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Hzteorological Factors Affecting Spread of Radiosctivity from Nuclear Boxbs

By

Isgter Hachta
U. S, VWeather Bureau
Washington 25, b,C,
November 15, 1956

A talk delivered at the Vashington Academy of Sciences

Introduction
The fissioning of a nuclear weapon is the first step in a chain

of events which may ultimately result in the $11-sffects of radice
activity on man, The dlspercal from test site to huran environrent

or food takss place largely through atmospheric transport. The -
problem, however, is morg than the application of the usual winds to
oarry ths particulate dshris. It ¥il) bs apparent that eddy diffusion
and precipitation, for example, also play an important rols,

Yost persons who have treated the entire radicactiva fallout
spectrum have found it convenient to divids ths history of the parti-
culste fallout into three categories, First, that which deposits
out in the first &y, or less. This is dasignsted as local fallout
since in this short tims the horizontal displacement cannot have
bsen very great. The second class is deposited batwasn about 1 day
and a few rmonths, For lack of a better word, it w11l ba terred
internsdiate fallout. Finally, ths fallout c¢zlivered beyond a few
months is called delayed fallout. Becauss ths particles are injected
in the stratosphere and found ovar much of the globe, it is also
referred to as Tworld-wids stratospheric falloutV®. _

It is the pwrpose of this discussion to point out the mstsorologil-
cal considerations which account for ail-of-the atmospheric transport
of—’%}'zé’l/ &%ris. Remarks on local and intermediate ranges will be btrief,
vhile thosa pertaining to delayed fallout, mors extonsive.




Local Fallout

Iocal fallout is characterized by the fact that the deposition
is largely by ths settling of ths particles dus to their weight,
Given tha slze, shape, and specific gravity of ths particles, it
is possible to predict their fall velocity.

However, even in ths absence of such exact inforration, it is
possible to producs useful results as to where and when particles
will reach the ground. This is becausa the relative time of fall

orfe.ny
a3 a function oi) altf.t

18 insensitive to the particle's physical
properties,.and *because—it—is——the relative-time-offallwith height
which tigms-out-to-te important.

There are at least two other processss which produceg 8 dovmward
flux of particles in the atmosphere. First, vertical mixing acting
upon 8 clowd of particles at uppsr altitudes will transfer soms of
thess to lower altitudes, Although we camnot be sure, the magnitude
of usual tropospheric vertical eddy speeds is of the order of a few
tenths to 8 few miles per hour. It 4s likely, therefore, that
particles which have settling speeds of a tenth to 3 hundreth of
ths eddy velocity will have their vertical component of motim
controlled mainly by atmospheric tuwrbulence while thoss with fall.
velocities equal to or greater than a few miles per hour will descend
rainly because of gravitatimmal settling, The point of divicion for
a spherical particle of spscific gravity of 2.5 is betyezeh 50 and 80
_microns in diamster. HMost of the sizes of particles f&f‘iﬁ“c?ﬁ. f£allout
exceced this dlamster.

A second mesans of dowmward transfer of ths particles occurs by
precipitation. Insofar as possible, nuclear tests by the United
States ara conducted in the absence of nstwrally-occurring pfecipita-
tion. However, in the Pacific Proving Grounds, it is 1ikely that the
huge amownt of moisture eantrained by ¢he rising firsball condensas
upon cooling and that soms dowmmard transfer of ths particles

results from scavenging of falling precipitation.
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Tha horigontsl motion of the falling particles results primarily
from the action/\ 7indg which are obssrved by conventional wind
measuring equipment, 7The procedures for utilizing winds for tha
dotermination of fallout areas are entirely straight-forward, Ths
falling particle is transported horizontally by the wind in a layer
depending upon its stay in the layer before settling to the next
lower level. The summation of the horizontal displacezents ends
with the ground deposition of the particle.

In acdition to {ransport by the usually-obsarved winds, there
is @ certain amount of lateral dispersion bacause of horizontal
turbulence in the atmosphers, Experience suggests that in most
cases, the spread of falling particles by the winds so grestly
exceed the spread dus to small-scale turbulence that the latter
effect is usually {gnored. ' ) from the g;'ound

In the pradiction of radiation gamma intensities/ it is
necessary to know not only the winds and physical characteristics
of the falling particles, but also the amownt of radiocactivity
a8 a funotion of particle sizeaffftucs, This latter information
is esscntially A non-mateorological problexr and will not be dzalt
with at this tims, An example of the final result of the
application of mateoorological winds to a model of radicactivity
as a function of altitude and particle sige is shown in the first
few figues. .

Toe first figure shows the actual and predicted isolinas of
gamzs activity in rilliroentzens per bour referred to tizlve hours,
The light dashes, the observed field, were dorived from ground
ronitoring aleng verious roads around the lsvada Tsst site. Ths
heavy lines show ths predicted fallout pattern using a Weather
Bursan modal of cloud radioactivity. Oa {this picture, ths winds
reasured pear the explosion place and tims, which ware rainly from
south to north, were assu==d to carry particles at all later tires
and placas, It is evident that the prediction, the type mads nost
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froquently, fafls to reflect ths bending of the pattern to the
east in northern lisvada, The next figure contains a fallout
pattern, as ths heavy lines, which include the bost estimate of
the change of the wind field in tims and in spacs. It is
evident that incorporation of the changing winds provides a
better verification, This after-the-fact fallout pattern is
typical of most cases which have been attempted,

Intermadiate Fallout

After rost of ths particles whoss size are large emough to
havs 8 significant fall velocity have been rezoved from ths
atmosphsre, the remaining particles are part of either the intere
rediate or delayed fallout. For weapons which have been fired
at the Fsvada Test site, the interrsdiate fallout originates .
in the troposphere since the muclesr cloud tops rarely pe.netrated '
the tropopause, However, for larger calibre detonations, ths inter-
madiste fallout may originate either from tropospheric or strato=-
spheric materialy If-the-siratosphers is-thesourcefor-soms—of

the-interrndiate fallout,z;then_ths-particlo-sizes should .be

greater——ﬂn’ﬁ‘bcut%‘nims for 8 specific gra 2.5, i /v
is-nece.ssary ince vertic T2 i.n tha B to-
Sphe/ra s s:nall For & dia e fall ut originating
rrplzi sph.ra ].Qely that ¢ 4 28 éu less

4han—about 20 microns —e}sa—the—lerger—particlcs—wulﬁ‘ba‘ﬁart of
the_local £a¥ioute  dt the moment, 1% s not possible to ssy with
confidence which sowce contributes the larger fraction for highe
yield explosions, '
It &8 characteristic of ths motions in ths atmosphere that air
rassss are carried gonally, that is, around circles of latitudles,
ruch more rapidly thsn in the north-south direction. This is trus
both in the troposphere and stratosphare. The result of this
rzteorological fact 4s the predominance of intermediate fallout
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in the sams latitude bond as the test locations, In Figure 3,
the 35-day cumulstive fallout from CASTLE ERAVO is shown 2s a
series of i1solines on the lowar part of the figwe., The uppar
portion of the figure shows as tha shaded area the regions of
the glove which, from molsorological considerations, were
expectad to have fallout in ths first wzek or so. It is evident
that the band of highest fallout circles ths earth in the tropics
of the northern hemisphere with only occasional north-south excursions,

The removal of particles in the intermsdiate range from the
atrnosphere during dry veather is assisted by vertical eddies nsar
the earth's surface and by interception by obstacles. However, it
is likely that £he Rost impartent fraction is removed by precipite=
tion scavenging. It has been found, for example, following most
of owr Novadas test operations, that on days with rasin, there is 10
times more radiocactivity deposited cn ths ground than on days with
no rain. The particles are probsbly large euough 80 that scavenging
by inartial effects are still important. That 4s, ths small radioe
active particle, bscause of their inertia cannot escape from the
path of the falling raindrop.

The budgeting of ths fraction of radiocactivity deposited in
the intermediate range as well as that in the delayed fallout
is quite uncertain, Careful analysis of ths world-wide fallout
network of the U, S, Atomic Imsrgy Coxrzission after the IVY and
CASTLIE test series suggests that bstween ) and 5% of the fission
products which were formad fell out bstween about 1 and 30 days
after each test operation, Ths sams numbers for the interrediate
fallout from the Kevada tests amounts to parhaps 25, In ths
latter case, the amount of the closz-in fallout is knowmn quite
exactly and sincs there is no dslayed fallout, we can add ths local
and interradiate fallout tozether to obtzin the total. The result
ehovs that somsthing of the order of 50% of the radicactivity is
still unaccounted for,
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I{ 48 possible that the local fallout has been underestimatad
but this is unlikely, Ths more reasonible explanation is given in
terms of owr inability to accwrately maswe the true removal of
particles from the atmosphere with simple devices, The estimate
Just quoted is based on the measurement of fallout on gunnad £ilms
exposed horizontally, Even if this were 100% efficient (and i%
is believed to bs sbout 70F afficient for gross fission products
now undar discussion), it fails to detect radicactive particles.
reroved by vertical surfaces. Ihe Kaval Resecarch Laboratory
has reported an arount of radicactivity on a vertically-exposed
plece of cheasscloth equal to that deposited on the ground for
the sama time interval and arca, Other experiments confirm the
fact that the partlicles in the intermadiate range are collected
by other than horizontally-exposed face-up surfaces. The quastion
which is st411 unanswered, howsver, is tA{’ac:u;e" 2 ?ﬁt‘&ée?qé?-m
this rezoval dn condi¥ifin with that observed by the gumned PRL Ty it 2 _

Thus, tke curmlative contribution of the intermsdiate fallout
and the delayed fallout ovar that portion of the world lying in
the belt surroundirg the nuclear proving grounds is still somse
what questionzble. ¥hen soil samples are collected, s3ay over ths
U. S., which have integrated all fallout since ths atoxic age,
qusstions may be raised concerning ths aepportionment of ths fallout,

Although, on the average, the bulk of the radicactivity in
the intermecdiste range lies in a belt swrrounding the latituds of
the test site; there can bs anoralous situations which will either
gpread the dobris over a very large porthesouth range or carry
the entire nmmclear cloud in toto initially ¢o a new and distant
latitude for gonal transport thera.
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Delayed Fallout

The delayed fallout represents that fraction of Qng:d;oaotivity
which may still remain to be deposited ou}‘on the earth'a facn.
In a\ s..nse, tberefore, 11; is an unknom {mntity a{ﬂmugh a \V\Et{O
reagonable upper limit can be placed avmgnitude from past expl
-glons, Furthermrs, evidence poin/ta\to the faot thatkhis fallout
i} :gecting\ the\x:tions of anxthe woz\'id {:;:r than the country
wit thich the tects took plac -or those lmrediat dowm
of it.?h\ ~ \ = 'md\
Since tha particulate debris vhich is 1_ocated in the tro osPhex?
can be shown ¢o be removed ﬁt%in ratter of wééfcgcot; \Ingnths
follows that L%b-ﬂmmwm delayed fallcut
rust be stored somewhere., Alrcraft sampling and balloon flights
hsve clearly esiablished that the stratosphere is the storage
region for delayed fellout, It can zlso bs deduced that, since
the particles take longer than a few months to fall out of the
atmosphers, their size must bs exceodingly small and it would be
estimated that they are no larger than 1 micron and probably well
bslow 0.1 microns in diamster, Howsver, despite this apparent smalle
ness in sies, wo have no positive proof at this point that gravitational
settling is not important in ths transfer of radicaciive particles from
the stratosphere into the troposphers, and, in fact, there 18 the
slightsst suggestion that gravitational settling may evem be irportant,
It 45 perhaps worthyhile at this point 4o review the questions which
can ba asked concerning ths matecrological aspécts of delayed fallout,
First, how long will ths particulais debris remzin in the strato-
sphere, and sacond, where will it com? out of the siratosphere to be

deposited on the earth's surface, )
In order to make & prediction of contarcination, it 1s essential

to know ths source of tha pollutants, The high-altitude msasurements

ant of En ergy
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&t this stage are insdequate to provide ths answar to ths qua2stion
of vhere the detris is located in the stratosphers. The naxt
figure shows some of the reasoning in trying to determine even the
initial distribution, 7o the left, ws s2e a drawing of a muclear
cloud with the familiar stem and mushroom. In this hypothetical
high-yleld explosion, the entire mushroom has been placed in ths
stratosphars above ths tropopauss, To the right, wo scs, as the
dashed line, the profile of ths visible cloud £ the mshroom, If
ons assu=es that extrems twriulence exists in this cloud so that it
is thoroughly mixzsd, then at every point ths amount of radicactivity
psr gran of airve&f-vcaéssm bs constante Slnce the mass of

- air per wit voluzs or density dacreases with height, there would
b3 rore radiocactivity near tha bottom of ths cloud. This is
illustrated by ths solid line, On the othar hand, it can be argued
that ths sx2all particles rem2in with the fireball and that the
fireball bescaomes the torroidal ring present with most, Af not all,
nuclear explosions, If this is ths cass, then 4t is possible
that the radioactivity &s distributed according to profile B.

The geographical locale for the dehris 18 less uncertain, In
Figure 5, a vertical cross section from pole to pole is shown with
the approxirate latitudes of high-yield explosions indicatad at the
uppar border. As prasviously noted, only thoss =rall particles
initially injected into ths stratosphere are of concern. It is
ssen that the height of the bottom of the stratosphere, the tropo-
psuse, varies with latituds. It also veries in altituds day by
day and sﬂasonUZt the same place,

The stratosth-e differs from the troposphere in two important
acpects. First and foremost, whereas the texperature decreases on
the average of 6.5° Centigrads par Mlomster in the troposphere
there is either no terperature change with height or even, as in the

Hmz:ra“» e o o
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troplcs, an increase of temperature with height in the stratosphere,
Second, the stratosphere is practically cloudless and hag no
precipitation falling from it. Ths first difference msans that
there 1s very little vertical fwrbulence in ths stratosphere
cozpared with the troposphere, so that vertical twrbulent rixing
is much slower, The absence of clouds msans that the removal
of debrlis camot ba aided by falling precipitation elexents,

The absence of mixing in the vertical coordinate doss not
precluds horizontal diffusion, and in fact, Parrf!s principle,
would suggest that horizontal mixing might be greater on account
of the lack of vertical mixing, Bowavm', excopt for the spread
of dust from Frake "“&Q‘é"iﬁ*ﬁé‘&e or no evidencs on sither
gide, Unfortunately, the optical dztsciion of the Erakatso dust
is not quantitative in the sonse that it is possible to assign
concentrations to the spread of the dust., There 45 reason to
believe that the equatorial band of ths lower stratosphere may
prevent exchange of air between the hemispheres Just as is
the case for the lovar troposphere, In ths troposphere, it is the
convergence of air into ths Interiropical Convergence Zons,
as shoim in Figwre 5, which prevents exchange. In the lower
stratosphere, it is tha steadiness of the e3st to west wind whieh
wonld suggest litile or no north-south exchange, This point is
of som conssqusnce, It Yy mean that the hemisphere with the
atozic teste will obtain a disproporitionate share of dslayed fazllout,
0n the other hand, ths heasurewent of dslayed f£allout in the southern
herisphera roans that soma stratospheric dstxris mist have come inte
ths southern hemisphers. Concsivably, the path of ths dstris m3y de
through the northern hemisphere tropopausz and then to ths southern

herisphere via ths upper troposphers,

&3
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Since ths vertical diffusion is very slow in the stratosphere
and the north-south mixing possibly slower-than-the-troposphers,
the meridionsl circulations may becoms important instruments for
the transfer of the dstris. In the next figure, are four published
models of meridional eirculations in the lower stra tosphers, The
models of Wulf, Goldie and the lower part of Palmsr display 8 cell
which calls for sinking motion in the equatorial area, rising
motion over the poles and appropriate northe-south motions to
complete the cells, The Palmer model suggests that above 83,600
feet in the tropics, there is a reversal to rising motion,

Kellogg and Schilling indicate that the main north-south drift

will be from the sumuar toward the winter hemisphere. It should

ba remermbared that the magnitude of the air motions associated with
arrows on this figure are exceedingly small compared to the weste
east air motions; centimsters per sscond or less compared to

msters or tens of meters per second,

There 48 nothing uniqus about the problem of rixing across
the tropopause., It is probable that ths tropopausa is the
separation batween fast and slow vertical mixing, but in itself
represents no unusual barrier. In addition to air e€xchange through

esa)¢ from The Sn-z_pbeﬂ
the tropopauss, there are othar possihﬁ'.{tiesd, As vas evident from
many of the figures, the tropopause is believed to have a break
in the temporate latitudes and the air exchange may occur hare
without any crossing of a tropopause. Secondly, in the courss of
everyday weather the tr0p0pause d:.s:ppears and reforms at different
altitudes so that exchange of tropospheric and stratospheric can
taks placé again without crossing the tropopauss. Finally, in the
polar areas the tropopause is often very indistinct and this
combined with the expected sinking rotion over cold sources suzgesits
RS« S possibility that the polar aress may be a region of
transport from stratosphere to troposphere.
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In theory, it is possible to predict the removal of the
radioactive d=tris from the stratosphers given these non-weather
datas the particle size, shaps and spacific gravities to
determing the extent of gravitational settling and ths distribution

of radicactivity in space, In practics, not only are the none
weather data wnavailable, but the meteorological ingredients
described above are not sufficiently well known,

Dr. W, F, Libby has published information which permits one
to bypass all of t)za’twge%;-‘é@ﬁtéea.— Ha doss not specify anything
but the total amount of radiocactivity availadle for delayed fallout
and the armount which has been dsposited during these first few -
years of the thermonuclear age., ILibby computes the fraction of
the stratospherib burden deposited each year, finds it to bs
roughly 10% per ysar and assumes that this fraction can bes _
extrapolated into the fulupg,” This assuiption yields an éxponential
decrease in the amount reroved each year.

Libbyts approach is very appesaling in that it is now possible
to obtain an answer to ths first qusstions how long will the
debris renain in the stratospha'e. A% the mmt, there is no
alternative to Libby's anilysis except to argus for changes in

details, g

e gD
Two Loradionts enter into tha caloulation of 108 reroval

per year. These ares ¢he quantity in the stratosphere at the
beginning of a given tims interval and the amount rezoved from the
atnosphere during the interval. It is not possible t6 quarrel with
1ibbyts estinats of the initial stratospheric burden for reasons
of possible infringecent on classified data,

The quastion of thas rexoval of radicactive debris from the
stzosphere, and in pariicular, Strontiu«90, 1s irportant to
resslve not only for the protlem of stratospheric storage tins but

T Strontimoso%
elso for the wnderstanding of ths praeant@strontiu:-% on earth.
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A1l groups studying Stroativz-90 fallout ,3gTee on two pointss
first, that rost of it comes down 4n pracipitstion and second, that
the Strontiuz-30 is probably soluble in water., The Cinadizans and
_ Eritish state that about 85% comos down in rain, ILibby has pointed

out that Antofagasta in Chile, a location with essentially no -
precipitation has a lower Strontiun-90 soil content by a factor of
perhaps 50 than any other place am eazrth that has been szmpled,

To wnderstand how one cormputes the total Strontiuz-90 deposition
per year, it 18 nocessary to review the sampling devices in ths
1ight of the importance of precipitation., First, is the soil itself,
Uss of ths s0il &5 a msthod of irtegrating the mrld-wide delayed

fallout hag the following shortcoringss
1. The soil contains fallout from 2ll tinesy it is 8 curulative

rather than a differential samrpling device, However, successive
sampling from the sams locale may overcome this difficulty.

2, The-¢sgres—of leecching of Sirontium-P0 is sssumed to be
sz2ll, since the upper saveral inches ara—assumed-te containsall
that has fallen out.

3. There are watsr losses during moderate and hsavy rains or

ralting of snow packs dus to runoff,
L. Rersval by impaction on vertical swrfaces is not reasured,

S. Sampling over the oceans and other water bodies is impossible,

This is serious only if spray, vave action or some other ocsan
phenor=na causes 2 gystematic bias of the results cozpared with land.
) 6, Radiocherical znalysis is difficult so that only lircited
nurbers of geographical aress have been sampled,

Tha gecond most relistle sasplény toechnique is collection of
procipitation samples by a pot or funnel., Thess deviees collect
éry fallout as well as rain drops. It is evident tha2t the pot or
funnel is a cdifferential sampler, suffers no leeching or runoff
losses, could bs ussd over oczans, and the radiochermical aralysis
is sirpler then for soil. On the othsr hand, it probably is very

«¢6



inefficient for dry fallout and still provides no meagure of

interception on vertical surfaces. The-intorpreletion of-isclaied.
sampling points-as-exirapelatsd to-the-entire-vorld-mist -ba
approached with cautioni”since the amouat of--Strontiw<90-removed-
by rainfal) may~depend va many-local-charactaristics of the rain-
as-will -be noted Tators A major shortconing of ths past has been
the lack of observing points, Until recently, routine znalysis

of Stronfiasi -90 vasn hinited to ons or two places,

0n the other hand, there has been/eztens.,.va gurried film
network, But the gumad film suffers from 2 series of sharte
comings, the

1, with the small lip swrounding the £ilm, fmter running off
the papsr may ba @nsiderable. In fact, in a stwiy by the Armour
Ressarch Foundatiom, the paper was found to be only about 10%
efficient for a rainfall of 0.1"™ in ane hour, for solubls subsiances.

2. During dry weasther, the gummsd £ilm was found %o deovelop
an electrostatic cherge at relative hunidities balew 45¢. The
result was a difference in collection efficlency by a factor of
6 batwoen high and low huridities,

On the other hand, the gummsd film does produee nuzbers which
appear to be consistent with the pot msthod at -t%:e few plsces using
an overall collection efficiency of about L0%.

It has been the purposs of this review of collection methods
to enurarats the 1likely sources of error in deterrining the total
armowat of fallout of Stroatiuwz~90 pzr yeér. It is ovident that

'large random errors are lilkely and that there zre orrors whose
magnitude and sense cannot even be estimated, Bul of those
wmcertainties whose sznse can te daterrinsd, it is the preseat

t tﬁf%t‘sﬁatﬂs-of ammai-faljoutrades iniitally-dby

I471 I
Imf bb?;;re 76 ]/.‘o{aj. For exarple, Iibby sssuzes no irpaction on

vertical surfaces, no runoff or leeching losses for his soil samples,

“>
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and a 79% rather than LOf efficiency for the gummd f£ilm, It is,
thorefore, concluded that more than 10¢ comes down per year. Dr.
1ibby's rore recent talks reflect this possibility. It would be
highly desirable to ascertain whather the calculated removal of
10% per year very seriously mderestimates the trus dspositiony
ol )sid’elg'gn‘/{ﬁﬁu%ﬁi&a t ihe aéual dep ?i?ionsp mwuu 7 &MJ#¢
years following thermonuclear tests, thare are also problems
concerning the propriety of extrapolating ths fractional removal
of ths stratospheric detris into the futwre. It is implied that
the removal process is by diffusion and that the initial distribue
tion 18 not such that the first year or two would yield anomolous
results, With time, it will become evident whethsr ths 107 is
constant, Already, however,there is data suggesting irregularities !
in the stratospheric removal., During 1955, a large fraction of ths “(UA
Strontium-90 fallout occurred in &Bewt 3 or 4 months in Kew York l etz
City rather than being spread evenly over the year. lest one kbf}
conclude that this is a seasonal affair, it may bs noted that it/__J W'a""
did not take place in the same months of 1954 or in 1956,

It is concluded that Libby's approach to the determinaiion
of ths rate of removal from the stratosphere igf\‘be%et—éha
ethar—ona but that it would be no surprise to £ind the percentage
stratcspheric removal to befa/—;‘zr—éater than 107 and to vary from
year to year,

(4&,,&.”

[N

Rainfall "
Ecfore concluding it ray be worthwhile to evaluate rore

carefully how rainfall ramoves the Strontiuxc-20 from the atmosphere
in view of ths fact that it is attached to small particles
Tti-dslayed-£2lleut, For particles whose diamaters exceed a few
ricrons, it has been demonstrated that inertia and interception by
falling rain are reasonably efficient scrubbing agents but that for
particles less then ons microm, ¢ 50 dype of collection efficiency

P R AR T
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is gzero, Ir. Stanley Greenfield of the Rand Corporation has
analyzed another rschanism of precipitationﬁ?veé‘mg)\. his
is an agglomeration process whereby the agitation of ths small
particle results in a probatility of wlifzmis Lipact on the
vater elerent, The scavenging efficiency is shown in the final
figwe as the ordinste with the particle size as the abscissa,
It is Been ¢ ‘gttﬁg gxge right, with large particles, ths sfficiency
is high as/for particles s:aller then 0.1 microns, although for
different reasans., In between, there i1s a "window™ in which
the rerovzl by r2in may be expected to be low., It is presumed
that the delayed fallout is associated with particles below 0.1
ricrons, end therefore readily scavenged.

The delayed fallout, zccording to this hypothesis, should be
removed by rain from the stmocphere largely st the level of the -
water cloud since the fslling raindrop may not have enough tims %o
allow agglomoration, However, actwal comparison batween Strontiuz-50
content of rain and in ths air suggests tbat a very thick layer of
air must have had its particles scavenged. This suggests that by a
mzchanism, still not understood, even the falling droplet is capable

of scavenging the particles of delayed fallout.
To this, one may add yat another blt of evidence which fails

to fit into a sirple pictures, Although Antofagasta with its dary
weather apparently comtains‘®e Strontiun-90, ths correlation between
xrainfall and delayed fallout is poor either when ons consliders ths
totel amount of rzin or the nurcber of days with rain, Thus, Paris,
& vet place, shows only helf as much Strontiux<50 in ths soil as
does Iemascas, Syria, a cry reglon.

Tt &5 hoped that further rescarch on rainfall in relation to
Strontiuz-90 content vill explain the nurerous discrepancies that

appear to be present.
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Canclusion

Although, in prineipls, it is possible to plan a procedurs
for predicting the removal rate of dslayed fallout from the
stratosphere, in practice it is necessary to rely on the limited
observations available to make the most reasonable estirate, It
is recoznized, however, that because the actual detalls zre being
‘oritted, the chance that serious erTors are present beco:nes
greater, .
It i felt that stratospheric ssmpling holds 8 key to a
rore rational mterpretatiovx of the storage time. The distribu=
tion in tims ‘ané’ spa 53 ni‘i'low the msteorologist, with even his
nz2gre infomation, to predict the desired quantities more relisbly
than at preset.

As a final word, it might bs added that the msteorologist
stznds to share in the knowledge which will be collected in the
solution of the Strontiuc-90 fallout problem,
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