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I, GEERaL manantattilley re ake
. “Very little exnerinental data exists on the’ scavenging action of ralae

on the atomic cloud. Hence it is possible to prepare a logical study undera
a given set of assumptions to show that rain has the capability of scavenging. <
out sufficient radioactivity from the atomiccloud to projuce a definite ~*.:)
hazard to life. On tteother hand, if it’s assumed that the radioactivity‘2.
scavenged out by rain is not confined toa relatively. smal] ‘surface area, “-* ©”
then a stily could be prepared to show that the radioactivecontamination’ Rie

" produced by rain fs relatively unimportant. Since there is.‘very little. 3:7
quantitative data on the scavengingaction of rain, an attempt is wade in - .

a this report to study the extent of the radivactive fall-out due. to soil debris.
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The particle size distribution of the soil debris uhich is sucked-“up:
into the mushroom cloud is known; therefore, it is possible tocorrelate the.
scaventing action vrotuced by sand with that of rain of a given intensity... 7
It may be possitle to determine the orderof ‘magnitude of the scavenging =~ an

action of rain by such a method and it 1s just this order of magnitude of
the scavenzing action of rain that is réwuired in.order to evaluate some of.

the presently available reports dealing with the efects,‘of rain on radiom-
active fall—out from.theatonic cloud. wT& Le: wa ee  

wet + : + + - aco ae

It. SCAVENGDG ACTION OF PAIN AS REPORTED “DURING‘ATOMIC.‘TEST “OPERATIONS.

"During both SANDSTONE (1) and TUMBLER/SNAPPER 2). AtonteTest‘Opsrations-”
it was reported, that’ rainfall increased the_radioactive fall-out, ‘but this:La?
increase in fall-out vas never greater, thin10to158,of the. normal fall-outes=:

Aire? - . ee
t,

TIT. SCAVENGING acrTowOF sor, DEBRIS piRIG TOMER‘ors‘or vsTEST OPERATIONS.*

 

A, During TUMBIER/SYAPPER Test Operations: very Little fall-out of radio=~-
activity occurred for air ¢rops, but the fall-out was significent during all -
four tower shots (290 ft. towers, 12 to 15 KT bombs). ,As a matter of fact, ..>5
anproxinstely 5 to 30% of the total Ag] hour activity. of the atomic bombs. ro 4
detonated from towers vere deposited in an area of fron, 10 to 200 miles Prom= +:
grount zero. In Figures 1, 2, 3 and 4 thisfall-out is“plotted_in the form:
of infinity dose lines. The data used in ‘plotting theinfinity @ose lines.ae
contained in the t/s Radiolopical Defenseanual which is nowin the process*
of being publisted. The inclosed tables ‘give more , detailed information with”
reference to the last four tower shots ofT/S_ test‘operations and the radio-’ 4

_ active fall-out resulting from them. ‘There is_no doubt that the great increase =
in radioactive fall-out for the tower shots eas convzred to theair. drops is < 8,
due to the fact that a considerable amount of sand and” soil debris wes sucked'.+&
up into the mushroom of the tower shots, but practically no mixing occurred”>"
‘for the air drops which were exploited from 1000 to 3000 ft. above terrain. Bt
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B. A stuiy of the inclosed figures and the tabulated ‘date, ‘shows that theres
was a distinct area of maximum fall-out for each tover shot. The distance of 14%
this maxima fall-out area vas pronortional 1to. the average> horizontalwind “speed:

 



 

all fell into the rerion vhere a 100 to 150 micron diameter sand particle
(density 2.6 gm/cm3) would fall from avproxinately the center of the mushroom
clowi. This indicates that the numerical median particle diameter of the soil j
at “Yevada Proving Grounds should be approximately 125 microns. According to ~ u
Dr. G. Felt of J-Division, Los Alamos, the soil ‘MD at “levada Proving Grounds
ig 125 to 150 microns (Dr. Felt attributes this to the work of I. T, Alexanier.
of the Department of Agriculture) (See Reference 3). - Felt assumes that the
NMD of: the fall-out particles during Trinity was 100 microns. The existence
of distinct maximum fall-out areas that agree so well with the Stokes! Law
relation {s remarkable. If it is assumed that the H+l hourtotal activity
of 1 KT bomb is 3 x 108 curtes, ani that 3 x 104 curtes/ souare mile produces
a dose rate of 100 mr/hr of gamma rays at a distance of 3 ft. above the ground
then the following relation may be used? ; F

_ 0.2y° ne an a
At~°*“D . . . . = ‘ - 7 oFSB eee ew ee ee ww vation 1] -.. *- ! _ 2

eee -£ po . a pS Phas we
ec. . . i. nr) Lette mete to:

Where ~~ : mos 4 ORR tot tee
P=Percentage of the total Hel.hour bomb activity deposited‘on the’.

, ground by fall-out in an area bounded by a _BivenAnfinity dose Line...

 

     

 

    

D = Infinity Dose , - Bon Sais te.Sewe

4 = ‘Area in square.niles tnclosed by a given.infinity dose lines.” - x

Tae tae oe BLyr. He .
~ =: y = Total yield, of “the‘Dombia res we AE: 2 oY + \

S-average time of Tali-outofradioactivity within the area. 5 pe

iThe terivation of Zquation 1 is as‘follows: ones. * aos :
wD 7 22 Oe 2 ee le a. :
a Ry ‘1. - =“Rp2 eserrr rt ree eee Rquatios 20 a

: . Where° oY : : oewite ft 8 roa . a * .
R= Dose rateina roontgonefie 2 ee Oeet

** pee
aae 7 oo : fee

_ t2 = Average time of ‘fall-out in area pounded by a“given infinity dose .Lis
a line. oF . tt , ies : £ i
te ’ Ss en se - Tyby

\--+--"Equation 3
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“up into the mushroom of the atomic cloud from a knowledge of the value of P, - ~

‘ . \ . _ + : .oe of . . ; (
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Ps (2x10 settvn) (Ry /0.1) (290)sa-Bauation b BY
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Where’ - ‘ “
Ry = Dose rate in r/ne in area A bounded by infinity dose Line D, and . ot

where the dose ratewithin the area has been extrapolated back totl

 

 

Atl hours ning. the.a orgiation.” woth

but by EquationayRe D £2 . _ - nen Pee..,

‘therefore . ‘

Ps (3 x 198) (100 4 D) aTBP Sy: |
FR 5A"*Y 3 = 20° yo SS “0 y a
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Equation1 was “ised to prepare the values‘given in ‘Table Ve. tt choula be- a.
noted that the last column of Table V gives the total H+l' hour percentage “of *

-given in the tables are not significant beyond oo Lop oe
he, - ne
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. the bomb activity deposited on the ground by fall-out (FAye. The percentages

two Figurees onTe _ 3 . i - wl ~ nad getsEos
4
*

C. ‘It is ‘possible: toestimate the‘amount of sand and ‘soil debris ‘sucked: =

and by a knowledge of the average specific activity of the soil particles clea!
in the atomic cloud, If it is assumed that the average specific ggrua ray
activity of the fall-out particles is between 1 x 10°“ and 2 x 10° nicrocuries®

- at Hl hours then it canbe shown that the oumber of radioactive particles ‘1

  
deposited on‘the ‘ground in the fall-out areaais given by.the followings .

3x10°PER
 

 

(100) (1.5 x 10°“e y~ baa oP' ave |

if it ts ‘assumed thatall‘ofthyparticles. are 125 microns in_diageter, spheric
and have a densityof 2.6 ga/cm?, then the amount of sand,in grams, mixed into |
the mushroom of the atonie cloud’of a 200 Ete towerr shot is_Etven bye cote, *~

8.a:xsol 3 y2PL --oo --- we ee ~.ttet7. ce

This «means“that aprroxtuatety 6.7 xF 1910 ga of sand and soil debris. was aixed ;
with the mushroom of shot No. 5 and 2,3 x 1010 gm. of sand wes mixed in shot.
No. 7 cloud .of T/S. This represents from 25,000 to71000tons, of. sand nixed
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  in with the atomic clouds Na ya question will be raised as to whether
such a large quantity of sand does in reality get mixed in with the mushrooa
of an atonic cloud or are the calculations off by a large factor, In order to
answer this question’ a study was made of the crater volumes of the different  ‘:
tower shots, According: to Reines of Los Alamos the Trinity Crater had a measured
volume of 1.3 x 10° cu, ft. which represents a displacement of approximately. ~
1 x 1012 ga of sand (110,000 tons ofsoil), The Trinity. bombwas 20KT and it-
was explodedfroma 100. ft. tower; therefore, it would de ‘reasonable to assune|
that approximately 254 of, the Hl hour.total bomb activity, could ‘have been |
deposited on the’ground as fall-out within 100 niles: of “ground zero. From
Equation 7 it can be shownthat undersuch 4n assumption nearly 5.25 x 1010 ga
of soil were mixed into the nushroom of the Trinity cloud. Since the crater
displacement is greater than the calculated amount of soil mixed into the aush-
room of the atomic cloud the calculated’ values are seen to be reasonable,

. 7) : :

De Relation Between Sand ang Rain Scavenging |me a Cy wt 7
, ots

. ‘Kecording to Gauvin andagai(ny ordinary raind 0. 15 ‘inchesfouras
a liquid water content ‘of 0.2 gn/m» and the record rain in the U. S. had 4ea.
of water per cubic meter ofair, It will be assumedthat 0.15 inches/hr of yi:
rain has a velocityof. from 500 to 600 cm/sec and the raindrop diameters are ‘5, ~
from 500 to 1000 microns. , Under these circumstances’ ordinary rain would produce =
from 50 to 400 raindrops per cubic meterof air. The number of’"sand particlesi>
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_in each cuble aeter of airduring §fall-out may be Biven.by!“thefollowingrelations

, 8“derined previously,“gadWhere.at“Us'sassun oo
that the radioactive”particles”start” their fall at’ approximately_6. 5 miles bfgire?

above terrain * ARE SS ote7 rls “

[anaPeaes
( (6 5) (4 17 x 10”) : Ao ,
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Table vI indicates the‘umber of radioactive‘sand ‘particles per cubic. meter of =
air for the areas bounded by the given infinity dose lines, If.the sand particles
are considered equivalent to rain drops, then ordinary.‘rain.“would occur in the: -..
areas bounded by 0.5 r to 2 r infinitydose‘lines; moderate, to,heavy _rain would-..
occur in the areas ‘bounded by the 5 r to_lor lines; and the.areas bounded by3:-
20 r to 50 r lines ‘would receive.‘recordamounts of rain“as that from a cloud * ~7
burst. But it wasshown earlier that the radioactive. sand “particles are approxi--
mately 125 micronsin diameter. According to Figure 7of Anderson's report (5).
particles (raindrops)| with diameters of| 500 to “1000 microns. have approximately ;
two to four ‘times the’ collection efficiency of ‘particles."whosediameters are‘; ‘—
125 microns, However, _ since the fireball envelopes the”“sand particles and sub=— 2
sequently these ‘particles aresucked up into the young cloud and rise with it- *-
to maximum height before they begin to fall, it is only fair to assune that the
collection efficiencyof.the sand particles must be somewhat greater than that .
indicated by simply considering their size. It will be assumed that the effi-._
clency_ of. collection of rain Grops is twice that, for 125micron sand particles -
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This means that the radioactive fall-out for shot No, 5 ofTUMBLERSHAPPER is
equivalent to the situation where the two hour old atomic cloud comes in contact
with continuous heavy rain which originates at 40,000 to 50,000 ft, ml, It:
will be assumed that the rain ‘reaches the ground within 20 or 30 minutes, hence -
the fall-out will be completed at Ht3 hrs. Ifit is assumed that the rain is . ne
uniforaly intense throughout the 17,000 square ‘miles, ‘thea the two hour old: -’
atomic cloud will be assumed to have a "hot core® or central area ofmaximua >. ~.”
activity of 1300 square mile cross-section, The shape of the cross-section will>
be elliptical with the major.axis of the ellipse parallel to the average hori- .“me
zontal wind direction, 4round this central "hot core" there will be less radioe |
active areas, 4s a matter of fact Figure 1 would bea good representation of the ©
cross-section of the atomic cloud from shot No. 5 provided a correction is applied
to account for the motion of the cloud top in the first two hours, of COUFBE,
it way be possible to obtain the same fall-out pattern if we assuned that the
more intense radioactive fall-outareas are due to heavy”rain. and the less intense
contamination is due to the fact that therain in theseareas was less intense,’
In other words, if the cloudis assumed homogeneous thenit must beassuned. that .
the rain is non-homogeneous,“and vice versa, in order to!‘obtain the fall-out’ es
patterns shown in the inclosed Figures, This shows that”even if the three hour
old atomic cloud is scavenged by heavy rain which originates at the unlikely.
height of 40,000 ft., the radioactive fall-out will not ‘present a hazard to iit.
There will be a relatively small surface area where the” maximum “dose rate will
be as high as’ 2r/hr, but where for the cost part.“the:average maxigum 1298¢ ratetis
within the area would be in the order of 200 to 300ar/hr,and the t- ~decay.
law would apply.. Certainly“this would pose'a hardship in the‘area “concerned, oe.
but it would not, be hazardous to life. It was assumed above,“that: the continuous «
type of steady rain originatesat 40,000 to 50,000 ft. msl, In reality it would .‘4
be quite rare indeed to find héavy rain originating atsucha high level. Oa-< 7%
rare occasions or under some turbulent thunderstorm activity: precipitation may 2°3°%
reach such heights, but to make operational plans based on the ‘assumption that :*.%
this happens on a continuing basis {s certainly unrealistic, It is thought that |z
a more realistic assumption would, be thatrain originates from 5000 ft. to 25,000»&
ft. asl. This’ means the amount of radioactivityscavenged out at He2 or H¢3 |
hours would be’ considerably less than that indicatedabove, because the scaveng-:
ing would-begin at 25,000'ft. or less, hence raincouldnot possibly. come in - [3
contact with all. of the atonic cloud. As a matter of. fact it is. difficult to-- —
see how the average rain. could cone in ‘contact,withthe pushroom of an atoaic 57
cloud formed bythe detonationof,a ‘nominal-(20KT)bomb.” ‘From,the long ‘range’ es
Public Health point of viewthe inclosed Figures”‘indicate thatthere’say be ae
hazerd to heith in theareaswhere fall-outis “shown, However, it should be .
noted that in’ all of the shotssubsequent to shot 5,it was not’possible to find .
a measurable ‘amount of radioactivity in the areas concerned two tothree days -~
after shot time. This indicates that the radioactive.fall-out, is further diluted
by such "weathering® effects as winds, rain, ete, It"‘was possible to find measur-:
able amounts of radiosctivity two weeks after ‘shot No. 5’was detonated. Itis-
believed that the available data from TUMBLER/SNAPPER together with the Indicated
calculations has made it possible to determine the order of magnitude of the |" «.
radioactive contamination that may be scavenged out by rain from the three hour
old atomic cloud.. If it is desired_to determine the radioactive fall-out froa
the young atonic cloud then the “rate of decay and the diffusionfactor of the :
atomic cloud must be evaluated, The decay factor. is relatively simple to evaluate.
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However, it is more difficult to determine the diffusion rate.“In order to get:
some idea of the turbulent diffusion of the atomic cloud it will be assumed that=
at H*15 minutes the total cross-sectional area of an atomic cloud from a ‘nominal3.
bomb is approximately 10 to 15 square miles. -Figure 1 and Table III indicate £x-. :
that the radioactive fall-out from TUMBLER/SN&PPER shotno.' 5 was spread over 3.22%
17,000 square miles. The. fall-out began at H+l hour at a distanceof 50 to -ne
75 miles from Ground Zero, at +2 hours within 100 t6 150 miles} and (at He32ais
hours within 150 to 200 miles from ground zero. Obviously some correction should}.
be applied for the motion of the cloud during the first one to “two hours. It” ok
will be assumedthat this effect has a value ashigh as a factor of 2, In view7
of this it will be assuned that the total cross-sectional area of the atomic'~ - *:
cloud from-shot 5 would be reduced to awlue between 5000 and 10,000 square.
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_ miles. The average cross-sectional area of the +3 hour atomic cloud of a as ss

‘bomb. (20KT) it will be aSsumedthat.rainwill“come “ta ‘contactjmainly |with the*. .

nominal bomb would be approximately 5000 square miles, This means that in - “
three hours, the atomic cloud has increased in cross-sectional. area Trom 10 to -
15 square miles to nearly 5000 square miles.If the cloud ia assumed to be , ex
spherical, then the radiusof the cloud is multiplied by_a factor ofBE
due to turbulent diffusion (including shear), provided the. diffusionrate islé
constant (where t is time in hours after detonation), ~ This’méans that at Hel3

hours the cross-sectional area of the cloud would be 1700 square.‘niles vandat
two hours the area. would be approxinately 3400 square miles, =? “a

ve:

: E. Waxtaum Heiphte Reached by Atomic Cloudsas Compéredtethe. Average’

Heights "here Rain Originates it ¢ os Rt
a4
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exploded during test operations. Theresults.areY summarized, in Table VIT.Then
RANGER data was obtained from theLos.Alamos’ Report of Operation RANGER,|Volume=
Iv (Secret-Restricted Bata). From a study. ofthe cloudheights itseens seytousst
that 1 to 2 KT bombs will rise from 10,000 to20,000 ft.msl, It will be. assumed;
thatthe atomic clouds of 1 to. 2 KT bombs will be completely ‘enveloped bythe =. Fé
normal rains. It will be assumed that the cloud from 3 to 5 KT bombs will rise.”“3
from 15,000 to 30,ooo ft. msl, hence only in 50%of the ‘cases ‘willrain “succeed.

in “completely covering all of the atomic cloud, It will be”"assumed that” 5 to =:
10 KT bombs willrise: to 25,000 to 40,000 fts" msl and only.gecasionally,will?:

rain come in contact with all of the atomic“cloud. In the’ case of a nominal. °v  

 

a

stem of the cloud,- _It should be noted “that, ‘the’“volumeof the,aushroom cloudis
normally five to ten tines thevolume of ‘the.stem.” For high_airdrops (2000to|
3000 ft. above ‘terrain for nominal bombs) the stem would be_negligible |to none.
existent., Fortower shots (100 to 300 ft. towers) the,stemmayhave approxti~ *.:
nately 10% of the total bomb activity. | Based upon ‘these, considerations it is.
possible to evaluate the radioective hazard produced by.“the” Scavenging‘action= © oe
ofrain on the H+land H+4 hour old atomic clouds from bombs.of. different, yields?
fhe values obtained are tabuleted in TableVIII. The multiplicationfactorate2&
to obtain the scavenging action of rain from the ‘availableGata” on the ‘Scavenging!
action of sang were obteined”using the folloning -relation:’ 3 St
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Where ,
y = KT of bomb , .- "os

ms 15 er os eo EES

cj * Activity of cloudthatcomes in contact with |rain,

o# Total activity ofloud "

And it. is assuned that rain is“tuice as* eefictenta *scavengerof radioactivityme

. salts. . . . :
‘ ~ aoe

*

7, . a -.

w
e

as sand, and that the radioactive fall-out area would be only. half of the -
average shown in the Figures for sand fall-out to account for cloud aotion ;
during fall-out, In view of the data shown in the inclosed Figures and Tables,’
it becomes evidentrain scavenging has been greatly overestimated in both Ander~-,
son's (5) and in Holzman's (6) reports, Reference 6 overestimates the radio- .: “
active hazard due to rain scavenging because it underestimates both the heights ;j
reached by 10 KT "tactical" atomic bombs and the magnitude of the horizontal
diffusion rate of the atomic cloud.
of his assumption of the diffusion rate becase he says of the diffusion rate, =
"This assunption is the weakest of all",

Holzman ‘clearly recognizes ‘the limitations °!
r
'

From the data presentedin this re--
‘port it is estimated that the redioactive contamination “due. ‘to the scavenging ~
action of rain cannot produce a hazardto life provided the.‘atomic cloud is"

It may be possibleto deposit on. the surface of theground ~
approximately 100r integrated life time dose of radioactivity. if the fifteen-
minute old cloud of a 1 to 2 KT atomic bombis completely scavenged out by™

1 hour dd or older,

rain in a short while after detonation, butthe contamineted srea will be con oo
fined to within 1 to 5 miles of ground zero.
this would be a bonus effect.

From the tactical point of view: __
It is difficult to {magine how rain could possibly.

producehazardous contamination at distances greater than100 miles from ground °
zero under any circumstances or regardless of the ounbder of 10 KT "tactical® . a
bombs used. Anderson (5) overestinates the fadioactive ‘contaminationprinarily|
because he assumes rain could originate above the mushrodm cloud | ‘from a. 20K:
atomic bomb.
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