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I aAm to deliver a talk at the k'ashington Academy of Sciences, as 
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_r. Libby's name r is mentioned liberally, and since this paper 
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and Zr. Libby should have the opportunity of coTnenting on it. 
I shall leave it to your best judgenent 
taking Tr. 

to decide Ghetber it is xorth 
Libby's time to review it. 

I have submLtted the paper to 1:~. iCash of the Division of Clessi- 
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Iktsorological Factors Affecting Spead of Radio3ctitity fro3 nuclear Bo&s 

By 
Lsster Biachb 

U. S. U&her Bumau 
k’ashington 25, D, U. . 

N- 15, 19% 

Zntroductfon 

lh3 fissioning of a nuclear weapon is the first step in 8 chain 

of events which ray ultimtely result la the All-effects of radio- 

activity on zan. The &sperm2 from test site to humn envirti 
or food takes place largely through atmspherio transport. The . 

problem, however, iSnnr8 thanthe apflcZ3tiOn Of th8UsU3lIi%txbtO 

02rry the pWtiCI&3t8 dEtbri8. Itti2.I bs appmxt that ed@ diffusion 

sad pdpit&$oll, for exa*e, also play an bportant role. 

1:ost persons who have timted the e&ire radioactive fallout 

speckann have found it convexLent to divide the hi&x-y of the p&d- 

mists fallout tit0 three categories. First, that x?hich &posit8 

out fa the first 323, or less. &is is dmignsted as local fallout 

sinceinthis short tirrae thehorieontaldis~ac~t~~tbave 

beepverygreat. The second classis de~ositedbaktwnabout lday 

and a few m&As. For lack Of a bettar word, if ur,U ba hmsd 

intmciiate fallout. &naU,y, tb fallout Mbered beend 8 few 

nonthsiscaU8ddelay8d falbut. Because tb prticles am in$ected 

ia the stratoqbere and found ovar nruch of the globe, it is aho 

referred fo as *mrLd-zTde s%.ra$ospheric falbu%r. - 

It fS t?l6 pLXO5e Of t-hi8 diSCUSSbll to pOiUt Out th8 Ii3t3OrOfOgb 

cal,cqn+dsraticms F;Ttrich acccnmt foraIP&%tre atmspherio transport 

oP&x%L is. Rem&s on loml and l.nbmz&iate ranges uill be brief, 

We those peAAning to delayed fallout, urra extntive. 
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Local Fallouf 

km1 fallout is characterked by the fact that the deposition 

Is largely by the settling of ths particles due to their w&ght. 

Given th3 size, shape, and specifio gratify of the particles, it 

is possible to predict their fan dOCity, 

However, ew?n in the 8bsence of suzh exact lnfomtion, it is 

possible to produce useful results a8 to where and when particles 

wiU reach the ground, This is bscause ths rebtbm t&8 of faU 
I';xc .nb cfk.~&;d 

a3 a function od altftJ!Lie insenaftive to t!m particle*8 pI@cal 

properties,and~us~~-~~it~~~~~~~~~~~ 

whichLt~ut-tQ-~*Qrt3nt, 

, 

There are at least two other proces63s w?&h produces 8 downward 

flux af particles in the atr;iosphere. Flsst, wrtica1 bang acting 

upon a cloti of particles at uppsr altitudes Mll transfer sms oi 

thess to lover altitudes, Although we cannot be sure, tie mgnituds 

of us1131 tropospheric mtical eddy speeds is of ths order of a few 

ten';frs to a few tiles pm hour. It is likely, &&r&me, tbt 

particles M&ch have settling qeeds of a tenth to‘s hundreth of 

ths eddy velocity will have their vertical coqonent of mtias 

controlled manly by akoqhe;ric turbulence while those with fall. 

velocities equal to or greater than a few&lea per hourvill descend 

rcainly bec23use of &revitaticmal setmng. The point of cfivl&I.l for 

a spherical particle of specific gravity oi 2.5 is be~~eh 50 and 80 

n&rmsin diameter. Most of the f&es of particles 

exceed- thfs dlwter. 

&,~~~ fallout 

A second rmms of dam-mrd transfer of the prticles occurs by 

pracipitatkfn. kfar as possible, nuclear tests by the unitsd 

States are cmducted in the absence of nstura~+xxmAng pkipita- 

tion. Howtw, ia the PacFfic Proving &wt;n&~, it is Uki?b that the 

huge anxmntofmisture errtrainedbytherising fir&all condens 

qmn cooling and t&at SOZB daamsd transfer of tha particles 

results from scavenge nf fa'tf pracfpi~tim. 
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The ~~~~td mtion of the fSlU.ng partides retits prim* 

from tie actioni 4nds v&h are observed by commt,i~~M XI,& 4 

~~-~8~UipiiE2% lb procechrres for atSizing winds for tb 

dkminatian of fallout areas are entirely straight-forward, aU, 

falling particle is tiansported horieontzUy by the vfnd in a layer 

depending upon fts stay in the layer before settliq to the next 

lower level.’ TM fzuczatim of the horizontal di@.acs22ts ends 

with the ground deposition of the particle. 

In abolition to transport by the uswllpolasemed &da, there 

is a certain am& of lateral dispersAon bmausa of horizontal 

turbulence in ths~atzos*re. i3xperkncti west8 that 3.n mst 

cases, the spresd of faf prticfes by the winds so greaw 

exceed the &read dua to m-all-scale turbulence that the latter 

effect is usu3Ug ignore& from the 
Xn’the prediction of radiation gaxzia intensities/ it is 

ground 

nscesmry to laxw mt only the tzinds and physical characterfstics 

of ths falling particles, but also the amunt of ra&c&t~Vity 

. as 8 function of p&rticIe siz3~f~tuCe, &is latter inforri3tkn 

5s esszatially # non-z&eomlogbal p&Iex and will not be deslf 

with at thIs’t3.m. An exaqle of tha fir& result of the 
spgUcati.on of n23tmroZo~cal xix@8 to a ndel of rsdiosctivi* 

as a fumtion of altitude ti particle r&e Is ~&own in the first 

feu figures. 

lbe first pigme shows the actusl and predicted~ is~lbss of 

gams activity in &&gms per tiour referred to lx&ve hours. 

The Ught dashes, the obsnwved f itid, vzre dzrired from grad 

rsmftoring almg various rosds erotnd the Hevsds Test Site. 2118 . 

he3~rglbm3 6h0u th9 pmbicted fall0ut p3ttez-n uslqg a 'I:eath=r 

msan m&&l of cloud rodbactfvity. m #is pick+ ths tids 

mmed new the explosion place and tk-s, wlxkh vsre x-s- from 

south to north, wre am&d to carry pwtbles at all later t*8’ 

and plac38. ft ls evident th& the prediction, the me I%& rmst 
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frequ3ntly, faLli to refleot tha bending of the pattern to tha 

t?ast In northern t33vada. The next figure contains a fallout 

pattern, $8 the h33vy unes, which incltlu8 the b3t estimate 
the change of the dnd field in ffi;;s and in space, It is 
evident that incorpomtitm of the changing winds protides l 

better verirics tion. !!hi.r3 after-the-feat f&Lout pattern ia 

typical of mst casss WNch have been atteqted 

fntermdiate FaUout 

of 

It is c~sracterbtlc of tha n;otIons 3x1 the atzsspkre &It afr 

JSSSBS are carried eonaUy, that is, amd circb8 of btitu&ws, 

mch mre rapidly i&an in the north-south dixeaffon. !&.%a is fme 

b&J in the troposphere aad stratosphare. Tim rein&t of this 

z&eorological fact is the predo.ziiu.znce af inmc?iate fallout 



. 

in the IXWS latitude bmd as the test loc&ions. ‘rn Ffgure 3# 
the 35&y csunubtire 

series of iscM.nel3 on 

portion of the figure 

the &be vhlch, from 

fallout frm C!&TLE EEAVO is she-m as 8 

the lover part of the figure. Be upper 

&cm 88 the shaded 8x336 th6 regbm of 

met8oroZoglcal. oonsidera ticms, uer6 

erpectad to hevs falloUt in the first wxk or m. It is evldext 

that the bmdof highestf~CL3~tcircleath8 earthin the tropic8 

of the norfirera hedsphme with only occasional north-south excu&ahs. 

The remval of particles in the intmdiate range from fhe 

atnosphere dwing dq veather is asalsted by vertical eddies near 

the earth’s surface and by interception by obsticles. However, it 

is likely that A&&t lqariznf fraction is revved &y precipita- 

tion smosqing. It has been found, for exaqle, fo?.Xuving mst 

of oup ~~tomla test operations, that on dars tith min, there .is l0 

tlxm mre ratioactiti4$ deposited ou the ground than cm Cays with 

m rzin. Ihe parti~essrsprob;;b~h-g8 enoGhso that sCa~%iqg 

Qy krartial effects ar8 stil3 l.mpotint. Sat ia, fib SarU radio- 
active pwticle, because of their Inertia cannot empa from the 

path of the falling raindrop. . 

The budgetiag of the fraction of radioactivity &posited in 

Q-i8 int~ciiate range 88 w2.l astbatin the delayed felhut 

ia Quit6 Uncertain. Careful anausis of the vcrld-tide fallout 

netvork of the U. S, Atomio Busrgy fbzissian after fih6 I'VX snd 

QISTIZ test 6eries suggests thatb8tvznlfmd~ofth8fission 

products a-hich %U?8 fomd fa out ba@ze.en about 1 and 30 &pS 

after each test opzration. !i%e EXB nmbe.ra for the inter&at6 

falhutfmxitheI%vada t3lits ammtstc pzrhaps 25$. kthe 

latter case, t5e amount of the closet-ia fallout fs km-m qtate 

ezactv and since there is no delayed fallout, we can add tha local 

and intermdiata fallout together to obtain tie to%& !i?x? red% . 

~5~s that SOXEL~~~ of the order of % of tb radioactivity ir 

still unaacmnted for. 
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It~spwsible thatthe~calfallouthasbaenunclerestln;a~d 

butt& is unlircely, 3be mm reasomble explanation is given ia 

km6ofourlnaUty toeocuratelyamuretSe true re.mmIof 

part.M.06 fkozn the atmosphere tith &$e detices. ,~he estinats 

just quoted is based on the zwmrel;roJl of fallout on gume~ films 

exposed horizontally, Even if this ware 100% efficient (end it 

is believed to be about 70$ efcicient for gross fission produ& 

now rmder discussion), it falls to detect radioactive particle~~. _ - 

revved by ~ertioal surfaces, Ifi;c Eml Research laboratory 

has repor-ted an arxmnt of. radIoactivity on a v-ertica~--exposed 

piece oi cheesecloth equal to that %e?osited on the ground for 

tb 63ma tim Miervaland ama, Otherexpe2%e&a caafirnthe 

f’act that @XI pxtiales 2~ the inferm3iate range azw collected 

by other thanhorieontalQ+qosed f6Ca-ug mf8ce .ws+;qu.z!.z!~4 

arzticb is still unanswered, hovemr, ie &%%& ,' 22&k 

tb&-EQ~l~~~ 

g&d&* 

that observed by _the gamed f’%bzz &+k_# 

Thus) tfie .mtim conkrlbution of the i.nkwtite fallout 

and the delayed fallout over that portion of the uorld lsing 3.~8 

the bslt mrroun~ the nuclear pov3ng ~otmds 26 still~so~~~- 

uhst cpsticmbla. Yhen soil sm#es are collected, saay over the 

U. S., which have integrated all Fallout since the atode age, 

qu&iions my Isi3 raft3ed concerning the apportionmnt of the fsllout. 

Although, 00 the average, the bulk of the radioactivity ir, - 

the test site, ttiere can b6 ano-alou 

ersad the d&ris owra veryla.rgenorth-smthraae or cam 

the entire anclear cloudintoto AnBiallyto an~~and c&tit 

b&itucb for eonal tx3nsprt there. 
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at this hige art3 inadecpate to provide th3 anmar to ti qmstioa 

of hx-e the debris is located in the stratoqhere. ‘1Ire next 
figuri3 6hows 6oA -ES of the ramnhg ia trybg to detembe evm the 

ini~ldis~ihtlon. To theleft, we 6a3a clra&.ngafs Iluclm 

cloud with the f’amiUer stem and zri&ro~ze. & this hypothetic8~ 

high-yield explosion, the e.uHre zmshrom ha6 been placed 3.u tha 

stratosphsre above the trapop~~s. To the right, IJO tree, aa the 

dashedIlne, the~o~eoifhevisiblecloud~~~~ If 

OX.BiZ66U~36th3t+?SIiiS tZJF'2xilenC6dStSiIlthfs&Ud6OthStit 

$6 thoruu~~y xd.md, th;; fit mery point th3 aoloMt of 3XJdfCWtiQitjy 

psr granlC.fair~&i~b C&nt. sltnC6tiheIIi36S of 

airper mitv&m ordemity dscreases~~thheight~ there vmld 

b3 mrf3 radioactivity near tha bottom af th0 clcmd. TM.8 58 

illustrated by thi solid Une. On the other hand, it can be argued 

that the sd.l particles remin ~5th the f3relxEL and that the 

firekQ.l becws the torrofdal d.ng prment tith fi23&, if not an, 

mclesr explosions. LithiSiS th3 CaS0, th%itispOS6ib&9 , 

that the redioaotitityis disbi?mted accordbzgtoprofile B. 

Em ge~graphkal lo~ab far the debris is less M&h. In 

F+r6 5, 8 -&icE8l. CFOSS S8Otfon fkOIR p&J t0 &de i8 6hORI.l l&h 

the approximte latitndes of high-yield tzapbslons lndicatad at the 

qpr b3rdzr. A6 pmi0~ not&, O& thS8 &Z3= p3rtiCbS 

hitia2Jy 2n&&ed Snta the stratosphere’ ara of acncem. Tt 38 

6i36Xlt&ittb3 heightofthebottamafthe st+oqhcre,thefr~- 

pxs8, vi&es tifh ~ati&% It also &es 3.n altUaxZ8 day by 

&y and seaeo$, t the EZEE place. % 

'ihe 8tratO@fzX+diifeF6fromfhe tKqBO6ph~8iatW3~~~t 

abqects, First azd fctrexat, tieress the teiipsatur0 dfxx6m3a on 

tieavuage of 6.9 Czntigradapsr Klm&zrinthe tropOs$me 

therei8eitberm~raturechang8tithheIght oreven, a6bM8 
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Since the vertical diffusion is very tiov In the stratosphere 

and the north-south &sbg possibly sl~w!~ropOap&~ 

the meric?.ioneL circulatione aiay becom iqortant Instrments for 

the transfer of the de’firit. In the next figure, 8c8 four published 

models of zzeridional circulation in the &uer stratosphere. The 

models of Ir’ull, Ooldie and the lower part of Pati display 8 cell 

whioh calls for sinking motion in the equatorial arm, rising 

aotion over the poles and appropriate north-south Rotions to 

complete the cells. The Palmrmd8lsuggests that above f&650 

feet in the tropics, there is a reversal to rising motion. 

g8Uogg and SchilUng indicate that the n-&n north-south drift 

uill be from the BIXEES toward the vlafer hemisphere. It should 

be rimmbared that the magnitude of the air 
arrom on this figure are exoee&@y 52ial.l 
east air mtionsj centimeters per second or 

m3ters or tens of mters per second 

x&ions associated with 

compared t0 the west- 

less cmpared to 

There is nothing unlqu8 abut tie pr0hlem of xbing am368 - 

the tropopause. It is probable that th3 tropopause is the 

separation between fast and slw vertical rcfxing, but in itself 

rapresents 130 unusu31 barrier. In addi:ion to air excha 

the tropopause, there are other possi b& 
M=/2 6-w & SF~ 
ties/ 

f?c 
08 throqh 
Lpht+* 

A6 )IZS evicbntfrm 

umyof the figures, the tropopauseis bellevedto have a break 

ia the temporate latitude8 and the air exchange n3p occur here 

Fdthmt any crossing of a troppause. Seoondly, in the course of 

everyday uwthar the &opopausi di.sapp& and reform at different 

eltitudee SO that exohange of troposph8ri.o and stratospheric can 

t&8 pla& again tithout crossing the tropopauss. Finallsr, in the 

polar areas the txopopauss it3 often very indistFncti and this 

co-ed ~5th the expected &J&g r&lo-n over cold sow&es suggest6 

h possibility that the polar areas zay be a region of 

transport from stratosphera to fropOspher0. 



In theory, it is possible to predict the remval of the 

radioactive d&ris froze the stratosphere given thme nozl-wather 

&tar the particle alze, shape and sp3ciSic gravities to 

d&r&m fhe 8Xted ofgra%dt&hn.al sdtlihgati tihs dhhibuff~n 

afradiowtivity3.n space, fn practice, not only are the non- 

weather d+ unavailable, but the x&mrolo~i~l ~8cfiCUlt8 

described abovee are not sufficiently wll lmo~a, 

I&, W, P. Clbby has published infomtian which perndts one - 

to bypass all of w8- IL3 doaa not ape* anything 

but the total aim,& of rociioaotivity available for delayed fallout 

and the arzmnt which 2~s been deposited durhg these first fart. 

years of the #ermnu&ar age, Ubbp c~nrp*s the fkack Of 

the stratosp&ric burden deposited each year, finds it to be 

rou@y lO$per year end assuzm that this fraction a3n be 

extrapolated into the futuy@,- .!Bka assui$tidn $eld5’ ap’ &$&ax 
decrease ia tlm a-,ount remved each year, 

fibby‘s approaoh 1s wry appealing in that if is nsu possible 

to obtain an easier to tha first questiont hw long till the 

debris renain ia the strat&&re. At the kxznt,'.thera is EU 

alternative tio~liibby~s am&&s except to argue for changes In 

det&l6‘ 
&.TMC& 

Tuoing~tsenterintothe~ calc~tiunoflO$ remval 

p;erw. Thksearm theqamtltyin the stratosphereatflu 

bsgImingof a givsatizrts intmval and t!iamnt rczziwzdfronthe 
atzmphse durJng &e lntwval. It is not pmible t5 qmT3lwith 

Libby’s 86tilLate of the Pnitizl stratospheric burden for reasons 

of possible &nfrI.ngezznt on classSled chats. 

The quxit%on of th0 rmmal of radioactive de?ziS fro= the 

e’mqhere, and la p&&x&m, Stronti~40, is *ortint to 

re~91xre ndody fortheproblemof stratospheric storage tinsbut . 

e180 for th0 w&3rf3tidng of l&e present ewth. 
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first, that East of it om93 

the Strontiux~O is probablg 

British state that about 65% 
r 

do-m in pracip5tzttian and semnd, that 

soluble in kztter. The c3133di.m~ and 

COIIX~B dmn in rain, Libby has pointed 

out that Antofagasta fir CWe, a location 511th essentiany 110 

JZ-3CipitatiOn ha8 a IOb'er StrOdiitW~o 8OfL CQllt9Ilt b 9 f8Ctm Of 

perhaps $3 than any other place 0?1 earth that has been sampled. 

To ~cx!arstind hcu one coqfiites the total Strontium-PO depositlaa 

par year, it is m3csssarp to revierr the 68x-q- &vices in the 

light of tie 3..rzportaac3 of precipit3U.m. pirst, is the 8032 itself. 

Us9 of the mil as a m&hod of ictegra t5.q the world-wide delayed 

fallout has the follcming shortcoxingst 

1. The soll cont3ins fallout fkon all tbesj it is a c~tlve 

rather than I diiferential salpl3ng device. Homier, successiocr 

6axplillg from the Sam3 

2, me-egti 

fs.Su, Sf.ZlC9 the upper 

that has fallen out. 

locale rcy overcwa tfrls difficulty. . . 

leeching of StrontiunlgO is assumed to bs 

saveral inches arwmm&-te co~taiqgll 

3. There are water losses during mderate and heavy rsins or 

~~lt%ng of snow packs due to rtmoff. 

4. Rerzml by iqaction on vertical surfaces is not zezsured. 

5. SaqU.ng 0~8r the oceans and other water 3mKes is bpossible. 

Thlsiss~iousorQyU6pray,raveactbn orsozeotbroaen . 

phem~na GIRS~S a eystemtic biBa of the results coqared tith land. 

6. Radiochex5cat ensl@.s is Mfic-fit so thst onlr llrzited 

nds of geograp?&al azas hove been caz$ed. 

Ths Eacond nest reliable t~~--,Z&qg te&mlque is collection of 

precipitation sa7rp~as by a pot or furmel. !Rws deviws cmllRct 

&y fallout as ~211 as rain drops. It is evident tbt tlm pot or 

funnel 3.3 a diffmxkial saxploT, suffers no leec?dzq or rzmff 

losses, cmld bs us,od over oczaq and the redio~h=~csl a1~lysi8 

is s&q&m tIma for soil. On ths other hand, it probably Ls wry 



Luefficient far 

interception on 

the g-d film suffers frca a series of d-&t- 

the sxall. Up susTml?fng the fi.lqgr mm&g off 

60 &qnsideraUe. & fact, in a study by the krmur 

network, But 

CCmhgB. 

I. With 

the paper *Y 
Resssrch Fouridatlan, the paper )s”oe found to lx OXQ about 10% 

efficient for a rainfall of O.lff in me huur, for soltie stibstaxes. 

2, During dzy us&ier, the gmimd fllu was foun:! %a dmlop 

an eleatrostatio ckrge at relative hmidLtie8 E&w l&IL 3Bt 

result k28 a dlff6rence ia collection efficieacy by a factor of 

6 bstk-em high and low hutidit& 

On the othar hancl, the gumed film does prodye nuz&ers vhkh 

appear to be consistent with the pot x&hod at & few pLmes,uskg 

an overall collection efficiency of about &O$. ._ ‘. 

It h36 been the purpose of tk&s rmieU Of 0o~ctbnnethodS 

to enuxsrate the l%kely sources of error ia deter- the toWI 

ammt of filllout of S”~oatiu~-90 pzr par. It is etideilt tbt 

&rge rc&oz errors are lZ.kely and that there are arrors I&MO 

zagnitti end sens, 0 cannot even be estlxated. But of those 

mcertainties dose 8znse can be &ter&zad, it fs the prescmf 

L* -&s=r-of -zimzz+faZioutr;dt-~&2alQ~ 
,d%h&F&~ 

l Far exaqle, ILbQ BSBUZS no k$&lon on 

vertiml srrrfaces, m mnoff or leec!! beses for hits w*l saqleS, 
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and a 78% rat&r than t@ efficiency for the md film. It is, 

iZmrefore, concluded that nore than 10% cones down per year. Dr. 
Libby’s mre recent talks reflect this possibility. It would be . 

highly desirable to ascertiia whether the calculated removal of 

1% p,e~ year very s~icmly underest&&es the 
x)(.re &7v kw+A.u A&-&2+ A&k& P iv?4A&CC* 

trus 

Asi& from the question f the a&l depo%&on L 

rears following tbemomclsar tests, thare am also problem 

concerning the proptiety of extrapolating the fractional removal 

of the strafospherfc cishris intO the future. It is frgUed fhaf 

the removal, process is lqr diffusion and that the Initial disizibp- 

tion is not such that the first xear or ko would yield anomlous 

results. With tine, it #ill becorm evident whether the 20% ir 

constant. Alreadya however,there is data suggestbg irre,@aritier f 

in tie stratospheric renmal. Durin 3.955, a large fraction of 
J 

strontium_90 fallaut occmed in &&t 3 OT k mnths ia Xew York 

~Lty rather than being spread eve* over the @arm Lest one 

conclude that this is a seasonal affatr, it my be noted that 

did not take place in the 6am mntha of 29% or in 19%. 

It is concluded ikat kLbby:s approaah to 2 deb&% Jo , 
L-f4 

of the rate of rerzoval frm the stratosphere G&+&e&&- 
7 

e~butthatitvo~Mbeno mrprise tofindtheperoentage ’ 
~ _. 

stratcspheric remml to be~~gr0ate.r than 10% alJ to vary from 

year to year, 

Rainfall 

before concluding It my-be b-ox+mhdle to evalude EDIS 

carefully hou rafnfall r~oves the Stront the atmspbre 

in tiew of tb fact that it is attached to 42~ r= EGA= &Wth1~8 

zf-dSapd~.?E~LW. For pmticles I&OSB diamters exceed 8 feu 

ticron~, it has been demnstrated that inertfa and interception by 

fall&g raia are r6wcmKy efficient scrubbing agent8 lmt that for 

particles lfm5 then 0~s ticron, a: #ype of collection efficiency 



it3 eeI-0. Hr. Stanley Greenfield af 

analyzed another r;;echmlm of 

is an Q.glom+ratfon process uhereby the agitation of & maIU 

particle resats In a probability of &$&II&Y Gqact an the 

tJster element. 9he ~c~vzng&g efficiency $8 shown in the final 

figme as is orc%ate bith the particle she 8s the abscissa. 

It ia t3een t&t& t&right, with large particles, the efficiency 

is high aB/for pwticles sz.aWzr than 0.1 ~~Lcrons, although for 

dzmzent reasom. In betmen, there ti a %ixx?m~ In which 

the rertonl by rain my be eqected to be 3.0~. It is I;resumd 
t&A the delq-ed fallout is associated with partscles below 0.1 . 

ticrons, erd therefore readl2y scavenged. 

Ee delqed fallout, accoding to this hypothesis, should be 

mimed b raia from the ztio@ere Largely at the level of the 

mter cloud since the fall5ng rainc?rop zap’ not have enough tinse to 

allow sggl.omration. Hoxm3r, actwl coqxwison between StFontiuz@O 

content of rain end In tb air suggests that a -‘very thick Zayer of I 

air mst have had its partlc&es scavengeb This suggests that by 8 a ).72&L 

~&?anisn, 8tU mt understood, even the falU.ng droplet ie capable 

af amwgiry the particles of delayed fa2lout. 

To this, one my add $-& another bit of e_vidence which f&l8 

to fit into 8 ,s* pictuIY3. Althowh Antofagasti with its bry 

we3ther ap+-enuy 
&& 

oontsi.LS ik-0 stroqti=-90, the comelatian l38tmept 

.rainfaU. and cielaFd fallout is poor either w&n om cans*8 th6 

tote1 zmunt of rzin or the m&er of days with rain. 2hus, Paris, 

a vat fisce, chom only hzli aa m.ch SixontiuMG in th8 soil 88 

does Dam~U6, !i?pia, a &y region, 

It is hoped that f’urther re search on rainfall In relstloa to 

Strantiuz-90 content KU ex_$ain thet nuzmus dismzpncie8 ttut 

appar to be preset. 
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c3nc1usion 

Although, in principle, it is possible fo plan P procedura 

for predfcthg the removal rate of &layed fallout fhxn the . 

stratosphere, 3.~ practhe it is necessary to rely on the Umited 

olmmations ivailable to &32ce the Eost l%SOAabb3 estixate. It 

is reca@.zed, however, that becxtuae the actual &tails are being 

~on;ittsd, the chance that serious errors are present becoms 

grea t2r. 

It bs felt that stratospheric ffi#iq holds a key to a 

mm FatiOnlli.inter~e_~,tiq: 0f2fti8 storage tbfb The di5tribaT 

ticm in tir@ lsP&&$g~~ Ov the xstoomlogis-t, Keith even Me 

m32/5r8 infom&ion, to pexiict the desired quntities mrti reUabl;y 

than at present. 

As a final word, it tight be added that the ~~teorologis% 

stank to shzre in the knowledge which xill be collected in the 

solution of the Stroxttiuz-90 fellout prom 
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TROPOPAUSE 

.SCHEMATIC VERTICAL DISTRIBUTIONS OF SMALL PARTICLES 
IN NUCLEAR CLOUD ’ . 
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