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Tms report is published in rhe interest of provldirrg reformation which may ‘prove of
value m rhe reader m hu \nady of effects dal~ derived principally from nuclear weapons

te3ts.
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~a radioactive faU+ut from towr shots of TU!4B@=WP= (R)

UPSHUT/KNUTHOLE (R) Test Operations has been P1.ottd in detfi

utilizlng the rdiobgicd motitor~ logs of the ground and tir

wnlt ors. The report brings out the fo12atig points:

a. 12tereis no excessim radloactiva fall-out fkom an

atomic bomb if the fireball does not touch the ground. (This refers

“ to the mulmuzx f’~eball radius. )

b. It is possiblt to detonate the follox ~IS of ~ots

regardless of weather conditions (other tham rain) vlthout produci%

acessive radioactive contamination: 3 ?3baab ●xploded fioma

300 fttover, 8 KT.hQa@O ft, 18 STfrom 5CQ ft, 45 ~from~ fis

Ml Erfmsalcoo .ft, exd 200 ?Crfio=lm .fi. h t~~ ~g-s~~ 0-

the residual radioactive conttiatlon 1.sconsidered and no acoount is

taken of the blaat ad themal damge par=eters.

a. It 2s possfhls to delineate the general fall-out mea

adeqwatelyushg a slzple sokesl kw amlyois of the whds d ass-

*t the partAcle sizo varies from 150 aicrens to 75 aimns, and the
.

amnage dansity of the prcticlea la 2.S gram per cubic centl=eter.

do Ihe index based on the actual ti obsemtions A.

tbr.. hours prier to shot t- indicates the general fall-out area tie-

quately. It is auggeated that the deaisi.onto fire a contma$~ towr

abet (Le. uhere the ~ flrebaU redius is equal to or greatur than
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1. Gmmu

The fell-out .tromTU?4BLE2VSNAPP= (* Strict@d) and mHOTm~HO=

(Restricted)Test Operationsis exsmimd in some

7he radioactive contaminationresulting from the

above tm test operations Is plotted pictoriti~

9). Mth the O and ground radiological monitoringdata containd in

the HadlologicalSafety RePrts of the test operationshave been

detail in this

towr shots of

(see F!lgures1

report.

the

through

Utillmi (1,2).

rx. MDIOACTIVE FALLCiT7rDUE TO SAND M?12SOIL DIMIIS FROM TO~ SIUYI’S

OF TUMH@SM’PHl (R) MD UPSH~/KN~HOL2 (R) TEST OPERATIONS

A. Hadieacti- Fall-out as a Axncticlnof Yield and Height of

Intonation Above Ground

Iklng high air drops of nominal bmbs three is practically no

stemfomed to the atomic cloud. As the height of detonation is de-

creaeed, or the yield of the bomb is increased, a stem is fomed tich

may or may not reach the rapidly rising mushroom. As the height of a

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

tich is contimmus with the mushroom. Kswverp no extensi~ f~+ut

.OCCUSS uithh Immdiate area of the test site unlese the height of

detonation is se 10U that the fireball touches the ground. k ti9pec-

tien of Table I brings out the fact that ‘unlessthe maxhzm fmball
$?~DtU.$
~is greater than the height of burst therf) is practic~ no

radioactivefall.+ut ulthin 200 miles of ground zere (fall-out**

less than 1%). Duz-ingthe two test operations this factor uas md.fi.d

ti a sufficient number of cases so that it is possible to put considerable
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B: Ac.mwacy of Data Collected by Aircraft

In the past them has been considerablecriticism on the adtis-

abil.ltyof using extrapolateddrplsne da:~ for radiologicalmonitoring.

Eobwer, in this study, it is possible for the reader to judge for M

self the accuracy and the use~ness of the radiologicaldata collectd

by abcrd?t, since the air readings ancIthe ground readings are indivi-

dually plotted for easy comparison. A csreful study of the airplane

data shows that it is not possible to obtati accurate tidlcation of the

centednation on the ground if the cont~ ted area is 19s9 than five

qure miles. %wver, for large area contamination,the atsplsne data

In useful. - neans that there need no: be any extreme acaura~ ro-

quimd in the navigation of aircraft, sti:e errors of one or tw tiles

could be tolerated. In some Instances the dx=plane data is more useN

tham the ~md data h delineating the overall radioactive fal14ti

picture. TMa was demonstrated saeuhat dramaticallyduring the first

shot cf U/K Teat Opmation. Durlngthis p@lm21ar test, St. George,

Utah received an infinity maximum dose of 0.5 roentgens in the center

efthe aity (see W.gure 5). However, the airplane reading indicated

that the contaminationat St. George w 3.3 rombp=. ~$ ~s Wte

disconcertingat the time. It developed later that just at the northern

outaKrts of the city them uas a small. radioactive zone of 6 roentgens .

and further north there USISa five mile tide layer ulth an average infin-

ity dose of 3 roentgens. Mat the afrplane had done ma to average the

total and give a 3.3 reentgen reading beaauae It vas flylng at an alti-

tude of 500 ft, and therefore the instrument in the plane could ‘seen a
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monitors. If tw or three ai~-~a.~ and aaproxlmatelyone dozen

trati.adpersonnel are devoted solely to ~adiatlon monitortig duties

it would be possible to delineate the general fall-out area adequate-.

A complete fall-out map could be prepared from ths alr readings uiwre

the contaminationis given in relative units. Then an that iS r~~~i

is a few ground readings to change the relative readings of the fall-t

map to gamma roentgen dose values. If this s~gestion Ls accepted, it

should be kept in mind that alr read-s should not be utilized to deter-

mine the contruulnationof such small areas ag ground zero etc., since it

is futfle to attempt to pln point the contamination of a given small area

from m drplamee Experience also indicates that although the conductiv-

Ity meter used b an drplane is very sensitive to contamination In the

airs the normal radiological gamma idicating instmments (*W-5 and TH1)

- relatively fisensitive to such contamination. If conductivitymeters

are used, the aerial suney must be tie u hours after shot time to be

cure that the air is cleared of all radioactive fall-out (within200

miles of ground zero). If MX-5 or TII!instruments are u9ed the aerial

survey could start tvo or three hcurs after shot time. The flight

pattern MIX be governed by the radex plot to keep the airplane out of

the path of the fall+ut. Historically‘here is only one incident in

uhich the !4X-5 or TIB instruments carried in the aircraft became contam-

inated during TIISor U/K Teat Operations. This occwred during T/S,

RIX S@ (see Reference #l) and is indicated b Figure 2 of this report.

the first shot of

w~ of ml-uut,

(d:HJ[;,

U/K (Annie)the radex plot shok a very

and it w Indi:ated that the aircraft could

UNUASWIED
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Of SUCh lugf3 particles (70 to 150 microns)j it is posgib~e to Prewe

s simple ulnd vector plot indicatinguhere the fall-out W2 touch the

ground fmm a given petit in the atomic clod. These wind plots have

been used preciouslyunder verious names and ha~e been described in

great detail (3, 4, 5, 6, 7), therefo= nO att=wt -l ~ -e to

describe the method h this report. How3ver, such vector wind plots

have been used extensivelyby this writer to obtain a lot of indirect

Infematioa. There itvsae bdication that soil particle stze decreases

uith altitude in the cloud. It should be clearly uderstood that the

partiole sizes IzxMcated above refer to the median soil particle diam-

eter, and that the soil particle size spectrum is die. The fdl~

at a given spot may have come from different levels of the cloud, thus

further increasing the sprdad of the size spectrum. me density Of

particles at NPG average around 2.5 gw’~d, but ce~~~ not ~ the

prtlcles would have the same density nor are they all spherical in

shape and this also ticreases the pmttc*Je size distribution. Strmgeb

enough, during the domestic test operations it was observed that q

particles in the size range of only several ml.cronsIn diameter fell out

ulthin a fev hours after bomb burst. Accofiing to Stokes! Law (even

uhem uorrected for the Cunningh- slip ?actor and for the vuiatien of

U tiscoslty ulth temperature) it wouli take a

mon:hs to reach the ground Nom 40,00C f%. The

found in the fact that a large”quantity of soil

5 micron paz%icle several

explanationis to be

Is sucked up into the

cloud and as this soil subsequentlyfails back to the ground, it en-

trains and traps a lot of air and a lot of small sized primary fission

UNCLASSIFIED~g~
● -



static Precipitators,etc.p yields p~ticle size distri~tions ‘&t ‘y

have no relstion to reality, being artifacts introducedby the sampliti

rate, the sampl~ methcd, the counting technique

mechanical soil analysis of the NPC area produces

The median soil particle diameter appaara to be a

of the method employed to measure pmticle sizes.

~plmt etc. 3ren
,;

conflictingreaultsm

ve~ strong ~ctioll

The reader should ‘be

cautionedthat in this section only the particle size of the soil debris

la discussed and ne statementsare made concerning the particle size

distributionof the cloud aerosol itse:f exclusive of the soil that is ‘

sucked up MO the clad during near surface explosions.

D. Identu Ml-out from the Stem and %JsL-oom of the Atomic

cloud

A study Of ~.~S 6 through ‘?

there is a mizhmm radioactive fall-out

of thle report indicates that

area ‘=hichis presumed to have

come from the area betueen the base of the mushroom and the top of t~le

stem of the atomic cloud. The minimal radioactive zcme between the stem

and the mushroom has some reality in >oservation. DL-L%- the tower

shots of T/S and U/K Test Operations ;?e cleeu-s= showd th~ough in

this portion of the atomic cloud after 10 to 15 minutes from time of

detonation. For some unexplained reason the fomerly continuous stem

and mushroom appem to separate tier 10 to 15 minutes. he reader may

have seen movies of air drops uhere the stem is seen to be discontimlous

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

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

howver, because during 10V towr shots the stem and mushroom are contin-

uiiluAss/FIEDHHm?ob
3
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of the fall-nzt comes fro; the st~ The informationa-ahl.e - tho

fall-aut of T/S tower shots is not sufficientlydet~ed for this -

of analysis,but it appears that for lesser IT touJr shots (10 lU) tho

soil in the stem remd.m relatively inactivl~,ad most of the fdl-eut

ooaw from the sand mixed h with the muskroom of the oloud. Thwafom

for T/S Teat Operationthe P~P8 rat?.a may be 2 or 3. If the rat~e of

P~Pa contfmzee to d~rease uith decreasing sealed height then for a

surface shot a 144rgepercentage of the aotlvity uiU. be in the soil

uithin the stem rather than the sell in the muahroo8. Attention is

invited to the relative constancy of the PJPa ratio for U/K towr

ahota. ~a type Of constancy tends to inc~ase one’s co~id=ce ~

the fall+mt picture indicated h this report and in the air readings

ut~zed to delimeate the contaminated=*. During ?/S touer #hot@

●pproximately15% of the total residual actlwlty of the beab fe~ out

vI* slx houm over an area ●f XXX to M,m swuo ~@SS ~% c-

fro’rathe ste= and 10% from the nuahroom. During the t-r *ots of U/x

the average percentage faU4dt appears to be 20$, Z5% codng from the

stem, 5$ from the xushrcom. Aocerdlng b Referenoe #9, 50% of tie

total aotitity of TrlmL& was depmitd immediately domvlnd (23 X7,

shot from a 2tX) ft tewer). Houewr, it ie not clear how complete the

SMY ef fti-out was dur~ the Trinity explosion. There is sne

-dance that although an attempt mm made to debeate the fsU-eut

quite accurately some y3axs after the Trinity explosion, the fal14ut

pattern uas not studied

or soon thereafter.

in toogreata detail on the day of the shot

UNCLASSIFIED
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-tear shots. Accotiing to .Reference #lC)there La a deftite secondw

madmum fall-out area 50 ties WE of the J-S crater, and the mdmm

fall-uut IYoiaJ-U la 1(1miles HHE of the grad zero. A Stokes 1 TAV

analysis of the J-S :wcondary marimnm indicatesthat acconiing to the

VWtiCd Vbd diStZdbUti~ pIlttSZYl,thh 61SCOId=7 f~4ti am -

tho upper portion of the cloud. Since the fall-out &oa J-S and JX

shots covered one to two t.houauxisquare dies, and becauso only eight

to 10 quare miles ware axamined d- fsll+xat stmiies, it is the eon- “

tedion of this uriter that such sampling uaa not representative. There

Is a -at likelihod that most of the fall-out dovnvixriwas not iaea-

sured. The & Force special Weapens Center also -eyed the J-S and “

AU fall-out area on

tho readings (except

from aircraft, It is

must be cheekwl d th

D d Ml days usinu aircr~. Homer, s~ce ~

ground aero M -e ties dounvind) are made

not considered reliable & itseM. Air readingn

several ground readinge before they could be con-

sidered reliable. Also, it appears that as the yield of the baib

decreases,the apparent percentage faU-wt increases. As a matter of

fact for U/~ shot Ray (XXI ft tower, 0.3 KT lxmb) the percentage fall-

out appe- to be in excess of 40%. ?231svalue vaa not entered in the

tables since it is not considered reliable. However,it dees indicate

that vhen the actual fall-out is small (becausethe bemb yield iB mall)

there is a tendency to overeetlnatethe percentage fall-out. If the

bomb meld is large, ● large area is contaminatedd the intenslt~ is

high ad read* measurable. Undar suoh ciroumstsnaea

adequato ad the averaging preceas used in determining

UNOASSIFIED
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coated ulth fission products. M it is presumed that the mtio of

inactive soil debris to acti70 sand in the fall-out area is lCKlto 1?

then 100,OOO to SoO,ooo tons of Sand Sad soil
.

each U/X tower shot. If this dew is correct

senco of 10 to 50 tons of tover matefial will

on fall+ut from tover ahota. The surprising

debris were sucked up by

then certalo.lythe pre-

not have a profound effect

thhg is that even uhea

such large quantities of soil 1s sucked Up tito the cloud h BMW

imstancosno crater is formed at ground zero. This mesas that only a

few inches of soil is

one inch of’soil fmm

account for the total

It may be possible to

13ftd up from the area of ground zero. Actually

an area of appradnatel.ytuo square ties uould

mass of soil debris sucked up in the atomlo cloud.

reduce the fall-out from low scaled height detona-

tions ty etabilizl.ngthe soil Ln the target ma. Eawver, it =Y ~

necessary to stabi3ize permanently one t~ five uquare ties of the target

area h order to prevent a si~eicant amount of soil ft=ombeing tied

up uith the stem d mushroom of the atomic cloud. It is recomwnded

thd tithin a cticular area of app~tely one mile radims the target

area be firmly stab~zed by oement or other means of pemanent atabUl-

zatiea. It is believed that if a 10 ET bomb is detonated fmm a 300ft
.

to-r orer uuch a large stab~zed area, the amount of soil sucked up

into the cloud would be reduced materially, thus reducing subsequent

fau-out afgxMlcantly. & Wver, if it b b practical to permanently

stabfflze such a large area, then it in suggested that even if a circdL-

area with a radius of 500 ft is permanently stabilhxi @ cement or

other permsnent metlwda, there may stll.1 be considerablereduction in

(4WASSIFIED
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using the actual winds three hours before shot the, delineate the

general,fall.+ut area adequately. h ~gures I bugh 9 the rad=

plots based on the H-3 and H-L hour actual vials are superimposedon

the actual fal.l+ut area. A study of these figores show clearly that

radex plots based on the actual tids near shot time delineate the f~-

out area adequately. The area of maximum intensity of fall-out could

be located by this metbi uithln an average angular displacementof

plus or mlnua five degrees. The angular displacementof the center of

the maxknnnfall+ut area doe8 not shov E displacementgreater tb.n 15

degrees. Conside~m that tha vinds are four hours old In these radex

@ots, ft becomss at on:e etident that there is considerablepersitience

to the uinda. Certainly if the decision to fire a potentiallycontnmin-

atlng ahot

to aee how

it appeara

150 mioron

tamhation

is delayed until the last tun or three hours, it is difficult

I=~e e=org co~d be made In the radex plots. Fortmately

that the simple Stokesl LAW assumptionsare valid for 70 to

particles, uhich are the main cause of the radioactivecon-

ulthin 200 ties of the domestic test site at

R- Grounds.

B. Vexd.ficationof Radioactive Fall-out Forecasts

After the writer had analyzed the fall-out from

SNAPPEl (R) tower shots it uaa possible to forecast tha’,

bombs detonated from 300 ft towers would produce 5 to 20

time doses within ths populated areas

Test ~te. ThiB informationwas made

*-
,*

TTJM3L@

I.oto 1.5 ICr

roentgen life

in the periphery of the Nevada

a matter of record end cEillOdto

UNCIASSIFIED
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1 roentgen

Hemda Hfzhww 5~ - (betueen GLendale aad CaUente) -

1 to 5 roentgena

4kQ -0.5 roerrtgen

Qendale - QI edge of O.5 roentgen line

b. Forecastat H-3 huurs on D dav -

Same as in subparagrapha above.

0. ~catlog

%0 Figure 5 for actual fal14ut picture.

St-@ r-0 -0.5 roentgen in center of city. 3 ~ent~ns

in the northern otrtsMrts of the aity.
0

~ -3.5roentgama

u.$. HidwaY ~ -5 nentgena aa a madsum ona5 mile

tip, 1 -ntgen on 20 tie strip of the highway betuocen

Glendah and Alamo.

lkmda Whuay 5~ -3.5 roentgen maximum. 2. and 1 roent-

gen Mnes aroaa tMs Mghuay.

AQ!z!!2-HO contamination.

Q&wl&2- Eo contamination.

2. U.& Haney, 26 XT, from a 300ft

~ M!Lmh1953 ‘

tover at 0510 PST,

a. ~oreca.etat 2000h ours on D-1 dax.

GrQm mne -3 roentgens

Lincoln

Ahmo -

50012V

Mine -1.5 roe~tgena

8 roentgens

UNCIASSIFIEO
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Ihche - NC contamination

b springs -0.13 roentgen

Cuz%ant - Ro contamination

~ -0.1 roentgen

U.& Eighw93 - 1 to 1.5 r=ntgans

hvada Elghuay38 - 2 to 5 roentgena

3. ?/q CUMX, 65 =, .e@oded at 1334 ft above terrain at

0415 PDT, L June 1953

b.

a.

&zs!2sA

Sioot this bomb at a@ime tegadless of the Ulnds. The

contaminationon the ground would not exced 15 mr/hr

at any point. tie the ftielxillwill not touch the

ground, no contaminationis forecast

Smt dalayed because of poeslble rain on Salt Lake City,

Utah. It waa feared that :ze rain may bring dovn

measurable ssounts of radioactivity (severalzm/’hr)

mxl thue precipitatean sate public relations problem.

Verlflcation

Fkdmm dose rate uas U mrhr at X+6 hours. mere

was no derisive fsll+ut, as forecast.

IV. FOREZASI’SOF .RADIOACTIVEFALLOUT JXIk?$’flND E?(I?4WETON YI~ BOXES

L Pbrecastof ITT (R) .YIZ3MJ+ut

&actlcal.lyno informationedsts of the actual fall-out doun-
-..--

~ in the PacificT-t Site. since it is dlfficul.t ad very expensive

to determinethe fa.ll+ut pattern over a~~ -o&mter utilizing buoyst

27
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& this discussion,it has been assumed that 15$ of the

total residual activity of the IVY (R) .?UKZdetonation == 2eposited

dounuhd ulthin 30 to 50 miles of ground zero in a period of six hours.

It is also belleved that appro~tely 35X of 1V% (3) !-!IKfell out

uithin IZ hours, ad at the end of two days 50 to 75~ fall out. ~

thin analysis is correct then a large percentage or the residual activi-

W was deposited in the Pacific &em within 500 to 700 miles of ground

ze-. It should be noted that this analysis is primarily based upon

acalhg factors obtained tiom U/K tower shots. It may be that the

extreme heights reached ~ the IVY (R) ;~fi Cloud may reduce the dow-

Wui fall-out by as much as a factor of 10 over that Micated above.

B. ktrapment of Fission Roducts by soil Debris and ‘dater.-am

Megaton Bombs h the Pacffic

It is assumed that appro~tely 1,000,MO tons of soil were

coated vith fission products end sucked into the stem and mushroom of

the IVY (R) MIKX aloud. If the ratio of lnactlve soil to active soil

is 200 to 1 then approximatelyone hundred million tons of soil debris

axxiwater were thrown up during this shot. &ch a vast quantity of

matter upon falling back will entrain l~ge quntities of air, gaseous

products of the explosion and fission products. It should be noted that

~ statement is substantiatedby the fact that the cascade lspactors
.

izniicateda masa median diameter of 1 to 5 ticron sized particles when

the fall-out time indicated that particles of from 150 to 75 microns

were falling during TUMBLER/SNAPPSR (R) and UPSHOT/E?(XHOLE (R) tower

8hots. This means that even for the relat~vgly small tower shots

29
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V. WRLD ‘.JDEC3L~A.WINATION FROM ATO.XX 30.=S
-—.-.-

RaferencsIs mule to Fl~ue 10 uhich indisates the fell-out from the

four tousr shots of TWBL_~SNAP?ER {R) and five large tomr shots of

WSH~/WT30LE (R).

one roentgen infinity

some tieas feu 9hots

In this compositepl~t only the fall-out down to

dose line La Wlicated. There Is etience that in

tieresuperimposed-.7d other ~-9as only two or

three shots were 9uperLapo9ed. Uith the k“ornatlon avsllable in t~s

report it unuld be possible to dete~ne the amount of fissiOn products

that have fallen in a giv=n area of Nevada and Utah from the NPG Test

Operations uithin 2C0 nlleg of the Test Site. A close study of Figure 10

she= that la the ?lko-Al=o fertile valley (population1200) the follow-

ing thre9 shots uere supertiposed: u/K,~.aie, H=Y md ~o% Cer-

tainly the concsnt~stion of fission products in such areas is high

●rough to study the plant and animal uptake of radioisotopesin a

practicalbasis. The Figures in this report tndicate radioactive

out US* Isodose Mn99 In roentgens. The dosage indicated vould

receivedwhen exposwe time is considered infinite, The relation

n UNWKSIFIED -
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the fact that 5, 10, 15 ad 20 roentgen m“{dty dose f~+ut ~~~

are shoun in the Figures, it appears that in some faming areas the

StrontiumW concentrationmay be as high as 0.5 to 0.75 c’zies per

square mile from one shot. In areas tiere the fall-out from several

shots are superimposed,the concentration could be higher. F!we7er,

it Is more significantto note that the areas tiere there is appreciable

concentrationof StrontiumW are relatively large. These areas range

from 1000 to 5CO0 square miles fo; each shat. For greater details c~n-

sult the figures and the Lnfo=ation contained in Tsble I. It see=

apparent to the writer that the immediate area of the Test Site ad the

faming comunlties h the periphery of the test site (dthin 150 mi19s)

may be examined profitably to det9mine the uptake of fission products

bypl=ts and ~s, and for the effect of fission products on rela-

tively small vater supply sources. It is hoped that the radioactive

fall-t areas indicsted is t~s report would be usefhl along these lines

of endeaver. The experience gained in this study indicates that in or-

der to determine the world wide contamin.at:.onpattsrn or even the percen-

tage fall-out of residual activity h the ‘JnitedStates relatively large

number of sampling stations must be utilizsd. As indicated in Paragraph

IL Fabove, hen tha fall-out covers a ;a.Yg9~ea and lZ the intensity

of the readings are 10U, there is a tendency ta overestbte the picen-

tage fall-out. 319 is even xoze 90 In che sage aherf)rain brings d5Wl

activity. If such readings are averaged ~v3r large areas by the u3e of

planimeters, the percextsge fall-out msy’~s highly exagg=raied.

I
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bombs are used in a givenoampalgn for area bombadae nt, rain aoavenging

nust be taken Into oonsideratienfkom the military and aivilian defenao

point of dew uithln the general IMtle -a.

V~ . ACCURACY OF THB FAIL~ PMTS SHOW IX PIGUEES 1 ~~m 9

shots of

cate tho

F’@res 1 through 4 imdicat. the fall-out from the last four

~~=PP~ (R). It Is believed that ?t~a 1 and 3 iMU-

fall-eut quit. acmrately, but F@rea 2 and 4 am not as

acourato. Ei@ire 2 shows the fall+ut from %ot No. 6 of TuMBL@SHAYF=

(R). k- this ahot the aircraft became contaminated,hence most of

the air readings wre unusable. Piigtare 4 shows the fall-out tiom ~ot

M. 8 of TUM3LEI@AFP~ (R). Slnco the radioactivecontaminationfell

In areas uh~ there are no usable roads, there is practically no infor-

mation from the ground radiologicalmonitoring teams. This means that

the falkxzt plot is based

trapolated to the ground.

m% *rem this Shot is Wll

practically completely on ah xuadings eX-

It should be noted that the percentage faSl-

belov the average for this series Heating

that if only air readings are used the percentage fal.1-uutis underesti-

mated (see Table I for details). Ptgures 5 through 9 represent the

fall-out &oia the large tower shots of UPSH0T\KNC7TIiOLE(R). F’iguro5 ‘

representsths fall+ut from U/l!Annie Sot. It is believed that

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

la quite so-ate, the fall-out vithin the gunneay range Itself is open

to qwstion because it is dependent upon a.Srreadings only and no ground

checks have been made. It is presumd that the fall+ut isodose lines

UNCLASSIFIED
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to dosage outside has never been dete-~ accumt~y. nso ~ lea

w rain and ethsr weatheringeffeota ted to reduce the total do-

received & personnel. The isodose Idnea are kept M infinity doaos

as b petit of standmd reference. ?or example, if the iafinity dose IS

divided ~ fin the dose rate at HA1 hours is obtained. Also, the

fimlon product concentrationwlthln ● givan lsodose line am be detm-

mlned by a wmy shple relation u idicatd in I+mgra* V a~.

VIII. AR E!4PIRXCALHOD OF FO.RXASHNG ‘THEIRTEEXTT MD LOC.ATIOM

OF BUIOACTIVB FAILOUT ARMS.

A. TIM &neral 14sthodI!h@oyed

Intensityof radieactlT9 fall-at is a f?motlen of M @.ld,

fall-out area and the saotmt azxiefficiamy of the scavenglagagent

(a M Wil, =ter, snow, etc). Since the ~iole ah. distribution

of the soil vlthh th. oloud 18 aot knom aconrate- the ma c-S
.

~ the fell-out oennot be detemlned quantitatl~. Houmer, @xsr

Qzing the fallat fkem the TllHBLER/SNAFP=(R) and UPSHOT/~~H~

(R) TestOperations,it is pessiblo to prdiot just how far out the cca-

tamhatlng fd.1-out will extend frea a given shot. TMs gi-s the gex=rd

leagth of the aontadnatlng araa, but unless tho density aad ~icle

sisespectrxm wlthla mq layer of the cloud ia hewn accuratelythere

is - w of deterddng the uldth of the centaml.natingarea. Henae ~

=pIriad method mt be ezployed based an a stu& of the fall+t

plots shown in Figures 1 through 90 nm’e is s- i=dicati- -t tie

Uldth of the fall-out area from

dent of meteorology,however it

the louar sten ia mare or 1.8s lsdepen-

appears that the intensi~ of the fdl-mlt
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is reduc&l) the soil h the stem becomes more active, thus producm

heavy contamhation immediatelydomuind. The total percentw fm-

out increases with field (uhen height is constant)? but the percentage

faU-out from the mushroom decreases with increas~ field. To a per- i

son who has not analyzd the total fall-out picture and uho only chooses

to utilfzo ground readings, the fal14ut problem must appear even more

complex than It retiy la. & a matter of faat, recently a set of

empirical relationa has been developed on fall-out from tower shots

utll.izingonly the ground readings from ‘JI’KTest Operation. The -

readings uaro not utilized out of impatience or lack of knowledge on

how to use them. The T/S Test Operationdata were not used because

they wre more dtificult to reduce, since most of the fall-out during

l’/STest Operations fortunately occurred North and Northeast of the

Teat Site uhere there are very few good roads and very little popula-

tion. Sure enough a set of relations wre

Intensity of fall-out to be independentof

example of the need to evaluate all of the

davelopai uhlsh indicated

yield. Here is a good

data before empirical rela-

tions are developed.

B. Construction

1. Particle

of the Forecaat FaU-out

Size

Assume that the particle SIZB distributionwithin a nominal

bomb e~oded at 3CQ .R is 100 microns illthe maximum cloud height does

not reach beyoxxl35,CC0 ft msl. The madmumcloud height is a function

Of the yield,

phere and the

the hefght of the tropopause,the

sped of the horizontal uinds. A

lapse rate of the atmos-

nomfnal bomb cloud will
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b.

c.

dsj and M the vind sha is greater th= 120°then

tho fall+t area fromthe mushroom 1s circulu. Ms

.llipuo wdd be cantered at a point 75W ft below the

tepofthemmaheom, ad it will be referr~. to as

Kuipa* A. Wlthim KUipse A draw a secorxielliptic~

area and OSJ-3this XLMps* B. The major ads of Ellipse

B is ~2 tho aajor axis Of ~ipUO A, and the ratios Of

major to minor ds for the two elMpses are the same.

Fall-out * stem

Mu an elMptical area tim ground xero to a polxkt

representing25 ,OCXl f% mal level on the wind vector

plot. The minor axis Is 1/4 the aajor da. This rec-

_ar or elJiptlcal area is called SIMpse C. Mthin

Ellipse C draw EUipse D starting from ground zero to

● point representing the 20,000 ft msl level on the

whd vector plot tith minor =1s 1/’4~jor ~s.

warl.y <rsw EQli?se E from gTOd zero to 15,000

ft d level.

F’albout Con.necttigStem and Mdmom Areas.

The fa12-out outside of the stem and mushroom areas
#

csnnot be draun by eny s~cified methds. Eouever,the

general fall-out from grmmi zero mat to 150 miles

appars to cover a pie-shaped area tith an apex =gle

of

be

15 ta 30°. It is recommended that this procedure

follo~ in the construction of the fcrecast fa.ll+ut

$9 a UNCLASSIFIED. B’ **- .
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A

0.1
0.5
2
3
4
5
5

0.05
0.1
0.5
2
3
5
5

0
0
0.1
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0.5
2
5
5

0
0
0
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0.5
2
5
5

0.35
0.5
3
5

0.5
5
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10
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0.1
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5
5
10
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5
10
15

0
0
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accurately (unicnanyone can do) uhat is more p~inent is to ‘forec8StR

tie fall-out properly. There is no reason to expect a detailed close-

fit reconstmction based on past analysis U fit the fall-out picture

of a future atomic explosion. It shonld be noted that in all cases, tie

radex plot based on the E-3 hour winds datieate the general fall-o~

area accuratelyoutside of the immediato gunnery range at NPC. Perhaps

this faot may be useful.in predictinggeneral area fall-out in futuro

tests.

E. RECOMMENDATIONS

The fol.lovhg recommendationsare made based upon the analysis of

the TUMB@SNJWPER (R) md U?SHOT/KN0T501G(R) to-r shots:

A. RadiologicalOperationsduring future atomic tests in the domes-

tic test site should utilize both aircraft and ground monitoring to

delineate the general fall-out ar= from contaminatingtower shots.

The air readings alone or the ground readings alone do not Indicate the

fall-ret area adequately.

B. If the tower heights at NPC are increasedto 500 ft or higher,

there ulll be significantreduction in contaminatingfall-out.

c. If the target area is uel.1stabilizedby cement or other

permment means the radioactivefall-out @ be reduced materially.

Howwer, such permanentlystabilizedar= aust be lerge in size. As a

minhum, a circular area of 1000 ft dismeter is r~ulred to cause an

appreciablereduction in fall-out. It is preferred that a circular area

tith a diameter of two ties be permanently stabilizedin order to make
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