

5S and 1J years is indicated. ile ciiart see tater that thic

agrees with other .nformatici ac weil. ¢ veries of soil samples

taken in the cpring of 1955 and tne .955 samples divided into

two parts For tne spring of 1955 and the rest of the yeac,

toz,etnhes with Lome camplLes takei. in the .pring of 1956, for

waich preliminary analyles ase available are presentea in Tabie IV.

Focusing on the :atitude. in the Joutherr Hemisphere so that

“¥-
y .
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trop sphecic failsut will ve minimal and taking the spring i950

daca we ovcain ax averaz,e of 2.6 mii_icuvies pez cquare mie

at that time. Doing tne same thing in i956 we obtain 6.5

miilicuries per square mite for a aifferer:ce of 3.7 miilicuries

pec square mile o¢ an average faiiout cate of 1.u milsicucies

per square mile per year. Takin, the mean -tratospheric

inventory from Figure 6 fox the year 1957 of about 24 megatone

or 12 miliicuries pex square mile we calculate the stratospheric

vecidence time which agrees with this. The recult is 5.5 years

wiiieh number will obvioucty agree we.i with the data vhown in

Fivure i5.

The difference Setween the United Ctates and foreizn

coliections in the VJiven latitude ave welt iiluctrated by the

monthniy cain data for July, Auguct ana September, 1957. __.

Tne avera.ze of Unite: Crates ctaciois for those three montis wac

we £ .25 miliicuries per square miie while the average for

fovelsi stations is, the came Latituae was 1.3 + 4.zZ, aain

ayreein,; witn te soi. data chown im Table III. It ic to be

hopeu that we wiiit scou have anaiyves of the 1955 coil coilectione

pecauce it ic clear that tne:e data ave of extxeme importance

deciding about tne meciianiim of ctratospheric falzout.

Tue /shean Protect, the proiect for samplin, the stra

cpnesce by means of val.oone and fistecs continues out analytical

’ >

tue vaiidaity of the data.

aea
Y

Lifficultie. have calc zsrxne uoudt on

eenEEE!DR
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2 £ct is to ve reca_.ed tnat a <sousjh averase fi,ure for iner
i

stvatospneric Lavertocy it 354 Gisintecatiows yer miiuce per

lJvJ standard cubic foot of air, and various, evidence inaicatec

chat the filter efficiency may be 45%. Tain, these cough

numbers one then woul: deduce that the Vtzontium-95 content of

the stratosphere average. about2JU divinte;rsations per minute

per LjJgJ stancard cubic feet in the eazly part of 1956 and

late 1957. This number which ag-vees very wel. with the

theoretical:y calculated ctratospheric inventory given in

Figure 6. Turning now, again, to tue surface air concentration

data taken by the Naval Radiolo;icai Defence Laboratory and

quotec eaclies in Tabie I which ,ave a mean curface concertza-

ciou of about .3 disinte.rations pe’ minute ser 190) cubic feet

we make a direct compazicon between cine ob-esved mean veciderce

time of avout three days and the cctratospne.ic time. Murtipiying

tigee Gaye by the vatxio of ZJ5 to .3 the mean va.ue at tue

isC
rsurface Jives the steatospnecic vesicer.ce time. This sesut

5.5 years, agveein. Wicn the two previour vasuec.

Tukinzg all of these different lines of evidence into account

ai:d notin; the Veierai azgceement with obv-e-svatioi., we conc_uce

that the cimp.e mocel pvoposed eazliex cti.i i. Likely to be

corzect in many vecpectic. Ts vecourc, it ways that materziai

auccoduced into the stvatotpnere ic mixed cagicaiy verzticai_y
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and hovizontaiiy and leak. down uniformly over the world at a

vate of about 16% per year (this would correspond to a mean

cesidence time of six years) into the troposphere where it is

removed in about one month by normal weather processes and by

impinging on the curface of trees, grass and other features of the

eacth. Its main time is spent in the top 30,000 feet of the

troposphere for it spends only about three days on the average

in the bottom 10,000 feet. In this lower layer the possibility

of being brought down by rainfall and surface impact is at a

maximum. We have considerable evidence which is in the forma-

tive stages and we can expect that during the next weeks and

mor.ths, the pasticular type of measurements diuplayed in Table II

which bear on the fate of the Russian October 1958 debris wili

be most revealing. These data, tosether with measurements on

tue chodium-102 and the tritium from the hizh ctratosphere

August shots over Johnson Island vchould very nearly settle most

of the major points about the stratospheric mixing mechanism.

Til. THE ASSIMILATION INTC THE BIOSPHERE

The great question arises as to whether and at what rate

the faliout is taken into the biosphere. During Operation

Hardtack, a considerable effort was made to introduce tonnages

of silica sand into the firing bares on the thought chat

strontium-90 might thus be incorporated into glass-type
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tucoicole beads whieh wou1d thu. ve of ceduced solubility and

che probuvitity of Les being assimilated by plant. anc animais

would thus be reduced. Measucemenc. ase now being made ou

che fallout with chis poirc in mic but of course it is

to dintinguith the Hardtack fallout,t
rextremely dLfficsi

£ tne autuor'’s simpie model is correct, from tue

previous earlier shots, many of which were done in coral sdaia

oc in plain vea water and which nave io insoluble components.

It oes inuicate, nowever, the type of effoct that might be

mace t.» reduce the azcimilability of VTtrortium-95 in tie

o.oheve. Suca an approach weems reasonable from a convideva-r
e

non of the natuce of the firebal. auu the probapie ciiemicala

peocesse. occustrin,, theve.

Direct stuay of the assimilation of vacaioactive failout

into the human body iv rectricted very iazryeiy to a few

icctopes, paxtlcu_a.sly stcontium-9., cecium-13/ and itodi:-e-i5l.

Cecium-i37 ha. been wtudied particu_ariy cavefuily by Lanlham

and iudercom at tae Lo. Alamos Sciertifiec Laboratory. i> b>

4 ty . ard Finuve iv precentc cueizx data for tne

ee. umei3/ coutert cf people in the United Gtatec in the year

2935/ vercuc the mink contenc. It clearly chows chat miik ic

mot the only cource of ceuium ac ove would expect, a part 9

zt comes from vezetavles,even tuouszi milk 2 a major cource.

Thic fisu-e vnows alco chet the uisecimivation factor azatuct

ro veepeeme
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cesium, celative to potassium in the milk, is about two-fold,

not too dissimilar from the diccrimination factor againet

strontium, relative to caléiun in miik. tyee lo el oe oe

They found, however, that the humar. content of cesium-137

se apvceciabiy feom the value of 4141.3 micromicro-pr JFsaid not +

curies pez gram of potassium in i956 to the 1957 vaiue of

£4 £1.1. Thic cmaii change, together with the fact that cesium

is an icotope which chouid come into wapia equilibcium with the

ihuman body because it: mean residence time is oniy some 125 days

as compared to many years for strontium-93. Therefore, the human

bouy is obviously very neavly in equilibrium witn the food chain

in the case of cesium ii cnarp contrast to strontium-9J anc

we can therefore seduce from tne cesium content sometnin, avout

the pocsivile way. in which fallout enter. che biorphere. Ficst,

the fact that chee wac no iaxle cice between 1950 and 195,,

tcolethne: with ine facc that certain ovcle:vations om che

seventium-9o contenc of mizk and cueeres oves tne yearc inaicatec

cnat they t290 9 wot vise as vapidiy as tne total faliout

occerved in tne ofl, cugsects that gorcaubly a large past of

tue fasiouc wilch enters tue tbiospuere does uo vy victue of

the pickup divectiy on che leaves cf vrave anu vezetabies which

ave eaten u.cect.y, either vy cowc ox by pevgie with tue -erult

that an entively alfiferent apovoach co tue question »f tne

it iv aovoluteiy certain ctnaacfalsout ruazavcd i: made. Of. course
9

“v-
% eeeee=maliansah ae
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there is picxup of the vadioactive faiiout chrough the ‘cootc.

nat may be the cituation, however, is tnat thi, pickup iv not

neacly so serious as we have been suppocing and a good paré of

the pickup we nave observed has cowe fron che ieaves. If the

iatter is true ther ii a period of minimum fallout, the milx

Level and tue vezetavble level wil’ fail correspondingly to a

value Lomewnat cioserc to the amount that would come sole:y

from the root piciup, and we wouid expect, therefore, tnat

the steady state corcentyatiorn in cue numan body of the faliove

icotopes would be coisicezavly iowexr than we nave beer

calculating im tne past. Tt isc not csear at tii. time ae to

waether thic conelusion i. justified uit furthers ouve.vatioiu

anc ctuday wilt make it cleay anda we chou_i ve asert tu tue

Himportance and Lixeliboeod of thic -evelto,ment.

IV. CorCLuctoi

Tne futuve cuuv.e of the Calicut znvecti.ation io weir

cet and ie now proceeding or an inteviatioral secaie so that

without doubt within the foreseeasle fucule cne major question.

about cne falLicue mechanicm will te av.cweced. 2emainin,,

however, wiil ve the tremeidouse problem. of tne biological

ic

coi..equences or fallout vadiation. we shali make mo attempt

o
nece to cornsiuez these. It i, howevew ar avea of uncertainty

£0 Large that ouly che most conse.vative treatment of tne
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permiusible body burdens of faliouc isotopes is tolerable and

this conservative treatment indicates that care and caution

must be taken about the matter of additional radioactive

contamination. The United States Atomic Energy Commicsion has

concistently tried to reduce the magnitude of the fallout from

atomic testing and it is cleas that the new technique of testin,

underground can further greatly reduce world-wide failouc. It

ic to be hoped that other nation. wiil adopt thi. procedure,

even though it is sometimes difficult and more troubie. TIét

does have one advantage, however, in addition to eliminating:

fallout; it makes the test schedule independent of weatinex.

With further development of procedureg it ougnt to be possible

co obtain most of the zrecultc on weapon. daecign with thi.

technique. Of course, the proof testin, of weapons in their

carcievs might not ve possible unserzsouni, the critical

question of whetnez the weapon. operate anu give tne yields and

behave as they should, can be answered by chis method which is

fallout free. Wo one who hac stuvied radioactive faliout has

sen 2
any desire co, in any way, ineseace the amount of it. It is a

 

risk and hazard which ic Limited and which car be consideveu

velative to the aavantage: gained, cut it is necessary to watch

it and to control it ac cavefulzy as possible.
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ABLE Ta.

DEPOSITION FROM TROPOSPHERIC FLLLOUT
FROM SURFACE AIR FILTER D.TA

 

DATE Fission Product Strontium-90

Data* Data

1957

July -O7 MT .O9 MT
August .06 .08
September 13 --

October ~11 1h
November »05 C7

December 205 O09

1958

January -O7 013

February .07 18
March 10 23

April 232 15
May -16 --
June .16 --
July -13 Southern Hemisphere -~

-l2 Northern Hemisphere --

August -LO Northern Hemisphere --

.08 Southern Hemisphere --
September .OA Northern Hemisphere --

.O4 Southern Hemisphere --

 

Filter Efficiency 100% (assumed)
Lower 10,000 feet 50% atmospheric residence time 3 days
Troposphere (80% atmospheric) 30 day residence time

* (20 KT = 25 dpm/CuM at equator)
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TABLE Ib.

THEORETICAL TOT.L TROPOSPHERTC FALLOUT (MT)

1957 1955 "____botal

Month d A 5 0 N D J FM hi M J J A, 8

Theo.

|

.19 |.-19 |.26 |.17

|

.08

|

.03 02 |.01 ].29] a4 {.10

|

.38

|

.81

|

44

|

45 2.9 5

Obs. .08 .O7 .13 |.12 .06 .07 -10 ],12 |.21] .23 |.16 .16 .25 .16 .10 1.9

| |



TABLEIla.
1959 FALLOUT DATY ..ND THEIR SIGNIFIC.NCE FOR STRATOSPHERIC FALLOUT MODELS

or

plus

A. Polar Fallout Theory _/

For shots at or near the Poles, the stratospheric fallout

occurs more rapidly than for shots elsewhere, expecially the

equatorial region for which a longer residence time of perhaps

5 to 10 years is appropriate. Take + z= 1 year for the October

USSR tests which amounted to about 15 MT of fission added and

assume uniform fallout as far south as 30°N (this means 1 MT

*)of fission is equivalent to2 mcs sr?/mt then the increase

in stratospheric fallout should be 30 mc/mi“/yr.

On this basis the present fallout rate in these latitudes

should be 1.6 memi”/yr for world-wide stratospheric if 12 10 years

3.2 me/mi/yr for world-wide stratospheric if +=5 years

30 me/mi=/yr at an average age of 3 months for totals of 32 or

33 me/mi*/yr

The sr°9/gr®ratios should be 115 for November
77 for December

51 for January

32 for February
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. : TABLE IIb,

B. Uniform World-WideTheory

Every addition is assumed to be mixed instantaneously and

uniformly to all latitudes, longitudes, and altitudes. Then

Since the October additions amounted to’ a 60% increase, the

fallout rates expected would be 1.6 times the previous values

or 2.6 me/mi@/yr for a 10 year residence time and 5.1 me/mi“/yr

for 5 years. The 5799/gy90 ratios expected would be 5 for

November, 36 for December, 26 for January and 18 for February.

C. Experimental Data
 

I. Pittsburgh Rain Data for November (Nuclear Science and
Engineering Corporation)

  

  

Dates Rainfall (inches) Sr”Fallout me/mi” gr°9 gx90

Oct. 28 to 0.02 ~020 33
Nov. 2

Nov. 2 to 3 231 084 62
" 3 to 6 02 00k 97
" 6 to 9 13 »073 43
"9 to 10 630 .070 46
* 10 to 15 225 -103 35
" 15 to 16 -- .013 29
" 16 to 17 -03 013 48
"17 to 18 oh .020 yh
" 18 to 19 ~19 ~059 48
" 19 to 2h .02 -O4) 27
" 2h to 26 .02 -030 28
" 26 to 29 .19 O79 he

Total 2.21 »632

Versus 2.7 from Polar theory and .42 from uniform theory
with + 5
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II. Westwood, New Jersey for December (Isotopes, Inc.)

\ 0
Dates Rainfall (inches) Sr? Fallout (mc/mi=) gr°9/gr9°

Nov. 19 to 0.12 129 32
Nov. 26
Nov. 26 to 2.30 She 35
Dec. 1

Dec. 1 to 4 0.68 153 34
" 4 to 8 0.16 O91 35

"8 to 10 0,20 080 37
"10 to 15 0.02 035 32
" 15 to 23 Dry *% .002 --
"23 to 30 0.22 » LOT 33

Total 3-70 1. 139

= 1.00 me/ni.=/mo
vs 2.7 expected by Martell
or 0.4 expected by uniform theory

III. Washington, D, C. for January, 1959 (author)

0Dates Rainfall (inches) Sr’ Fallout (me/mi2) sr°?/sr%

Jan. 1 1.84 «350 23 +3
"1h to 15 0.17 .098 2gt 1

D. Comparison With Previous Years

Pittsburgh - Average rate for last year 1.00 me/mi=/m0
Pittsburgh ~- Average rate for 1955-1956 - 80 me/mi® ‘mo
Pittsburgh ~- Average rate for Nov. Jan. 22h me/mi-/mo

in 1955-1957
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TABLE IIT

U. S. AND FOREIGN SOIL SR” conTENnT

1956

Average /mi®
United States 17.7

Foreign 20° - 30°N 5.6

30° - 4O°N 6.3

ho? - 50°N Tel

Average 20° - 50°N 6.3

Difference ( U. S. - Foreign) 11.4

NOTE:
This corresponds to 340 KT fallout versus a total of 683 KT fired
of which 308 KT was estimated to be local.
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SUMMARY SOIL DATA FOR FOREIGN SAMPLES

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Latitude

Spring Spring spring

1953 1956 1958

90°S - 70°S

7O°s - 60°S

60°S - 50°S

50°s - 40°s 1.8 2.5 8.6

4o°’s - 30°S 3.0 3.6 7.8

30°S - 20°S 2.7 6.2 7

20°S - 10°S -

10°S - Equator 9,5 2.3 3.5

Equator - ]O°N 3.4 6.4

10°N - 20°N 1.2 6.3 6.4

20°N - 30°N 3 20

30°N - 40°N wb: be 2

ho°n - 50°N 3.90
+2.0

50°N- 60°N

60°N - 7O°N

7O°N = 90°N

 

 

DO® ARCHIVES



TABLE IVb.

Southern average Spring 1956 2.8

Southern average Spring 1958 6.5

367 memiD

1.85 me/mi@/yritAverage Fallout rate

12 me/mi=a“Mean Stratospheric

Inventory

6.5 years

a
l
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uncertain it is unwise to use them yet. Point out that the latitudinal
profile for tropospheric fallout is prcbably considerably wider than

corresponds to a 10° step function.
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ee

NogARCHIVES -



4 eo.

(2 Fr(ee «

RADIOACTIVITY PROFILE-
FISSION PRODUCTS

1957

 

   

 

 
 

  
  
 

         
 

 

12

10 ~— JULY OCTOBER

8 a

, 6
=
< .

Ss 4
ae

- 2. OF MT WMT
8 PLUMBOB

9 } | | jj { |

3
Gf 8k AUGUST NOVEMBER
a.

=
a 6
z
=z

So 4k
=

<
a '

a PLUMBOB 05 MT .

5 0 | et ee ee ee

o
2 14 SEPTEMBER DECEMBER
a

a
3 1

iw Oe
w
o

2 8
wi
_

<
6 =

4 ad

13 MT
2 PLUMBOB~

USSR 95 MT

0 { | {| | i { o—¢-e}——~|,

60° | | 40° «=620° 0 20° 40° 60° 60° 40° 20° 0 20° 40° 60°

NORTH SOUTH NORTH SOUTH
a LATITUDE

FIGURE 1 —_—
| DOMARCHIVES «



 

gi. fa

SP te

RADIOACTIVITY PROFILE - 1958:
FISSION PRODUCTS

 14

2 JANUARY

10

 

  
12 FEBRUARY

10 -

 

MAY

    016 MT

HARDTACK

 

A
V
E
R
A
G
E

FI
SS
IO
N
P
R
O
D
U
C
T
C
O
N
C
E
N
T
R
A
T
I
O
N

IN
D
/
M
P
E
R
C
U
B
I
C
M
E
T
E
R
O
F
A
I
R

o
e l

  JUNE

   .16 MT 024 MT

    

 

 
  

HARDTACK

fo-e-of——o | jj | oo»
6oe 80° 460° 40° 20° 0 20° 40° 60°

NORTH - SOUTH
LATITUDE

FIGURE2
DOWARCHIVES —



Se
?(
dp
m/
SC
M)

 

$:?9 CONTENTS OF SURFACEAIR
(NRDL DATA)

 

EQUIVALENTFALLOUT RATES
(At rate of 3.8 me/mi?/yr/dpm/SCM or 3 day

meon residence In lower 10,000 feet)

 
me/mi”

COLUMBIA,S.C. ° 32° N 7.1
MUANO LOA, HAWAII 19° 28’ N 6.2
MIAMI, FLORIDA 25° 49° N 5.1
MOOSONEE, ONTARIO 51° 16° N 4.3

WASHINGTON,D.C. 38° 50° N 5.8

(Obs. Pittsburgh Fallout
same period 5.8 me/mi2/yr.)
PEARL HARBOR «21° 22''N 2.7  
 

 
 

    

   

 

     

 
 

COLUMBIA

A) <==MUANO LOA

2 MIAMI

(2)<jMOOSONEE

J ~+——WASHINGTON

THULE

1 PEARL HARBOR

PEARL
HARBOR

oa LL: Ld | i Lot tt | ft ft
a Oe i, ee i i +)

1957 . 1958

_ FIGURE 3 aii . __.



e
o a

 

 

 
 
   

  

 

 

 

 
 
 

" 5

SURFACE AIR S:?° CONTENTS
SUMMER AND FALL 1957 AND SPRING 1958

4

EQUIVALENT FALLOUT RATES
_ (At rates of 3.8 me/mi 2/ye/dpm/SCM or 3 day

meen residence in lower 10,000 feet)

me/mt2

3 CHACALTAYA, BOLIVIA 17° 10° § 28

SANTIAGO, CHILE 33° 27° $ 2.3
ANTOFAGASTA, CHILE | 23° 37’ $ 1.7
MIRAFLORES, C.Z. 9° 00’ N - 2.2

BOGOTA, COLUMBIA 4° 37’ N 0.7

3 LIMA, PERU 12° 06’ $ - 0.7

—_ PUNTA ARENAS, CHILE 53° 15'S

QUITO, ECUADOR 0° 08° S 0.3

SAN JUAN, P.R. 18° 26° N 2.9

: SUBIC BAY,P.}. 14° 49° N 1.8

3
s
aA

2
, CHACALTAYA

SANTIAGO

ANTOFAGASTA

+atMIRAFLORES

BOGOTA

LIMA.

: oo PUNTA AREAS
Quito

SUBIC BAY

0 i } | { | | ! {

mM 3s 3 A $ O09 N D JS F WM A MS
¥ 1957 1958

reFIGURE 4. oe



 10 |

FALLOUT RATES FROM SURFACE
9 AIR CONCENTRATIONS

SEPT 1, 1987 TO MAR. 5, 1958:

(NRDL DATA: LOWER TROPOSPHERIC
TIME OF 1 WEEK: T= 6 YRS.)

 

1.0 MT/YR. vs 0.9 MT/YR., EXPECTED _
RATE FROM TROPOSPHERIC FALLOUT peFA

LL
OU
T
RA
TE

(m
e/

mi
*/

yr
.)

n
n

  

 

  
 

o ? ©

1h

Q © T =6 YRS.

Oo

of | __! L i
90° 60° . 30° 9° 30° 60° 90?

SOUTH NORTH»

FIGURE 5

DOARCHIVES



a
e
 

 

  

70 b
THEORETICAL STRATOSPHERIC INVENTORY

UPPER CURVE 7 = 10 YRS.
LOWER CURVE 7’= 5 YRS.

60 LE

50 e

c

>
a4
©
=

a
uw

>

=
2 30 }—
w“ r

‘20 {

yo

0 LSet [ L  
 

1953 1954: 1955 1956 1957 1958

FIGURE 6

1959 1960

 

1961 1962

t
e
e
a
l

oe
a

Oe



 

ay Sr®? in Worldwide Fallout

Pure tropospheric = 130 for Sr89/Sr 90
160} _ Pure stratospheric = | to lO for Sr 897Sr 9°

(HASL Data)

? 140 |-
: Bogota, Columbia

4 . .

120 }-

Bieminghom, Alabama 33° NN

o
o

Q
o r { Lemont, [Il 41°N ~N

Coral Gables,
Florda, 25°N *

Nagasaki, 35¢n

Ac
ti
vi
ty

Ra
ti
o

(
S
r
9
9
—
5
7
9
0
)

Jo eh
Vermillion, Dakota 47° U:S.5S.R. U.K. HARDTACK

60}- SHOTS TEST
Sait Lowe, 41°N

~,
Gahy, u H :

Bangkok, Thailand 14° :
|

New York Culp” - Santrago ;

Pr Kenyo i
Hondivlu, Weather Station =, :

Firoshima, $$°N= “A\ i bBoqote

  

   
   
  

 

  

   

    

og. Veenna, 48°Nw« Honctuly, AEC

;

Klagenfurt, avstna”
“

20 f- Honciutu, AEC — ae | re . wae 20°N Py S38wer esther Sta,

Ox Kenya_
‘ fs EEN on

Pretoria, 23°S~ qs Sa/ Ourvan 3K vienna

. ne
Ourbar, 30°S™ | sh ry xy

Los Angeles, 34°i _ Ne Menya, 6 oti|

 Kenya
Magasak: y

 

Honotulu, AEC

La Honolulu,x"

 

Sidney
Honolulu, Melbourne

 +aroshima

Suhsbury
Ooreim

Klagenturt
~- Ansbone   
 

I°N « Gone ws > renee Austraha

ole>__Ptumseos —4LTPrater [Bogey . tt
APRIL “yutY AUG.” SEPT. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.

1957 1958

Figure 7

ot
*,, asBae

| DOSAREHIVES«



209

180

180

170

160

150

140

130

120

—
_

m
_
a

o

—
_

a
o

e
o

o
d
o

Ac
ti

vi
ty

Ra
ti

o
(S

r
89
7
Sr

9°
)

w
m

o
e
.

50

40

30

20

10

 

 

o
t
e
A
u
e
?

 o}..
; t

"aptsMie Bay”wid:ait
; 3 > |,oii feptumenoe—s|

Sr®in Pittsburgh Fallout

Pure tropospheric =130 for Sr 89/Sr 9°
Pure stratospheric =} to 10 for Sr89/Sr 9°

(NSEC Data)

°8

JAN. FEB. MAR. APRIL MAY JUNE JULY AUG, SEPT.

1958

Figure 6

” DOsARCHIVES

 



Ac
ti

vi
ty

Ra
ti

o
(
B
a
'
4
9
/
Sr

9°
)
 250

Ba!in Pittsburgh Fallout

200 +- Pure tropospheric = 300 for Ba'*°/Sr°°

| | Pure stratospheric = O for Ba'*°/Sr % :

150

100

(NSEC Data)

  
 

 
 

= |

| ! | : 3!

i rr
; t y o§ o

} sn r ; ge [8 ¢ § 6 3 t $ e 2

[Leo b | att te i _sfamoasoog_2o “yg__*§otc———*+
APRIL SEPT, OCT. . NOV. DEC, JAK, FER, MAR, “APRIL MAY JUNE SLY, AUG. SEPT.

1957 1958

Figure 9

'y
r ttttinal
lof«



| DOARCHIVES .mnek

- .

Figure tO

1958 1959

JAN. JUNE JULY AUG. SEPT Oct.

\ 1a.5.5.8.j¢—_—_—___—- - wanotace-——»| \q—waatiac a 2
WOv. | DEC. JAN.

 

Ra
ti

o
Sr

89
/S

r9
°

of
Ra

ti
o

Ba
'4

°/
s,

90
m
e

275

  0 .
j

5

-
bipon-7

al

+9
y

50 F-

25;-

  

—

-

$89/ 5,70

:
e
e

a
i

250 ;-

200 |-

175

150

125 +

100 +-

15 }-

Pittsburgh, Pa. and Westwood,
also

Recent Rain Fallout

WESTWOOD =,

$, 90

f

N

f

j.

225/- $789/790 and Ba!49/Sr90 Ratios in Westwood

90

f

tam PITTSBURGH
Se

j
f
o

f

f

F
r
m
e

e
e
e
e
e
e

e
e
e
e
e
e
e
e
e
e
e

a
e
e

I
{

I
4

i
_
|

!
 
 

42

\

o
w

7
a
n

7
)

J
]

a
d

S
r
9
°

Fa
ll

ou
t
(
m
c
/
m
i
®

)

~ 10

N



 

 

Sr
9°

Fa
ll

ou
t

(m
e/
mi
2}
)

(1
La
rg
e

Di
vi
si
on
s
2m

c/
mi

2
)

+

 
  

'

}

{
I

“|
|

HASL dato except for omission
of anamolously high values for

1/16/56 — 1/23/56
3/3/57 - 4/30/57
6/28/57 — 8/1/57

New York Gity N

  Milfor

\

  

™~ Pittsburgh

(NSEC Data ) Vermi

Salt Lake ~

Birmingham ——4

Lemont —

genfurt——

Vienno —- .

Kla

England

Los Angeles

d Haven

Coral
Gables

a_—

Ilion —__

Sr? Fallouta
?

: / (HASL Data except as noted )

O
P
E
R
A
T
I
O
N
:
P
L
U
M
B
B
O
B

e
x
p
e
c
t
e
d

2
.
2
5
m
c
/
m
i
é

    
  

 

  
    

   
  
  

 

   

 

   

   

 

   

 

Seattle 7»

Houston

t=
Pretoria Toa2
Durban

Kenya ~~~

eo1

— _ 4
Salisbury——~ 2: ;

%
| i

Bangkok ——~™

Hiroshima —___

Nagasaki ——-. ! Toinon, Toiwan 1a”

5 - 4 —_

   

  

    
Richmond, Colif.

Taipei,
Taiwon —

—_

    

  
 

i~ta Bogota| Karachi 1

} Rio —.enn /

Oahu, Univ. + HARDTACK
q Oahu, W. Sta. U.5.5.R. UK.

| L Oahu, AEC} feAy 1!
1955 1956 1957 1958 1959 1960 1961

Figure il

DOS ARCHIVES

 

 



 

90°60°

   

 

NORTH

 

"30°

 
 

  

 

 
0°30°

SOUTH
60°

  
 

Il
e
e

e
e
|

ate
e

|
—
-
+
-
-
-

p
e
n
n
e
g
e
e
e
e
e
t

JL
u
e

|
|

|
.

a
SP

:
|

|
4

|
,

w
e
e
n
n
e
e
e
e
e
e
e

-
—

Il
L

4Leee
e
e
e
e
e
e
e
e
e

|
a
L
e

l|
e
w
e
m
e
w
n
4

1W
e
e
e

ae
ae
e
e
,
—
n

~

|
-

!
5

p
o
o

x
9

e
n

i
onl]

~
1

|
3S

8
3

-
6

7
|

w
s

i
|

5
t

2
|

fs
'

r
r
,

si
$)

&
=

—
*

z
Z
!

z
z

|
<;

3
1

&
|

|
|

.
o
r

5

a
R

=
=

Oj}w
eunnbs/se}285))))0

o6’S

 

‘FIGURE12



(6561
-8561)

ojjut
esoabs/6-0}20394))u

0678

30

20

10

 

—| 40
NARROW BAND
( T = 10 YRS.)

THEORETICAL FALLOUT

 
90°

2 mtila raidlleMe

60°

 
  
 

 

NORTH

"DomARCHIVES «

 

30°

 
   

SAN, ‘59

L
|

__
 25

cy
use)

2
|

"
O
j
,
oxonbs/01202})118

995

 

30°

39

60° ’

SOUTH

4AN,, 1957

JAN., 1958

  
FIGURE 13



50 

40

35 |

$r
™
F
A
L
L
O
U
T

(m
e/
ml
2)

b

10 f— 

PITTSBURGH RAIN

U.S. AVE.nN

© NORWAY

© SOUTHERN CANADA

PITTSBURGH RAIN

mMTHEORY FOR
PEAK AT 45°N

DO
’
AR
CH
IV
ES

 
 

FIGURE 14

1955 1956 1957 1958



 25

FOREIGN SOIL SAMPLES
1956

TOTAL OBSERVED: 8.05 MT

TOTAL EXPECTED
THEORETICALLY: JAN. 1, 1957 8.14 7= 1020 }—

12.44 7: 5
JAN, 3, 1956 5.35 7°= 10

8.08 7- 5

4

$1
79

mi
ll

ic
ur

ie
s/

sq
ua

re
mi

le

 

   
 

     
     
   

e °
e

e
1¢ ee Qn

e
e

2

e

NARROW BAND THEORY AVE. OF °
JAN. 1, 1956 AND JAN, I, 1957 —_2

(T= 10 YEARS)
flees:

° ° ; ——"e

5 Pe s

° + ‘
e 6

e e e s @ e

ovo ° °

occ e” ° e
nt Oo@ ®., e e——

ee e e ® :
a e

——— e e e

e
e

0 | | | | L
90° 60° 30° 0? 30° 69° 90°

SOUTH NORTH

oes. 133 620 ava 407 745 452 |490 670 675 eas 790 @53 693 395 131
KT tHeory 97 536 315 270 585 350 +360 1720 370 324 685 965 189 104 98

t  

 

  

 

   

 

 

 

  
FIGURE 15

nog ARCHIVES



ryrns
Pata >

COMPARISON OF Cs!37 IN HUMANS
WITH Cs'37 IN MILK

 

 
  

   
  

 
 

60

WASH. e N.D. $ D

ORE.- Yo
e

59 COLO. WYO. UTAH @ @ NEW ENG.

MICH. IND, OHIO

e
e @ iLL, MO. wis. @NORTHEAST | MEN.

wt . S SOUTHEAST

: NEWMEX. @ @ OKLA. KAN. TEX.

® iowaa CAL. “© e
u

X30
e
WU

3
_ ,

20 -—

10 !

0 | | | | |
0 10 20 30 40 50 60

MILK Cs- Uitc/GRAM K
1957

FIGURE 16

"Som ARCHIVES-


