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acttveFattoet—ts—the radioactivity produced by the

detonation of nuclear weapons. It has been extensively studied

in general, although certain

and reported upon __/ and,

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 1l/4 of the atmosphere lying above
about 4J,J00 feet, plays an extremely important role. In fact,
the fallout from megaton yield weapons occurs very largely from
it while the troposphere is the medium which disseminates the
fallout from kiloton detonations; thus, speaking broadly,
stratospheric debxis is from H-bomb detonations and the tropo-

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

the detonation is determinative, but rather the altitude to which

the firebali 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

the stratosphere, from
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dividing the upper part of the atmosphere,
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the lower part, thie tropospuere -- wuile the kiloton yield fire-
balls ztabilize below the t.opopause. The tropopause normally
occurs at something like 4J,J0u to 53,300 feet altitude, although
it depends on season and location. In othHer words, low yield
bombs fired in the stratosphere would be expected to give the
same fallout rates as high yield weapons do when fired in the
troposphere -- or on the surface. There is some small part of the
fallout, ever. for megaton yield explosionc, whichh 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
paperkis concerned only with the wocrld-wide fallout -- that is,
the faliout which does not occur in the first few hcurs and
excludes the igcal fal.iout which constitutes the famous elliptical
pactern which is so hazardous because of its radiation intensity,
but which, in test operations, is cavefully restricted to test
areas. It is worth mentioning in passing that the local fali-
out may be the principal hazard in the case of nuclear war.

Most serious attention should be paid to it in civilian defense

programs.

I, WORLD-WIDE FALLOUT MECHANISM

The world-wide fallout from the stratosphere occurs at a
slow rate. The rate of descent of the tiny particles produced
by the detonations is so small 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
ctratospheric air with the tropospheric air, which occurs as
the tropopause shifts up and down with the seéson as well as what
is brought about by the jet streams, constitute the main
mechanisms. The descent of the stratospheric faliout apparently
is never due to gravity but rathe: to the buik mixing of
stratospheric air with tropospheric air which bringes the radio-
active faliout particles down £rom the stratosphere into the
troposphere where the weather finally takes over. This mechani.m
makes the percentage fallout rate the same for all particles tco
small to fall of their own weight -- and the same as would be
expected for gases, providing some means of rapidly removing
the gases from the troposphere exists, co the reverse proczss of
troposphere to stratosphere transfex does not confuse the issue.

The world-wide fallout from the stratosphere descends very
slowly and one of the questions unanswered at this time 1is just
at what rate it does descend. There have been various estimates
from 107 per year to 20% or even higher. But everyone is agreed
that che stratosphere does hold its cadioactive fallout for a

I
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mach loncer time than the lowef 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 somethiny like six years, whereas
the troposphere has a mean residence time of about one month
with the lower 10,3090 feet of it being washed clean on the average
about every three days. Between 10,000 feet and the tropopause,
which ic at something like 40,000 to 30,000 fea=t, the residence
time is perhaps 45 days for a mean time for the tropospherz
of about one month. Thus, we see that radicactive fallout which
i injected into the twroposphere is restricted to the general
latitude of the detonations for the reason that the residence
time is so short that it doesn't bave time to mix eppreciably.
latitudinally.

The principal mechanism for removal from the troposphere to
the surface is rain. The tiny falilout particles hit cloud
droplets and stickk to them. Because the particles arez so small
(perhaps a few hundred atomic diameters) they are subject to a
viclent random jigsling motion due to collisions with air
molecules. It is this motion which causes them to hit the cloud
droplets. This motion is caiied tlhe Brownian motion. In fact,
for a particle one micrcn in diameter, Greenfield __/ calculates
that the mean residence time in a typical cloud of water drop-

lets of 20 microns diameter will 1izs between 5J and 300 hours,
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that for a particle of .94 micron diameter it wiii be between
30 to 60 hours, and that for a particle of .Jl micron diameter
it will be between 15 to 2) hours. The theoiy calculates the
diffusion due to the Brownian motion and says tuat it is just
f1hvis . motion induced by the collicions with the ailr 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 almost beyond doubt -- it is no surprise to
learn experimentally that the Greenfielid theory appears to be
correct.

There is essentially no world-wide fallout in the 2ksence
of rainfall; i.e., in desert regions ~-- except for a little
that sticks to tree leaves, blades of grass, and general surfaces,
by the same type of mechanism CGrecnfield describes in the case
of clouds. Thus we cee that it 15 the moisture in the tropo-
sphere which ascsures 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 ctratosphere is about .01 gms/cm2

while that in the troposphere i about 2 gms/cmz, 2090

times as much.
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r2, the tropospheric

mechaniom, cgescends inio the troposphe

moisture rproceeds to clean it up. On thi, mcdel, we see that

for submicron failoutr particles, weather phenomena are controliing
ana theco the bembs which have insufficient ensrgy to puch their
fireballs above the tropopauce will have their world-wide fall-

out brought down in raindrops in a mattzr cf zbout one month

on the average, in extreme contrast with the stiratospheric

t for yesars on the average.

H

material which apparently sinvs alo

th2s2 two lifecimes means that the

The contrast between ¢h2

concentration of radioactive falionut in the stratospneric air

R . LT S
71l siwaye muala oighe

in terms of equal denuities of e
n expevimentzlly cbs2rved to be

tropospheric air. This has bheo

true.

Data from measurements made at the suvrface as given in

Fige. 1 to 5 inclucive arz calculiated froom sucface air filter

measurements made by the Naval Radioiozical Deifense Laboratory /
Figzs. 1 and 2 present the mixed fission product data and

Figs. 3, &4, and 5 zive data ottaiped by analysd

of the filter:s
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and ca.culatea ag vaces of strontium~%. faiiout. The caicu:a-

(]

tior: of fallout zates from the air fiiter data was made vy

acgumia; the mean ecidence time in the Lower atmo:sphere to be
three days. Ten thoucand feet ic estimated to Le the average
thickness of tie alr wying beiow the waiun osigin. The observed
fallout rate in Picteburgn for the same peviod of time checks
very weli with the calculated rate for Washington, D. C., from
the air filter data.

Tabie I, ard II sive the resulic of similar calcutations for

iters strontium-9. data for

-
(g

both mixed fission products and air £

uves arve thocse calculiated

<
-

various latitudes. The theoretica: vai
from the model, acsumi., the ave.ase tropocpheric recideizce time

of one month ard of the ctratospheric materiar ten yearss.

The mean averajze cow.centration in the lower atmosphnere during

the last moutne of 195/ and the first few wonths of 1956 was

avout i dicinte;ration pes minuce pers LJJ standard cubic meters
or J.25 per stanuara cuoic foot in the Worthern Hemisphere. At
this time the content of the aigzher troposphere would have veen

expected to be about 15 times thic

o]

v 3 to & c¢icintegrations perx

- 5 . - - -
feec. This woulid be expected

8
(@]

minute per thno.acand ctandacd cub

+

I~

or air just be-ow the tropopause in the hipner levels of the
tropospnere.

vle undevstana the broad probleme of the residei.ce time and
chie scavenginyg wechani.wm for the troposphese. Iu brief, faliout
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comec dowﬁ from the tyoposphere mairniy with rain; ac a conceqguience
of accretion in cloudc by the rapid uiffiusive movemer.ts of the
tiny particles cau.ing them to hit the cloua aroplets. Ly the
szme type of meclhaui.m conitact wita acy curface such au grass,
lraves, trees, ecc., alco wil. cauce degogition. /s a vecuit of
thic the mean recidence time ;n su.face airs up to about

1J,JUJ) feet is avout three day. ana the average residence time

for the whole tropoczpherse ig about one wmontn. The residence time
for the higher part, the top 2J,uJ0 to 37,3J0 feet, would be
comething Llike 45 day. with an expected steady state coacentra-~

£

tion perhaps tenn to fifteen times the value at the curface.

Mow let uc turn to the guestion of the cesiderce time in the

. ol

ctratosphiere. This ic a very difficuli one in the absence

of relialle data on the actual quantity of bomb debris in the
st-atosphere. 1Ii. cthe abcence of firm direct measurement:, one
makes ectimates of the stratospnerlic content by adding the
amount of radioactivity wnich i. I.jecteu, sabtracting che fali-
out and subtracting fos the decay and cthuc calculating the
difference. In thii. way numbers arve derivea which can be used
to compare with the inadequate info.mation tnat is available on
stratosphevic concernt. 1IMow it 1on't aiways ciear just what
fraction of a bomL falls out locaiiy and what fraction goes into
the stratocghere and troposphere. llowever, ceitain empirical
rules have been uced to ectimatce v.ece numberc. Thece ave:
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(1) the mesacou bomo debiis waich does aot fali out locally in
the first few nouss Lo accsigneu S04 o cue stratouphere and

1% to tne twvopusphere; (2) ilocai falicut i. assumea to be &% for

iana curface shotc ana 2% fos surface water shots anc 1J0%
for aix shots; ¢2) ali kiioton .iwt. ace assigned to the

tronocpinzre; (&) Lt i. ascumed that the _aticudinal spread of
tropospheric bomb clouce is on:y lJ degrees with a sharp step
function ratiueir than a normal ervor curve diltribution and the
secidence time fov thire failout s tawen to be one month as
described above. UOu the basis of these assumptions, knowirng the
yieids and types of vomb. which have veen fired, we ectimate the
total stratospheric imnveutory anc ot the vasis of variouc
veasonable stratospneric cecicence timerp:edict the stratospheric

faliout over the earth’c .urface for an averageu intensity of

- - - .

rainfa.sL., Figare 5 _iveg the stratosphecic iaventory fov
ctrontium~-9. as deddced in this ma:ier up to January 1, 1959,
calculated on the vacic of two a.sumer residernce times --

> and 1J years.

It is interecitin, o wote the tremendous vise in Octover of
last year due to the wxussian test .evieg i the polar regions.
‘bout a 0J% increase due to ai eccimated 15 megatons of fission
'ectéd iato the ctrsatosphere in tnat one wmonth. Tail. makes
poesible a seavrcihing test of all itne theories of ctratospneric

it
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torage, mixing and fa..out anc in pavticular of an intercelLting

new one advancec receiitiy by E. °. Martel. __,. Dr. Mactell's
cheory ic that whereac equacorial chots would have thei: radio-
accive debris dictributea uniformly cnroughout the stratosphere
... might weli come down accordiing to a resideuce time of

5 to 1) years, tni. iu not true for snotc made in the poliar
vezion. as fov the luscgian tests. He sug.ests that there may be
a dictinction to be diawn for these as compared to the U. S. -
Britich tests carried but near the equator. For the polar saote
he suggests a mucnh shorter residence time - 1 year or lesc - ana
over the Northerw Laticudec of tiie particular hemicphere involved.
e Russian Ocitoter ceries makes aw immewrate and definicive

tect pousibie. 1Iiu Tatie II we dicplay the ctrontium-So fal.iout
cate for northerr. Latitudes expecied now - ou Dr. Martelli'c theory -
of come 32 miilicuries of ctrontiuw-9¢ per .guave mile per year

day stwrontium-C9

(4}
()

with an avevage age cach that the ravio of the
to sccontium=-9J Lnould be .ZJ in RNovemuer wecreasing to 435 in
Jai.uary ac compaved to expected sates on the older unifoim
dictribution theoxy of 2.5 or 5.1 miliicuriec peir square mi-e
per year dependin, or whethei tihie stratospheric reciaence time
be taxen as ¢ or 5 yeas: respeciiveiy and wich the stroniium-39
to strontium-9J atc 5> fos llovember, 4i for Decembei ana 3z forx
January 1659.
-
Ir. the table ave _iven .ome on lovemuer fov Pittcuourgh,

december for iestwoou, lVew Jevsey, and Jaunuvasy for Wasnington, B.C.
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waich, as‘you «ee, fall somewhat ii.te.mediate between c:ie &Wo
theories, perhapc more cliosely fittin, the old theory, particu-
larly insofar as the utrontium-69, otsontium-9J value: are
concerned. /t the present time it does not seem to be possitle
tc decide definitely betweer the two alternativeus, thou,a the
next few montiic .ihouic yive uL adequace aata to distinguish
between them.

Ii: orders to vetter delineate anu understand the mechanism
by winilch stratosphneric faliout occurs the Atomic Enerzy Commicsion
adued the isotoses turjsten-135 and rchodium-10Z to some of the
nuclear devices explsdea in the Havitack Series last summer.
Tungeten~-133 with a haif-iife of /& day: was produced in a uumber
of detonatiorc over giiica sand. Undecrlying the wtudy of

tungsten-105 is tne hope that by determinii, the contribution

in

of a single eguatoriai test sersies ir a.l parte of the world it
would become poscible to dictinguiin emon,, the differernt modelc
which have been jropoceu: (1) the one by the author in waich the
stcatospheric matevial i. ascumed to mix unifowmiy over the world
and then faill out at a rate corresponalny to a rcecidence time
of 5 to 1J years or something intermediate to be determined;
(2) the one by D.:. Machta and Mr. Stewart which .ays that the
mixing in the ctratospinere ic aiso unifowm but that the fai.out
fiom the stratospnere occurs main.y ag about 4J°H Latitude where
the polav tropopauce meets the equatcoial tropopauce and for
v S
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certain 4distaunce twWo cropopauszes exisﬁ and the iet streaﬁ occurc.
It is Dr. Machta's tnought that this phenowenolozy is associatea
with a particuiarly nigh leakaze rate from the stratosphere;
(3) the theory of Ds. Martell that uniform wixking of the
Luratosphere verticaliy and horizontaily similar to the first
model occurs for equatorial shots but that for a polar cliot thic
does not occur with a .hort vesidence time of one year o: less.
The rhodium-10Z having a iife of 21J days was releaged only
in the hydropgen oombpes fired high in thne stratosphere over
Joancon Iiland in ‘ygust. Thuc thic icotope will allow ue to
measure the stratosphevic;mixing cime from the data whiclhi will
cecome availabie as a resuit of the.;amplinb of vainfai. ove:x
the worid amnd the vavioulL programe foxr cakiny air filter samp:iecg,
coth of the stratocpuere and in thne tropospilere. Thece data
are not yet available but it mignt be intervesting just to predict
the ovder of magnitude one wouid exjpect in vainfail. Dy
assuming perfect mixing in the stratosphere in a period vf come-
like three wonth. over the wiwle eavrin, then it wouoks

out that LJJ megacuriec of these i_otopes would give somethiinj

iike 20 disintegrationc per minute for luJ standard cubic meters

=

curface air, a veadily detectapbie quantity.

Q

There arve pres:iminary data aiveacly inaicating that as early
as October 51 samples for the lower ctiratosphere near the
equator at about 12%1 .howed the rhodium-LluZ isotope. I other

¥ — II
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words the vertical mixing in tHe stratosphere iad occurred

ouc assumption. which ali the

s

cthe ver

Hh

rapidly. Thivu iz one o
models have in commoiw.. There appeavc to be a conciderable zpeed
withswhich the stratosphere mixes, particuiarly model one assumes
essentially inctantaneous mixing though, of course, as shown in
the above remari: one need not do thic and perhapes three monthw
time would be a reasonable figuce to use.

Theire wau anothei tracer added in the Johmson Island shots
by virtue of the fact these were tile fivst hydrogen bomi. ever
fired in the stratosphere. ’s has been remarked previoucly, a:l
of the hydrogen bompos releace a conciderable amount of tritium

;- . but because the devices previoucly have always been

fired in the tioposphere where a lav e quantity of wates ic
ircorporated in the firepoali witch the result that wher it vices
into the utratosphere and cools malkinyg the familiar white
cioud which consisits of rather iavje ice crystals whicn
caicher quickly and thuc carvy the tuitium back to eartu again.
Thic did not happen for the two cevices fired over Johnson I.land

tie

r,

in the stratosphere, and therefore, we can expect that fo

ts wacer

-

first time the ctratoscpliere has its tricium content of
raised appreciably above the .revel it had previouciv due to the
cosmic rayc. The stratosphere iy so Low i moicturse (a fais

extimate seemc to pe apout 10 millirams per square centimeter
of the earth'. surface for the entire stratusphere as compared

to comethiny like 2 to 3 zramu per squarce centimeter for the
Y

B .




tropogphere) tuac tne concentrdtion of the cosmic ray twitium

- 14

in the stratocplhievic moicture will be very high, sometnir, iike
in the inverce vatioc of the water concentrationc, topether with
an additional factor for the 5 to i. year storaje time o¥f (ae
ccomic ray-prowuced tritium. Well, in cub.otance, the nyd:-og
vomb: fired over Jounson Islanu wade critium water in lasge
quantities in the oivatosphere and co it ir to be expected if
the simpie uniform mouel is correct that tue rainu asl over the
world will show a stratospheric tricium drip ac well as tne

well known stratocpheric strontium-9J and cesium-137 fi..ion
product diip. waich nave been occurving foi years. EBut thic
ctratogpueric tvicium drip from Joarcon Ioiand haa its

ze o time in ‘u_uct of 1950 just ac the wiiodium-1J02 icotoge

iid . The tritium, however, witin a 12.25 year haif-life and itc
precence as natural wate. and foliowing the hydrologzical cycle
of the atmotphere willi, in some way.., ve more enlightening. 3o
it io with real iinterest we look Fforwavrd Lo the next few monthu
to determine the mecnani.m Ly whicu the top part of the world's

atmocphere mixe: in itceif and witihh the iower atmosg.neve. This

will be an importarnt contributioi to metecroloygy and geophy.ics

if it develops as expected.
The apparent aje of the faliout i: meagured by the -
” - .
.69 .90 o _bby o O . . . . o -
S /b£9J arid ba ,0;9J ratioc. OCtrontium-09 with a 54 cay

D =4

half-life and varium-1i4J) with a 13 day ualf-iife give independent
measures of the age. Ii. Figure / the recu-it. of exten.ive

DOS ARCHIVES
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if‘ meacurements on toe strontium-89f;t:ontium~9) ratio, as shown

by vrain samplec coliected monthly at varsiou. places ail over tue
world, are plotted together with the values predicted by the
cimple uniform theocy for &J°N Latitude and for pu:e
ctratospheric faliout. fecozding to the model, stratosphevic
faliout i. the principle type »ccurring throughout most of the
Southern Hemiiphere and in certdin parts of the Worthern Hemisphere
which happen not to have been in the path. of tropospheric
agevric. The theoretical calcuiation i. made by taking the
various contributions to the stratospheric rceservoir and
multipilying by their calculated ctrontium-39 to strontium=-93
ratios (new debris is taken as naving a ratio of 180 ana the
haif-iife of ctroncium-09 ic taken as beiny 54 days with, of
course, strontium-9.'s nailf-life being 28 years). 1In thic
mamnnei the expectced SfagiSrgJ ratio of fallout from the
vtratosphere is calcuiated. It hacs a fluctuating value due to
injectionec from weaponc tests but it rapidiy settles down at all
times prior to Octover 195§ to something like 5 to 1J unitc.

Jo The troposphersic debris on the other hand having a mean

zesidence time of only one month has a much higher strontium-89
to strontium-9) ratio. 1Ir making the ca.cuiation for the total
expected faliout at any given position the amount of tropospheric
devsie iu calcuiated by the rules siven previoucly and the

averagze taken. JGimiiar calculation. are done with barium-149

i
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wiilch has a haif-life of 12.0 days. It being a mucn .hovter

‘-!
(€3}

revealin, details

]
L}

iived ficsion product aiffords & pousibility o

[¢

which the longer 1ived strontium-l9 cannot suow. Fijure C©

299 cagty for our most

8

sive: cetailea datea for the S:bg;
conceried and caveifuiiy conducted vain failout study, the
Pictcoburgn ctuay. In tne figure i. chown the theoreticar cuive
and again the agreemernt ceems to be caticfactocy. Figuve 9

showe the anaiogous Gata for the ca-ium-i&J - strontlium-9J vatio
in the Pittsbur_n raiz, and Figure 1J shows vecext fal_.out data
for the cities of Pilitsburgh and We.itwooa, liew Jersey, together
with the stvontium-o9 to ctrontium-9. ratioe in Westwood.
Finaliy, Figure 1. chows tue woclu-wice raln pot data for moathly
coilections in variou. place: over tue worio. These daca
correspond to the stviiiom-¢Y to sirsntium=-9, vatio data given

tilece data ace given in the

=

in Figures g.agnd 7- rii o
ceference, HU"SL-4Z .eport ___ /.

It ic ciear from Figures 7 througn 11 that theve ic a
strong correlation vetween the ctrontiun-09 to strontium-9v

test sesies a. suown on tie bottom

=

iratio and the occurrence o

of the fijgures, and the ouccess of the cimple theory in
predicting anu accounting for tile .trontium-c9 to strontium-9J
ratios indicates that it i. quite likeiy that a goou part of

the extra faiiout L iatitudes ia wuich tectinyg occurs, suchh ac
the midd.e novihiecsn iratitudec L. due o tropospheric falliout and
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may not be due to Dr. Méchta's mechanicm of pieferential
stratospheric drip in thece middle latitudes.

I ovder to alleviate the abruptrness of the step functiomn-type
of ausumption in the model proposed by the author, calculatioric
were done assumin,, that aftev the first montn, tiopospneric
debris cpread out to cover a band much wider than in thne firct

mor.th and, in fact, woula cover an entire hemisphevre. Iix tniu

iout curves were obtained whicihh snow the

'0-.

way, theoreticai fa
total predicted faiioui at variouc latitudes assuming the average
annual rainfali. It i. always necessary to remember that
particutarly arid place:s will mececcaiily have low fallout and
one chould realize that thic leads to other places having normal
rainfall having higher faliout. This broai band theoretical
model may fit the obcervations somewnat better than the ravrrow
band model presented eacrlier.

Figure 13 pives the laticudinal profilie of totai failout
from the rarvow bana step funciion calcuiation and Figure 1& the
broad band fallout cuxve. The important quescion: is whether

these predictions agree witii observationc. [/ first and moit

1

important point ig that the data mu.t ve valid and not due to
local fallout. iMosi are for the Uwnited Ctates and the question
iz wiiether faliout ic¢ somewhat hish becauve of the proximity

of the llevada tect site. In Table III we compare United Ctates
ane foreizn ouoil otiontcium-90 contert for ctiae year 1955, tae

" DO% ARCHIVES
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foreign .oil .ampleg haviny oceen takein ir. the same .atituae
baru and at the .ame time. It is clear that the difference is
large and amount. to about 11.4 miliicuvies per square mile

£

Wi:lCli correspond. to some 34y kilotone of local fi.sion failout
over the arvea of the United Statec, a reaconabie figure. Iu
scher words tiie .inarp divicion between local and world-wide fail-
sut 1, probavliy comewnat artificial and the United Statec tewt
site being close to many of the campling.staticn. in the
Uiiitea States has causea the United States daca to be high as
compared to the wdrld-wide averagze. herefore, in comparir,

the tiiesreticarry predicted fal.out witih obsexvation we choose

to uce oniy foreiyr coi:r data. Fou vainfairl, however, it ic

‘-Je

Il

i3

o

not necessary to do this at times when no firing is yoing on
Hevasa anu the Nevgda»tgst troposphevic material has oeen
<emsved from tne atmocphere. Sq, the data which are of principal
uce in measuring the total integrated failout, are the foreign
co0il camples. Thic does not mear to cay that the soil data in
tire United States snouid not correlate with the rain faliout

Jdata ard, in fact they <o, as Figure 15 shows, which presentc

the comgiete celiel of Pittsburizn rainfaii data,atogether with
cne Jwated States avera_.e soil wata as a function of time
topectner witn cne theoretical fo. the overliap of the two bands

at 3J° to 40° ficm the United States tests in llevada and 53°

N
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Howe&ec, to check the theory carefui.y, it is necessary to
cticoce foveign .oil camples whiclh are wilely celected over the
world and which are carefuily anialyzed by the HCl extraction
technique which removes all of the coutained strontium-93, The
only complete seriec of daca availabie i: for camples collected
i the yeav 1955. They are presented in Fiure 15 togethe:
with tlie theoretical predicted curve for that same periocd. The
total obsevved fallout war ¢ me.atons of fiscion and the iJ year
vesidence time theory would predici somewhat less thai. that,
perhapc the avevage of 5.3 and $.1 me atonc, these veing the
figures for the two dates, Januwary L, 1950 and January 1, 1957.
The foreijn voil campies were collected thiroughout 1955 and
reprecent cometinii, irike an average for tnat period of cime.
Cocresponding fijurec. for the chorter ctratospheric recidence
time of 5 years ave 8.J)¢ and iZ.44. 1t would seem from these

numbers that a recidence time in the stratosphere of between

s and 1J years ic indicated. ie Luail cee iater that thic
agrees with other .afowimaticii ac wei.. ( .evies of toil samples

taken in the _pving of 1915 and tne .9505 samplec divided into
two parts for tne spyriing of 1930 and the rest of the year,
tosetner with Lome camples takei. iin the .pving of 1956, for

waich preliminary analyLes acse available are presentea in Tabie IV.

Focucing o1 the -atitudes in the Joutherrn Hemisphere so that
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tropospheric failsut will be mircimal and taking the spring 1930
daca we outain an averaze of 2.0 wmil-lcusies per cguare mise

at that time. Doing tae same thing in 1950 we obtain 6.5
miilicuries per cquare mile for a aiffereinice of 3.7 miilicuriec
per square miie or an average faliout rate of 1.6 miliicuries
per cquare mile per year. Taking the mean .tratosphevic
inventory from Figure & for the year 1957 of about 24 megatond
or 12 miliicuries per square mile we calculate the stiatospheric

recidence time which agrees withh this. The recult is 5.5 years

wiiich number will obvioulLly agzree we.i with the data chown in
Fi_ure 15.

The difference between tiie United Ctates and foreizn
collections in thie _iven latitude ave well iliuctrated by the
montihiy rain data for July, Auguct and Septembewr, 1957. __,

Tihe average of Unitei Ctates ctacionw For thoce three monthu wac
«.t * (25 millicurie: per square miie while the average for
forelsi: otatione =Zn the came laticude was L.3 * U.Z, ajain
ajreeing with tre ooil data chown in Tabie III. It ic to be
hoped that we will scou have analyc.es of the L9505 coil coilectionc
pecauce it i¢ clear that tiece data ave of extreme importance

in deciaing about the meciianiim of stratospheric fal:out.

Tue /shecan Proieci, che przject for campling the stra
tpherse by meauns of val.oon: and fi.tesc comtinues but anaiytical

, -

the veliaicy of the data.

S .|
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t it to ue recal..ed that a touh average figure for ine

=~

stratospneric ilaventory iL 3J disinte,rations per miulte pew
1lyuJ standard cubic foot of air, and various evidence incicatec
that the filier efficiency may be 25%. Tawingy these woujh
numbers one then woul: deduce that the .crontium-96 content of
the stratosphere avergge: aboutZ2iy dicinteirations per minute
per 1JJJ standard cubic feet in the early part of 1958 and

late 1957. This number which agreec very wel. with the
theoveticaliy calculated civatosphesic inventory given in
Figure 0. Turning now, again, to tue currface air concentivation
data taken by the MNaval Radiologicai Defence Laboratory and
guotec eacliier in Table I which pave a mean cucrface concentra-
tiou of about .3 dicinteprationc pe. wmiuute zer 1J0JJ cubie feet
We make a direct compari.on bDetweer tie ob.esved mean regidence
icime of avout three days and the civatospneric time. Muitiplying
tiivee cays by the vatio of 2)) to .3 the mean va.ue at tae

is

cr

surface _jives the st-oatospuecic veciderce tuime. This resus
5.5 years, agreeln. wiin che two previou. vasuec.

T.king all of these different lines of evidence into accouat

ai.d noting the _eieral ajzreement with ob.ecsvatio:, we conc_ude
that the cimpie mocel propoced earliexr oti.i i. Zikely to be

correci in many vecpecti. To vecounit, 1t .ays that matersial

incooduced into the stratocpaere i. mixed rapicly verstically

DOS AREHIVES
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and horizéntaliy and leak. down unifoimly over the world at a
rate of about 167 per year (thic 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, zrass and other features of the
eacth. Itu main time is spent in the top 3U,000 feet of the
troposphere for it spends only about three days on the average

in the bottom 10,000 feet. 1In thic 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 particular type of measurements diiplayed in Table II
which bear on the fate of the Russian October 1958 debris will

be most revealing. These data, tozether with measurements on

tue rhodium-102 and the tritium from the high ctratosphere

fugust shots over Johnson Island chould very nearly setile most
of the major points about the stratospheric mixing mechanism.

II1. THE ASSIMIL/TION INTC THE BIOSPHERE

The great question arises as to whether and at what rate

the faliout is taken into the biocphere. During Operation
Hardtack, a considerable effort wac made to introduce tonnages
of silica sand into the firing bar,es on the thought that

strontium-90 mizht thus be incorporated into glass-type

P

B4 -
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tuloiable beads which wouid thu. e of ceduced solubility and
tiie probavirity of Lo beiny accimilated by plants and animais
would thui Le reduced. Measuremenit. are now being made ou

the fallout with this poirt in mins but of courcse it is

to aiotinguicih the Haratack fallout,

(a3

extremely difficai
f tine autuor'’s simpie model is correcit, fiom tue
previous earlier shots, many of which wevre dome in coval sauc

or in plain Lea water and which nave 10 incoluble comporients.

It does indicate, nowever, the type of effoct that mignt be

made to readuce the a.cimilabilicy of ctrontium-9J in the

cohere. Suca an approach .eem: rseasonable from a concidera-

Py

D‘

ion of the natuce of tne firebal: aud the probapie cluemical

n

procésse; occusriii, there,

Direct stuay of the assimilation of radioactive failout
into the human body i. vectricted very iavjely to a few
icctopes, pariicu.asly gtrontium-2., cecium-13/ and iodine-131.
Cesium=-1i37 hac been o.tudied particu_ariy cacefully by Langham
aud udercon at tae Lo. Alamos Scientific Laboratecry. i, __/,

ar:d Fijure 1v precentc tieir data for tue

] -y g

ce.lum=-i57 couternt of people in clie United Statec in the year
1957 wveveou. the millk contenc. It clear.y chows that milk ic
Lot the ouly cource of cecium ac owne would expect, a pavrt o

it comec from vegetavles,even tioupn milik 4. a major couice.

Thic figure caowe ailio chbt the uiocrimivation factor agaiuct

S N s e
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cesium, velative to potcasgium in the wilk, is about two-fold,

not too aiusimilar from the diccrimination factor againot
strontium, relative to caltéium in miik. TR AP I P |

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

ve appreciably from the value of 41 £1i.3 micromicro-

Fie

dird not ©
curles per gram of potasgium in 1956 to the 1957 vaiue of

&4 £ 1.1, Thic cmail change, togethier with the fact that cegium
is an icotope which chiouid come into wapic equilibrium with the
human body becauce itc mean residence time is oniy some 12J dayc
as compared to many years for strontium-9]. Thereforé, the human
bouy 1s obviously very nearly in equilibirium witih the food chain
in the case of cesium i Lharp coutrast to strontium-9J anc

we caix therefoure deduce from tne cesium conteat somethiné about
the pocsivle way. in waich falliout enter. the biocphere. First,
the fact that the.e wWa. no iar_e vice betweeu 1250 and 195/,
te_ether with ine fac: that certain obuewvations oi the
gooontium-92 contenc of miik and clueeces over tiwe yearc inailcatec
tnat they oo "2 wnot Jlce as wapildly ac the total faliou:
occerved in tue .oil, Luggecis that gsoucibly a large past of
tie faslout wilch enters tiue viosplere does vo vy victue of

the piclkup divecily ou the leave:c ¢f jrac. anu vegetables which
are eaten d.rectry, either Ly cows or Dy peupre with tue .ecult
thet an entirely aliferent approach co tue question of tne

faliout aazacd I wadge. Of course, Lt i. aocolutely certain itnat

b]
i -
e .
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there is picxup of the vadiocactive faliiout through the cootc.
ifnat may be the .ituation, however, ic tnat thio pickup i. not
nearly so seviouu as we have been suppocin; and a good pari of
the pickup we have observed hds couwe from che leaves. '1f the
latter is tiue thern ii: a period of minimum fallout, the milk
level and tle ve_getable level will fall correspondingly to a
value somewnat ciocer to the amount that would come sole.y
from the voot piclwp, and we wouid expect, therefore, that

the steady state concentratiorn. i cue hwumnan body of the faliouvt
icotopes would be coi.sideravnly lower thar we nave beeﬁ
calculating in the pact. It ic not ciear at tuic time ac ©o
waether thii cownclusion 1. justified unt fuvrthers ovcewnvatiou
and .tudy will make it cleav aund we chou.d vce asert tou tae

:

importance and iixelilwod of thi. -evelopment.

IV, CLYCLUCTIOH

The futuve ccurie of the fsioul invectiation i, weilr

cet and i now proceeding o an interuaiior.al scaie so that
without doubt withir the foresceeabdle fufdre tne major quectiono
about tine fallcout mechauicm will te aicwersed. lQemaining,
hiowever, wiil ve the tremeudour probiemc of tne biological

-

coun.equences or fallout vadiatiown. e shaili make mo atiempt

o

hece to congiaer inese. 1t i., however, ar. avea of uncextainty

&0 lairge that ouly the moct conse.vative treatment SE ine
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permivsible body burdens of faliout isotopes is tolevable and
this concervative treatmenﬁ indicates that care and caucion
must be taken about the matter of additional radioactive
contamination. The United States Atomic Energy Commicsion hag
concistently tried t> reduce the magnitude of the fallout £rom
atomic testing and it is clear that the new technique of testing
underground can further greatly reduce wosld-wide failout. It
iz to be hoped that other natio=m. will adopt this procedure,
even though it ic sometimes difficult and more twroubie. It
does have one advantage, however, in addicion to eliminating
fallout; it makes the test schedule independent of weatherx.
With further development of procedureg it ougnt to be possible
to obtain most of the recult. on weapon. decign with thi.
technique. Of coucse, the proof tesiing of weapons in their
carriers might not ve poscible unuer sound, the critical
question of whether the weapoii. operate an: give the ylelds and
behave ac they chould, can be anuwe.ed by this method which is
fallout free. o one who hac stulied vadiocactive faliout hac

9

any desire co, in aay way, increace the amount of it. It is a

risk and hazard which iz iimiced and whicihh cairr be concidered
relative to the aavantage. gained, but it is necezsary to watch

it and to control it ac caveful.y as possible.

I I It

b8 —
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TABLE Ta.

DEPOSITION FRCM TROPOSPHERIC F/LLOUT
FROM SURFACE AIR FILTER D.TA

DATE Fission Product Strontium-30
Data* Dcta
1957
July LO7TMT .09 MT
August .06 .08
September .13 -
October .11 b
November .05 L7
December .05 .09
1958
January .07 13
February 07 .18
Maxrch .10 .23
April .32 .15
May .16 -
June .16 -
July .13 Southern Hemisphere -
.12 Northern Hemisphere --
August .10 Northern Hemisphere --
.08 Southern Hemisphere --
September .0A Northern Hemisphere -

.0k 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)

S SR



TABLE Ib.

THEORETICAL TOT.I TROPOSPHERIC FALLOUT (MT)

1957 1958 ____Total
Month | J A |8 0 N D J F| M A M J| J | 4&|s
Th=o. | .19 {.-19 |.26 |.17 | .08 | .03 02 {,01 |.29] .14 {.10 | .38 | .81 .44 |.b45 2.9 p
Obs. |.08 | .07 .13 |.12 | .06 | .07 10 1,12 .21} .23 [.16 | .16 | .25 |.18 | .10 1.9
. | |




TABLE TIa.

1959 FALLOUT 0TV, .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 o longer residence time of perhaps
5 to 10 years 1s appropriate. Teke 1 = 1 year for the Octobver
USSR tests which amounted to about 15 MT of fission added and
assume uniform fallout as for south as 30°N (this means 1 MT
of fission is equivalent to 2 mcs Sr9o/m12) then the increase

in stratospheric fallout should be 30 me/mi®/yr.

On this basis the present fallout rate in these latitudes
should be 1.6 mc/mie/yr for world-wide stratospheric if 1= 10 years
3.2 mc/mie/yr for world-wide stratospheric if 1=5 years
30 mc/miz/yr at an average age of 3 months for totals of 32 or

33 mc/miz/yr

The Sr89/Sr90.ratios should be 115 for November
77 for December
51 for January
32 for February

DOS ARCHIVES
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B. Uniform World-Widg Theory

Every addition is assumed to be mixed instantaneously and
 uniformly to oll 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 mc/miz/yr for a 10 year residence time and 5.1 mc/mie/yr
for 5 years. The Sro?/sr90 ratios expected would be 5 for

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

C. Experimental Data

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

Dates Rainfall (inches) Sr9OFallout mc[g;z Sr89 Sp20

Oct. 28 to 0.02 .020 33

Nov. 2

Nov. 2 to 3 .31 .03k 62
" 3to6 .02 .00k o7
" 6t 9 .13 .073 L3
" 9 %o 10 .30 .070 46
" 10 to 15 .25 .103 35
" 15 to 16 - .013 29
" 16 to 17 .03 .013 48
" 17 to 18 Lol .020 uh
" 18 to 19 .19 .059 4.8
" 19 to 24 .02 .O4L 27
"2k to 26 .02 .030 28
" 26 to 29 .19 .079 L2

Total 2.21 .632

Versus 2.7 from Polar theory and .42 from uniform theory
with t 5

N
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TAﬁtE‘IIc.
II. Westwood, New Jersey for December (Isotopes, Inc.)
‘ _ 0
Dates Rainfall (inches) Sr9 Fallout‘ﬁmq[migl Sr89[Sr9o
Nov. 19 to 0.12 .129 32
Nov. 26
Nov. 26 to 2.30 .5h2 35
Dec. 1
Dec. 1 to b4 0.68 .153 3k
" 4 to 8 0.16 .001 35
" 8 to 10 0,20 .080 37
" 10 to 15 0.02 .035 32
" 15 to 23 Dry X .002 -
" 23 to 30 0.22 . 107 33
Total 3070 1. 139
= 1,00 mc/mia/mo
vs 2.7 expected by Martell
or 0.4 expected by uniform theory
III. Washington, D, C. for Jamuary, 1959 (author)
0
Dates Rainfall (inches) Sro Fallout (me/mi?) sro? /s
Jan. 1 1.84 .350 233
" 14 to 15 0.17 A .098 29+ 1

D. Comparison With Previous Years

Pittsburgh - Average rate for last year 1.00 mc/miz/mo

Pittsburgh ~ Average rate for 1955-1956 .80 mc/mi2 mo
Pittsburgh - Averasge rate for Nov. Jan. 24 me/mi®/mo
in 1955-1957
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U, S. AND FOREIGN SOIL SROC CONTENT

1956

Average me/mi®
United States 7.7
Foreign 20° - 30°N 5.6

30° - LO°N 6.3

40° - 50°N T.1
Average 20° - 50°N 6.3
Difference ( U, S. - Foreign) 11.h

NOTE:
This corresponds to 340 KT fallout versus a total of 688 KT fired
of which 308 KT was estimated to be local.

-
MR



| LE va.
SUMMARY SOIL DATA FOR FOREIGN SAMPLES

Latitude

Spring Spring Spring

1955 1956 1958

90°S - 70°S
70°8 - 60°S
60°s - 50°S
50°S - 40°S 1.8 2.5 8.6
40°s - 30°s 3.0 3.6 7.8
30°s - 20°S 2.7 6.2
20°s - 10°S
10°S - Equator g5 2.3 3.5
Equator - JO°N 3.4 6.4
10°N - 20°N 1.2 6.3 6.1
20°N - 30°N - 3 20
30°N - 4O°N iglé b2 fﬁ
LO°N - 50°N 3.90

£2.0
50°N- 60°N
60°N - TO°N
TO°N - 90°N

DOS AREHIVES



i TABLE IVb.
Southern average Spring 1956 2.8
Southern average Spring 1958 6.5

3.7 mc/mi2

D

1.85 me/mi’/yr

13

Average Fallout rate

12 mc/mi2

"

Mean Stratospheric
Inventory

6.5 years

L ]
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presented at meeting of participants in fallout meeting bheld by AEC
in Washington, D. C., December 5, 1958.

"Atmospheric History of Strontium-90 Fallout."' Martell, E. A.,
Cembridge Research Center. (In Preparation). Dr. Martell suggests
that the increases in rate of fallout which have occurred in the
spring of each of the last seversl years are due to largely Russian
tests of intermediate and high yield weapons which have injected
debris into the lower and intermediate levels of the stratosphere and
for which the debris exhibits relatively short residence times of the
order of 6 months. Mention that the stratospheric data are so
uncertain it is unwise to use them yet. Point out that the latitudinal
profile for tropospheric fallout is prchably considerably wider than
corresponds to a 10° step function.

"World-Wide Effects of Atomic Wespons, Project Sunshine." August 6,
1953, R-251-AEC (amended). It was this study conducted at the Rand
Corporation in Santa Monics, California, in the swmer of 1953 which
launched the Sumshine Project on radicactive fallout.

"Radioactive Strontium Fallout." Libby, W. F., Proceedings of the
National Academy of Sciences. Vol. 42, No. 6, pp. 365-390. Jume 1956.

"Current Research Findings on Radioactive Fallout." Libby, W. F.
Proceedings of the National Academy of Sciences. Vol. 42, No. 12,
pp. 945-962. December 1956.

"Radioactive Fallout."' Libby, W. F., Proceedings of the National
ficademy of Sciences. Vol. 43, No. 8, pp. 758-775. August 1957.

"Radicactive Fallout.'Libby, W. F. Proceedings of *the Na*ional
Lecademy of Sciences. Vol. L, No. 8, pp. 800-820. sugust 1958.

-



- R - o R . ST
i S @l
e ' o >

. .

RADIOACTIVITY PROFILE - 1957
FISSION PRODUCTS .

12
10 = JULY ’ OCTOBRER
s p—
. 6 -
o
«
5 4
o
, B o2 L. o7ur JIMT
w . PLUMBOB
g 0 | | | 1 |
o
5 8 |- AUGUST NOVEMBER
[
§ 6‘ p—
z
z
© 4 |-
-
<
“ B
w PLUMBOB
§ 0 | |
5 .
g 14 - SEPTEMBER DECEMBER
Q : ‘ ‘
&
z 12 |~
g
e 10 |—
w
<
e 8 P
w
>
«
6 —
4' =1
A3 MT
2 - PLUMBOB
0 | | | | | | o—portt—],
60° 40° 20 0 .20°  40° 60° &0° 40° 20° 0 20° 40° &0°
lNORTH SOUTH NORTH ' SOUTH

- = LATITUDE
FIGURE 1 !

"""/ DOR AREHIVES -



14

12

12

10

AVERAGE FISSION PRODUCT CONCENTRATION IN D/M PER CUBIC METER OF AIR
-]

FIGURE 2

/' . ’
QoA .
o N

RADIOACTIVITY PROFILE - 1958.
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$:70 CONTENTS OF SURFACE AIR
(NRDL DATA)

4 EQUIVALENT FALLOUT RATES
(At rate of 3.8 me/mi2/yr/dpm/SCM or 3 day
mean residence In lower 10,000 feet)
me/mlz
COLUMBIA, 8. C. 32°N 7.1
MUANO LOA, HAWAIl 19° 28’ N 8.2
MIAMI, FLORIDA 25° 49’ N 5.1
MOOSONEE, ONTARIO 51° 16' N 4.3
WASHINGTON, D. C. 38°50'N 5.8
(QObs. Pittsburgh Fallout
same perlod 5.8 me/mi?/yr.)
8 — PEARL HARBOR TN 27

== MUANO LOA

()< MOOSONEE

"*-— WASHINGTON

PEARL HARBOR

PEARL
HARBOR

. FIGURE 3
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SURFACE AIR $/7° CONTENTS
SUMMER AND FALL 1957 AND SPRING 1958
4 b—
EQUIVALENT FALLOUT RATES
(At rates of 3.8 me/ml?/ yt/dpm/SCM or 3 day
maan residence In lower 10,000 feet)
, me/mi?
s CHACALTAYA, BOLIVIA  17°10'S 1.8
SANTIAGO, CHILE 33°27' S 2.3
ANTOFAGASTA, CHILE 23°37' S 17
MIRAFLORES, C.Z. 900N 22
BOGOTA, COLUMBIA L3N 0.7
3 LIMA, PERU 12°06'S - 0.7
— - PUNTA ARENAS, CHILE 53°15'S
QUITO, ECUADOR 0°08'S 0.3
SAN JUAN, P.R. 18°26' N 2.9
g SUBIC BAY, P.1 14° 49' N 1.8
£
4
3
2 —
. CHACALTAYA
SANTIAGO
ANTOFAGASTA
()-t——MIRAFLORES
BOGOTA
LIMA
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QuiTo
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} 1957 1958
FIGURE 4. A
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FALLOUT RATES FROM SURFACE
9 — AIR CONCENTRATIONS
SEPT 1, 1957 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

FALLOUT RATE (me/mi?/yr.)
(1.}

RATE FROM TROPOSPHERIC FALLOUT ]

2 b
o ©
1 }—
o) Io) T =6 YRs.
[0}
oL | | | | |
- 90° 60° : 30° 0° 30° £0°
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FIGURE 5
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THEQORETICAL STRATOSPHERIC INVENTORY
UPPER CURVE 7 = 10 YRS.
LOWER CURVE 7= 5 YRS.
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Sr# in Worldwide Fallout

~ : Pure tropospheric =130 for Sr89/5r90
- 1601 Pure stratospheric = | to 10 for Sr89/5r9°
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i Sr# in Pittisburgh Fallout
| Pure tropospheric =130 for Sr89/5r°90
Pure stratospheric = to 10 for Sr89/5r°0
- (NSEGC Data)
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Ba'® in Pittsburgh Fallout
ol - Pure tropospheric 300 for Ba'4%/Sr%°
| 1 Pure stratospheric ¥ O for Ba'4°/Sr°%:
(NSEC Data)
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Sr90 Fallout (mc/miz) (1 Large Divisions 2 mc/miZ)
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FOREIGN SOIL SAMPLES
1956

TOTAL OBSERVED: 8.05 MT

TOTAL EXPECTED
THEORETICALLY: JAN.1,1957 8.4 T=10

20 +—
1244 7= 5
JAN, 1, 1956 5.35 =10
8.08 7= 5
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COMPARISON OF Cs'37 IN HUMANS
WITH Cs'37 IN MILK
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