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tests. 
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JBSI'RA.CT 

?he radioactive tall-out trom tower shots or TUMBLER/SNAPPER (R) 

and OPSROT/XNOTHOLE (R) Te.st Oper&tioos hu been plotted in deta.il 

lltilill.ng the radiological monitoring logs or the groUild and air 

monitors. The report brings out the following points: 

a. 'nlere is no excessin rs.dioactive tall-out trom Ill 

atomic bomb 1.r the fireball does not touch the grow:xi. (This refers 

.... to the ma:dmu:n tireb&ll radius.) 

b. It is possible to detooa.te the tollowing type or shots 

"ga.rdless or 'Weather conditions (other t.h.a.n ritln) without produciilJ 

ccessive radioactive conta:nination: ) !T bc:ib exploded from a 

JOO rt tower, 8 !T !'ro;a JJ:;O rt, 18 n' trmll. 500 rt, 45 rr !'roll 700 rt, 

100 !l' from 1000 tt, a.cd 200 O' !'rom 1300 rt. In this discwssion onl.7 

the residl!&l. ra.d!oaetiva contcillatio:c. i;s consider1td and no aco0W1t is 

taken or the bla.at ai:d ther:i:.al d~e pa.-:-~eters. 

a. It is possible to delineate tha ganersl tall-otit area 

adeqUAtely using & ld.::ple Sto:keis' Lav a.nalyois o! the ·idnds aM &ssu:Wlg 

th.at t.he particle size varies trom 150 :n.icrena to 75 ::aicnns, and the 

aTerage density or the partjcles ia 2.5 irll!:18 per eubio cantil:ater. 

d. !he radex based on the a.ctu&l v1M observations made 

thr•• hours prier to ahot tine incllcatu the general tall-out area ade

ctU&tel.Jr. It is Stllgested th.at tha deoision to !ire a eont~a.tll.g towr 

shot (i.e. wbe?"1' the :::.axi;:m:m fireball re.d!u is aq_ual to or greatsr than 
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?he !a.l.1-out from TID.fi3LER/SNAPPER (:restricted) aM UPSHar/nmrHOLR 

(Restricted) Test Operations is examined 1..11 some detail in this report. 

The radioactive conta.mination resulting fr.Jm the tower shots or the 

above two test operatio~ is plotted pictorially (see Figures 1 through 

9). Both the air and grottnd radiological llOni torillg data contained in 

the Radiological Safety Reports or the te!t opera.tion.s have been 

utilized (1,2). 

II. RADIOACTIVX Fli.L-OU'l' DUE TO SAND A.ND SOIL DtJ3RIS FROM TOJQ SHa!S 

01 TUMBLER/SNAPPER (R) AlID UPSHOT/KNOTHOL.3 (R) TEST OPERATIONS 

.l. Radieactiye Fa.11-out as a function of Yield and Height ot 

Detonation Above Ground 

nirillg high s.1r drops of nominal bombs th~re is practically no 

sta formed to the atomic cloud. As the height or detonation is de-

ereaaed, or the yield or the bomb is increased, a stem is foned which 

may or mAy not reach the rapidly rising m1.ishroom. As the height or a 

bomb is reduced still further there appears a definite stem to the cloud 

which is eontillu.ous -w1 th the :mlShroom. fb ·..ever, no extensive fill-out 

_occurs within iDnediate area or the test site unless the height or 
detonation is so low that the fireball touches the groUDd. An !.II.spec-

ticm or Table I briJlgs out the fact that ·lil.less t.b.e !18.Xi!mm fireball 
<A.Pt<!.$ 

-diam& LdT" is greater than the height o! b-Jrst there is practical.17 no 

radieactive rall-eut within 200 miles of ground iere (fall-out being 

less than 1%). Daring the two test operations this !actor was Teri!ied 

in a sut'!icient number ot cases 10 that tt is possible to put considerable 
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B; Accuracy of Data Collected by Aircr&1't 

In the past there bas been coosiderable -:!"i.ti.cl!o on the advis-

ability ot using extrapolated airpl~e dat~ !or radiolo~ica..l ~onitoring. 

Ho'W&Var, 1n th.is study, it is possible for the reader to judge for hi1:l-

sel.t the accuracy and the usef'u.lness of the radloloisic:al data collected 

by aircrart, since the air readings and the ground readings are indivi-

dual.17 plotted tor eat11 comparison. A cs.reful study or the airplane 

data shows that it is not possible to obtain accurate indication ot the 

centamination on the ground if the conta.t:L:'..llated area is less than five 

aquare miles. Bowever, tor large area contamination, the airplane data 

is uaetul. lhi.s :D.eans that there need no":. be 5II1 extreme accuracy re-

quired in the navigation o! aircra.tt, aiJl,::e errors ot one or two :ailss 

could be tolerated. In 301ne instances the U.rplane data is more useful 

than the ground data 1n delineating the overall radioactive tall-out 

picture. This was demonstrated ame'tdlat :iramatically during the t1rst 

shot. cf U/I Test Operation. Du.ril18 this particular ta.st, St. Georie, 

tftah received an in.t'inity ma.x1mum dose of 0.5 roentgens 1n the center 

~ the city (see ?!gure 5). However, the airplane reading indicated 

that the contamination at st. George was J.3 roentgens. 'l'h1s Wa.s quite 

disconcertil:li at the time. It developed later that just at the northern 

outald.rts or the city there was a sms.11 r·adioactive zone ot 6 roentgens 

md turt.ber north there vaa a tive mile wide layer with an avera,ge infin

ity dose of 3 roentgens. Wlat the a.irpla.ne had den• waa to average the 

total and give a 3.3 r.entgen reading beoause it vas fl1ing at an alti

tude ot 500 rt, &nd there.tore the inatrument in ther plane could "see• a 
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~onitors. If t~o or tbree air=ra~ and ~oprox:im&taly one dozen 

trai.r.ed personnel are devot~d solely to :--a.diation llk>nitoring duties 

it vould be possible to delineate the general tall-out area adequate17. 

A complete tall-out map could be prepared fro:n ths air readings were 

the contamination is given in relative units. Then all that is required 

is a tew ground readings to change the relative readings or the tall-ou:t 

map to gamma roentgen dose values. If tbis suggestion is accepted, it 

should be kept in mind that air readings should not be utilized to deter-

mine the contamination of such small a.ree.s as ground zero etc., since it 

is ta.tile to attempt to pill point the contamination 0£ a given sma.l.l area 

trom an airplane. Experience also indicates that although the conducti.v-

ity meter used in an airplane is very sensitive to contamination 1n the 

air, the normal radiological gamma imicati.D.g instr-llllents (MI-5 and TIEI) 

are relative~ insensitive to such contamillation. It conductivity meters 

are used, the aerial :rurvey must be ma.de 24 hours after shot time to be 

sure that the a!.r 1..9 cleared of all radioactive fall-out (with.in 200 

lid.las or ground zero). "Ir MX-5 or nB instruments are used the aerial 

survey- could start two or three hcurs after shot time. The night 

pattern will be governed by the rade:x plot to keep the airplane out of 

the path or the till-out. Historical.ly ".here is ocl.y one incident 1n 

which the MI-5 or nB instruments carried in the aircraft became contam-

inated during T/S or U/! Test Operlltions. This occurred during T/S, 

Fox Shot (see Reference #1) a.nd is indicated 1n Figure 2 of this report~. 

During the first shot of U/X (Annie) the rad ex plot showd a very 

narrow path o£ fall-out, and it Wll8 i.ndi:::ated that the aircraft could 
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o~ such large particles (70 to 150 microns), it is possible to prepare 

a simple wiDd vector plot indicating ...Uere the !all-out will touch the 

ground from a given point in the atomic ::loud. These wind plots have 

been U.9ed previously under nrious names and have been described in 

great detail (J, 4, 5, 6, 7), therefore no attempt will be ma.de to 

describe the method in this report. HoW&Ter, such vector wind plots 

ha'ft been used extensively' by this writer to obtain a lot of indirect 

. intorsation. There is some indication that soil particle size decreases 

with altitude in the cloud. It should be clearly wxierstood that the 

partiole sizes 1.Ddicated above refer to the median soil particle di.a»-

eter, and that the soil particle size spectrum ia wide. The !ill-out 

at a ginn spot may have come- from difterent levels or the cloud, thus 

t'urther increasing the spread or the size spectrum. The densit7 or 

particles at NPG average arcWld 2.5 gm/c~, but certainly not ill the 

particles vould have the same density nor are they a.11 spherical in 

shape a:cd this also increases the partie!le size distribution. Strangely 

enough, during the domestic test operations it was obserYed that ~ 

particles in the size r!lllge of only seTere.l microns in diameter tell out 

within & !av hours a!'ter bomb burst. According to Stokes t Lav (even 

when corrected tor the Cunningham slip ~actor and !or the variatien of 

air viscosity with temperature) it would take a 5 :zaicron particle seTeral 

mon.;hs to reach the ground from. 40,000 t:'t. The explanation is to be 

!ound in the fact that a large·quantity of soil is sucked up into the 

clo'Cd and as this soil subsequently falls back to the ground, it en

trains and traps a lot o! air and a lot of small sized primary fission 
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static Precipitators, etc., yields particle size distributions that may 

have no relation to reality, being artiracts introduced by the sampling 

rate, the sampling method, the counting· technique employed, etc. ~n 

mechanical soil analysis ot the NFG area produces conflicting'' results. 

The median soil particle diameter e:p pears to be a very strong tunction 

or the method employed to mea~e pa.rt.!.cle sizes. The reader should 'be 

cautioned that in this section only the perticle size of the soil debrls 

1a discussed and ne statements a.re made concerning the particle size 

distribution or the cloud aerosol itse:t exclusive of.the soil that is 

sucked up into the claJ.d during near surface explosions. 

D. Ident.1.ryillg Fall-out from the Stem and 'bshroom of the Atomi.e 

Cloud 

A study ot Figures 6 through 9 of this report indicates that 

there is a mi::i.:!..mwn radioactive fall-out area -..tiich is presumed to ha'H 

come from the area between the base of the mushroom and the top of the 

stem of the atomic cloud. The minima::. radioactive z~ce between the ,tem 

and the :nushroom has some reality in nservatioc. DJ:lr:.g the tower 

shots of T/S and U/K Test 4'erations : ~e dear sky showed thz-ou.gh in 

this portion of the atomic cloud after 10 to 15 :ninutes fro~ time of 

detonation. For some unexplained reason the for:nerly continuous sten1 

and mush..-oom appear to separate at'ter :!.0 to 15 :n.inutes. ~e reader niay 

hav-e seen movies of air drops where tbe stem is seen to be discontinuous 

with the mushroom from the start, because it forms after the mushroom 

has begu.., to rise. This is not the proper explanation for this case,, 

ho-...ever, because during low tower shots the stem and :nushroom are con tin-

500l28b 
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ot the tall-out comes trom the stea. The tn!ol'llAtion an.ilable trail the 

tall-out ot T/S tower ahota is not sufficient~ detailed tor this t,,,. 

ot ana17si•, but it appears that tor lease?" 1T tower ahota (10 IT) th• 

soil in the stem rem.Una relativeJ.7 inactiV'i?i, and llOSt ot the tall ... ut 

comea from the aand llixed 1n with the must.ro011 ot th• alolld. Theretore 

tor T/S Test Operation the Pm/P1 rat:'.,, 1£&1 be 2 or 3. U the ratio ~ 

Pm/P9 continues to decrease with decrea11.og scaled height then t.r a 

surtace shot a large pe:roentaga ot th• activity will be in the soil 

vi thin the stem. rather than the sell 1n the muahrooa. Attention i• 

invited to the relativa constancy ot the Pm/P1 ratio tor 11/I tower 

ahot1. Thia type ot conatancy tends to lliereaae on•'• contidence in 

the tall-out picture indicated 111 this report !Jld. in the air readings 

utilized to deli.neat• the oentamiD&ted area. Daring T/S tower 1hota 

approximateJ.7 15% ot the total reside.al aetiTity ot the boab tell out 

vithi.11 six hours over an are& et .5000 t• 10,000 square miles, 5% caing 

trora the atea and 10~ trom the cmahrooa. Daring the tower allot• ot tr/I 

the average percentage tall-oUt appear• t4 be 20~, l5i eoE.ng troa the 

stu, 5~ trom the llU.lhrooa. .lcc:ordill( to Retarence #9, 50~ ot the 

total actiTity or Trin1ty vu deposited immediately do"Wnwind (23 n", 

allot tram a 200 tt tove:r). Bovner, 1 t is not clear how complete th• 

studT or tall-out was d'til"ing the Trinity explosion. !here 1.t seae 

nidence that alth~h an -attempt vaa m.ade to delineate the tall-e11t 

quite aocllr&tely some 7ea.rs attar the Trinity explosion, the tall-011t 

pattern vu not studied in too great a deta.11 on the day ot the shot 

or soon there.attar. 

5001281 
C3-36t;:~--

UNCLASSIFIED 
17 

.t·----



....... 4.ltlU!l ZZh 12.t&SJ. t.2%2.3 sou • CJ a SS _ 2µ• -* 
Q' E w tr 0 h¢ r- 'Cs - nr na-fMre;-.r ,- .. -_. 

towr shots. .According to Reterenc• #10 tbere is a definite second&r7 

•x1mm tall-out ""4 50 miles ?mE ot the J-S cra.ter, and the max1 !ITQI 

tall-oat froIA J-U is lO miles mfE ot the ground zero. A Stokes 1 Iav 

m~sis or the J-S :~econd&I7 marf mmn indicates that accordi.ag to the 

vertical Wind distributiQJl pattern, this secoad.ary tall-out caae trca 

th• upper portion o£ the cloud. Since th• tall-out trca. J-S and 1-TI 

ahata covered one to tvo thousand square miles, and because on11 eight 

to 10 ~ua.re mile~ were examined during fa.11-cnit st'tdies, it is the con-

tention ot this writer that such sampling vaa not representatiTe. There 

i• a great l.1.i:elihoed that most or the tall-out downwi.Dd was not 11119&-

sured. The Air Force Special 1Jeapon.s Center also surveyed the J-S and 

J-tr tall-out area on D and D.l days u.si.cg aircratt. HoWTer, since all 

th• readillga (except grouIJd zero and three llil.es dowvlld) are ma.de 

trom aircra.tt., it is not considered reliable by itself. Air readings 

must be checked w1 th severa.l. ground read.illgs betore they could be con

sidered reliable. Al.so, it appears that as the yield ot the bomb 

decreases, the apparent percentage ta.11-otit increases. As a utter or 
tact tor U/~ shot Ray (100 tt tower, 0. 3 IT bomb) the percentage ta.l.1-

out appeared to ba in excess ot 40%. '!h1s value waa not entered in the 

tables since it is not consideree reliable. Rovner, it does i.Ddicate 

that \lb.en the actual tall-out is small (because the bub 1i•ld u am&ll) 

there is a tendency to onrestiu.tei the percentage tall-eut. It the 

boab ,.-ield is large, a large area is contaminated am the inte11sit1 is 

high and readU.,. measurable. tbiar auah cirouzutances sampliq 1• 

adequate and the aTaraging proceH used in determ1 n1ng percentage tall-otit 
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coated with !'ission products. Ir it is preSWlled th.at the ratio of 

inactive soil debris to aetiT• sazxi in tbe tall-out area is 100 to 1, 

then 100,000 to 500,000 tons ~ sand and aoil debria were sucked up br 

each U/X tower shot. I! this view 1a correct then certainl7 the pre

aence o! 10 to 50 tons ot tower material will not have a profound ettact 

on !'a.ll-eut. from tower shots. The surprising thing is that even when 

such large qllAlltities ot aoil b sucked up into the cloud in ~ 

instaneH no crater is formed at ground zero. This means that o~ a 

tew illchH ot soil ia lifted up from the area ot groand zero. Actual~ 

one inch of soil from an are& ot approxi:Dately" tw square miles vould 

account tar the total mass ot soil dabri.s sucked np in the atomio cloud. 

It may be possible to reduce the till-out tram lov sealed height detona

tions by atabilizillg tbs soil in the tar5et area. &wever, it may be 

nacessary to stabilize permanently one t~ five uqu.are miles ot the target 

area ill order to prevent a signi!'icant uotmt of soil tram being mixed 

up with the stem a.Di :mushroom ot the atomic cloud. It la recOlllllSnded 

that within a circular area ot approxilaately one mile r&dia.a the target 

area be firml.7 stabilized by cement or other means ot per::a.a.nent stabili-

zatien. It is believed that if a 10 IT bomb ia detonated tram a JOO tt 

tower oTer such a large stabilized area, the amount ot soil sucked tip 

illto the e.loud would be reduced matarially, thua reduc~ subsequent 

tall-out signi.N.cant~. Hawver, if it 13 ilrpraetieal to permanentl7 

stabilise so.ch & large area, then it is suggested that even i.t a circular 

area with a radius ot 500 rt is permanent17 stabilized by' cqant or 

othar permanent methods, there may still. be considerable reduction. in 
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using the actual winds three hours.before shot time, delineate the 

general tall-out area adequatel7. In Figures 1 through 9 the radex 

plots based on the H-3 and H-4 hour actual winds a.re superimposed on 

the actual !all-out area. A stud1 ot these f'igures shows clearl1 that 

radex plots based on the actual vi.nds near shot ti;ne delineate the f'all

out area Ea.dequs.tely. The area or maximum intensitr of ts.11-out could 

be. located by this method vi.thin an average angular displacement of 

plus or minws five degrees. The angular displacement ot the center ot 

the max:i.I:Ium tall-out area does not show a displace:nent greater than 15 

degrees. Considering that tha \'inds are f'our hours old in these radex 

plots, it becom~s at once evident that there is considerable persistence 

to the 'Winds. Certainly if the decision to fire a potentially contamin

ating shot is delayed until the last two or three hours, it is dit.fic-.tl.t 

to see hov large errors could be ID..9.de io the radex plots. Fortunately 

it appears that the simple Stolces 1 Law assumptions are valid for 70 to 

150 mioron particles, which are the main cause of the radioactive con-

tam1nation within 200 miles of the domestic test site at the Nevada 

Proving Grau.eds. 

B. Veritieation ot Radioactive Fall-out Forecasts 

.Lf"ter the writer had analyzed. the tall-out from TUMBLER/ 

SNAPPER (R) tower shots it was possible to forecast tha"; 10 to 15 KT 

bombs detonated from JOO rt towers vould produce 5 to 20 roentgen life 

time doses within the populated areas in the periphery ot the Nevada 

Teat ~te. This information was made a matter of record and cal.led to 
, -
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l roentgen 

Nenda Highway 55 - (betvesn Glendale and Caliente) -

l to 5 roentgena 

AJ.!l!2 - 0. 5 roentgen 

Glendale - en edge or o.s roentgen line 

b. Forecast at H-3 haars on D day -

Same u in subparagraph a a'boTe. 

o. Yeritieatiop 

See P1gure 5 tor actual tall-out picture. 

St· Cieorn - 0.5 roentgen in center of city. J roentgens 

ill the northern otrtald.rta ot tbe aity. 

~ -3.5 roentgena 

U, S. Hj,gbm 93 - 5 roentgens a.a a m.u:i:rum on a 5 mil• 

strip, 1 roentgen on 20 mile strip ot the high~ bet~en 

Gle?ldale and Alamo. 

lle?ada !ligh'-! 55 - 3.5 roentgen maximua. 2. and l roent

pn lines croaa thia highway, 

.!!!!!12 - No contamination. 

Gl.endale - No eontamination. 

· 2. t1.I, Nancy, 26 !l', from a JOO tt tower at 0510 PST, 

24 Much 1953 

a. lo recast at 2QQO hours on D-l dl!I:. 

Groom Mine - J roentgens 

Lincoln Mine - 1.5 roe~tgens 

Alamo - 8 roentgens 
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Pioche - No contami.c.ation 

Warm Springs - 0 .1) roentgen 

Carrant - No contamination 

117 - O.l roentgen 

tr.S. High\1&1' 93 - l to 1.5 roentgens 

Jenda Highwa7 JS - 2 to 5 roentgens 

3. tJ/X. Cl:inx, 65 IT, _er,ll.oded at 1JJ4 rt e.bove terrain at 

04lS PDT, 4 June 1953 

a. lorecast 

Shoot this bomb at anytue ::-egardleas of the v:lnda. The 

eontami.nation on the ground would not exceed 15 mr;'hr 

at arrr point. Since the fireball will not touch the 

ground, no contamination is forecast 

b. Slot delayed beca\Ue ot possible rain on Salt La.lee City, 

tltab. It vu !ea.red that "'!~e r&!n uy bring down 

measurable &:1ounts o! radioactivity (several ::r/hr) 

and thua precipitate LD acute public relations problem. 

o. Verification 

Mexinnim do.se rate was 11 -mo/hr at H""6 hours. There 

was no extensive ta.ll-out,as forecast. 

IV. FOIW:Asrs OF :u.DIOACTIVE FALL-COT IX)~"N'.JIND mo~ ~.C~TON YIELD BO~S 

A. Forecast. of IV! ( ~) :-O:KE Fall-out 

Practica.l.17 no int'ormation exists ot the actual tall~eut down-- _, _ ... 

vi.Di 1n the Paci.fie °T~t Site. since it is ::Ut'~icult and very expensive 

to determine the fall-out pattern over a"1;;;ayl:tf.-;.rater utilizing buoys, 
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.1.n this discusslon, it has been asgumed that 15~ of the 

total residual activity at the rlY (~) MIKE detonation ..a~ :c~osited 

downwi.J:ld within JO to 50 miles ot ground zero in a. period of si.;c hours. 

It is also believed that approximately J5% at I'lY (:?.) ~KE: fell out 

vithi.A 12 hours, and at the end ot tw days 50 to 15i tell out. Ir 

this ana.11sis is correct then a large per:entage of the residual activi

V was deposited in the Pacilic CCean within 500 to 700 liiles ot ground 

zero. It should be noted that this ana.ly'sis is primarily based upon 

scal.llg !actors obtained. !'%-om U/! tower shots. It may be that the 

extreme heights reached by the 'N'! (R) :-a:KE Claud may reduce the down-
. 

wind tall-out b7 as much aa a factor of 10 over that i~lcated above. 

B. mtrapment ot Fission Products by Soil Debris and Water !'rom 

Maga.ton Bombs in the Pacilic 

It 1a assumed that appro:;d..QAtely 1,000,C<JO tons or soil were 

c:oat.d with fission products and suck~ into the stem and mushroom o! 

the IVY (R) MIKE aloud. It the ratio o! inactive soil to active soil 

la 100 to l then approxi:n.ately one hundred million tons of soil debris 

alJd water were thrown up during this shot. SUch a vast qWllltity of 

matter upon falling hack will entrain l~ge quantities of air, gs.seotU 

products o! the explosion and fission products. It should be noted that 

th.is statement is substantiated by the tact that the Cascade Il:ipa.ctors 

illdics.ted a :ass median diameter of 1 to 5 :dcron sized particles 'Jhen 

the !all-out time indicated that pa.rtic:les of from 150 to 75 microns 

were tilling during TUHBUR/SNAPPSR ( R) and UPSHar/KNarROLE (R) tower 

shots. This ~ea.os that even !or the relatively small tower shots 

29 
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v. 1iiORlD '.-'IDE c::nrrA.l.{INATlON FROM ATO:-C:C 30~S 

Ra!erence is :nade to Fig-.i.re 10 which indi:ates the fa.l-1-out from the 

!our tower shots of' ~\r-i::E~1/SNAPPER (R) and rive l:irge tower shots ot 

CPSHOT/lC:iJI'ROU: (R). In th!.s composite pl::>':. only t~e fall-ou~ dow to 

one roentge!l infinity dose line is indicated. There h e"Ti.dence that in 

some areas fou: shots 'oiere supari::posed. b otter e:~as only two or 
. 

three sho!s were superi:nposed. W1 th the 1.n.!"or::s. ti on anllable in tM.s 

report it ~O'..ild be possible to deter:U.ne the amount o~ fission products 

that have !alien in a. giv~n area or Nevada and Utah from the NPG Test 

Cperations within 2CO ll.les of the Test Site. A c:lose study of Figure 10 

shows th3t in the !ilko-Ala:no fertile valley (population 1200) the follow-

ing three shots were s1.ip13r~posed: U/K, ~~'lie, ~ and Simon, Cer-

tainly the conc~nt~ation of fission products in such areas is high 

•no':lgh to study the pbnt and ani:nal uptake or !"s.dioisotopes in a 

pra~tical basis. ni~ Figures in this report indicate radioactive !&11-

out using isodose lines in roentgens. The dosage i.lldicated \IOU.ld be 

received when exposu..-e ti!'lle is considered lnfinite. The relation bet-.een 

soo12qt} n UNCLASSIFJ ED 
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the tact that 5, 10, 15 and 20 roentgen ini'Lnity dose tall-out areas 

are shown in the Figures, it appears that Ln some far?:ling areas the 

Strontium 90 concentration may be as high as 0.5 to 0.75 curies per 

square mile from one shot. In areas where the !"all-out from several 

shots are superimposed, the con~eotration could be higher. P.owe7err 

it is more significant to cote that the are~s ..Oare there is appreciable 

concentration o! Strontium 90 at"e relstively large. These areas range 

trom 1000 to 5000 !Kluare :n.iles for each sh~t# For greater details c~n-

sult the figures and the in.for.nation contained in :~ble I. rt seems 

apparent to the writer that the imm~iate area of ~he Test Site and the 

tar.Ung cotulllln.ities .~n the periphery of the test site ('Jithin 150 milss) 

may be exam.iced profitably to det9r:li.oe the uptake of !i3slon products 

by plants and anima.13, and for the effect of t'bslon products on rela-

tively small "Water supply sources. It is hoped that the radioactive 

fall-out areas iJldic!lted in this report would be usef'u.l along these lines 

ot endeavor. The experience gained in thl~ study indicates that in or-

der to determine the world wide contaminat:.on patte:::-n or even the percen-

tage fall-out of residual activity ill the 'Jnited States relatively large 

number o! sampling stations must be utiliz~. A~ indicated in Paragraph 

II, F above, lolben th~ fall-out covers a ::. s;:-ge area a.nd i!' the intensity 

ot the readings are low, there is a tenden1::y to over-esti.=late the parcen-

t.age fall-out. This is even :no:::-e so in :h•:! ca.s~ .-her•i r':l.in brings d01Jl'l 

activity. If sue~ readings are averag~ J•3r la:ge areas b'/ the u3e o!' 

plan.imeters, the per~e::1t!ige fall-out ms.7 '.)e hi,shly exaggerated. 
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radioactiT1t7 will be depos 

bombs &l"9 used in a giftll campaign tor area bombard..ment, rain scanngi.Dg 

m.st be taken into couideration tram th• ll.ilitary and oirlllan de!en•• 

point ot Tiev vithin the pnC"al battle area. 

'II:.. ACCURACY 01 TD /il.L-OUT PLOTS SRO~ Ill P'IGURES l THROtrGH 9 

11.garea l through 4 1.Ddicat.e the tall-out. trom the laat !CJTJr 

lhota ot TtJMBLD/SNAPPER (R). It is belined. that 1igurea l and ) indi-

cate the tall-eut quit• &eC"Cll'&tel7, but 1"1gures 2 and 4 are not u 

acC"Cll'ate.· ~ 2 ahovs the tall-out tram Shot No. 6 ot TUMBIJm/SN!PPER 

(R). IUr~ this shot the &i.rcra.tt became contamil14ted., hence 11.0st ot 

the air readings were nnu.aable. !'1.gure 4 shows tbe fall-out from Shot 

No. 8 ot TOMBUR/SIIAPPER (R). Si.nee the radioactive contamination !ell 

in area.a where there are no uaable roads, there is practica.117 no in!or-

ution trom the ground radiological mcnitorillg teams. This means that 

the !all-out plot i• based practically completely on air readings ex-

trapolated to the gro1md. It should be noted that the percentage !all-

~~ .. roia thi1 shot is well below the average tor this series 1.Ddicating 

that U onl7 air readings are used the percentage tall-out is lmderesti

uted (see Table I !or details). Figures 5 througb. 9 represent the 

tall-out from tbe large towr shots ot lJPSHOT/KNGrHOLE (R). .Figure S 

represents th& tall-out from U/! Amlle ~ot. It is belleT!!td that 

although the distant fall-out (50 miles to 120 miles from ground zero) 

ia quite accurate, the fall-out within tha gunnery range itselt ia open 

to question becauae it is dependent upon air readings onJ.7 and no gromid 

checka have been made. It is presumed that the fall-out isodose lines 
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to dosage outside ha.a never been determined accurately. Al.10, leechil2g 

bJ" rain am other wathering effect• tend te reduce the total doaap 

receind by personnel. The iaodose lin•a &r9 kept ill 1Dtin1ty do••• 

as a point of standard reference. For example, 1! the 1.n!'Wty dose ia 

diTided by fift the dose rate at Rl-1 hours is obt&ined. .Uao, the . . 

fiaaion product concentration within a iiveD 11odo•e line can be deter-

mined by a nrr simple relation u indicated in Paragraph V aboft. 

VIII. AH IMPIRICAl MEl'ROD .or FO:m=ASTDiG nm IJTENSITY AND LOCATION 

07 RA.DIOACTIVX l".AI.L-OU'r ARE!S. 

J.. !he General Mlthod !llzpl.01'9d 

Intensity of r&dioactin .tall-«U.t i• a tmiatien ot boab ,-ield, 

tall~ area and th• U012J1t and etficimCT of the aca~ agent 

(such u soil, water, aov, etc). Since the particle aise distriba.tim 

~ the soil within the cload 1• not known &eCU?'&tel.1' the an& covered 

bJ' th• fall-out C&Imot be det.rm.1.ned quantitatiftlJ'. Bownr, &tte:r 

au17zing the fall-out !rem the TUMBLER/SRAPPER (R) and UPSHOT/DC7rHOI.I 

(R) Teat ~ationa, it is possible to predict just hov far out the can

t,am1n•tbi fall-out will a:tend rrem a ginn shot. This gins the general 

length of the contaminating area, but unl•H th• density and particle 

aise spectra within STflrf 1&19?" of the cloud 1a lcnom accurate~ there 

1• u "8.7 ot determ1n1ng the width ot the eont•m1nat.ing area. Bena• an 

empirical •thod imst be apl079d baaed on a st'Od7 ot the tall-out 

plots ah.own ill Figar9• l through 9. !here ia 1om 1ndicaticm that the 

td.dth of t.he fall-out area fro• the lowr stem is more or 1•1111 iJMiepen

dent ot aeteoroloa, boveTar it appears 1'..hat the intensity of the tall-out 

500 
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is reduced) the soil in the stem becomes more active, thW! producing 

heavy contamination immediately doww:llld. The total percentage tall

out increases with yield (wben height is constant), but the percentage 

tall-out from the mushroom decreases with increasing yield. To a per-

son who bas not analyzed the total tall-out picture and who onl7 chooses 

to utilize grotmd readings, the tall-out problsm must appear even more 

complex than it reall7 1a. Aa a matter of fact, recently a set 0£ 

empirical relations haa been developed on fall-out fl-om tower shots 

utilizing only the gro'lmd readings from 'J/I Test Operation. The air 

readings ver• not utilized out ot impatience or la.ck of knowledge on 

how to use them. The T/S Test Operation data were not used becaU3e 

they were more di.!!'1cult to reduce, since most ot the !all-out during 

T/S Test C'perations fortunately occurred North and Northeast of the 

Test Site where there a.re very few good roads and very little popula-

tion. Sure enough a set of relations were developed 'lilhi:h indicated 

intensity of fall-out to be independent of yield. Here is a good 

example of the need to evaluate all of th8 data before 911pirical rela

tions are developed. 

B. Construction ot the Forecast Fal..:~-out 

1. Particle Size 

Assume that the particle size distribution within a nominal 

bomb eXJi..oded at JOO .rt is 100 microns :.£ the maximum cloud height does 

not reach beyond J5,0CO ft msl. The maximum cloud height is a function 

ot the yield, the height of the tropopause, the lapse rate of the atmos

phere and the speed of the horizontal winds. A nomina.l bomb cloud will 

I") 0 'l 5001Llu UNCLASSIFIED 
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a::ds; and it' the wind shear is greater than uo0 then 

th• tall-nt area from the mushroom 1.s c1.rcular. This 

ellipse would be centered at a point 7500 rt belov the 

top ~the imahrooll, and it 'Will be reterre<. to as 

11.lip•• A. Within Xl.lipse A drav a second elliptical 

area and oall W.. m1psa B. The major &Xia ot .Ellipse 

B ia l/2 the 11&·jor a:rla ot IU1pae A., &lid the ratios o! 

major to lai.nor &Xi• tor the two ellipses are the same. 

b. Fall-out Froat Stem. 

Draw an elllptieal area tram ground zero to a point 

representillg 25,000 rt msl level oo the wind vector 

plot. The minor axis is 1/4 the :najor arls. Thia rec

tangular or elJ iptical area is called Ellipse C. Within 

Ellipse C drav Ellipse D starting from groUlld zero to 

a poillt representing the 20 ,000 rt !nsl level on the 

wind nctor plot with minor axis 1/4 major ms. 

Similarly dr~v Ellipse E from ground zero to 15,0CO 

rt mal level. 

c. Fall-out Connecting stem and Mish.room Areas. 

The tall-out outside ot the stem and mushroom areas 

cs.nnot be drawn by a:r:q sP.ci!'ied methods. However, the 

general fall-out from ground zero ::ro.t to 150 miles 

appears to canr a pie-shaped area with an apex angle 

ot 15 to J0°. It is recommended that this procedure 

be tollowi.ng in the eonstruction or the tc.recast tall-out 

c...on1zqq 41 
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3 
5 

10 
15 
20 
JO 
50 

3 
5 

10 
15 
20 
30 
50 
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5 
10 
15 
20 
JO 
50 
70 

5 
10 
20 
JO 
4!J 
50 
70 
100 

20 
50 

100 
150 
200 

50 
100 
200 
)00 
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BURST 
HEIGHT 
m 
FE::? 

J:X) 

300 
JOO 
300 
JOO 
300 
JOO 

400 
400 
400 
400 
400 
400 
400 

500 
500 
500 
500 
500 
500 
500 
500 

700 
700 
700 
700 
700 
700 
700 
700 

1000 
1000 
lOOJ 
1000 
1000 

1200 
1200 
1200 
J.200 

DOSE IN ROENTG.ENS BOUNDING THE P'OUOWING AREAS 
E!..LIPSE EUIPSE ELLIPSE ELLIPSE ELLIPSE AREA AREA 

G A B C D E F 

0.1 
0.5 
2 
3 
4 
5 
5 

0.05 
0.1 
0.5 
2 
J 
5 
5 

0 
0 
0.1 
O.l 
0.5 
2 
5 
5 

0 
0 
0 
0.05 
0 .5 
2 
5 
5 

0.05 
0.5 
J 
5 

0.5 
5 

10 

o.; 
l.O 
5 

10 
10 
10 
10 

O.l 
0.5 
1.0 
5 
5 

10 
10 

0 
0 
0.5 
0.5 
LO 
5 

10 
15 

0 
0 
0 
O.l 
1.0 
5 

10 
10 

0.1 
1.0 

10 
J.5 

1.0 
10 
15 

0.1 
o.s 
) 
3 
5 
5 
5 

0.05 
0.1 
0.5 
2 
3 
5 
5 

0.1 
0.1 
0.1 
C.l 
0.5 
5 

10 
10 

0 
0 
0 
0.05 
o.s 
2 
5 
5 

0.05 
0.5 
3 
5 

0.5 
5 

10 

o.s 1.5 
1.0 2.5 
5 10 

10 20 
10 50 
20 200 
JO 500 

0.1 0.5 
0.5 1.0 
1.0 3 .o 
5 10 

10 20 
20 100 
JO 500 

0.5 1.0 
0 .5 2.0 
0.5 3.0 
0., J.O 
1.0 J.O 

10 JO 
20 100 
50 200 

0 0 
0 0 
0 0 
0.1 0.2 
1.0 J.O 
5 10 

20 100 
JO 500 

0.1 0.2 
1.0 J.O 

10 JO 
20 100 

1.0 J.!J 
10 50 
JO 100 
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0 0 
0.2 0.05 
o.s 0.1 
1 0.5 
1 0.5 
2 1 
2 l 

0 0 
0.2 o.·as 
0.2 0.1 
0.5 0.2 
l 0.5 
2 0.5 
2 1 

0 0 
0 0 
0.05 0 
0.05 0.01 
0.2 0.05 
0.5 0.2 
1 0.5 
l 0.5 

0 0 
0 0 
0 0 
0 0 
0.2 0.1 
o.s 0.2 
1 0.5 
2 0.5 

0.2 0.05 
1.5 1.0 
2 1.0 

0.2 0.1 
l 0.5 
J l.O 
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accurately' (which anyone can do) \olhat is moMt pertinent is to •roreca.st" 

the !all-out properly. There is no reason to expect a detailed cloae

!it reconstruction based on past analysis Will fit the !all-out picture 

~ a future atomic explosion. It should ~ noted that in all cases, the 

radex plot based on the B-J honr winds delineate the general !all-out 

area accurately" outside o! the immediate ~ery range at NPG. Perhapa 

this !act may be useful in predicting gener!!Ll area fill-out in tuture 

tests. 

II. RECOMM!i1lDATICNS 

The following reco:mnendations are :narle based upon the analysis of 

the TUMBLER/SNAPPER (R) and UPSHaI'/K?!crI'SOU: ( R) tower shots: 

A. Radiological Operations during ruture atomic tests in the domes-

ti.: test sit• should utilize both aircrai't and ground monitoriDg to 

delineate the general fall-out area from contaminating tower shots. 

The air readings !!Llone or the ground readings alone do not indicate the 

!all-out area adequately. 

B. I! the tower heights at NPG are increased to 500 ft or higher, 

there will be significant reduction in contaminating fall-out. 

C. If the target area is well stabilized by cement or other 

permanent means the radioactive fall-out will be reduced ma.teris.117. 

H.owver, such permanently stabil!.zed arga r::iust be large iD size. A:J a 

minizum, a circular area of 1000 ft dis 11eter is required to cause an 

appreciable reduct!.on in fall-out. I~ is preferred that a circular area 

with a diameter of two miles be permanently stabil!.zed in order to make 

c 3-36~ 
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CJ PERCENTAGE RtDIOACTlVE FALL-OUT WITHIN 200 WILES OF GROllliD ZERO 
!"'...) 

PERCENTAGE fllJ. ... OUT 

TEST 
OPERA· SHOT 
TION NO. 

T/S 
T/S 
T/S 
T/S 
T/S 
T/S 
T/S 
T/S 

U/K 
U/K 
U/K 
U/K 
U/K 
ll/K 
U/K 
U/K 
U/K 

U/K 

1 
2 
J 
4 
5 
6 
7 
8 

1 
2 
J 
4 
5 
6 
7 
8 
9 

11 

SHOT 
lilUlE 

ABLB 
BAKER 

SHOT DATE 

l Apr 52 
15 Apr 52 

ClflftLIE 22 Apr 52 
DOO 1 Ma7 52 
EASY 7 May 52 
FOX 25 Ma7 52 
GEORGE 1 Jun 52 
HOW 5 Jun 52 

lNNIE 17 Mar 5J 
NANCI 24 Mar 5J 
RUTH Jl Mar 5J 
DIXIE 6 lpr 53 
RAY 11 Apr 5J 
BADGER 18 Apr 5J 
Slit.ON 25 Apr 53 
ENCORE 7 May 53 
HARHY 19 May 53 

CLIMAX 4 Jun 5J 

BUllST 
HEIGHT 
lBOVE 

YIELD TERRAIN 
IM lT (d) 

1.06 79J 
1.15 1109 

JO )447 
19.6 1040 
ll.8 JOO 
ll.4 JOO 
lJ.8 JOO 
14 JOO 

17 JOO 
26 JOO 
o.J 300 

11 6150 
o.J 100 

26 JOO 
50 JOO 
26 2420 
Jl JOO 

65 1334 

· * Estimated to be leee than 1$ (oot aeoeured data) 
•• High Neutron Flux from this DeYice 

CUCULAT ... 
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