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) Very 1ittle exneriwcntal data exists on the scavenginp action of rain
on the atomic cloud. Hence it is possible to prepare a logical stuly under ".
a given set of assumptions to show that raim has the capablility of scavengim;
out sufficlent radiocactivity from the atomic cloud to proluce a definite -~ I
hazard to 1ife. On tre other hand, if it”is assumed that the faiioactivity" .
scavenged out by rain is not confined to a relatively small surface area, -:*
then a study could be prepared to show that the radioactive_contamination g
" produced by rain is relatively unimportant. Since there 15  very little -
quantitative data on the scavenging action of rain, an attempt 1s made in -
- this report to study the extent of the radioactive fall-out due to soil debris.
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The particle size distribuition of the soil debris vhich 1s sucked- up
into the mushroon clowd is known; therefore, it is possible to correlate the ;ij
scavenring action oroduced by sand with that of rain of a given intensity..- e
It may be possitle to determine the order of maynitude of the scavenging LE i

~action of rain by such a method and it is just this order of magnitude = S
the scavenaing action of rain that is reﬂuired in. order to evaluate sone of.; \iz;

. the rresently available reports dealing with the ef”ects of rain on radio- ~

active Pall-out from, the atomic cloud RS S . el T e
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II. %CAV?V?IWG ACTIOV OF RAIN AS R”“ORTED UURIWP ATOVIC T?GT OPFRATIOWS :

N

Durin_, both smnsrow (1) anmd TU“.BLFR/D\’APPER (2) Atonic Test operations
it vas reported.that rainfall increased the radioactive fall—out, ‘but this: e
1ncrease in fall-out uas never greater than<10;to 15% of the norwal fall-cut., .

I1I1. SCAV?VSI“G ACTIOV OF QOIL D"%RIS DWRIWG TG’ER SHO“S OF T/S TFST OD"RATIOVS :

A, During TUHBT?%/SWAPDPR Test Operations very little f‘all-out of radio— -
activity occurred for alr 3rops, but the fall-out was significent during all .
four tower shots (200 ft. towers, 12 to 15 KT bombs). ,As a matter of fact, ... _:
avoroximstely 5 to 30% of the total.F#l hour activity of the atomlc bombs. T
detonated from towers vere deposited in an area of from, 10 to 200 miles from - =
grouni zero. In Fizures 1, 2, 3 and 4 this fall-out is plotted in the Torm -
of infinity dose lines. The data used in plotting the 1nf1n1ty dose lines, is,
contained in the T/S Radiolopical Defense Wenual vhich is now in the process
of beins publisted. The inclosed tables give more ‘etailed infornation vith
reference to the last four tower shots of. I/S test’ ooerations and the redio-’

_active fall-out result*ng from them. There is_ no doubt that the great increase :
in radioactive fall-out for the tower shots as comozred to the air dr0ps is o ‘{5
due to the fact that a considerable amount of sand and’ soil debris was sucked ' R
up into the mushroom of the tower shots, but practically no mixing occurred"‘;;
"or the air Arops which -were exnlo‘ed from 1000 to 3000 ft. ahove terrain. A
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, B. A stu&y of the inclosed flgures and the tabalated Rata shows that there\
was a Aistinct area of maximum fall-out for each tower shot, The distance of %
this maximnm fall-out area as pronortional to the average horizontal wind speed:




T : all fell into the rerion vhere a 100 to 150 micron diameter sand particle

(density 2.6 gm/cm3) would fall from avproximately the center of the mushroom

_ clord. .This indicates that the numerical median particle diameter of the soilj.
at Yevada Proving Grounds should be approximately 125 microns. According to - ?;

_Dr. G, Felt of J-Division, Los Alamos, the soil "MD at 'levada Proving Grounds
18 125 to 150 microns (Dr. Felt attributes this to the work of I. T, Alexander-
of the Department of Agriculture)(See Reference 3). . Felt assumes that tho
NMD of the fall-out particles during Trinity was 100 microns. The exlstence
of 4istinct maximm fall-out areas that agree so well with the Stokes' law
relation is remarkable, If 1t is assumed that the H+l hour total activity
of 1 KT bomb 1s 3 x 108 curies, ani that 3 x 104 curies/ souvare mile produces
a dose rate of 100 mr/hr of gamma rays at a distance of 3 ft. above the ground

f then thP following relation may be used. . _ L
. 4t9+2p - ~ .y e
j - E "= e e e e e e e - - vation 1l .- ~- ! sl
Loy 0y A Eq IO T S
Where -Ii° ' " T R Sof e e

P= Percentage of the total H*l hour bomb activ1ty deposited on the 4
: ground by fall-out in an arsa bounded by a given infinity dose line._

. D = Infinity Dose ' ':;';;:._E:'f' 17'5'.1ffrg"f }f;‘ fb}ff‘,anAﬁil¥‘

& = Area in Qquare miles inclosed by a given infinity dose line. “éﬁ B
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o y= Total yield of the bomb in KT.u :;]j; -
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-Average time of fall-out of radioactivity w1th1n the area. ; f_;.jé'. D

i;ﬁﬁ_iﬁe ‘erivation of uquation 1 is as follows:, - L ; f .i~ ;
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- Tt = Time in hours after n-hour. - ”';g 2ol

% ~ .. tp = Average time of-fall—out in area
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"up into the mushroom of the atomic cloud from a knowledge of the value of P, - -
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P= _(3x10 Furie:/?iillo ?1j ) (rR1/0,1) (2 ) -----Equation 4 by

N
-

Where- - oo xJ .- e

Ry = Dose rate in r/hr 1n area A bounded by infinity dose 1ine D, and =
where the dose rate wifh%n the area has been extrapolated back to 'f;-:

‘ H+1 hours using the v ﬁslation.r . D
but by Equation 3' Rl DE?? . o - R L 3’:{'i. .
.therefore , ,.,‘ .
T ‘f~: - " i:' e T .0, éti SR )
P = (3:10’2) (100AD1 . Dy .
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Equation 1 was used to prepare the values given in Table V. It ehould be— ".
noted that the last column of Table V gives the total H+l' hour percentage of -
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. the bomb activity deposited on the ground by fall-out g:EiPi )._ The percentages:
-given in the tables are not eignificant beyond R AT TR
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C. It is possible to estimaﬁe the amount of sand and <oil debris sucked<
and hy a knowledge of the average specific activity of the soil particles with-~
in the atomic cloud, If it is assumed that the aversse specific ggmma ray’

activity of the fall-out particles is between 1 x 10~ and 2 x 10~ microcuries

- at H¢l hours then it ¢an be shown that the number of radiocdctive particles ,"'?

aeposited on, the ground in the fall-out area 1s given by the following: g

(1oo) (1.5:103) . : , ;
If it 1s assuned that all of thg particles are 125 microns in diameter, spheric
and have a density of 2.6 gn/ca’, then the smount of sand,in grams,mixad 1nto‘
the mushroom of the atonic cloud of a 200 ft. tower shot ls given bys C o ... ;

et T - . - ) . LR e e g

-~ . ~,-$ . _\" 2o

8 4 x 1014 r3 y :; P&_ - - -i} S- - - .- - -'-Equation 7 o

-~

This means that approyimately 6.7 x 10lo gm of sand and soil debris was mixed
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 to 75,000 tons of sand mixed

- -
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in with the atomic cloud. Natlifally a question will be raised 88 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 differeat .
tower shots, Accogding to Reines of Los Alamos the Trinity Crater had a measured
volume of 1.3 x 10" cu, ft. which representa a displacement of approximately .
1 x 1011 ga of sand (110,000 tons of soil)s The Trinity bomb was 20KT and 1t

was exploded from a 100 ft, tower; therefore, it would be Teasonable to assuze .
that approximately 25% of the H+l hour_ ‘tofal boamb activity could have been .
deposited on the’ ground as fall-out’ within 100 niles of ground zero, From
Equation 7 it can ba chown that under such an aseumption nearly 5.25 x 1010 ga
of soll were mixed into the mushroom of the Trinity cloud. Since the crater
displacement is greater than the calculated amount of soil mixed into the aush-
room of the astomic cloud the calculated’ values sre seen to be ressonable,

-~ . : .

D. Relation Between qand anc Rain °cavengi:g N {f o 'w : _:f{ -

Pl

»

' . According to Gauvin and nealy (L) ordinary rainct 0. 15 incbes/hour hﬂs”f
a liquid water content ‘of 0.2 gm/m » and the record rain in the U, S, had 4 gm .
of water per cubic meter of air, It will be assumed that O. 15 inches/hr of i
rain has a velocity of from 500 to 600 cm/sec and the raindrop dizmeters are &5, v
from 500 to 1000 microns., Under these circumstances ordinary rain would produce }
from 50 to 400 raindrops per ‘cubic meter of air, The humber of’ “sand particlea:

n each cubic neter of air during fall-out may be given by the following relation:

) 7 37 x 1o3y SRS '"";;-’- T

B : A'-.QQ%e@- Zion

: Where, ys P ahd’h are as defined prev;ously,

that the radioactive particles start their fall at’ approxima
PR E

tely 6 5 miles

above terrain | BRI e figy BN Sy S : { }aa--
o . [Ef X.1014 y P/!U i ¢ TR 7,37 x 103 i:EX
: ) ((65) (£17x1097) cATa I

. . 1' ~,.Ni_.,
s tE R .r,, \..'~ .».:(

Table VI indicates the number of radioactive sand particles per cubic meter of =
eir 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 infinity. dose lines; moderate, to _heavy rain would
occur in the areas bounded by the 5 r to 10r lines; and the areas bounded by, ,
20 r to 50 r lines would receive record_amounts of rain"as that from a clovd © ™ f
burst. But it was shown earlier that the radioactive. sand particlee are approxi-~
mately 125 microns in dismeter., According to Figure 1 'of Anderson's report (5)
particles (raindrops) with diameters of 500 to 1000 microns have approximately )
two to four timee the collection efficiency of particles ‘whoSe_diameters are:; i
125 microns, However, since the fireball envelopes the~ “sand particles and sube 6
sequently these ‘particles are sucked up into the young cloud and rise with it~ * -
to maxinum height before they begin to fall, it is only fair to assume that the
collection efficiency of. the sand particles must be somewhat greater than that .
indicated by simply considering their size, It will be assumed that the effi- .
ciency of collection of rain drops is twice that for 125 micron sand particles. o
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This means that the radioactive fall=out for shot No. 5 of TUHBLER/SNAPPER 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 f%, ms}, It~ -
will be assumed that the rain reaches the ground within 20 or 30 minutes, henco
the f4ll-out will be completed at H*3 hrs, If it is assumed that the rain is ~‘ﬁ'
uniforaly intense throughout the 17,000 square miles, "thea the two hour old : =j';j
atomic cloud will be assuned to have a "hot core' or central area of maximum . "
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-u~f
zontal wind direction, A4round this central "hot core® there will be less radio-
active areas, 4s a matter of fact Figure 1 would be a good representation of the ’
cross-section of the atomic cloud from shot No. § provided a correction 1is applied
to account for the motion of the cloud top in the first two hours. or course,

it nay be possible to obtain the same fall-out pattern if we assumed that the

more intense radicactive fall-out areas are due to heavy rain and the less intense
contamination is due to the fact that the rain in these areas was less intense.
In other words, if the cloud is assumed homogeneous then it must be assumed. that
the rain is non-homogeneous, “and vice versa, in order to’ obtain the fall-out’ u~;
patterns shown in the inclosed Figures, This shons that ‘even if the three hour

old atomle cloud is scavenged by heavy raia which originates at the unlikely '
height of 40,000 ft., the radicactive fall-out will not present a hazard to life.
There will be a relatively small surfacearsa where the maximum ‘dose rate will ..
be as high as 2r/hr, but where for the rost part the aversge maxlmun dgse rate ‘?t
within the area would be in the order of 200 to 300 mr/hr, and the t~ _ decay ;-

law would apply.. Certainly thia would pose’a hardship in the area concerned, ~:, -
but it would not be hazardous to 1ife. It was assumed above, “that’ the continuous
type of steady rain originates at 40,000 to 50,000 rt, mel. In reality it would ‘
be quite rare indeed to find héavy rain originating at such a high level. 0n~% e
rare occaslions or under some turbulent thunderstorm activity precipitation nay =
reach such heightis, but to make operational plans based on the assunption that :
this happens on a continuing basis is certainly unrealistic. It is thought that .
a more realistic assumption would, be that rain originates froam 5000 ft. to 25, 000 =
ft. =sl, This means the amount of radiosctivity scavenged out st He2 or He3 .
hours ‘would be’ considerably less than that indicated above, because the scaveng=
ing would -begin at 25,000 ft. or less, hence rain could not possibly come in . %
contact with all of the atomic cloud. As a matter of. fact it is difficult to-- =
see how the average rain could come in contact with the mushroou of an ctonic < =
cloud formed by the detonation of a ‘nominal: (2OKI) bomb. ‘From_ the loog ‘range’ KD
Public Health point of viev~the inclosed Figures indicate that there'zay be a
hazerd to heith in the areas where fall-out is shown. However, it should be .
noted that in all of the shots subsequent to shot 5, it was not’possible to find .
a messurable ‘amount of radioactivity in the areas concerned two tothree days - -
after shot time. This indicates that the radioactive fhll-out is further diluted °
by such 'weathering' effects as winds, rain, ete. It wae possible to find measur-:
able amounts of radioactivity two weeks after shot No, 5°was Jdetonated, It is - -
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
redioactive contamination that may be scavenged out by rain from the three hour
0ld atomic cloud.. If it is desired_to determine the radioactive fall-out froa
the young atomic cloud then the rate of decay and the diffusion factor of the :
atomic cloud must be evalusted, The decay factor is reletively simplo to evaluste,
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However, it is more difficult to determine the diffusion rate. In order to get I8
sone idea of the turbulent diffusion of the atomic cloud it will be assumed that“:
at H¢l5 minutes the total cross-sectional area of an atoaic cloud from a nomlnaLma'
bomb 1s approximately 10 to 15 square miles, Figure 1 and Table III 1nd1cate§a :
that the radioactive fall-out from TUMBLER/SNAPPER shot no.' 5 was spread overi »%
17,000 square miles. The. fall-out began at B¢l hour at a distance of 50 to _,'D§
75 miles froam Ground Zero, at 1+2 hours within 100 t6 150 milea' and at He3. haies
hours within 150 to 200 miles from ground zero, Obviously some’ correction shouldrl
be applied for the motion of the cloud during the first one to two hours. It" f'
will be assumed that this effect has a velue as high as a factor of 2. In view ok
of this it will be assumed that the total crosa-sectional area of the atomic ~ - =
cloud from -shot 5 would be reduced to a2wlue between 5000 and 10,000 square..

xka

. miles, The average cross-sectional area of the H¢3 hour atomic cloud of a —j;j e

"bomb. (20KT) it will be assumed that.rain will come in contact malnly with the-

nominal bomb would be approximstely 5000 square miles, This means that in - i
three hours, the atomic cloud has increased in cross-eectional area Trom 10 to ]
15 square miles to nearly 5000 square miles, If the cloud is assumed to be |, .,“:
spherical, then the radius of the cloud is multiplied by a factor of'§5§3=r

due to turbulent diffusion (including shear),’ provided the difﬂusion rate isﬂZ- iy
constant (where t is time in hours after detonation), - This’ means that at Hel - £
hours the cross-sectional area of the cloud would be 1700 sqnare miles and at -~
two hours the area would be approxinately 3400 square miles.~ ij;;;u

R

ﬁ’g.

<

exploded during test operations. 1

RANGER data was obtained from the Los, Alanios’ Report of Operation RANGER, Volume 3
IV (Secret-Restricted Bata). From a study of the cloud heights it seems obvious;%
that 1 to 2 KT bombs #il) rise from 10,000 to 20,000 £t nsl, It will be assumed
that the atomic clouds of 1 to 2 KT bombs will be completely enveloped by’ the»"*
normal rains, It nill be assumed that the cloud from 3 to 5 KT bombs will rise.’ §
from 15,000 to 30, 000 ft, nsl, hence only in 50% of the cases will rain succeed ,g;

- e 3

in completely covering all of the atomic cloud, It will be assumed that 5 ‘to
10 KT bombs will rise_to 25,000 to 40,000 fti” msl and only occasionally will}
rain come in’ contact with all of the atomic cloud In the case of & nomlnal~

'.&:-ﬁ-“‘ o

stem of the cloud. It should be noted “that the ‘volinme of the_ mushroom cloud is
normally five to ten times the volume of the stem. For high alrdrops (2000 to
3000 ft. above ‘terrain for nominal bombs) the stem would be negllgible to non-
existent. For tower shots (100 to 300 It. towers) the stem may have approx1-2;;
nately 10% of the totsl bomdb act1v1ty.' Based upon these oonsiderations it is

possible $o evaluate the radioactive hazard produced by . the scavenging actlon- £
of rain om the H+l and H+/, hour old etomic clouds from _bombs of different yields
The values obtsained are tabuleted in Table VIII. The multipllcation factore ;

to obtain the scavenging action of rain’ from the available uata on the scavenglng
action of sand were obtained using the following relation' P
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Where ' S . e
y= KT of bomb ) ) ) .- Lo. ’ -
yi5 = 15 KT , . '—.'-;v-j‘ T T “1‘;' ' ) ~ ~‘ - A:':, '

¢y = Activity Of cloud that comes in contact with rain ulfi :'.1%1'

. . e - .
. ) . B
< . . .

0 = Total activity of cloud

-— e

,And 1t 1is assumed that rain is “twice as efficient a2 scavenger of radioactivity T
as sand, and that the radioactive fall-out area would be only half of the - -
average shown in the Pigures for sand f£all-out to sccount for clodud motion )
during fall~out, In view of the data shown in the inclosed Figures and Tables,
it becomes evident rain scavenging has been greatly overestimated in both Ander-.
son's (5) and in Holzman's (6) reports. Reference 6 overestimates the radio- g
active hazard due to rain scavenging because it underestimates both the heights <
reached by 10 KT "tactical® atomic boabs and the nagnitude of the horizoatal ;
diffusion rate of the atomic cloud. Holzman clearly recognizea ‘the limitations-;
of his assumption of the diffusion rate becase he says of the -diffusion rate, . !
"This assuaption is the weakest of all",” From the data’ preeented in this re-" -~
"port it is estimated that the redloactive contamination "due. “to the scavenging .
action of rain caanot produce a hazard to life proviled the atomic cloud is *’

1 hour dd or older. It may be possible to deposit on. the surface of the ‘ground 'f
approximately 100r integrated 1ife time dose of radioactivity if the fifteen '
ainute old cloud of a 1 to 2 KT atomic bomb is completely scavenved out by~ ]
rain in a short while after detonation, but the contamineted area will be con- “;
fined to within 1 to 5 miles of ground zero, From the tactical point of view _
this would be a bonus effect. It is difficult to imagine how rain could possibly
produce_hazardous contamination at distances greater than 100 miles froa ground -
zero under any circumstances or regerdless of the number ox 10 KT 'tactical'~f i
bombs used. A&nderson (5) overestinastes the radloactive contaminetion primariLy
because he assumes rain could origlnate above the mushroom cloud from & 20KT

atomic bomb. T :
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