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* Very little exneri?cntal data exists 6x1 the'scaven&g 6&n of rain.:,!%' 
on the atomic cloud. Hence it is possible to prepare a logical study under .Yk. 
a given set of assmptions to show that raia has the capability of scavknging~~ 
out sufficient radioactivity from the otomic'cloud to produce a definite !.:-_i'-. 
hazard to life. , on t?-e‘ other hand, if it-is~ass?lnled thatthe $alioactivitp*~:?;- 
sca'vengti out by rain is not confined to'<relativelp- tiall"surface area, i;+ *: 
then a study could be prepared to shov that the radioactive contaminatioli."'& - 
produced by rain is relatively undmportqnt, S&e there isrrery little_ .y:.f:- 
auan.titative data on the scavenging action of rain, an attempt is made.in 1.-L_ 
this report to study the extent of the radiqactive fall-out due, to soil debris. 

1 : \ .i _ 
-.. 

. The particle size distribution of the soil debris &Ich 1; sucked-$ --Y.=il'- 
into-the mushroom cloud is known; therefore, it is possible .to'correlate the _: . 
scave?g!!ng action ur0duced by sand with thht.of rain of a given intensity;:‘--.'*:: 
It may be possiY41e to determine the orderof magnitude of the Scavknging N'"‘-l.-: 
action of rain by..~0h a method and it',is'just this order of &gnitude oft--': zG 
t%e scaven;ring action of rain that is %&uired'in,~&der t0 evaluate some oi:Gi>-r , . - 

. 
8 ’ 

l&ins: hoth SAVDSTO?X (1) and TUXBLFl;i/SWPP~ .(2).A&lc' Test'6p&,ion~i+-: 
it )JBS reSorted,that'rainfaIl increased t&g radiaactibe fall'&ut,"but thi'8'~riL~Ac~ 
increase in ‘fall-out‘:=s' never great% th;ihilO'to '158'of the, normal fall-aut~$,~: - . -.:. _._* . , ~ _ - y.‘ _.‘&;tz’j ?A..._ I 1 _. _: i, .- .. -/..:t:- ‘_ *. CT! 7. 
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SCik’GT’G ACTIOV“OF i&t DmRIS i&I% T@??"al&F i/S TE!$ O?tiTI;i& 
. . , . -9 . 9, , .* . I ., ' 5-Z 

A. During T3H!3T~K?~S'7AF?KR Test Operatibnaver$ little fall-out of.radiL?'-T 
activity occurred for air r2rops, but the fall-out MS significe&~d~~&g all .~~~; 
four tower' shots (2W ft. towers, 12 to 15 KT boybsl; ,.As a‘ nattei of,fact,,:!~,r 
EI3DrOXiWItely 5 to 3O% of the total.H+l h0& activity of the atomic bombs. -.- 5 
detonated from tovers vere de+ositcd'in a$ area of fr&:iO-,to 200 mfles f%d:LTr{, 
ground aero, In Fi_gures 1, 2, 3 and 4 this fall-out isyplqtted in'<the form ?'-,iI_r 
of h.f!nity dose lintis. The data u~ed__iri~$otting the_infinity!0se liaesXiiq;;:-- 
contained in the T/S Radiological Defen<e$'?!nual $ich.,!$now. in the process':.::: 
of being publis?ed.~ The. inclosed tables give-more detailed information with'.' :: 
reference to the last fota.tower shots of..Tj$ te&"&erstid& and th.e radi&: ;:i~- 

_ active fall-out resulting fra;?l them. The‘re“is_no~Jo&t'that the great increase.: 
in radioactive fall-out for the tower shots-as cornnkred'to the-air drop's is T' -ii 
due to the .fact that a considerable azaou+ of sand and'aoll debyis'wks ‘suck&!.'\& 

1 
up.lnto the F&room of‘the tower shots, but'practicsll$ no ?rlixing'oc&r~ed'~~& 

4 -for the air drops titch-were ax$o?ed frm 1000 to 3OQO ft.! a&z&e t&rain.:':-.2 
. : ' -. -_ _ - e-7 y :. _ 

B. A stud; of the inclo&d figures and the t,ab~&ted'data~shows &at there-: 

I 
was a distinct area of maximum fall-0ut fdr each tosrer shot./ i)le distance of>&? 
this mximn fall-out area,\._gs prt&ortional.to,the avefaee ~0riz'c&al.~~nd'sped: 
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*- all fell Into the repion vhere a 100 to 150 micron 

(density 2.4 gm/cmf) would fall from anproxinately 
ClOUd. .mis indicates that the numerical median oarticle diameter of the soil;1 
at "lewda Proving Grounds should be approximately'125 microns. According to _ 1" 
Dr. G. Pelt of J-Division, Los Alamos, the soil WD 'at 'lewda_Proving Grounds ‘." 

’ is 125 to 1'59 microns (Dri Felt attributes this-to the work .04 f._T. Alexander~ 
of the Departmentof Agricuiture)(%e %ferGnce 3). Dr. Felt assumes that the 
!'Wl of. the fall-out particles during T'rinity was 10!7 microns. The existence 
of .distinct,maximum fall-out areas'that agree so vel1.wit.h the Sto%es' Lsv 
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w&s found'that the TaxIma " 
diameter sand particle . 
the center-of the m_ushroom , 

relation ii r&wwka-ble. If it is ass\rmed that the F?+l h‘our"tota1 activity 
of 1 KT bmb is 3 x l@ curies, an3 that 3 x l& curies/ s3uare mile'produces 
a dose rat& of 100 mr/hr of garna rays at a distance of 3 ft. above the ground 
then the follovIng relation may be used: i‘ * - 
‘..._ ._ -I I 

: D= 

A= 
‘ , : ‘. 

- Iy= 
-. 

’ : 
t .A .,._ 

: . :. . _ The ,:.- . . 
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. . . . * 4 
P- (3 x 10 Curies/mi*) (A'mi* ) (Rl/O.l) (100) 

. . ( 3 x 108 ) J , 
, . : 

,. 

Uhere- 
_, Z’.., 

. .y ,;;I . . * . . ? . . ‘; ’ 
Rl y Dose rate'io r& in akia A bounded by infinity dose lin‘e D, and *.I .:-:. 

where the dose rate,ai 
F% 

II the 'area has been extrapolated back 'to : .I.-: 
_H+l hours using the t- l Orslatioyr.. - 
. i- _. - - ‘_ . .‘. ’ 

but by l+ati& j;-i; = 

J;._ r:,!. - . . *. . 

D t2 l : .,, ’ ,_.. / ’ ‘:% ‘~i-‘-~,“~~ ?, -- , 11 
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-therefore I . .- . 

._ .~ 
‘. * ,I- ‘i :,_ ‘. ,.. .: __‘,:-.;: t. -_ ,*. . I _ ;.. . :,.:.; . 

specific ym rap‘_';-:_.LI 
and 2 x 1Q’ microcuries: 

f . -. c . : 
’ This &an8 t&it approximatfzl~ 6.7 x lOlo gm of sand and soil debi&-was mixed i 

rith the mushroom- of shot Ho. 5 and 2.3 x lOlo ga. of sand gas mixed in shot._.' . . ._ 
110. 7 cloud..of T/S, This represents_from 25,OGO to '75,OOC tons of_ sand mixed 
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= i: in. with the atomic cloud’,’ Na 1 be‘raised as to whether - *- em 
I . such a large quantity of-sand does’in riality gut mixed in with the mushroom 

of an atomic cloud or are the calculations off by a large factor. In order to 
an’swer this question a study was made of the crater volumes of the different “i 

- . 
tover shots. - Acco 
voltime of 1.3 x 10 6d 

ingeto Reines of Los’,Alaaos the Trinity Crater-had a neasured 
_cu. ft. which represents’ a displacement.of approximately : . . 

1 ‘x 1On gm of sand (110,OOC. tons of. soil). 
was exploded from’8 ‘ldO_ ft; .to+er; 

The .Trinity,,: bomb’ was 2CIST and it. ;‘ 

that ‘approxime telf ?5$, of the ,H+l 
therefore, 

: 

hour**t.&l 
it w&ld be ‘reasonable to assume _ 

bomb activity_. could have been . 
deposited on the’ground’as fall-out’ within 100 miles- of ‘ground zero; From -.’ 

: 

Equation 7 it ‘den b’e .shord. that under’:such iid assumDtibn dearly 5.25 x lOlO go 
of soil were mixed into the nushrooa of the. Trinity cloud.’ Since the crater 

‘,‘: 

displacement is greater‘than the calculated amount of soil mixed into the mush- 
room of the atomic cloud’ the calculated’ values are seen *to be resionable. _ 
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equivalent to the situation where the two hour old atomic cloud comes in contact - 
with continuous heavy rain which orininetes'at LO.000 to '5O.ooO ft. mt& If--.?., 
will be assumed that the 'rain 'reaches the ground within 20 or 3O,minuter, hence: __ 
the fall-out will be completed at H+3 hre. If-it ia &xC~Aed that the rain is ‘; ’ 
uniformly intense throughout the'17,OOO 'square miles,.'then the two ho-& old : :: 1-1. 
atomic cloud'will be assumed to haSe a *hot corer or central.a~ea‘of"inakimun >.. -.(: 
activity of 1300 ‘sqjigfe mile_ cross-section. !l'he'sbApe of- the cross-section ~ill-'.~- 
be elliptical rith the mejor.axia of the ellipse psrallid to. the average hori- .'T-; 
sontal wind direction. 
active arias. 

around this central "hot core" there'will be'less radio- '; 
As a matter..of fact Figure 1 would bda good .represen&tion of the ’ 

crosr-eection of the atomic,cloud from shot No. 5 p&ided a correction is applied 
to account for the motion of the cloud top in the first'_two hours. Of‘couree,~. 
it reap be possible to obtain the. same fall-out.jatte$ if,'& assumed that the -1' 
more intense radioactive fell-out areas are due to heavy-rain and the less intense 
contamination is due-to the fact 'that the-rain in these‘are~s~nas'lese.int~nse.'. : 
In other _worda, if the cloud is assumed homogeneous thkn'it mu.& be'ixssuaed;that..-: 
the rain+is non-homogeneous, .-and vice versa, in order 'to'obtaid the'fall-out' .--;,i 
patterns shown in the inclosed Figures. This shop6 tiibt%& if the three ho&',:'+ 
old atomic cloud i6_ scavenged by heavy rain which originate6 at the unlikely'. -r-t 
height of 40,000 ft., the radioactive fall-out will not>$resent a hazard to iifs... 
Thkre,will be a relatively small surfacecssa where the--majrimum'dose rate wq :;.:;- x 
be as high as' 2r/hr, .but.where for the' most $&t::the.avbrsge m&im~~ldqse rate -L? 
within the area' would be in the order df 2O0,to 3OO'&/hrj,6nd',the.t l ,,_de.tiy-i.'-:;c 
law would apply;. .Certainly*this would pose‘a'hardship id.the.-~rea=cddceinea, :':. : . 
but it would not be hazardo'us'to‘lif& It &s'assumed abdve~~~that'7the contlduo*& -t 
.type of steady rain origin&ed~~t 401000 $0 5O;OOO ft.*&. In rbliiy it 'would:'+ 
be quite rare indeed to find'heavi rain originating atysuchla high level; VOn"-c-?% 
rare occasions or under &ome_turbulent thunderstorm activitp.precipitation Imay.?.'>? 
reach such heights, but to,make dperational plans_based'on the 'assumption that1 G:'? 
this.happens on a continuing besis is certainly unrealistic. It is thought that i' 
a nore realistic assumption soulabe that&n originates from 5000 ft. to 25,OOO.L 
ft. 351.' ._ThiCmeans the.amo)mt of radioactivity,scav&ged out 6t H+2 'or H+3 :;~.,!.~ 
hours‘would be'considerably less than that indicated:_above, be&use‘ the 6caveng~~Kz 
ing would-begin at 25,OOO'ft. Or less;‘ he5ce:rai.n: could-not possibl$~come in f' 
c&tact with all of the atomic Cloud._ 'As‘ a matter ef._fgct it'i's difficult to-'! ?- 
see_ hti t&e ap?&$ .rai$'dould come' i& '&&t.~wi.th~the 'ni&&okof an ato&‘~ “6 
clou$ formed ,by,,the &t&atiod~of,~~nbr;;ih-;ll- (2OlST'_"b&b,h -Froi-&e long'rangi.,Z.-= i- 
Pu~Uc IIeelth'p$.nt of'viedche in&o&l Fi$,%t'*&i+~t~ tIiat~there"may be a‘. _ ’ :T 
haze+ to he%th i,& thd‘&reai;-where fal.l~but_is~sbow& However,‘ it should be ’ 1 
noted that irt_‘.,hl of the shots-subsequent to t&o% S,l:it *a8 not"possibla to find. . 
a measurpble amount of radioactivity in‘the.areas cqncerped two tothree days _ 
after shot time.. This indicates that'the redic+ct+ve-fall-out is further diluted ' 
by 6~91 l w&theringn effects Cainds,' rsln,:etc,;_~It"wa~poss‘i~le b find meas@: 
abIe'a&unts“bf radiosctivity tie weeks after'shot Ma~'Sj~as'iTetbnated. It is _ 
be)Jevd that the &ailable data from TUVBLER/SKkPPW %ogeth<rnith the indicated 
calculations has tiade it possible te determine the-order of magnitude of the * :. 
radioactive cont,aainetion~that map be.scavenged out'by rain from the three boaf' . 
old atomic cl&d.: If it is desired to determine the‘rabioactive fall-out fr~a 
the young atomic cloud then the-rat; of decay and,the diffusioa factor of the : 
atomic cloud must be evaluated. . 

. :.- 
The .de'&y fact'or_is relatively~simplr to evalu:te: 
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However, it 20 more diffic 
SOEM idea of the turbulent diffusion pf the atomic'cloud it rlll be assumed ttitr::: 

. at H+lS minutes the total cross-sectional area of an atoai'c cloud from amnomiaal$z. 
bomb is approximately 10 to 15 square miles: -Figure 1 ahd Table III indi&tdf<;f 
that the radioactive fall-out from TUk!BLKR[SNBPPER shot. no.' 5.kas 'spread'civer$,<~;$ 
17,000 square miles. The. fgll-out begtn at, A+1 hoq at .a, $i+an~e.,of 50 to;.>~f$i 
75 miles from Ground Zero, at 'J+Z hours within 100 to 150 nilesi_ and‘at.H+3c:Jk!$ 

’ houp nitbin 150 to 200 miles from ground zero; Obviously kon& kor+dctioa should;: 
be applied for the kotioa of the cloud during the firatone to*t~b~hoiis. It? =;.+. 
will be assumed-that this effect ha? a valuc.a~'high as a factor,of 2. In vkw : 1; 
of this it will be -assu.xed t,hat the total cross-sectional area OS the atomic,- - 't_* 
clouc.Srom-shot S'rould be reduced to awAue._betneen 5000 and lO,_?OO square.. 

_ ailes. The average cross -sectional area of the‘Ef+3 ho& atonic cloud of a _-_:,: 
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,And 1t.i; kmumd that ;ain is.*twica_ed-effi;cient';'-acave~~ar'~f radioactivity"*, 
as sand, and that the ra_dioactive fall-out area Could be oniy.half of the _' .‘-!’ 

. average shown in the Figures for sand fall-out to account for cloud hotion ‘.._, 
during fall-out. ,In view of the data shown in the inclosed Figures and Tables; 1 
it baCOAes evident rain scavenging haslbeen greatly overestL?lated in both Ander-,, 

. son’s (5) and in Holznan's (6) reports. Reference 6 overe&Aatea the radio- 8'. '.i 
active hazard due to, rain scavenging becau.se it underest‘imates_both_the heights _ i 
reached by'10 KT *tactical" 

bombs used. 

. . : 

.Y . 

-’ I 

. 



_ . . 
1 

,*._ 

___.: r-- v-. ._ - 
_--II_, 

-- 

- - es’ c I 
- “. - 

. 

. 
.i -.- 

.- 

‘-3 
_“’ 

.i .a . - 
3 -:‘- :, : ,-_ . ,_I 

‘. 
r :* 

’ _- i; 
._‘. 
- -a- -> 

,-. 
L 

; 

: 

._ 

\ * . . . . 
... -.. 

F 

, _ i 

-. : 

,. ; t 

._ - . . 
- 

- _ : 
‘.- 

-. - ;; 
: . 

-,: 

.:. +- 
--. 

i.*- -.,f 
. .I 

,.. - 

_  ._‘ 
t -. 

.;g - ! _ =i 

1 -; ’ _p+: 

I 

:. . . 
\ 

7 -. . 

- . 

_ 
‘I- : 
_ 

, . 

.c - 
, _’ 

. . 

’ * 

‘_ : ._ 
L 8 

: 
- _. : 

, 
i -.a . 

_. . 

.. ..; 
.‘. 

> .’ 
:: . . 

d 

_. 

-_-._. 

. . -. 
_ 

:. 

a 

x T”‘OP@i _,. -, 
. - ;. 2. 

_’ .f 

. 

. 

. . 

, 

‘32 1= dies 

_ . . 
. - * -,_. ; * ;_. _~ 

; - _.. -. 1 
..- 

_-- . 
. ._ --> 

. . 

:.- _ 

-. 
._. -. . -. 

f 
,, ,i. 

: . 

f 
c 



1.. . ,’ 3 
. ~ 

b 

,. 
I 

5’ \ 
./ 

Q 
; - 

I_ . ._ : 

, * ‘1 ,. .’ 
_ _ . . 

; c. . . 
’ . 

. -‘; , 

._ 

’ : 

‘_ - 

- I. 

TJ 
- 

d 
, . 

--.- 

. . .> 

* ‘.*.: 
- .: 

. 
I 

. . 

1%. 
.: 

) i.2 

i.: .:. _,, .; _ 
R. _. ._ ,---. 

1 GF+ P*F - .-z-2 
. ,_/,-- - 

La 
I--- -__r_- 

---_-a-s _i. - r‘ . . - 
. 

.* . . , * 

.- 
.: 

,,._. - 

- .- -_...- z.z- :c_. 

_ .- =;_I--- ,.--._ l 

_. p-v- - 
2 . 

shbt ko. 6 : __ i ’ 
;’ . 

. 

_ . . : .; ., 
.* ._ 

‘t 

_- 

I- ., 

-_ ..’ .._. :.. - 

- ._ 

_’ 
-. :- * ,’ _ . . 

_‘._‘ ._.. 
^. .. 

. . 

- 

. .- _ ;:_; - _ , . 
. 

_ 

- ‘L,. 
FIG& 2 - ’ *I-. 



‘.. 0 

- 8 

r . . ..&-;A -:. NC__ ,; -3 - 
. 

. -_ 0.10 
. - . 

- 

/ 

_  

A 
() () r; )’ : ,I ‘,‘: - 

: . . : I 

; ” 
I 
!. 
,. 

1 ’ 

. 

. 
. 

. 

. . 
. 

. 

. 
I 

I 

. . 

*‘: _ 

- . 

:.-. __I ._ 

, 
. . 

;. 
: . 

. 

. 
* 



. . 
. 

. ) ; . _ ,._ *.- -’ . : . . _., . ; _ . . : ; ‘1 _ 

’ . 
L:‘ 

I . :’ - . 
: .,, _ ;-- .- 

L. .’ 
___’ 

:_ 1.,- -I. -_,_: ._ 

? *_ _-I- 8 _ 

. . 
_‘_ 

‘; -. _ ; -; ., 

: 



. * *- . 
.- ~ . . . . 

- . .’ ---A. -_. . . . 

;;s-- A..._ . ’ 
-L. -. . _ ..-=+-+= 

-d -* _-. = c 
,z & 

-..m L . ,;,;_y_-;- ,- - - f-- . , ; * 

--. -. CT- -- ___. 
. - *-. - 

. 

_ _ l . 
‘. 

. . 



T/S 
.,a SHOT 

PERCP;TAGE'OF THE TOTAL-(H+i H(XlR)AbTIiIT'Y OF THE BOg ~~AvJ&_& OUT.BY _ T';-i:: 

h’mB?zR - 
. o.lr 0.5 

_. ..' &BLE VI 

L 

. . :-2. 

&&' i!aBEZt-" 
1 .- 

2" 
3 

SW f 
bid e 

, 

.- .- , ._ ._ .T -_ :. 
' I 

. . 
.-_ - 

. . 

. 



-.- .-_..-. -- ..- -.__ - ___ _. ._ * , -... - -7-- _ _ 

I 

i 

BS vu RADIOACTIVE FALL-OUT A 

I 

3 x ER SHOTS ’ ‘a 
(Born:: detoneted 
’ et 100 to 300 ‘? 

’ above terrajgc; 
. 

‘. 1’2 roentgen ,:‘r-j * ,, 

. , .‘. 

_ 

. 

,i 

._ 

? 

. 



. . . . 
- .- 6 P.-r -. _,. _ L. .- 

- __&_++~..-i.d -I- 
z pr:-r. ; i;-- . -_&<.Y... I , ___= . _ - . ._-_-. . 
-_ . . 7 z_ A _ 

-. 
: 

-4. -.-r_: 

_c 5. 
. . ’ 

: 
. 

. . . 

. 
._ ; 

-_ 
. _ - _- 

-* 

I,.. I, 
. ‘L -4 - . . . . -. 

._ ,.r:; . 
_ *- . ; 

.;.: d -.. 

I . . 0 
. 

1 
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