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SRS E Pt tawe—im—the radioactivity produced by the

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 beeﬁ established. We might
take a few minutes to review these.

The stratosphere, the top 1/4 of the atmosphere lying above
about 4J,000 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 kilbton detonations; thus, speaking 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, but rather the altitude to which
the fireball rises that determines the faliout rates. The mega-
ton yield fireballs are so enormous that they stabilize at levels
only above the tropopause -- the imaginary boundary layer

dividing the upper part of the atmoszphere, the stratosphere, from

TI1CTUTALNS

: AP RRElE: o oAb
E? o tp Y, e P VRS

RTINS N CY 4 I :

| DOR ARCHIVES




-2 -
the lower part, the tropospilere -- while the kiloton yield Ifire-
balls stabilize below the t.opopause. The twopopause normally
occurs at something like 4J,J0U to 53,000 feet altitude, although
it depends on season and location. In other words, low yield
bombs fired in the stratasphere would be expected to give the
same fallout rates as high yield weaponc do when fired in the
troposphere -- or on the surface. There is some sumall part of the
fallout, ever. for megaton yield explosions, which does come down
from the troposphere.

The stratospheric debris descends very slowly unless, of
course, it i» so large as to fail in the first few hours. This
paperkis concerned only with the world-wide fallout -- that is,
the faliout which does not occur in the first few hcurs and
excludes the lgeal fal.out which constitutes the famous elliptical
pactern which is so hazardous because of its radiation intensity,
but which, in test operations, is carvefully 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.

I1, WCRLD-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. i: 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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much lonver 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 comething like six years, whereas
the troposphere has a mean residence time 5f about one month

with the lower 10,J00 %eet of it being washed clean on the average
about every three days. Between 10,000 feet and the tropopause,
which it¢ at something like 40,000 to 30,000 fea2t, the residence
time is perhaps 45 days for a mean time for the tropospher=z

of about one month. Thus, we see that radicactive falliout which
iz injected into the troposphere is restricted to the general
laticude 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 mechanis.m for removal from the troposphere to
the surface is rain. The tiny fsailout particles it cloud
droplets and stick to them. Because the particlas arz so small
(perhaps a few hundred atomic diameters) they are subject to a
violent random jiggling motion due to collisions with air
molecules. It is this motion which causes them to hit the cloud
droplets. This motion is calied the Brownian motion. In fact,
for a particle one micren in diameter, Greenfield __/ calculates
that the mean residence %ime in a typical cloud of water drop-

lets of 20 microns diameter will lie between 50 and 300 hours,
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that for a particle of .04 micron diameter it wi.ri be between
30 to 60 hours, and that for a particle of .0l micron diameter
it will be betwsen 15 to 2) hours. The theory calculates the
diffusion due to the Brownian motion and says tuat it is just
#1is.motion inducad by the collicions with the air molecules
which mekes 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 Gresnfieid theory appears to be
correct.

There is essentialiy no world-wide fallout in the =bsence
of rainfall; i.e., in desert regions -- except for a little
that sticks to tree leaves, blades of grass, and general surfaces,
by the samec type of mechanicm CGrecnfield describes in the case
of clouds. Thus we cee that it 15 tiae woisture in the tropo-
sphere which acsures 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 vtratosphere is about .01 gms/cm2
while that in the troposphere i. avbout 2 gms/cmz, 200

times as much.
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mechaniom, desceunus inco the tropospherzs, the tropospheric
moisture rroceeds o clean it up. On thi. mcdel, we see that

for submicron fallout particles, weather phenomena are controliing
and thet the bembs which have insufficient ensrgy to puch their
fireballs above the tropopauce will have their world-wicde fall-
out brought down in raindrops in a mattzr cf about one moavh

on the average, in extreme contrast with the stiratospheric
material which apparently scnvs aloft for yzars on the average.

.
H

times means that the

I~
m

The contrasi between th232 two

¢ air
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concentration or radioactive falliout in the stratospnei

in terms of equal dencities of eix is :lway:. much higher than
tropospheric air. This has beon experimentelly cbserved to be
true.

Data from measurements made at the susface as given ih
Figu. 1 to 5 inclucvive arz calculated foom surface air filter
measurements made by the Naveal Radioiogical Defense Laboratory _ ;.

Figs. 1 and 2 preseat the mixed fission product data and

Figs. 3, 4, and 5 zive data ottaiveli by analysis of the filters
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and caiculated ac vacec of strontium~9. faiiout. The calicuia-

(]

tior. of fallout ratec from the air fiiter data was made vy
acsumiay the mean residence time in the lower atmo:cphere to be
three davs. Ten thoucand feet ic estimated to se the average
thicknass of the air iying beiow the raim osigin. The observed
fallout rate in Pictubursn for the came period of time checks
very weli with the calculated rate fo. Washingtom, D. C., fcom
the air filter data.

Tabie I, ard II sive the resulic of cimilar calcutiations for

ites strontium-9. data for

=
3

3

both mixed fiszion product: and air £
various latitudes. The theoretica: values are thoce calcﬁiated
from the model, assumi.; the averase tropocpheric residence time
of one month ard of the ctratospheric materiar ten yea:s.

The mean average coucentration in the lower atmospnere during

'y

the last mouthc of 195/ and the fivet few wonths of 195¢ was
about 1 dirinte ration pers minuce pes 1JJ standacd cubic meters
or J.25 per stanzara cuvic foot in the Worthern iHemisphere. At

thiz time the contcent of the aisher troposphere would have veern

expected to be about 15 times thiec or 3 to & cdlcintegrations per

. - - . N . 4 . -
minute per tho.acand standacd cubic feec. This would be expected

for air just be.ow the tropopause in the hiyner levels of the

M

tropospnere.
Ve understand the broad probiemc of the resideice time and

che scavenging wmechani.m for the tvoposphere. In brief, fal:iout

o .
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comes dowﬁ from the tyopospnere mainiy with rain; as a counceqgience
of accretion in cloudc by the rapid uiffiuive movemei:to of tne
tiny particles cau.injz them to hit che cloua daroplets. Dy the
szme t£ype of mechaai.m, contact wita any curface such au grass,
leaves, trees, ecc., alco wili cauce deposition. /s a vecult of

]

thic the mean rvecidence time in su.face air up to about

1J,J0) feet is avout three day. ana the average residence time

for the whole tropozphece i:c about one mouth. The residence time
for the higher part, the top 2J,J490 to 3J,)J0 feet, would be
comething like 45 daye with an expected steady state coacentra-
tion perhaps ten to fifteen times che value at the curface.

Fow let us turn o the Juestion of the vesiderce time in the
ctratosphere. This ic a very difficult one in the abkcsence
of relialle data on the actual quantity of bomb debiis in the
st-atosphere. Ii. ¢che avcence cof firm direct measurements, one
makes ectimates of the stratospnesic countent by adding the
amounit of radioactivity wnich i. I.jectea, sdabtracting the falli-

out and subtracting fo:s the decay and chuc calculating the

difference. In chic way numbers ave derivea whichh can be used

to compare with the inadequate info.mation tnat is available on
stratocphevic concent. IMow it 1on't aiwayu ciear just what
fraction of a Lomb fall:s out locaisiy and waat fraction goes into
the stratoeshere and troposphere. lowever, ceitain empirical
ruiles have been uced to ectimace tiece numbers. Thece arve:

1! e e =
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(1) the mesacou bomo debiis waich does wot fall out locally in
T Ffirse € AR o o e N L e SO S S 3
ce T1ESsSC ew A0UCSE .o auulcl eu ///o L CJe SL_atO..,pl'le:_‘ and

here; (2) locai falicut i. assumea to be {J% for
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lzad curface shotc avna 2s% foo surface water shots anc 1J0%

f~+ air shots; (2) ali kiiotom .hot. arfe agsigned to the
tronocphave; (&) 1t ic ascumed that the ~aticudinal spread of
teopospheric bomb cloucs is ounsy lJ degrees with a sharp step
function ratiner than a nocmal error curve diceribution and the
cecidence time for thig falilout is tawsn to be one month as
dezeribed above. On the basis of these assumptions, knowlr, the
yietlas and types of vomb. whica have veen fired, we eciimate the
total stratosphevic inveunzory anc orn the basis of various
ceasonable stratospneric secsiluence timerpjedict the styvatospheric
faliout over the earth’'c .ucsface for an avsrazew iantensity of

ainfa.s. Figure 5 _ives the stracospnecic laventory for

n

i

ctrontium-9. as deduced in thiu masnmer up to January 1, 1959,

calculated on the vacic of two a.sumee residence timas --

It is interectiu, to note the tremendouc wrise in October of
last yeac due to the xussian test .eviec 1w the polar regions.
‘bout a 6J% increase due to an eccimated 15 megatons of fission
injectéd iato the ctr-arospheve in tnat one month. Tail. makes

pocsible a seavciing test of ali tne theories of sctratospneric
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storage, mixing and fa..out anc in particutar of an intecestinyg
new one advancec receuncly by E. /. Martel: __,. Dr. Mactell's
cheory io that whereas equatorial chots would have ithei: radio-
arcive debris dictributea uniformly chroughout the wtratosphere
g... might weii come down accordin, to a wesideunce time of
5 to 1) years, tni. iu not true for shotc made in the poiar
resiony as fovr the Juscian tests. He sug.ests that there may be
a di_tinction to be drawn for these as compared to the U. 5. -
Britisch test: carried >ut near the equator. For the polas suotce
ne suggests a much shorter vesidence time - 1 year ov less - ana
over the Northeirwn Latituue:c of tiie particular hemicphere involved.
lle Ruscian Octoter cevies makes aw immeuiate and definitive
tect pousibie. 1Ii Tacie II we dicplay the ctwontium-9. £al.out
-ate for northerr. Latitudes expected now - ou Dr. Marteli'c €
of come 32 miiiicuries of ctvroutiuw-9%9¢ per .quare mile per yearw
wizh an average age cdach that the rvatio of the 31 day stvontium-39
to stcontium=~9J chould be .2J in November wecreasing to 43 in
January as compared to expected rates on the older unifoim

€

dictribution theory of 2.5 or 5.1 wili

e

curiec pei square mi-e

per year dependin, or. whethei the stratospheric reciaence time

be tazen as 10 or 3 yearss respecitively and witch: the stronicium-39

to stroutium-~9J at 53 foo liovember, 41 for December ana 3% for

January 1959. -
In. the table aire iiven .ome on lovemuer for Pittouourgh,

December for ilectwoou, Vew Jevsey, aund Januasy fox Wasnington, B.C.
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waich, as‘you -ee, fall somewhat ii.te-mmediate between t.ie two
theories, pernhapc more cliosely fittin:, the old theory, particu-
larly insofar as the strontium-09, otoontium-95 valuec are
concerned. /t the present time it does not seem to be possitle
tc decide definitely betweer the two alternatives, thouga the
next few montihc .ioula yive uL adequate data to distinguisi
between them.

I: order to vetter delineate anu understand the mecharnism
0y winlch stratosphevic faliout occurs the Atomic Enerpgy Commicsion
aaused tihie isotopes turg sten-135 and rchodium-102 to some of thie
niaclear devices exploded in the Havitack Series last summer.
Tungsten-105 with a2 haif-iife of /& day: was produced iz a uumber
of detonationc over c¢iiica sand. Undeirlying the ctudy of
tungsten-io5 is tne hope that by decerminii the contribution
of a single equatorial test sersies ir a.l parte of thne world it
would become poscible to dictinguich emon, the differert modelc
wiiich have been pjropoceu: (1) the one by the author in which the
stcatospheric matevial iL ascumed to mix uniformly over the world
and then fall out at a rate corresponaing to a rcecidernce time
of 5 to 1J years or something intermediate to be determined;
(2) the one by Du. Machta and Mr. Giewart which .ays that the
mixing in the ctratosphere ic aiso uniform but that the fai.out
from the stratospnere occurs main.y at about 4J0°H Latitude where
the polav tropopau.e meet:s the equatcoial tropopauce and for

= S
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certain distaiice two Cropopauczes exisﬁ and the jiet stream occurc.
Ic is Dr. Machta's toought that this phenowmenolozy is associatea
with a particuiariy hizh leakaze rvate from the stratosphere;
(3) the theory of D:. Martell that uniform wixking of the
ceratosphere verticaliy ard horizontalily similar to the first
model occurs for equatorial shots but that for a polar shot thic
does not occur with a .hort rvesidence time of one year or less.
The rhodium-10Z having a iife of 210 days was released only
in the hydiogen opombc fired high in the stratosphere over
Johnson Ioland in sugust. Thue thic itotope will allow ue to
measure the stratospheric mixing cime from the data whicl will
tbecome availabie ay a resuit of the.;amplinb of vainfai. over
the worid and the variou. programs foxr caking air fiiter sampiec,
soth of the stratocuniere and in the tropospitere. Thece data
are not yet available but it might be interesting just to precict
the order of magnitude one would expect im vainfai.. Dy
assuminz perfect mixing in the stratosphere in a period uf come-

thing like three month. over the wihwle earin, then it wouks

(@]

ut that 1JJ0 megacuries of thece i.otopes would give sometuin

iike 20 disintegration. per minute for luJ standard cubic meters
-f curface air, a readily detectabie quantity.

There are pre.iminary data alveacy inaicating that as early
as October 531 camples for the lower ctratosphere near the
equator at about 12%1 .howed the rhodium-1UZ isotope. In: other

vihj fiii;‘ﬁ:i&fVEs -



T 13 - (M e

words the vertical mixing in tHe stratosphere had occurred

the seviouc assumptions which al: tae

Ly}

rapidly. Thiu is one o
modeis have in common.. There appeavs to be a conciderable speed
withrwhich the stratosphere mixes, particuiarly model one assumes
essentially inctantaneous mixing though, of course, as shown in
the above remarl: one need not do this and perhaps three montiw
time would be a reasonable figuce to use.

There was another tracer added in the Johwmson Iuiand shots
by virtue of the fact these were the first hydrogen bomc. ever
fired in the stratosphere. /s has been remarked previoucly, ail
of the hydrozen bomos release a conciderable amount of tritium

io- . but because the devices previously have always been

fired in the troposphere where a lav,e quantity of watex ic
ir.corpocated in the firebal: with the result that wher it rices

into the utratosphere and cools maxing the familiar white

cioud which consisits of rather iavse ice crystals whicn faii \
caiher quickly and thus cacry che tuitium back to eartu asain.

Thisc did not happen for the two devices fired over Johmson I.lend

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

first time the ctiatocspiiere has its critium content of its water
raised appreciabiy above the .evel it nad previouciy due to the
cosmic rayc. The stratosphere is so low in moicturse (a faix
extimate seemc to pe acout 10 milli_rams per square centimeter

of the earth'. surface for the entire stratosphere as comparced

to somethiny like Z to 3 zram. pe: square centimeter foxr the “

Y o



troposphere) tnac the concentrdtion of the cosmic ray turitium

- 14

in the strato.puecic moicture will be very higli, sometnir, il<e
in the irverce .atic of the wacer ccrcentrationc, topether with
an additional factor for the > to i. year storaje time of tae

cccmic vay-prowuced tritium. Well, in cub.otance, the nyd-oger.

vombe fired over Jouncon Island wade tritium water in large

il to be expected if

.

quantities in the utwvatosphere and co it
the simpie uniform mouel is correct that the caino a:l over the
world will show a stratospheric twitium drip ac well as the

weli known stracocpheric strontium-90 and cesium-137 fiolion

o years. But thic

n

product drip. waich nave peen occurving !
atocpheric tritium dsip from Joawecon Icland haa its

ze-o time in ‘u_uct of 1950 just ac the wnodium-1J2 ilotopge

)

iid . The triciom, however, witi a 12.25 year haif-life and itc
precence as natucal wate. and foliowing che hydrological cycle
of the atmoiphere will, in some way., ve more enlightening. 5o
it i. with reai interest we look forward to the next few moutinc

to determine the mecnani.m Ly whicu the top part of the world's

£ and with the iower atmospnere. This

b=t

atmocphere mixe: in itce

will be an importart contributio:r to metecrology and zeophy.icc

if it develops as expected.
The apparveiit ase of the faliout i: measured by the -
~ , ,
m_,_Ug -~ j i ov, .i_l:J - 4 o - . . ° Lon = -
R ,bng aii¢ ba ,0;9J ratios. OCtoontium-09 with a 54 cay

~

half-1ife and barium-i4J with a 13 day ualf-iife zive independent
meacures of the age. Ii. Fijure / the recuri. of extencive
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meacurements on toe strontium-89futrontium°9J ratio, as shown

by vain samplec coliected monthly at varsiou. places ail over tue
world, are plotted together with the values predicted by the
cimple uniform theory for 4J°W Latitude and for pu:e
ct-atospheric faliout. feccording to the model, stcatospheric
fal.out iL the principle type >ccurring throughout most of the
Scuthern Hemiiphere and in certdin parste of the Northewrn Hemisphere
which happen not to nave been in the path. of tropospheric
debris. The theoreticdal calculation ic wmade by taking the
various contributions to the stratospheric reservoir and
multiplying by their calculated ctrontium-G9 to strontium-9J
ratios (new debris is takern as naving a ratio of 180 ana the
haif-iife of cstroncium-G9 ic taken as being 54 days with, of
course, strontium-9.'s haif-life being 28 years). 1Im thic
marner the expected 3589/Sr93 ratio of fallout from the
Ltratosphere is calcuiated. It hac a fluctuating value due to
injectionc from weapone tests but it rapidiy settles down at all
times prior to October 195§ to comething like 5 to 13 unitc.

The troposphesic debris on the other hand having a mean
residence time of only one mwonth has a much higher strontium-89
to strontium-9) ratio. Ir making the ca.cuiation for the totali
expected faliout at any given position the amount of tropospheric
depric iu calculated by the rules jiven previoucly and the

averagze taken. JSimiiar calculation. are done with barium-14J

e i e ———— 1 Wi
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wuich has & haif-life of 12.0 days. It being a mucn .inovter

‘-.\
(€3}

revealin, details

]
L}

iived ficsion product affords & pousibility o

[¢

which ctne longer 1ived strontium-l9 cannot suow. Figure ©

=99 caigts for our most

{n

sive: detailed date for the S:bg;
conceited and caveifu:iy conducted wain failout study, the
Pictcebusgn etuay. In tne figure i. chown the theoretical curve
and again the agreement ceems to be caticfactocy. Figure 9

showy the anaiojous cata for the casium-ilJ - ctrontium-9J vatio
in the Pittsbur_n rain, anda Flguce 1J shows vreceat fal.out Jata
for the cities of Pittsbuvgh and We.itwood, liew Jersey, together
witn the strontium-o% to ctrontium-9. ratios in Westwood.
Finai:y, Figuce L. chows tue worlu-wicte rain pot data for moathly
collections in variou. places over e wori. These data

correspond to the stvoiticm=-G9 to stvrsntium-9, vatio data given

=

in Figures g.gnd 7- rLl of tnece data ace given in the
ceference, H"SL-4Z .eport i
It ic ciear from Figures 7 througn ii that theve ic a
j=J (&)

strong correlation petweeun the ctrontiuw-09 to strontium-9%u

test sesies ac. shown on the bottom

=

ratio and the occurrence o

the fijures, and the success of the cimple theory in

=

o}
predicting anu accounting for the .trontium-C9 to ctrontium-9J
ratios indicatecs that i1t i. quite Likely that a goou part of

the extra faiiout i iacitudes ia wiich testing occurs, cuch ac
the midd.e novtiiern ratitudec i. due co tropospheric faliout and
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may not be due to Dr. Méchta's mechanicm of pieferential
scratospheric drip in thece middle latitudges.

In oivder to alleviate the abruptness of the step function-type
of ausumption in the model propoced by the author, calculatioric
were done assumin that after the first montin, tropospneric
debris cpread osut to cover a band wuch wider than in tihe fir
month and, in fact, would cover an entirve nemisphere. In tnio
way, cheoretical faliout curves were obtained which show the
total predicted falioui at variouc latitudes assuming the average
annual tainfalL. It iz always necessary to remember that
particularly arid place: will mececcavily have low fallout and
one chould realize that thic ieads to other places having normal
rainfali having higher faliout. This broau band theoretical
model may fit the observations somewnat better than the narrow
pand model presented earlier.

Figure 13 pives the latitudinal profile of totai fallout
from the narvow bana step funciion calculation and Figure & the
broad band fallout curve. The important quesiion. ig whether

st and moct

[ ald
1

these predictions agree witu observationc. /. £is
important point ic that the data wmu.t be valid and not due to
local fallout. HMost are for the United States and the question
ic whether faliout ic comewhat hi_h becauue of the proximity
of the llevada tect site. 1In Table III we comparce United CStates
anc foreizn ooil ctroniium-90 coutent for tae year 1955, tuae

" not AREHIVES
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foreisn .o0il .amples having oceen takeinr ir. the same -atituae

bariu and at the .ame time. It is clear thac the difference is
large and amount. to about 1l.4 miliicuvies per square mile
Wi:1Cli corvespond. to some 34u kilotone of locai fi.sion falilout
over the arvea of the United Statec, a ceaconabie figure. Iu
vcher words tile ciarp divicion between local and world-wicde faii-
sut iy probauly comewnat artificial aind tue United Statec tecrt

site beiny close to many of the campling. station. in the

2}

Uniitea States has causea the United States daca to be higih as
compared to the worid-wide average. herefore, in comparir
the tlhievreticaiiy predicted fal.out witih obsezvation we choose

to uce only foreiyr .oii data. Fou vainfall, however, it ic

l-h
bz
o
]
e
o]

not necessary to do this at times when no fivin, io 50
lHevaia aau the Névgda»tgst troposphevic material has oeer

~emsved from tne atmocphere. Sq, the data which are of principal
uce in measuring the total inteérated faliout, are the foreign
c0il camples. Thic does not mear. to cay that the soil data in
tire United Statec should not correlate witih the rain faliout

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

the compiete .esiel of Pittsburzn rainfail data,atogether with
cie Ui.ted Scates avera_e soil cata as a function of time
C..etner witn cne cheoretical fo. the overiap of the two bandc

at 3J3° to 40° fiun the United States tests in Hevada and 5u°

bb:uemvms

co 909 from the Quucian mid-iatitude test cite.
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dowever, to check tie theory carefuli.y, it is necessazy to

chicoce foveisn Loil campies whiclh ave wilely celected over the
world and which are carefuily aunalyzed Ly the HClL extraction
technique which removes all of the coutained strontium-9J. The
only complete seriec of daca available i: for camples collected
iz the year 1955. They are presented in Fijure 10 together
with the theoretical predicted curve for that same pericd. The
total obrevved fallout wa. & mejatons of fiscion and the 1J year
iresidence time theory would pcedict somewhat less than that,
pechapc the averagze of 5.3 and 3.1 me,atons, these veing the
figuces for the two dates, Januwary 1, 1950 and January 1, 1957.
The foieiyn vLoil camples were collected throughout 1955 and
reprecent uomethiin. iike an average for inat period of time.
Cocresponding fijure. for the chorster stratospheric recidemnce
time of 5 years ave 8.J¢ and iZ.44. It would seem from these
numbers that a recidence time in the stratosphere of between

5 and 1) years ic indicated. ile Luail see iater that thic
azrees with other .anformatiocin ac weil. [ veries of coil samples
taken in the _piing of 1955 and the .950 samplec divided into
two pavts Ffor the spviig of 1950 and the rest of the year,
togetiner with Lome camples takei. 1in the .pring of 1956, fou
waich prelimirary anaiyLes ace available are piesentea in Tabie IV.

Focucing on the .atitudes in the Southern Hemisphere so that

T e s e
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troprspheric failsut will be micimal and taking the spring 1959
data we olLtain an averaze of 2.0 mil.icursies per cguare mi:we

at that time. Doing the same thinyg in 1950 we obtain 6.5
millicuries per cquare mile for a aiffereiice of 3.7 miillcuriec
per square miie or an average faliout rate of 1.6 miliicuries
per square mile per year. Taking, the mean .tiratosphevic
inventory from Figure 5 for the year 1957 of about 24 megatono
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 obvioulLliy azree westi with the data chown in

The difference between thie United Ctates and foreign

collectiony in the _iven latitude ave well ilfuctrated by the
montilly rain data for July, Auguct and September, 1957. .
The average of Unitei Ciates itacions for those three montinc wac
.l £ .25 miliicurie: per square miie while the average for
forelsi: wtatione i the came latitude was 1.3 * 4.2, ajain
azreeins with t.oe ooil data chown ini Table III. It ic to be
hoped that we will scou have amaly.es of tihie 1950 coil coilectionc
pecauce it it clear that tuece data ave of extreme importarce
in deciding about the meclhianium of stryatospheric fal:out.

Tue /shcan Proieci, the project for campling the strats-
£

¢pnere by means of val.ooni. and fi.terc continuer but anzliytical

cifficultie. have ca.t wome wouot on the veliaitcy of the data.

| DOR ABCHIVES
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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 16% per year (thi: would correspond to a mean
cesidence time of six years) into the troposphere where it is
removed in about one month by rnormal 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. 1In 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 particular type of measuremerts diiplayed in Table II
which bear on the fate of the Russian October 1958 debiis will

be most revealing. These data, tosether with measurements on

tiie rhodium-102 and the tritium from the high ctratosphere

August shots over Johnson Island vhould very nearly settle most
of the major points about the stratospheric mixing mechanism.

II1. THE ASSIMILATION INTC THE BIOSPHERE

The great quescion arises as to whether and at what rate

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

strontium-99 might thus be incorporated into glass-type

Y.

B4 -
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o luLnicble beads waich wouid thu. be of ceduced solubility and
tile probavirity of iic being accimilated by piants and animais
would thui be veduced. Measuremerni. ave now being made ou

the faliout with chis poirnt in mini but of course it is

to diotinguicir the Hardtack fallout,

rr

extremely diffic.
f the autior's cimpie model is covrect, fiom tue

er shots, many of which were done in coral sana

T
i
o
<
™
o
c
cr
®
o
]
[N

or in plain .Lea water and which hnave no incoluble comporients.

1, 1

1c does indicate, nowever, the type of effoct that mignt ve

made to reduce the accimilabilicy of .twontium-95 in the

o

ciohere. Suca an app:oacﬁ .eem: ceaconable fiom a conuidera-
tion of the naturce of the firebal. aud the probanie cuemical
procésse; occusriiz, Cheve.

Direct stuay of the assimilaticn of radioactive failout
into the human body i. rectricted very larjely to a few
lectopes, pavilcu-acly strontium-9., cec ium=-137/ and iodine-131.
Cec lum-1i37 ha. been otudied pavticulariy cacefully by Laungham
and wndevcon at tae Lo. Alamos Scientific Laboratcwy. i, __i»

ard Fijure 17 pre.entc tueilr data for tue

] -y ‘

ce. lum-i37 couternt of people in che United State: in the year

1957 vevgcu. the mi.k contenc. It clear.y chows that wiik o

I=h

not the ouly .ouvce of cevium ac owie wouid expect, a part o

s 37

it come:r from ve_etables,even tiougi milik L. a major cLource.

Thic figuse caowe aico chet the uwiscrimirvation factor agaiict

! e e

DO! ARCHIVES




-~ 24

cesium, velative to potassium in thé wmill, is about two-fold,
not too aiusimiiar from the diccrimination factor againot
strontium, relative to caléium in miik. iy
ey found, lLiowever, Ehét the humar contént of cesium-137
did not vive appreciabiy firom the value of 41 *i.3 micromicro-
curies per gram of potassium in 1956 to the 1957 vaiue of
& + 1.1, Thic cmail change, togethier with the fact that cesium
is an iuotope which cliouid come iato vapic equilibrium with the
human body because iti mean residence time is only some 127 dayc
as compared to many years for stiontium-93. Thereforé, the human
bouy is obviously very nearly in equilibrium witi the food chain
in the case of cesium iu charp cuutrast to strontium-9J anc
we cai: therefore deduce from tne cesium conteat somethiné avout
the pocsivcle way. in which fallout enter. the biouphere. Fiuost,
ihe fact that Che.e wa. no iav_e rice between 1230 and 195/,
tosether with ihe fac: that certain obuewvations ou the
stoentium-9. content of wmiik and cheecer over thie years inalcater
that they o "5 not <cice as vapidly ac the total fallioun
occerved in the .oil, cuggects chat poicibly a large part of
tue failout which enters the vlosplere does wo vy victue of
the picikup dizecily on the leave: c¢f prav. anu vegetabies waich
aTe eaten direciiy, either Cy cows ox Dy peugie with tue -ecult
that an entirely a’fferent approach o tue question 2f the

3

faliout .azavd i. waae. Of: course, Lt i. apbcoluteiy certain inat

o
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there is picxup of the vadicactive failout through the cootc.

ihat may be the cituation, however, is that thio pickup i. not
rearly so serious as we have been suppocin( and a good pari of
the pickup we have observed has cowe from the leaves. If the

o 4

irue ther. iu a period of minimum fallout, the miilk

’.

latter ic
level and tlhe vejetable level will fall covrespondingly to a
value Lomewhat ciocer to the amount that would come czole.y

from the voot piclkup, and we wouid expect, therefore, that

the steady state corcentratior in cie hwuman body of the faiiouvt
icotopes would be coi.sideravly iower than we nave beeﬁ
caleulating in the pact. It ic not cliear at tuic time &z ©0
whether thi. cowcluuion i justified wnt fuvthes ovcewnvation

and .tudy will make it clear and we chou.d ve aiert to tue

. -

importance and iixelihcod of thi. -evelogment.

Iv, CLYCLUC IS

The fuiuve courie of the falioab invectisation i, werils
cet and ic now proceedinyg on an interuatior.al scaie so that
(g e .

without doubt withis the foreseeavle future Ttne major quectiodic

o -

about cne fallcut mechanicm will te awcwered. lemaining,

however, wiil ve the tvemendou: prsoblemc of tie biological

coi..equences orf fallout vadiacion. e shaii make no atlempt

here to consiaer itnese. 1t i., however, ar. avea of uncextainty

&0 lawge that ouly the moct conse.vacive treatment of ine

DOS ARCHIVES
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permiasigle body burdens of faliout isotopes is tolerable and
this concervative treatmenﬁ indicates that care and caution
must be taken about the matter of additional radioactive
contamination. The United States Atomic Energy Commicsion hac
concistently tried to> reduce the magnitude of the fallout from
atomic testing and it is clear that the new technique of testing
underground can further greatly reduce world-wide fallout. It
iz to be hoped that other nation. will adopt thiu procedure,
even though it ic sometimes difficult and wmore trouble. It
does have one advantage, however, in addicion to eliminatin;
fallout; it makes the test schedule independent of weatier.
With further deveiopment of procedures it ought to be possible
to obtain most of the recult. on weapon. decign with thi.
technique. Of coucrse, the proof tesiing of weapons iu their
carriers mizht not be poscible unuer cound, the critical
question of whether the weapoii. operate anu give the yields ana
behave ac they chould, can be anuwe.ed by this method which is
fallout free. 1o one who ha:c stulied vadioactive faliout hac

any desire co., in aany way, increace the amount of it. It is a
v 2

risk and hazard which ic iimiced and whicihh car be considereu
relative to the advantage. gained, but it is neceisary to watch

it and to control it ac cavefu:l.y as possibie.

&0
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DATE

1957

July
hAugust
September
October
November
December

1958

January
February
March
April
May

June
July

August

September

TABLE Ia.

ot

DEPOSITION FROM TROPOSPHERIC F/LLOUT

FROM SURFACE AIR FILTER D.ThA

Fission Product
Data*

LOTMT
.06
.13
11
.05
.05

.07
07
.10
.32
.16
.16
.13 Southern
.12 Northern
.10 Northern
.08 Southern
.0A Northern
0L Southern

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)

Hemisphere
Hemisphere
Hemisphere
Hemisphere
Hemisphere
Hemisphere

Strontium-90
Data

.09 MT
.08

.1k

U
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TABLE IIa.

1959 FALLOUT AT ~ND THEIR SIGNIFIC.NCE FOR STR4TOSPHERIC 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. Tske t = 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 to 2 mecs Sr9o/m12) then the increase

in stratospheric fallout should be 30 mc/miz/yr.

On this basis the present fallout rate in these latitudes
should be 1.6 mc/miz/yr for world-wide stratospheric if 1= 10 years
3.2 mc/miz/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

.2
33 me/mi%/yr
89 /.90
The Sr 7 /Sr”” ratios should be 115 for November
77 for December

51 for January
32 for February

DOR® ARCHIVES
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B. Uniform World-Widg Theory

Every addition is assumed to be mixed instantaneously and
 unifornly to all latitudes, longitudes, and altitudes. Then
since the October additions smounted 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 end 5.1 mc/miz/yr
for 5 years. The Sr89/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) SrgoFallout mc/m12 Sr89 520

Oct. 28 to 0.02 .020 33

Nov. 2

Nov. 2 to 3 .31 .03k 62
" 3 to 6 .02 .00k 97
" 6 to9 .13 .073 43
" 9 to 10 .30 .070 46
" 10 to 15 .25 .103 35
" 15 to 16 - .013 29
"16 to 17 .03 .013 48
" 17 to 18 .ok .020 4l
" 18 to 19 .19 .059 41,8
" 19 to 2 .02 .Obh 27
"2k to 26 .02 .030 28
" 26 to 29 .19 .079 Lo

Total 2.21 .632

Versus 2.7 from Polar theory and .42 from uniform theory
with 7 5

", DO ABEHIVES -
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II. Westwood, New Jersey for December (Isotopes, Inc.)
Loy 90 2 89 /.90
Dates Rainfall (inches) Sr” Fallout (mc/mi®) Sr-7 [Sr
Nov. 19 to 0.12 .129 32
Nov. 26
Nov. 26 to 2.30 542 35
Dec. 1
Dec. 1 to b 0.68 .153 3k
" 4 to 8 0.16 .091 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 10139
= 1.00 me/miZ/mo
vs 2.7 expected by Martell
or 0.4 expected by uniform theory
TII. Washington, D, C. for Jamuary, 1959 (author)
0
Dates Rainfall (inches) Sr° Fallout (me /mi®) 5:°2 J5r7°
Jan. 1 1.84 .350 23+3
" 14 to 15 0.17 A .098 20+ 1

D. Comparison With Previous Years

2
Pittsburgh - Average rate for last year 1.00 mc/mi /mo

Pittsburgh ~ Average rate for 1955-1956 .80 mc/mi</mo
Pittsburgh ~ Average rate for Nov. Jan. .24 mc/mi</mo
in 1955-1957

¥
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U. S. AND FOREIGN SOIL SR’C_CONTENT

1956

Average me/mi®
United States 17.7
Foreign 20° - 30°N 5.6

30° - LO°N 6.3

4o° - 50°N T.1
Average 20° - 50°N 6.3
Difference ( U. S. - Foreign) 1.4

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

¥
s
t
.
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TA!LE 1va.

SUMMARY SOIL DATA FOR FOREIGN SAMPLES

Latitude

Spring Spring Spring

1955 1956 1958
90°S - T70°S
70°S - 60°8
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 0.5 2.3 3.5
Equator - JO0°N 3.4 6.4
10°N - 20°N 1.2 6.3 6.1
20°N - 30°N 3 20
30°N - 40°N tglé b.o 5?
LO°N - 50°N 3.90

2.0
50°N- 60°N
60°N - TO°N
T70°N - 90°N
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I TABLE IVb.
Southern average Spring 1956 2.8
Southern average Spring 1958 6.5

3.7 mc/:mi2

D

13

Average Fallout rate 1.85 mc/mie/yr

12 mc/mi2

"

Mean Stratospheric
Inventory

- = 6.5 years

v
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Cambridge 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 several 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 date 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-251-4EC (amended). It was this study conducted at the Rand
Corporation in Santa Monica, California, in the suwumer of 1953 which
launched the Sunshine Project on radioactive fallout.

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

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

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

"Radioactive Fallout. Libby, W. F. Proceedings of *he National
hcademy of Sciences. Vol. 44, No. 8, pp. 800-820. sugust 1958.
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SURFACE AIR $¢%° CONTENTS
SUMMER AND FALL 1957 AND SPRING 1958
4 b—
EQUIVALENT FALLOUT RATES
(At rates of 3.8 me/ml 2/yr/dpm/SCM or 3 day
mean residence in lower 10,000 feet)
une/ml2
o CHACALTAYA, BOLIVIA  17°10°S 1.8
SANTIAGO, CHILE 33°27'S 2.3
ANTOFAGASTA, CHILE 23°37' S 7
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BOGOTA, COLUMBIA P3N 0.7
3 LIMA, PERU 12°06'S - 0.7
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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: 7'= 6 YRS.)

1.0 MT/YR. vs 0.9 MT/YR, EXPECTED __
RATE FROM TROPOSPHERIC FALLOUT
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FOREIGN SOIL SAMPLES
1956

TOTAL OBSERVED:
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