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mdoar wcpblan, 16 July

daoay of fiadoa preduota

olml parthha wam Zau ●nd b) dougo

had Sotthd to $he ground. ‘rho a@hhml for

doaag,la @l$aad .

ddhsred aftar tb ~iolu

Oa-hg ths tatal ga-

3. Bxuplaa at *- mdtoad~ for pm ?aiuatiollaro

Bl@mm ●d hot oa~ south at tha f%qad- MM,

donoofor $Oum t&o@Baut bu Bazko ls wl=pilad.

glvan for Whtto,

ATabloaf~

B8MBataa Gf

donaity et gana ●8tlvo &tdal oa tb - am mmputd fr=

gama-ro9n’tgon Mamstiw ad tamatd ●

4* Tbo mgloa of

ha8uath32

(onroad *)

.“ .,,

---i-, ..,.

&
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I.

●) Frqmrat Ions for the Shot:

Aa a result of dkmagtoas 8X ●ll aonoernul,It was dedded

that thera were two min Poes:bllltios ●s to where tb claulaouldSO

aftw theshot. Thq wera: ia tha nortkast or in tb ●outbast direotion,

It was d- n~gsaa~ tO doom ● mtbr edition whioh wodd not bkm

ths Old over tb t mm of Cam4B080, *oh Ms, slSght3y mh of dm

U8t of ●ro. Aoeordin@y, tho town Qo’nttmring pl.aB8Oomlatd of three

Xta$nOasost

(=) Th* M?E!&kW in whleh the eloul Bww h the north-

oast dfr~tion insfda a 20° oeotor WhO- sottthoMe la than 6°

north of Carrisoso.

(b) ?~ ~ b Which #* Om -0s in the ●oUth-

oast direetlon i.neidoa 20° -= diOH north

south of Carr180aOe

(o) Tho

•~ dirmtioa Outauo d

of Carrlsoso.

of tbao three

amur on M July,

on tha 15$hof

sideisnotleasthan6°

Whiolltb dad -0s In

the ●wtar whooo sidoa ara 26°

08sea tia X’aa’tllblow ●- to

north ●nd south

be 809t Mkely te

held d SantaF. for fiml lnstrwtloms, fm aoalgnuti wfth Lt. D. Dday la

G-2 mm, ●nd for a@dgmm*d d ZWdlatim dcteOt40n MtmS. Th f=l

lnatruetions ~erned ehlcfly tb uttara af roaording obsormthna ●d

getting ocmmnloatbnn with badquartem in Altmrpmp whwro W Col.

FrladoU waa atat~ti or with the baae amp ●t Trinity wham Col. Stafford

Wmmm was atatiomd. 81M90 *M -* wore sped Weir ● large ●rea

It uas aeaonthl for th- to ml

b

in u9Uat&r* ●entral Oommunloation in
\
Y% ‘

. ..... . ., uttcw%\f\LB 6.,.,
-.* .:-
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1. b)

Wp$othm tsmoemhotiumu-rnw bmmafwfr, tho

a.
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Eventshmodi.atdyAfter the Shot, ]6

Radio commnioatlon with Base

J“lly(Ccnthitd )

Camp was Unauooomful, so Eoffman sent ●

ntesaageby Courler to Warren stating that the gamma intensltiea were about

9L% of allowable Value. {Referenoe: See Seotlon W1. Examples of Town

Monitoring, 1. T-n of White.

EIoffnantajmrty ms JOI- by -88 at this tko ●d the aoqmry

went east along 161 from$tatkn M! to inveetigati furtherthe high

inten8itia8 rqmrtd by Magee. At the fimt plaue at whleh measurements

were atteqtd, it was foumt that Magoet● oar was Imavily eontarnlmtad

under the fmdors ●l the oha6sis wham road dust uou~ dhg. Tb mtera

reaorded4 gamm R/hr abowetlu generalkkgroumi when held near the fexbrrn.

Moreover, tnetio tb am the intmefty W- higher tti o-zM.. TMs

east come doubton the ~alldltyd -88$ ● readlqp. Etifmn lmd earner

canpared tha readirqgtnelde ad outdda the oar neer Mobe ●t 10 U ad

f- ● fa~- of 2 reduotlon tisfio the ear. It =@ dw~~ tO ret-

to Binghm ●d -t einoo It was mocm.

At Bingham,the entlro monitoring group ●xwept Leomrd war.

present. H=pelmana arrival f mm Beee Oampati plamw were xmde f cm

aon~id monitoring of the region. Briefly, these were as followa:

1. Gapt. H. Bermtt to go along 361 tcmard Clmmoh and

Corona.

2. J. G. liofhn to tnvetiigeta the ranabs ●nd kt regimm

reported by &gee eaet ad no~h 4 Bingbaa.

3. tiine ●nd Lm@m to go along 161 and fiti smy -8

leading off to tlm ●ide fr- it, In the firat 15 adlee

& Amiersom to maeure aarefull-yabng

to the south of 380.

At thin oonferenoe it waa deoided

froa B4nghan.

XO ●rd ●ny roada

that ●lpha partiole radlatlon was
.. -.,. ,, 10.
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Lp:v[;,:;i’:,~Events ImmadlatelyAfter the Shot, i6 July (Con;lnue.1)

negl~gible as far as znsauurementsup until noon ixxilaated. The major

hasard ●ppeared to be gamma and lte ●euonl~nying beta radiation.

In the afternoon, Hof’fmanwemt east from Bingham ●long 161 ad

north along u6 using Palmar1s map of inhabited looalitles as a @de.

The ranahes wcat of Road U6 were in the midst of a region of lntensfty

of about 0.25 R/hr ●t 2-3 PM. This was considered to be safe. The ranohes

namedon the map were T, R. (Mors W. Lucero8 axxl%illlo. In anothar

dlreotion, nemdy due ●ast from tho jwtion ~ r+- W ad 163S alOW

14i6the highest intonsitiea were recordal, namely 6.0 R/hr at 2 PM. This

high intensity uaa aalled to the ●ttention of the military guard acecapany-

ing Hoffman. The remdhgs were taken up to a point 3/4 miles fron the

Raltliff housa, whose precenoe

not marked on the G-2 map. At

tion, I@ runs through ● at-up

was u.nhcmn to the monitors slnoe it was

about 2 miles from the 146 - 161 road junc-

gorge. In thim gorgo the high gamma Intensities

war. fourd whiah caused the gorgo to acquire the name WHot CanyOn”.

The swath of high intensity which begsn E* the hot camyori,●bout

30 miles from serop is known to have ex’tetiednorth slightly east for about

U milem. Levine and Lengham found where it crossedHighmy 161 am! took

soil samples ●t a point where ● gmma intensity of ‘7R/hr was foti ●t

3 W, 16 July, on the south side of Road 161.

For detaflad inf~tion en field monitoring In the five momtha

BUb-9C!Uentto the shot we refer the reader to the tranaoript of field notes

of all monitors.
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II

The physical picture ~“ ~ enie leaiing lx.~pread of radioactivity ovw

terrain far removed froa soro point WOE ss follows~

1. Fine part.iclos of sazxlwould fall from the almxl oarrying radio-

aotive materials on thee. These part~eles wll.1be earrki in Mny clifferent

diraotlona aftar laming the old on ●uaount of d~fferi~ mid directions at

different ●ltitudem.

2. At a glvon plauo on the ground ● mln.imw tla. must ●lapae aftor the

shot before radioactivlty appear- in usurable anounta. Tkts time depends on the

cloud velooity and Ita extonaion. It ●bo depomis on the the it takes for partiales

to fall from the ulold,

3. After the almal has pamsed ad the radioaetlvlty has ~rison to its

maximm intonaity there will ooour ● deeay of lntonai%y with time. This decay will

be duo to two -In oauaaa; the okngo in the gacmetrieal distribution cxfaetlvo

material ati the natural radloaotivo daoa,yof the el-nts uoaocrnad.

a). ~1

The apparent deoay of tb ●et$vity ●m D8asured on the grouxi will be

influenced by tho rate ●t whleh the partlobs settb. Thmo ui~ h m tim ●t U~Oh

e fw of Tmticles ia hanging in tho ●h jtwt ●bovo the growi. At ● eart*in time

later these particles will kvo settled to the -. ● Wi~S these

prtiules will move into tk interstices of the grotuxlsurfaae. Furthaxmore, rain

will wash them furthar into the grourxi. At eaah of thaee stages tlm goometriuel

djstribution of the aetivo amterial Is differoxt frem tha preoeding ●tige. There

will result ●n ●pparent dooay of ●otiw~ty beoauao tho progressive ohangem aro

toward obscuring the motive p=tialea. This kiti ~ d~ay was WO1l doxmatratad

by the ❑easurements of the ●arohlight craw ●h L-t!whoaa data ●re shown in Figure 3.

In about ten minutes the ~sured ●otivity droppd ~ ● factor of two, from ●

150Xi.&lUBof two down to OM R par ho=.

=mE@iw’“’
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by ;Mherine Wa~, CK-27fl. Tb~ g~,a~ dee~y in %v/aee/f3salon Is ●n t . see

also V. Weisakopf: “!hutron and CAX,.AL-feu;a Mte.r the Nuolear Explosion”-II,

Mm - 250, Figure 5 a~: Lou Alamoe Rib. Supplement, LA-140 A, p. 10, ●d ~

E. P. Wi~ner ad K. Way ‘Summary ati Correlation of Data on the Rate of Decay of

Fission FmxiuctB,tiCC-3032,June 1.3,1945.

For purposes of health monitoring the l/t deeay ia moat ocmvenioti for

eatinuting intensities ad Is aomsorwatlve in est.lmatfng Integrated doses from

measurement made in the first 24 hours after the shot. Homevar, St lower times,

for conaenative monitoring, It 10 neeeeaary to ●s8ume an Inveree power of t larger

than unity.

e). ~

The decay of rodloaativit~ m meaeurod by

comicerably as aan be oeen by referenee tc the deoay

gamma roentgonomtsrs varied

aurves in Appaxlix I compiled

by Rlehard Watts. Fragments from tlM crater ●t zero deeayed with the varying froa

-1 -1.5
At f~xed poimts arowxl the crater the ●pparent deoay was as t

-1.$
t tot ●

to t-2. Th~s was •ss~~~ to ba due to obscuration by dust. In one Ilace tha

activity actually Inoreaaed with tk. This was interpreted as bdng due to wini

blowing aetlve rimterfaltoward %hia P&a..

At great dfstaneeo (gr@ater than 12 miles) the activity seemed to folku

the law t-1’3 aa shown in Figs. 1 ad 4.
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I~IS ~JiMM?wLaulM~Q

(’) s~
In 11 (a)●bcmo, tha ebengea In dose rmte due to tinges in

geoaetriaaldisposition of the radfaaotivo material were deaaribed In ● general

way. Following is ● detailed disuuaalon of the

an observer as a clod of radioactive partleloa

bt tha ga-8 Aer aonald8ratlon

gaxaa ray IntcmaIty meaaured by

falls to the grould.

kvs ●n avarage ●nergy 1 Mev

with an averago mean-free-~th, ~ , An alr of 220 ~ter~. Thwe will be

measurable intensities on the ground befor. tho layers of air lmediately ●bove

tka ground are filled with ●etivo pertielcc. Whan tho pgrt~algs gt~rt to r~~h

the groud the intenalty of ga-s la most easily considered as beimg due to a

cylimirlaal distribution ●rrouxd i4 the okrvw. The obocrver is on the ●xis

of a aylixior of radiua > ●ml hdght h. If the matorlal g3ves A roentgms

/hr/lDo/udt Octlid

and if we negleot

●ngle, ad If the density & tb matefil Se M mo/ao of air,

absorption in the air, the intensity of gammaa will be:

)1)

I z roentgexu/hour

For a disoueslon

Absorption IVt Math. Theory of

of fmmala soe W. W. Idayneomit ‘Energy

I!xtegml Doao la Radium Therapy,W Brlt, Journ.

Radiology, January 1945, vol. 18. For a more aoaurate aaloulatIon t+aklnginto

aaocunt the abmrption in the ●ir, eee UMeago Projeot Hamhook, Chapt. V,

seotion F. Shoe we lwve megleotd ●bmrptkm in air we take the bight of the

cylitier to be ~ ad the radius also ●s a. For an average g- energy of

lWv, A: 4.7 R/hr/mo/unit aolld a410. Subatitutlng in (1) one gets:

I((A) = 7,35 x10S M R/&

When the material In tha eyllmd~i~l vdu8.

groud, the olmrvar 1s statiiag ~t the eo.nt>r of a disa

F
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u f.~rjv’~;,
rtttilus~ . Tho inteneity thiwn,1 (~id) t is gt.veL Ityf 9i\bLtiiJ.:!iiiL’

r(~d) =
(3)W-+@q Klk

wlmro @ : donslty of active material In m pr ●R12,ad d is the height of the

recorder above the mu=faee of the dlso.

40m~=wvl, qdp ,.+ q~ (4)

J50tethat if ●n intensity of one R/br ia reeordedwhilothe ~tsrtil Is In tha

‘6 mo/ae.●tr then M : 1.36 x 10 Wbn thfs is .~elpitntad ~ : 2.2 X d X 1.36 X

10-6 :3.0 x 10-2w/m2 m the growd. kd I (IV@): 3.15 R/hr, If OM neglects

groumi obaouratIom Thus the ratio~l (gti)I I (air) : 3.2, w. shall ●asu

however, that the oylixter helgirtwaa of thi order of 2.5 to 3 ~ azd that $ ia

inoreaeul acuordlngly. The ntld I (grid)t I (ati) beooaes 10;1. Hote that

aaeordlng to (4) thero are 9.5 #em2 of g- aativity for 1 r~. Taking

into aceouzrtthm 50$ ground obaaqratlon of aotive material there an 19#o/am2

gama autivity per 1 R/hr. This fv an average gamma ●nergy 1 Ma? awl amsuma!

average mean-frae-~th in air & 220 tiers. The ground to ●ir ratio 1s u8eful

for ●atlmat$ng conosntratiens of activity in the ●ir frcm

trations on the grouzxi.

(b)

rise to the level deterwtinad

on the grourd. Meaeurement8

XA (see Fig. 3) showai that

determined by the partlaular

to the ●-e dlaoumlon, the

meaaured conuon-

garwneintensity should

by tb density af aetlvm -tarial when it 1s finally

at Bingham, Mobe, White, aui ●t Searchlight Statloa

tho intsnsity d~opa ●bruptly from a peak talus

temaln. This abrupt drop is attributed to

aottldng of the active material among the weeks Qf the grourrl●rfaae. ?b

density of air is 0.00129 WM1O that of

b grcnuxlpartlclas ia affeotivo. Fr~

we esthato that tho groti obscuration

.— A,.

m $8 Q-t that Obaeurat$on

the data taken ●t the abwe named plmem

is ●bout 5*.

15●

—
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(c) “Geamtirical Pose.W DG

The intagrcted dose uuier tho maximum (Sti Fig. 3) whioh

precedes the steady deoay ia oalled the ‘igeoaietrbaldoa@.M In Fig. 3 it

i9 the aras tuxhr the flat-top maxkua ** awunts to 2.5 R total. Attention

is celled to thititype of doso (as diatinguiahed from the Integrated dose

utier the long, 10U intmnoity decay that follows It) beoauao It la ● high

intensity, ghort duration doe.. exaaplo, the intensity

at tho maxlraumwas around 15 R/hr givi~ a value of Dg = 18 R In llttlo

over one hour. go~triaal dose oan be ● eevere health Maafi beoause

it is dellver#l in a short tlmo interva~ Its maximum tolerablo value is

sot at 50R.

(d) Praotioal 3az)o~@ of tk L-3 -Me &

For th purposes of the 16 July shot

as a guide beoauae there the geoxmtrical dose rate

clod Settled (Fig. 3)● This supplfmd the wurklng

the data at L8 send

droppd to 5@ when the

rule that if the

of 10 et to could be ecqQtod values II arxltl tho

geometrical dcm m~to would hmve been at least 2 l.. Tho time over uhiah

this dos~ is doliver6d in on. hour for pdnta that were about 20 miles

from sero Polnt (1-3 is 19.5 miles distant).

This worki~ rule uas verlfied, within the aeouraoy of tho measurem-

ents, et two other @e. baaide ~8. At Mobe, Leonard olm’erved6.5 R/hr

at 3.3 hre. Cheoking this et 4.8 hrs Ihffman found 1.6 R/hr. Tho itiicsm-

tions were that ?r- 3.3 to &.8 hrs the intenait~ l-adfallen off rapidly ●s

it hd at L8. Here, however, the drop was nearly 7@ instead of 5@.

The other cimok for tha rule fouxxlin the Whot” caqon 7 tiles due East

of bingham. Here the L-8 crew verified the reading of 15 R/hr at 3.3 ms.

At 8.A hra Hoffman fouxri3.8 R/hr. ~ t;~e15 ti,fh- MU d~o~~ ;,?O.;,?+%~t
,7.:., ,..

about 4 hra ati deo&yed au l/t, HofSmn”s reading Jhmld hevw’bWri ‘3.7,
.,-

.
16.
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1945 there

would be.

should be noted hare that beforo tho Trinity akt of 16 3uly

was no field data as to how pronounced the geometr~oa1 effeot

The pioture up until aftu the shot wae that the aotivity at

a givm plaoe would build up ad deeay giving a -e like a Oausslan

curvo skewed towrml the left, or a oume roambling that cd y ~ X.-x with

amll valws ofs. Before tho L-8 data

●maume that the Intoaaity rose liwa?ly

giving an !nt~atcxi doao Iot/2.

W9ZW taken it warnpbMd to

to the val~ 10 cwer a time to

,,-.’ .“’,%
:’ ,.

~.. ,’ :.J,:. ..,...,
.,..-

17.
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Iv. hat Q&@ad 2 ato

(n}Ccmfermcm held at Baae CaNp

Lt. Col. Friedell, ad Dr. liem~,alxannset

gamma ray dose for the ent.iro body aver a

as 75 roentgens.

on 14 July with Col. ?iarren,

the Upkperllm.itof integrated

perhd of two weeks (336 hours)

(b) Calctition of integratd dose with l/t deoay.

A ~enerd formula cisnbe darlved relating tha IfltenaityX,

uteawmed at time t, (after deeay has atartad) with the total integrated

dose D over a Fried b. Tha I/t deoay law l-ds to the relation Iltl :

10 to whore 10 is the Initial intensity at time to. The time, to, ia the

ticm at whiah the l/t deoay starta after the clod hEs pnssad. Soe Sedion

VII (a) and (b) for detailed aimouaaion of to. It follows that tha

inten8ity I at any t- is:

s= m, /t (5)

(6)

Let tho period P : w-ks, or 336 hmmas to is the tima it takea for iho

cloud to mwc f r= sero ~paintto the plaoe @ whioh mortltorlng meaaure~nts

are ado. Let thi~ rlistame be d miles and the clod velooity b. v miles

Par hours. Dl io 73 roeUtg0n15. ~uation (6)IS rcwritton then asx

-mmr
(7)

. ...,
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miles from zero pofnt. See ‘fableI for use of this fcmmla.

main Features$ it is relatively insensitive to ~gitlon, d,

velcwity, v; wxi the ~nte~ated dose, D, at a given position

proportional to the measured intensity, ll.

(7) ham two

or the oloud

16 directly

Those features facilitate ● monitor$s deoislma in the field. It

ahodd be noted, however, that d/v

e;<altieathe Lime it takes for the

the radioaotfvo partiolem tc fall.

the tjme it takea the entire alowi

aacount for ● OH whiah does not

is an approfiamtian to to beoauee to

eloti to riso and tio time it takes for

Also it does nut ●mount ezaotly for

to pae6 a given point, nor does it

●ovo in ● straight Mne from sero point.

The use of d/v direatly for to gives one a kind of eafety nnrgln for ll;

it ie on the ‘sef# aide for

(0). CahMaticm of

The disouaslon

detormlning whether w not 11 ~s high.

integrated dose with l/tn deaay.

d thehtegrated deme over tin for tho

l/t deony law haaIWn psemted In srn detail beeauae $t ean be used as

a basis of oompar~son with the oaso in whioh the deoay goem as l/tn where

\m\>\ ●
In th latter eass the expreadon for the Integrated dose

beoomest

(g)

where 10 is tha “initial lntenaity~” that 18,

to, when the [~ctivlty commaced stedy deoay,

which the dose is integrated (2 woeks~ or 336

the intensity at the tha,

and P la the period over

hours). Sinoe P 1s 396 hours

equation (S) can be reduoed to a god ●pproximtlon~
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(lo)

where C ~ 2.30 + @/b,+) (See TabJ.eI or Fig. 6)

greater thsn unity the doaa n:poechea some saycrptomatic valW. ?!he value

of to s 4 hr~ was nscd beoaum the field measurernentg!-~flargest intensities

were fcund in the re~jon in wh~oh tc WQ8 known to be 4 hrs.

2 weeks titer the shot. The curves give tha dosago increment cwor q two

week Interval et hcreas ing numbers of wewks ●fter thc shot. The ~urpose

of thfs curve 16 to seine as a mam# for eatlmtlng doaago rites at long

tines after the shot.

(d) DetemiMtion of ex~ment n in the decay law.

Of greater use to the monitor is B @ok means for judging

the value of n in I/Ln. The first ad obvtows method is to plot intenalty

v9 time on a log - log graph and estimate the slope which gives dirgetly.

‘lhe secornimethod is to

ard tl am the ti~es et

use the relation 12t? x

prepmre a graph beforehand of (t2/tl)k2 where t2

wh~oh Intenaitlus at a given spot are measured au!

Ilt~ which uon be written as:
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IJNC!.MHHI

(ii)

The two oeta of measurements and the known ratio of t2 to tl gjve n from

the ycpared graph of (t2/tl)*l. This method Is quicker and easier for

uso in the field.then the first

evcl”,~lie log - lofi plOt allows

backw~rd tc to.

mothcd of plotting log - log flraph. Eow.

ona tc]eat,hate 10 by ●n extm.polat~on.

,.
. . 1
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u ,4

Teble for deternlni.ngintegrated dose, 01 where Dl ~ C 11 tl a~sumi~

l/t dae&y law. Taking D = 75 Roentgens the tolerable values of initial

intensity 11 at time tl are cmjuted from 11 tl w 75/o

d = i18tance from Eero point max. tolerable value cf 11 tl

to C* v*7ti/hr v * u m3/br D/c g 75@ r Iltl

1 hrs 5.$2

2

3

4

5

6

7

3

9

10

u

1.2

u

u

15

20

24

36

U

5.13

4.73

4.4’4

4.22

4.04

3.89

3.?6

3.65

3.54

3.45

3.36

3.29

3.22

3.15

2.S8

2.71

2.34

2*W!

70 180

7 miles M miles 12,9

u lL.6

21 54 15.8

28 16.9

35 90 l?,a

u 18.6

49 126 19.3

2C.O

20.5

21.2

21.7

22.3

22.8

23.3

105 ~7Q 23.$

Uo 360 26.1

167 378 27.7

32.1

3ti 8Q 36.1

* ~= 2.30S
+ (%+ !’

&JL&L

Integrateddoaa D i. taken mar a parlod of 336 hom~ aftar to.

.,.e337T””, 22.,,.
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v. safeAkOaMM. SK.QmdkuMM

(R) A monitorwd..ngto ● spatwhere tho oloud ha posed has two

items of informathn ●bout the rmliatlm there: (1) ho eon mamro rat. af

dmage at times up to ●lmut M hours after hls arrival S* (2) he has ●

roughestimateam to when the cl- proalpitated the aotlvity ●t that

point. (if tbe rate of doaags is too high hla mojourn at the spot -y be

Mmltad to ● ~rhd eonaiderably 18ss than 4S hours.) From theee twe Items

he hes to judgo whether the int~td dose ov~ 336 hra ●fter the olmil

psml will exn- 75 roentgwu = nut.

The flrat muaureti of lntana3tT 11 ●t tz ~tc the ua. of

equathn (3). The produat Iltl shmld b. lose than or st moat equal to the

constant on the rlgbt hand ●Id. of the uptscm various Valwa of

to : d/v ahouki be dxmea to ●llw for poaalble Inamuraeiea in gueaming

at the tlmeO to= If the product xlt~ 18 too large to

it maan8 tint ●uaordlng to th9 ~t law tk tit~ted

e~gaaive. ‘Thenext Utep is to doter9k Whth.r tk

the l/t law. Thio la MQ=p~hOd by the two methods

preaeding for determiningn in 3/tn. Wee ●n

●athfy tha equation

dose Wi~ b

deeay dtifera from

outlined in the

estimate of n ie

gotten, aquatlon (s) 18 Uead, liar.ona Ma to aompute bad to ●stimate

10 and then

line uan be

graph.

Ualofit. h. If the log I v8 * t plot iS made, the straight

extrapolated beak to time to ad 10 is detor=ined f- the

-mm’ 23.
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where 11 snd tl are measured at a paint and I ia the intena~ty whioh would

have existed If the exponent of deeay had been unity instead of n.

Wherever posslblo tho procedure is to determine the Integrated dose,

Dl, under the l/t deeay c-o ad refer to equation (6) for pxsaible values

of Dn when a value of n hae been egtimated.

(b) Determi~tion of Goomotrloal dose, Dg.

The geametrioal dose has been dlsuumed In seotion IV (o).

The conservative oatimata of this doaele made by essumlng that Iltl s Ioto.

Once Iltl are meaaural, a gueeo is made ae to to ●nd the vmlue of 10 is

obtained. This value of 10 10 thsn multiplied by Z (or by 3 If a vv

conaervat ive estimate is deslrd) to get the dosage rata while the cloud

of ,partioleswas settllng.

of 15 R/hr at to = 4 hre it

been at the toleranae level

For example, if 10 turns out tc be of the order

follows that the geometrical dooe will have

of 30 R, moreover the integrated doee D will
1

be exaaarnlve,

(a)

namely 4.4 x 4 x 15 : 265 R.

Effaat of House walls on Gamma Dosage.

The lnteansityaf gamma radiation inside a house which is

located on terrain whiah Is covered with gamma aatlvo material mat be

conaidered in ealculating the doeago reeelved by personnel war a long

pericd of time. Measurements made at Site Y on 19 July at T 825 fndloated

that thers is at least a 50% reduation of ga- intensity inalde a light

wocden frame house- Outside the r-ding was 0.0065 R/8 hr while inside It

WO~ 0.~6 R/8hr. For a heavy adobe (about 15” thfak) hotnsoat 13ingham,

the inten8ity outalde wafi0.0025 R/hr ●t waist level while inside ~t was

lem than 0.0001 R/hr (A~uat 17th meem.rementa of Dr. L. H. Hempelmann).

At another stone house in hot cwurpn, Jr, Hempeharn measural 0.023 R/hr

.,.. ., ..”----

,’ -, ’..!,: ~ ~:=~* :’”:,,,.,.,,,,.,, 24.
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is reduced by a fuator of g.

‘Thusif one tGkea the reduotion af 5@

houso and asaumea that people spm’1 12 hours per

dose is r8duc9d by 25%. If one tekee the factor

for ● light frame wooden

day imioora, the fntegrated

of 8 for a ●tone house

erti12 hours per day i~mrs, the lntegratai doseio raduoed by 4,4$.

It should be noted that the protoation afforded by ●n ●utomobile

wae of ooneern to the Donitora. It was feud that the gamma intensity

inalde en auto waa

that bd piakad up

the fetiers). The

m that Outstie. This wac no longsr true in the car

-terial whioh stud to it (under ebassis a!ri@or

ear beeamo eofiaminated and the intenelty inside was

at times greater than that outside.

(d) Variation of Game Intensity With Height Above Groud

It wag soon feud that tha inteneity of gmmas var~ied saarkally

with height above the ground. The follwlng table glvas data on this

variat~on;

71aoe The Groud

iwiMm. a?swaiL

Searchlight ca.3-L hra ..-----

Crew at W 4 5 Ii/hr

lioffman, 1 mi.
eeat of L8 9 0.9

2 mi E of LA 8.2 3.2

3 mi E of L-8 8.5 6.0

Hoffman, Bingham 3.3 3.3

Friedell & Hampwl-
mann at Hot Caqyon 37 .7

Fulbright & Xallin-
ckrcdt, 14 mi 1!d
Binghara 550 0.027

Air Ihadlnga

----- --------

3 ft., lWhr

1 mwter, 0.!5

1 mwter, 2.3

1 meter,3.8

1 awter, 1.7

‘Wafat High”,0.5

Air As $ Of

75%

20

5!5

72

63

51

71

70

Reaarks

Gamma radlation

Gaama & beta
radiation

Gamma radiation

Gamm redlation

Ga- radiation

Game radiation

Chmna radiatlon

-. r . . -,.
,. ..,.,

,,’ *

25.
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The data indlaato that for gamu x~;a~loxi, tb average value of

tha intansity at torso hvol (1 retm) ie +?X :f tna inteneity ●t grouxul

level. Ground level readings wero ~do by stitlng the

The averago pSit50B of the center of the ionfsatlon uhambero

was 10 em abovo the ground surfaaeo Slnoo the metus wcro mdo in suab

a mamncr as to prevent the Ionisation ehambars from reachl ng grcnui

Ievol, It was deoldd that tho intonslty ●t torso levsl aould be safely

taken as 50$ that at groud level.

Tha Importanoo of the wriatlon of intensity with height a-e

groud i- shown in Table H A bel-. Aceordfng to maamremeat. the

major fraation of human

grounding (for standing

●fi massea of the parts

body masi1. ●t a height of over 1 meter abwe

position), Tablo 11 A ●how@ average hcightm

of tha average man. These data an taken from

M. v. %Yneord; Erit. Journ. of Radiology KVII$ pp. 151-1=, (1944);

‘Energy Abaorption II Part I; Integral dose When the Whole Wxly Is

Irradlatadw.

For compriaon with the ease of un.lfora!Intenmfty with height

Table 11 A shows the ●ffeot of varlatlon whlah i. 5C@ st 1 meter ●bwe

grourn. The distribution of intmalty shown gives ● total doaago which

iswof

of dosage

vd.at ion

the cam. of unlfom *enaSty over the bcdy.

(SeesVI, Vxx)● faotor of two IS introduod

with height. The oorreotioa ●pplies O* to

In the Maeussiona

to maoount for the

adulta af at leaat

nca-malatatureo

Part of Avg. Height &a Distribution hsa x
Body Abme Grouxl Radiation Intensity

— ~.

Foot 1.8 om. 1.388 Kg 1.0 R/br 1.388 Kg-R

h)war leg 26.7 8.1%0 0.9 7.3fQ

Thigh 63 11o332 1).6 6.7W

26.
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Part of

~

Lower torso

!Jp;w torso

Sboulder

Neok

Head

Avg. Reight

95 em

X25

125

135

u

157

km

—

19.mO Kg

19●100

4,254

0,7’92

1.292

4.330

69.678 Kg

Distribution
Redlation

0.45

0.45

0.4

0.3

Mass x

9.500 lIg-R

%595

1.914

0.317

0.517

1*299

37.691

l@37.691/69.678) z ~

27.
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~axmuu!Ma*
Mklgham.

Figure 4 shows

0m0buud5w ummad380p6mi. &at d

the maastsrsdht+ens~ti- made ●t 3Mto 9toro.

drop tharo at L

at Adolw It uan

by 5 hrs tbs.

hra ad feud tkmt it ●.ppar8mtly had occurred ukilarly

matural to asmme that it W already oeaurred ●t WMt*
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u,AW!FIED

at 11$CM)U from L8, signed by ~of~mr, tkat X%? of tolerance Integmted

does was the valua for one of tm ?nqaMt5zs h tkt rqgia.

Aotually, this does ean ba eonaldmbly reduoad with our present

imfomtion. The lino Am Fig. & has ● slope 2.3 ltiieat~ a deeay

1’3. From F4. ~ wham n .●ooording to l/t - 1.3 the Vah10 d Dn& ~ 9e6,

Whare 10 is 44 , 80 tb% h : 4)*3 R- The gaomekri~l dwe ia Dg = &4 ~

● that tho total I.mtagrataddose is 8.4 / 4.0.3● 48.7 R. on groud. Mto

that Dg 18 2@ of ~B* Allowimg a 25s raduetion for tJn house &faot ●d

25% for thn dacraaeg im intonsitiy with bight tha deae is 24.s R pr

parson. Tho 25S radutiom f m’ the hmee affwrt Kt mli ta is Omthe safe

Side. ktuaq it Shuld bo a & mwiuotlol!l on fib baa~u of mt411uraal@lta

mad. by Dr. L. H. llempeh~ 12 Auguet 1945. These meamnnmmrts gave

0.005 R/hr outside, on groursi,with 0.0005R/hr inaldeWhito Store. With

the 446

height)

reduotiom far - offoat omly (naghting tha vartitiom uith

tha integrateddo- is 26.2 Ii on groumd.

2. , 1% ties E-h ~ s- point.

The f~traadlag ●t ~l~ti waa made by 4oMrd ●t 2.9 hrs,

intonalty 1.5 R/hr. At tl : 3.1s 11: 3.3 R/& M ~aa~ ~ Hoff-n.

Apparently the inte~ity kd btit Up in tb htervd between thaso

readlng6

3.3 V&

3.1 &s,

ad auaordi~ to the findfnga at L-8, 2 rnil- =at, the roadi~

may ba ●ssured to kvo Wn tha =* ●t Bingham. At tha tlma

howaver, It wam not known how tho intmaity would bekve ad

●oaonli~ly the ●et ccmeomatlve oompatatha of do8e -S redo. A Ulod

valoaity was aaaumd that would mako to = 3 hr, so that frcm Table 1,

C - 5.82 ●nd D1 s 5.82x 3.1 x. 3.3 m 59.4 R.

After returning from L-8, Adoba, ●d Whfti It was redisul

tbt to 8 & bra wam morw ●aourato. At tl : 6 hra tha averago intensity M

fallen to 1.5 R/hr, and the D1 = 4.9 x ;.5 x 6 = 57.S R. Dg is 3.3 x 2 s 3.3 R

—— —
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Thaw

data plotted

law ut~”?

is ● wmreetlon for timqonent n being 3.3. Fig. 1 shows

bapd 336 hours. The lino ham slope 1.3 making tho deoay

Acoording to Fig. 1, the dose, 10 ~ 2.5 I@, to s 4 &a, ad

froB Fig. 7 Dn z 9,6 X 2.!5 s 24 R. TIm total

Allowiq Q @ rduettom for hCR8S0dfmt OIM

per parmn, on gmud.

doss now beoomos 2703 R.

Ins for the finaldose 4.7 R

those

heavy

at Whlt~,Fig. 4. This in ●ttrllna%d to tho tmt tlmt there uam

tmffi.o there wore, dllrang,●ti after tin 6 hr measurements

road juwtlon, preaumbly

or buryingaut~vi~yalready

preeipitatdi there.

J- MLQEzWO

At 3.3 hm

earlier measurementof

known as ahot eamyon”.

7 miloa du~ East of Bingkam.

the %ardUght h aheekd ad fouzd eormet the

●bout 15RAw ●t waist height by *gee $n the region

The oo~tationa for this canyon are prooonted

bemueo suffla~ont data are ●vaflablc for aomputing dose and ●lso beaauaa

Levine ●wl La@uuE I’d ● spot oa red 161 Nortbaat of Eingkm which

hod ● amparable radiatten dwaga wd whla.hurn maru to known ranolMM

than uas the hot canyon. A audh of oo~eblo intonaitiea lay aeroas

the Umpadora baa. At 8.4 hr. HoffmRn aeaaured 3.8 R/hr 1 motor off

grcnd (6 R/hr on -) which g!vos a valuo nf 10 s 7.6 R/h ●t to ~ ~ hy

if oaa aamnaem the I/t law. The I./t Mu dose ia D1 :4.4X7.6X4Z~~R.

The gecamtrhal dose is Dg ● 15 R. Ad the

lavcl is 149 R.

The valus of 10 I- V- d 000 to that

by 2 aeuording to the obaomationa ●t L-8.

total dose in ●tr ●t torso

mpooted by divld~ng 15 R/hr

1],a eo;m4zwatfve ●pproximation
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neoses of Al aborber. (We ●re ixxiebtadto

the sample ●d to b. ~ ‘Heekethfor the

thick ●bsorbers the ●xponent riaea to 1.4.

●nough to go to 800 ~ea? Al whiuh ia tb

Mr. Aaron Wwick for prepar~

omnting measuremerrta.) With

The sample was not otrong

ease of interest to ua for

cxqariaon with the gamma -mremonta in the flold, but the meager data

indicated that tho O~OWIt is at kaSt 1,3.

Under the droumatQno~ that n was l.j ●t )Hnghm ati at White ●d

in view of the laboratory data in Fig. 2 it is reasonableto ass- that

the ●xponent at hot canyon will be at least 1.3. Acc@xllng to Fig. 7

the dose Dn la foumi to be 9.6 x 8 s 76.8 R. The go~trleal dose is

15 R making tho total dose 91.8 R in the air at torso lwc1. (On tho

groud 9.6 x 12 = 115 R.) To mrrwt for the wooden house ●ffwirt,

reduoe%2 R by 25$ making 69 R, or, for ●n adobe house the reduotion is

46, inking the dose 50 R. At 535 hrs Fu.lbrightad tillinokrodt maawrad

0.07 r/hr on the g- at hot -wn.

between 336 ami 535 hra the integrated

reading, IS 15 R on groumi for tho 200

TMo figure in to be raduoad for iwuae

DOSW on groti were Dg s 24 R,

Dt ~ 139 R, without house oorreotion.

For a l/t deohy in th~ interval

dwe, On the basis of the 0.CY7R/hr

hoursfollowingtha m’wl blr.

OffeOt,

I)n . 115 R aimklngthe total doss

k. wcusm

The methods of aoaputl~ doso i13uatratd In tb preoaiing

ezmplu led to dosos summa Ised in Table IV a. Tha doses shown are

aonaemative in thnt the house wall c.ff.~et.redw Liol.la not ●pplled to the

31.
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gmmetrlea 1 doee. It 5M assumw *hut a

tb full ciuse WA ovuurred during the falMng the

of the dad material. A parson inside an dobe house would have been

SUbj-tOd to Ody ~8 af the gaODtetriOaldose. It ~houki be noted

that in the axamplo~ discussed fn t~ preoeding saotiona the house effeot

reduetion was applid to the total dew, I)g~ Dn.

The owreotlon of dosaga f- groti level to tor~e hvel is 6ipF~id

only during the first 336 huurs. After that time interval the field

moasuremants ind~cate that the dosage on the ground ad at torso level

wore essentially tb @aE@.

32.
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a. Thero am OR lmxiQ largebody of data oa tk mmsur~nt of ~ -y

intenaitiaaat ~~ loealltiaa abng tha auath hid down by the elowi. Tha ao~

putation of intagratui dom.s for these Iocialltieaean be made aaeoxdlngto threa

adn uonalderationa ●s followsc

1. For loaallt$os20 pl~ 3 mSlaa fra

In soetionVI

●pproxlmation

bri@fly, this

to=4hr8at

saro point the motbd ●s de.earibad

aan be wed with ●pproprlati

tilesdlmtamoe. it

mdkhod csma $sta ffrat In doterminfng Illfmm thaknownvaluoof

20 ,il*a. D1 1s then ravfsai for daaay aocmding to I./tnlam mhare

the data shows the reviblon to ba jmtif$al. Dg ia then ec+m~tai ●a being 2.10

slnos tha time Is one hour for tho does rate of Dg ●t 20 RI1OS. Tha total doao

is then D1 plw Dg ●xduafvo of ●ny eo~@etiona for the haight a~o tha _

●ffaat or tho houao offcut.

2. Ftiat apprmlxfatlon: For looolltiu other than those at 20 ~ 3 mllaa

from aaro point the mat eo?laorvutiwa metlhai of eolqnltlnglntegrat?addoao ia to

●Salme 8 Clold TolQotty, M mph, take to : @ ●d ●sow tit tho Intanalty d-

●s l/t. This is a rough •~ximatloa ●ti suitablo only f= fiald ●atlskates. A

rafinmnt mad in mqmt~ tb doa.a & TableV la ghen in (3)balm.

3. A seaod ●ppmximtioa had cm ffokl data; For losdltlea othar

thanthoaa●t 2C # 3 da frn soro point It Is ●gm- that i-ofar ●n gamwm

●tiv~ty on the groud 1s aonaasmad the •~rent drift velodty M tha &bud of

partialoa was 18 mph. Morawor, the l-h of tba requlrul for the ga~

activity to settla down to a staa~ dea~ ●fter its initAal ●pparanoe is ●aa~

to h not I.aasthan 2.8 hra for Valuea of d ~ 17 nibm.

As s flint approxirntion for valuom of D <17 miles subtraut 10$

per milm from 2.8 bra.

For exarq)b,A d : 28 rlllect.% V:lluats to 18 (28/18 / 2.8) :4.4 bra!

The basla for aoleat~ thass valuaafar the appormt dr?ftveloolt

___ .- ~~’;c’Li52fia ‘h” ‘ti~,Wr..,,-. . —
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}’p~ ~’~

for eottling of the clod 3s givenin tho followlng

b. Disausaion of tQ

The mluo of to is

●d the fall~ time of the

tha rias tima is aonaidarad

datormlnal by tho tlmo, the drift reloolty,

clod of partiulos. For purposos of aulodati~ do..

negltgibla. This is ● eona~at ivo ●pproximation as

as dosos are oonearmd in that it dw@r-estf-t*S doao.

1= ~’ Xormborgar aba,rwad -ammo gama

Intonsltyin tb sebool yard ●t Vsughn at 7.6 hrs. Vaughn is 96 milaa from soro

point. Xanoo the alowi of partiolos could not bavc traveki mlower than 12.~ mph.

At

im

It

ly

be

l-8 first measuremorstmof gawaa radiation wsro made at 1.4 hro, ●d sinoo L8

19.5 miles from scre, the QIOM could nat have tnvobd lasm than 13.9 mph.

should be notad hero that tho ~aurammrt of gfi~ radiation doao nat naoesaari.

Imply that tha olovklpartielos tivo fallsn at ● givenpoint. The ratdiatloa-y

aomingfrom tho oloti baforo it haa sottlad ●t tkt point. At L8 tha laading

adgo of tha vislblo alotd waa ●t tha sonith ●t 1.1 hra tiieating ● drift ~eloolty

of 17.7 mph. This Is alosaly tha natual drift valoolty of tho cloti ●loft

in oontrastto tha appar.ntdriftvolooityassooiatuiwith tho qparanoo of

moasurabla ga mdlat~ou.

Tabla III shows tha winds ●loft at tha tima of tha ●hot. Thea. data

were mbmittad by the metaorologist~ J. M. Hubbard.

tht tho winds between 20,CW ●d 35,~ feat fivo ●

diroutlon with ● velocity abow M mph. This ffguro

Inspction of ‘?ablo111 show.

resultant ia tha Morthaast

agracs with tho volooltims

quotad mbove In that it is not rnllar than 13.9 mph.

It IS assumad that 18 mph for tha ●pparent drift valoeity af the aloui

of prt$cloa ia ● *●afewvalw for o-putlng domaa in that 1% will over-eat-to

rather than udar-sstimato tha dose. In ●paoialoama on. may mako ~timatofi

with lowervclwitios but in no ease uan tb vdoolty k tak.n ●s l~as than 12.9mph.

2. Falllng tima of tha elcnxlof :rnrt~.olesI* dtilnad hero as tho

intervalbetwaan tha tin of first waeoura’ih ~smo~ rwf~etjo?.ad tha time ●t whloh

tho ataady daoa~ of gama radla%ion sots fi(. Fig.lX● J bhma tla~~~c~

m mot
~;.! :

b~t ,:,’~,:~jj~j~
35*

————
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surfa80-5ooft.

1?:
2~
2670
3300
3-
4500
5100
goo
6300

7500
@lm

g=

10,500
M,1OO
11,700
32,Sm
12,m
13,000
u,~
15,000
16,000
17#ooo
18,000
19,000
20,0m
25$000
30,000
35,W0
@,ooo
U,ooo

wild fmm Jaoo 3-5 *
M@ ;Eph
200
230
250
250
w
230
Z20
220
220
2(m
190
170
170
160
150
40
Uo
120
~o
160
150
150

250
240
220
220
220
230
230
240
290
280

J. K. HBBBARD

kh
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●vailabla for m~surbg the falling th d d= 19.5 ml. Activity was flrat

measurable at 1.4 hrs, pssal thm a ma~tm, mm; -t ,ladto a slow daoay ●t

about 4 hrs. Tho fallirg time is takea as (4.2 - 1.4) or 2.8 hrs.

Ixlireot svidenoe verifying the abrupt●ttling of aotfiltymm fouxd

●t Mobe wlduh is about 3 miles nearar to sero than is L-8. Eiaonexd measured

6.5R/&,at 3.3 bra; Hoffman fmxd L6 R/hrat&% &nt hxihat~ that between

3.3 ●d 4.8 hra ●n ●bwt CMW* of M-mi$y M o--- ~Ms dfeot w- abo

fowl at hot aa~on.

From theaodati w. Infer that tho falling time for dietamos greater

than 27 mi wea at least 2.8 hrm. For

inoremse wfth dist~~noe●d beaausc

‘2.8hrs for ctomputimg dooe for d ~

For distances laaa than

the falling time deerea=es l@ for

falling time to zero at d ~ 7 mi.

it

17

17

Iadc of mpdfio lnforMtiom ●bout ita

uvar-osthate@ dosos we shall use the figuro

a31all●

ml tb best approxlzmtion is to assume that

wore mdo was U miles. Ths M% roduwtlonper mih ham no juattihationother

thanthatthe falllngtfau $houldha rodW9d Zm ordorto avoid-er-mtfmatlm

of dosoo.

3* Examplas of the ealeulatiml of tiQ

The ●xamplas given in seetion VI show the basisfor arriving ●t

t o : 4 M and illustrate the methd of VII a.1 abovo. The metkds of VII ●.2

●d a.3 will be llluatmted below:

Cdarrals, Mow Mexico

to, W.)ooxding to

t ~, aomrding to

Fer a aornpriaon

37.
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>4, ,.

Vaug@ N- Moxioo, $% R&Los from smro point.

k~, in

to$ in

Tba

First

the semxil approxiaetion W/18# 2.8 =

doaos D1 for tha two maos abowo areJ

appmximtlon: I+ s 1.6 R, Integratal

S*1 hr8.

dose ovar 336 bra.

Saoorx3approximtlcm: D1 ● 1.7 R, intqtad d-a -or 336 bra.

The veluas C& to are lowar than the CVidonw idioatos. Eornbarger

fouml first measurable gam radtation ●t 7.6 hra ●xi oonslatmt readings ●t

8.6 he. No lmfmmtion la available ●s to

It im raesomblo to mamma tbt tb. 2.8 b

It is to be imraasad for two rusons 8 tb

Inorowd

VII. c.

Miles the

dmn thaintmwl%y started

falllng time is too smll

olmd mtenaton imoroasd

paam L-8.

to drop.

for Vaughm.

ad the alou3

Sine. nothing is kncmn ●bout tlM falling the ●t diatanom bayomi 23

flecmatriealdon will havo to bo oompatad on tha Imais tlmt It MS an

Intmnlfty Ig : 2 IQ and a tlm lntemml of at least em hour. This uill be

Uuior-astimatlngDg baoauaa tha tha internal wfll probably ba lqor. @ tha

other ham!, ●t large distanoos, mab ●s at Va@m, the valuo of Ig will not ba

●s large ●a 2 IQ. The ovar-aatimatim in D2 wU1 partly eapnaate for poasibla

uxkior-etstlmationin Dg.

For Yahws d d <17 milaa it is raaaomblo to tako Dg :2 l., mu ●

1 hour inte~~ll. This will give an over-oatheta & Dg ai- X kur lE the X

tima interval at 2C mllu.

VII. d.

Thor* are two doso euk~uhtions h Table IV, ona on tho besia of I/t

tho uthor on tha t
-1.5

decay of garn ●etlvity. Exaudmtioa of Figs. 1 ati 4

ifii~t~ tm th8 IEEX QO=ti CU t WEM 1.5J th~retiea~y n iS 1.2 f~

gamme deeay of fission prcduota. It sews ~~a~ombla tlut the prwaenoe uf neutron

activated mdium, tho gradual obacuratSoa

mamth8r weming Aou)d raise tb ~
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.,,

~jJJpFIEg,
that the gmmm domes should Ma between the Integmted dosaa -

● 9

Dosom am at growxi level unlsso oth+m k M-4 ~tm:.

Followhg ia an outlkw for the prooeduro of oaloulation beginalng with

tha intoxmity

●iles, ●d to

Ahoura ford

11 aammd at any MM. tl after to :

●. Eathato to ●oording to see. VII b. *O ● (d/18 { 2.8) M for

: 0.28 (d - 7) for d 17 mika. to waE mmred ad fmud to ba

~20f3Bdl..o8.

b. oOaqYute(*/to) ad (tl/%*)o*z

d&23

d. The goometrlaal do@e on tho basis of ~t damy is 21030 Hare

w. ●mmo tint the tima intowel @or the mxlxw ts one luaw.

●. Tho value

to to ●s shown in Fig. 6.

f. The lWtiO

ng. 6 A. By mama of this

g. The Fatlo

(tl/te)0”5uhieh is uompzted In (b) abmo. Hano* with the vak of DI g 2102

one aomputea Dgl,pi

h. The total doaea for the two deoay laws ●re than (D D)aml
gl 1

(Dg105 ~ D105) roentgena Intogratad mar 336 how after te.

BeMBatMl of tho Oonsantratson of ~ (1 nav) ●otlvo matorlal m tk

g-et toammodofortha$wo eaaua~ltia:l. ~. ?czrthl/tdeoay the

9.5 & mkolm3@8/e!# , wham I
01.5

eanberqdaoedbyD baa- the t-
gl.5

laaeh m?.btem~ * ‘gl.5

The do8ea mmgmtd IB ?ablo IV ●ra ocmaarntivo I&athat they 0?ar4mthta

Tho ●mep-

tlom are th eeiaeawIMra to was determined direo%ly ●lang with 10 ●a ●t Bi~

azd L-8.

39.
—
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VIII. Particle S1s.. ●nd Air d~nenntrstlnc of Y.adioaativoMatorlal————

(a) Partiek sises. Tho avidonoo amilablo loads to tbo

conclusion that the sMd ~rti,elos whiah fell witkdn tho ffrst 40 BA1OS

of the ~th lald down by the elowi omikl not be less than 50 miarcms in

diameter, and probably not 1sss than 75 miarons. The ●atus.1alodl of

dust which rcwo frcm tk shot urnsmot ● dearly dafind puff but rathar

s oontinuoua aolumn whioh ●xtaxid mpard fron 60(%3f wt. The lowor liadt

of 6000 ft. is aeleotad for two roaoonat

Uausa

miles

thero

thero

mont8

(1) Thsre W% havo boon a lower llsdt to its hdght ba-

no radloaotivity in health hasazd quantitiou was feud within 12

af soro. In kv~bor tharo was found evidanae that at 12 tiles

may havo bean ● hot spot n- Jullan Tank bao.ausoeoua that drank

had reeoival bata ray burns. The fem matt emd physfoal maaaura-

do not ●pport this I&al they indioata ● Unlfora vary 10U

int*nalty of radiation. It is poaslblo, howuvar, that a hot spot cxlsted

aomawhara ●moag tho Oaouro UountaIaa.

(2) TM low-t slo@ material waa scan ~ Hoffman azxihis

monitors floatlng cwar tha Osaura Mountahs in ● ncrth-at dIrsdAon

toward Chupadera kaa. At 8 AM this lmast mass took on the ●ppaazwnoo

of a long brown aloud 20 mllu in ●xtant along the aastan herison aa

scan from Carthago on road 380. A third argument should be ●ddad hero

which is based cm subjad iv. jtigoment, naRoly, that the blue glow aaao-

eiated with tho hea~ ionisation from the radioaetiva fiuaion produota was

seen to be confined to the region 1.2,01XJft. ad upwami ●t ●bout 1 minuto

●fter tha shot. This suppcmts the idea tkt tho major fraction of all

●ativity want up to at least 12?CKXlft. It also ●pports the fiding that

no largo amount of ●ctivity was prao~pitated dt Mn U m31*s of ssro.

ht Semdllght Stat*en L8 EOOSmc~10 •~~t~iv~ty of ffa~ rad~tl=

Lo.

—
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to Tablo V gi~ing

lapto U,m faat

aatlmato partlalo

pmtida diaaaters SM fulMng ttie.. For dt ituiem

w w. tb falllng ttiwain ka fkt eoluma (1) to

●taaj fm ●m.tld- gr8at8r than 12gax) foot Wo Um

eohsa (2). ~ tho ~lTt382U d ~ fdl from 6,OOO feat th~ urn of t~

ordar & 75 miarona ●d gramtar fm diamatqr. From 120M10f.a% thy u-

dlmt Llo tirona in diaaiatar~ ●nd co on. Tha ObSUW~ ●t L-8 ●amoiatui

the ●ppmunaa of gm radiation with tb M.@ altltwdo eksi ●t N,CX)O

fact. If th$s Is the aaso, tkn W prtkk wers C& tlm tiar of 150

tiarcma ●d gzuatar. It ie likely that la~o partidaa fmm all ●ltltlxhs

ermtrlbutui. But

bsan smaller than

?ha ●ISC of

tb Wltiens*ia that WRa of tlm ~ialom Oould hava

SO mlero~ sml probably not baa than 75 810m13S0

parthlas ●t L-8 h rqreaoatativo of tb ●iaoa tlmt

fall war tha (Nntpdwa Maaa wham the highaat gamma ray Intmialt.ias

ware raeaxdad. Tba swath of h@h ●atfvity is ●stfmated to h about 1S

miloa long. If tb partlelea M a nortkaat wqonmt af val.oo~tycd

13 mph. tM8 would Man ●lxnrt- hour~s

swath. Raferrlng to Tmbh V s it Is sea

inaraasg la tlmo takm tb partlola sise

85 niorons.

faw

tha

diffaromm h tin. along tha

that ●t 110 dorans ona hour

frcai1*O8 to 2.08 hours or ●bout

Infonmtien availabla %n tlm tiioal llteraturaa inllaatoa that

dust prtlelu largar than IO Bi.oroM raaah tha ●lvadar air aaos,

only part of tb 1- wharo thay ●ra Mkoly to ~ia for =or9 tlma
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naa@myux ad are then tmMfarrad to the gastro-lnt-tlnal traot.
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the prwaipltatlon M tho aotive duet, It is naeeaeary to know how thlok the

oloti traQ was. An ●xamination of F3g. 3 Aowa that et 20 miles from sero t&

build up time of aatlvity was 1.5 hours, For mnservativo purpcwee of calculation

wc teko it.to be 1 hour. For partlalas MM tiorona in diameter (tho larger the

diameter, tlw more eonaarvat~ve our estlma~) the dista~o of fall in our hour

ia 2.7 X ld OM.

If there ●m 19 mlereouriom d ga~ (1 Mev.) aativity per am2 per

roontgon per hour reading ou the ground W* ean oomputo the oomentmtlen in tb

aIr before tha 19 mierwurios w*re e~pletoly ~alpftatd s

\q/2,7x\05 = 7 xlo-s+L/t L q bll?iik

(i Mev ~!

The total flsslon produots p-esont for eauh gamu ouri. is l/.79 s 1.26.

Henoe we get total fis-ion products;

0.078 #3ter ●l#@r @a groud.

For toloraneo eomgntrattona we refer to tho Met. Lab. Hdb. Ch. XII, Tablo 3

vhare the toleranoos fm mbad fisdon prodwrts a- given aa -

94 x 10-3 p/lltmr air for 8 b day, on. day only

0.26 X 10‘6 #llter alr for 8 hr day, continuoua~.

Far the mm wxier wmeidorathm w. use toloranao figure for the 8 hr.

day , on, day, only, it being &a#umed tht the alo’lxl18aserial●*ttlUi within the

day, particularly in the raglan of tho Cbupadora Ifeaa. It IS poamlblo to ●mmo

that ainue theknoun measuxww ats at L-8 hdieated preeip~tathn to be eonpletui

at 4 hcnma after the shot, tkw aetha material wag in the air for at moat 4 hra.

ad that the toleranoe oonooxtration of .094 p/L fn 8 %s. eevld be doubled.

However, in tha titereato of oon8ervative
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Air Conoentrat~ona ad Inhalation ‘!’olsranoe~(Gon:.laued)

.WM pm. Tho gamw roent~ens raading on the grod oorrespomiing to the

uonoentration of toleraneo for nlxui fission products booomes~

(o*mu) (0.W4) ~ 0.83 R/hr. gammas on ground.

Aaaordhg to this result the plaoos whiah had ? R/hr ●t to had had a

oonoentration of flasion produots in the ●ir whlah was 7/.83: 8,4 times

tolmance for ● single done. WNlo this my seem ●xoessive, there aro two

●speots t c rewembori (1) Tti eduulatlon l..the mst ooncervative pasiblo
-.

●d (2) the large partlelo sites ●s deserlbed in (a) ●bove prevent this

material from being breathul Inbo the ●lveolar ●ea.

u.
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AS wae polntai mt in tho preeeding oedimi the itilation of elotd

materials io an ingestion problem ●l-e the materials ●re transferred from tho

muaous lining of the traohae to tho gastro-il~teutlneltreat. It turns out

that tha amounts ingested are eonsldcrably less than the rotatedtoleranoos for

mixed flasioxlprodwtm. Referring to the concentration fouxkl●bcm

CJ.CVi3~c/’l3terair/ R /hr on the grouml ad aaaumlng WKl liters ati Mmld

par $ hour day, one gets (orIas~umlng 100% retention in lqo) G.&hi ma.

reta~ned per R/hr on groud. For an intensity of 7 R/hr., for 4 houre, one

haa 2.2 ma. hgestad. A tolerance dose for one doss only QS quoted h *

Met. Lab. Mba, Ch- XII, ‘Table2, la 1,4.6DO. We eonal?xlethat for the Rest

conservative ease the ●mounts & ●ctive aatorial inge~~tedwore of the oxler

of, or less than, toleranae for one do6e only.

This estimate is mpportd by the laok of ●ctive materials In 00WS

which gmmd on ranges cm mhiuh sufficient mterials fell to pradwe beta burns

on the baaks of the ecms~ A~rently even War these eond~tlons, ●mounts

of activo msterial failed to be ingestad ●nd beooms lcxigedin tissues ●d

bones.
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Particle Sise axxiFalling Times

Diametar (2) Time to fall froa
Partiale Slaa (1) Time to fall @,OCXI to 36,~ ft.

U,ooo ft.

!340miorons 0.130 houm 0.091 hours

500 0.139 0.116

250 0.208 001?3

2m 0.325 0.271

U9 O.yy! 0.4$8

no 1.08 0.90

74 2.37 1.!77

60 3.61 3.01

33 12.cl 10

22.6 25.5 21.2

16.0 50.8 42

11.3 lm 85

8.0 2% 170

5.65 @l 340

(1) Computed from v s 0.U3!YZ l#P feet/mln. From Hlrsehfolder ●ti Maggot

memo of June 16, 1945 to Balnbridgo. Se. LAW 277, p. 5. P ~ danaity,

D s diamater of partiolo lnmlcrons (10-40B)

(2) Veloolty of fall eorreoted for ohang. & ●lrvfseosity with altitude.

Averago velooity 1s 2@ highar than that oaleulated by Hirsohfoldor ●d

kg.. for 0,000 ft. ●ltittio.
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At no inhabited looality or any pl.acaJfarther than 10 ml from

tha crater wao there founi ●n alpha particle aount whloh could b.

easily diatinguiahed from the natural background. Tha counts ranged

from 2 to 7 counts Far minute. This ordor of Mgnituie in auunting

rate is ●xpeated from the known amounta of fission products and Flu-

tonium. (For dstails see Anderson ad SugarBanfs report on f lsslon

prcduots analpia, LA 3s6). Taking 6 x WU gins. PU per c< as the

met contamiaatd can.. the total ●lphas emittad per minuto will be

6x0. U: o,% c’pE+kn2or 0.42

widow area was 20 o~ In ●rea,

ap/am2/2 lT solid ●ngle. The 00Ut=

h.mw ● oount of 0.42 x 20: **4 cl=

would b. ●peoted ●xalusivo of oorrwt$ons for absorption in tha oounter

widow •~ obaauration of the Pu ~ dust particles ●d gmnetry.

While it is poaaible that ● looallsad Mhot spotw might have ooeurred,

non. was fouxi, ●d th. ●atual oontaraln9tionimlieatad ● unffom

distribution at a oonoontratlon which Is eonsidered not to conatitute

a health hazafi.

“ ; “:
.!, ,“, .:

, ;,- {,{?

....,.-.”: !.,. *A..
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IX Distribution of Pf.asionJ%oduats Cze> the C.mntrysld.
.—. — . .—

(a) The distribution m?

The acccmpmnylng

produots material ss meamn=ed by

hjg I SbWS the dlstrlbutl~n of fimeion

the gamma redlatlons on the grouxrl. The

intonsitiea shown are thoso for the t - 4 how@, the field raadlngs being

used to aomputo the intmslty at that time on the ba~ls of tho l/t decay

for gammas. Tho esacntial feat;nwm of the distribution are ●s follows:

1. There was a swath of high Intensity approximtel.y

12 miles long ad 1 mtle wide whoeo muthern ●!wlstarted at about 3 miles

north of Wh~to Store (on road 3%0). The math ●xtended north orossfng tha

N.U. road 161-46, WM lo this swath lo ●hmn as a fairly well defined region

on the map, the mmsurements show It b hmvo been highly irregular in actual

area aml intensity. This la to be mqmeted from cloud materials falling from

altituiea greater tlmn 6000 feet.

2, The ●ntire dlntributlon is fan ohapad with the

aamtral axis of the fan pointhg north slightly eaot. This arose from the

faat that the path of the old (aa idiaated by the dashed arrows) was

mrthwaxzl. When last seen the cloti was movlmg duo east. The higher portions

were known to have BOV4 wrth ati olightly ●ast. The lower level winds wore

toward n-h west. Henoe tho elotulmaterials movi~ north ad eaet wero ●wept

we6tward OB reaohiag &w ●ltitude8. For instance, ●t Carriso80 the gamma

intensity was zero untU 4 PMOf 16 July. At 3s26 PM the wind abmptly ma.

from the ●sst and brought SOM active partial- with it. This activfty

reached its awlmum after about 1 hr.j ntitmiti a s~ady ya~ue for abut

12 hours ad then started ta deoay. For this reason the contours do not

Inoltio Carrizoze it being ●ssumed tht the aotfv~ty was due to very small

particles which were easily windborne end mot likely to ●ottle definitely ●s

precipitated●ctivity.

3. Thare waa a deffi(itc--

‘mmIi?
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point ad regions of

about 22 milee north

,--. :.

signifioarxtdat~vity. Thw emtour shows

to tbo hot swath duwribed in (1) above,

miles to the aativo araam uaat af ●om arti San ABtenio ●nd

H distfime of

and about 24

ihn ifarelal.

It should ha noted that them may ~wsib~ &v. - vary amll ar=s of great

aotivity In tho aooaued skip intorvml. !monawon found, for 5KlFstanoopIn the

region north

mrth of tb

west of zero

of sero by monltoro moving along tha network of roads mat and

Oaoura Mta.

4. Tk i@ohked w@onu of aetivfty at San Antoniop

were duo to the bw ground ultis whioh me fast, of’the ~=

20-25mph and apparently aarried ymrt of the ●xploaioa oolum wed slightly

north. The activities in t-e reglona wore V- 108 ●xxidid mot Ooutiituta

●y radiation hamrd.

5. Tk -m ●rea of mrthern Ibw Mextao was ooverad

by wery h ●ctivity wbioh is attributed to rnllar wrtlelu fdWqg out ●t

tiuteagreater than 10 bra. Mon5tadag trf~ tbrougbout the raglon showed a

remarkable uniformity of gamw In- ity uver the terrdn. Gama ●etivltlu

war. measurable at Trimichd, Colorado after 13 hya (?ultdght ati Malliako~t,

●onltora). It ia ●saumed tit the suall partiolu (1 mloroa or lass) fdl

very slowly - particularly during the day w- hpt in ● stat. of suapwxid

ani~tion by ‘thermala-.

~ (b) ~

An h’tgtioll of tba imd- WnltOUrO 8h0wn ill tbo MP of

oontoura bade to the mault tht m of all the ●vallabla aotfivl.t~fell to

tha groud after two *. Tbo rato ●t whioh tbia fell ia @ knows. This

●stimate IE based on the effioiQ7 reported @ Atioraon ad %IRNm (LA-3561

●acording te whiuh 2.9!!x 1* total flsaimsa omarred. Aoaordlng to Wsiaakopf0a.

data (LA.250fig. 5) this leads to Lll x l&5 tie~urlea of g&MS at 4 bra

time. Wbaa the uomontmtlon of mtor?ml on bha .mund ?s 19 gem dero-ouria

,: ‘-::’.7,;,,~. ,;.,,,!.’,’.,.,.<,,.,,.:...:Jii.:*
49.
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per m?the roentgen reading Ia 1 R/hr imensitiy. iL turns out t~t at 4 hrs

the available gamma curies would havo Quverad ●n ●m of 2250 aq. mllea to

givo u uniform intensity cwer that arora of 1 R/hr. Thus tho hot smth

deamibad ahove

at 4 hrs. Th5~

that this smth

in u a.1 M ●n araa of u aq. ml ad an intensity of 15 R/br

activity mrrenpm%ls to

me precipitate by the

shout 7% of the total. It 3.sknown

eti Of 6 hm.
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The rnterlal in this aoQtlon wa$ eaple%d •~ ● aoperato

report Ileoeatnw159 YM5. It h inoldad here as ● part

of the general monltor~ng report for purpoaeo of unity.

However, It sheuld ba remembemd that the notation of

equationa iE tlmt of a sepamte ~ofi and has no

oQntinulty with that of the othr aootio~ ● ~kJO, thera

is ● sl~ght repartitionof mater5nl disuu8aed in previcma

IMHltlonm.
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A

fell froa the

computation of beta dosage arising from ffssien products whiuh

aloud of tho rnwlear explomlon of M July 1945 Is and. on the

folloslng mm?:

1.

to LO mllos from

Sinm extmelvo

tho shot, it ill

game mea~menta w.re usdo in the region M

neeesaary fhat to eaaputo the ratio of beta

to gasaa eurks in ffsslon ywaduata. Th~s ratio parmita

beta euriea/e# that fell en ●ny biological objeet. Tha

-0.03tine am 3.24 t .

2. 7ho rmamrment of gamma Inhaaltles in

one to estimate the

ratio .varfeewith

roentgena pr hour

(R/hr) ●re lntorpretsd in tams of gmma eurtos par em2 on the ground. Tharo

aro 19 ganma mimo-curiaa/e# per roentg+ur,

3. h alternatlw e6tfmst* Of th bSt8 GU’I’i99/UE2 OQ {~ollZd la

made from the fission produote feud on tho ground. The flozioa-produeta assay

was mad. ohealually ~ AnierscMIa- S~aman from a dirt sample taken eight

hours aftm ●nd 3C ties from the shots thero we~o 297 beta mlaro-eurlea/amz

at 8 hours in the region of the Clqedera Masa (about 30 M1lM ncmthsast cif

S*X’O) ●

4. Fidd measuremmt. -do 9 Wvedmr mwrdxmata th. other estl~tee

of rodioeetivc intonstthe t they Iead to 1.20beta mlaro-aurisa/um2 ●t 8 hours

in the ragion of the Ghupedm Mesa.

5. The beta doaagea in the region whero 12 gamma ramtgons per

hour were aoasured at 4 hrs ●fter the shot were ●s followmc 18,400 rep war.

delivered to tho tissuo surfaoe ●d 3.224rep to tho 2-3 mm depth below the

surfaoo by ths

war. d●llvored

2-3 mm depth.

emi of 4 hrs ●fter the shot. In the following 336 hrs there

●n ●dditional 60,000 rep to the surfaae, ad 2940 rop to tho

The total dose to th 2-3 rm duptn ~s 4164 rep. lfoeerreotlon is
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6. (ja~~ado~e~ due tit> D.at.irb:.c,!J a cOW ‘S hick Fir@OSt~Mtd

canparad with the gamma doses from mterlala on tha ground. At ho% canyon

where the dose due to ground mterlals wes ICJ’6Rthe materials that fell.on

eow1s baok contributed 32R.making E total body rndlat!on of lY!SR.

and

tha
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1. patio of beta to gamma Ct?TieS in fission ~eduots:

a. Gh.lcagomeasurements ara mmmarlzad by Katherine way,

CK027J7, p.31, as

decreasing with t.

For e det~iled dlscuasion of th de@ay laws for fission prcclucts

aeo CC-3032,Wignor ●nd Wuy, ‘Sumnry ad Coorolation of Data on the ht. of

Deaay of Fission Froduota,W June 13, 194!3. We ham selaatad (lj for the gamma

dc+caybeaauao the field meamrrements of ga~ deeay lead to ●n ●cpment for

t of -1.3 to -1.5. By taking tho labo~tory valm for the ●xpomnt arn -1.2 the

Integrated doses ovor parfods of ttme wS1l bs eetimtd mmervatively,

?J* Estimation of aativfty on gm und from gamma ro.mtgan meesuromem

GaEIU ra~ do6age is maaeurd by an ionlaatien chamber whoa.

hetght above tho grourd is 10 em and uae Is mde of the formula:

(3)

mean free path of gammas in air

di8tdIlQa of the ehaaber abovo grmud (loom)

R/hr per gamm tillIcurie per unit solid ●ngle

R/hr/m/u# at 1 em distance frm a point ●urea

denaitr of gamma aative material in mo/e#

Formula (~) la derivul em the baals that the Aonlaatlon ahamber is

&t the oenter of a diaa of aativc matertal ?hcea rw9:.uais & s and la loeatd

d om above tk dlee. Since tb log faeiov vtirbs dew& rlth ~ ue shall ●s8-
,. ‘“-l,’,

...’. 54.
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MOV. Since the aatual apeotrum In tkz field mr ui!mown we shall havo to

to the field conditions. In Table X are relevant d~ta taken from Uet...Lab. Mb.

Chapt. UC, 1, Jxkge2t

“’w Condltiolla
ml RattB k~eti

‘7 10.5 r/hr/m

~~ 4

5 2.5

3 ;.5

63 ----

15 kw/ton for 3C days am allowed

“w Cotiitione : Metal reacted at 2500 kw/ton for XXI days ad allowed

to deoay 60 day8.*

The weighted man values cd h for X ●d % ooditiona are reepaotively

7.08 ●xl 4.7 H/hr/mo. It is assurnedthat the H oomiitions would moat closoly

approximate the field oomiitiono, home the value of A = 4.7 will be used in the

follo81ng oaleulatime. The ratio of 0,5 Av bata to 1 Mev avmage gamm auries

in the W eoditiona iB 2 x 6 3/37 z 3.4.

Subetitutlng in (3) th reeulting siqde f O= ia;

I :los# roentgama/hour (4)

And for ● geme intensity of 1 r/hr the aonmntrution of gamma ourfos on the

ground beoollloos

$ ‘ 0.0095 me/em2 per rcxm~ens/hour

~ Met. Lab. Project Rdbk. Chapto XIj Cl p.2.
q:;,>(.-? ~,,-.-:?-~-’~,,.,,,.::., ,.,d..”..,;\,,... ...... .; :5a.
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Tho widence ~rmlicates~,hatther~ Is a faator of 2 by which the

gammalnxntg.ns should be multiplld tc tiko inta aocsunt obscuration of tho

gamma Mltiwe matm?j.ale Th~.#obscuration Is assumed to be due to eraake h

ground mrfaee awl I.rregul.witieeof lwrrain. Taking this obscuration faotor

into acaount and easumiwJ according to (1) and (2) that then are

for each ganma ouria ono gets.

9= .019 gamma mo/c# per grnmmaroentgen/lmw

~ ~t-o*03
●

(5)

and
“ y

beta me/om2 per gemma roantgen/hour (6)

Q= .061 beta me/a? Pergamta roentgens/hour at t = 1 8ec (6a)

The waning of (5) and (6) is as followsr if a mouitor in Iihefield

by HIeanEof a gamma roentgenometer zuaasuro#one roentgen/hour when the meter

ohanbar is 10 am above the groud he will be in the oenter of a disc of radio-

acti.vafissiim material whoao density 1.619 gaalmap/aM2e ACU@Hii~ to (6) tho

03) beta #e~ where t isdenalty of beta active ~tuial wall be (19 x 3624/%”

the kime of the gmma maamremt in aouoda afhr the shot.

The aaaumptiona underlying this -thod are summarized ●s foil-s! that

tho fission.produotag- spatrum is given ●ppmxitnatd.y by the “~ eotiition

in Table 1, ad that tlw ●vwage v he ef A is 4.7 R/hr/ma/unit solid anglo

eorrea~rxiing to ●bout 1 ti9vradiation, A&o, it is assumed that the mveraga

value of ~ , the maaa-f~petkt in ●ir for the gammas u&or omaiduation, is

220 meters. Tho log term in (3) is not sonsitlvo to h~s doureasing only ~ a

faster of 2 as

to 500 metere.

The

gamma rays from

J.

A 18 reduaed to 10 mot=s

setere uaulin the Trinity

ad inareaalng only MS ●s ~ inarea8es

~asuremanta were calibrated by th

radium whose overage energy ia assumed to be 0.7 hv.

Estimate of beta auriea from fioeion products assa~,

An alternative ●stimate of the bata c?urflem per cm2 on

[u’:’”;
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am be mad. from tha dwdeal aasa~ of t% f?.nsf=n~uats raportad by H. L.

Atierson ●d Il. Sugarman, IA-356, 25 ~YpwmmhrY 1?42, An earth ae.mplowas

collouted ●t hot aanyon, 30 miles fron sore, at 8 hours by Wright Langham on

16 July. The gamma Intensity measured ●t the time was ●bout 6 roantgena par

The fiesfoa ●ssay on the dirt aamplo 3s Mttod in Andereon ad

Sugarmmss mqxmt, Tebla VII, p. ~, ●s ‘~ d 11.drbfnmoa aamplo ●nd had

hour.

(6) which WhO19

r*speativaly.

that 3.24 beta

uultiplAd by tha 6 r/ht give U gamu #a# ●d M kta #a$

It is to be notod that this utlmato 1s baaed on tb aesumptlon

par g- Ourlc ●xi9t ●t 8 hours. Aeuarding to (1)●d (2) tho

bata to gamm eurle ratio 1s 2.4 ●t 8 hours whiah ruluees the 366 aatimato to

274 pa/& . Tho C1OOO egroammt batwoan the gmmn roontgen ~aauremnt ●d tho

ahomical aaasy methods must be eonsiderad fortuitous in view of aU tho assumption

on whiah tho garn roentgen meamuwment depends.

4. MJmawDant’a of 9 Novomb,r 1945

Mumar8mants *. on 9 Bhembor eorrobaratd fib eatbatos of

●otivity mad. from the July maammmonta. At hat aanyon on the spot whora 6 R/’hr

woro reaorded ●t 8 houm t 16 hly 19A5 tho gaama Intenaity was fmud to ba

3 mllli-roentgens/hour. Refuring to equation (5) the 3m R* mmapoxls to

0.057 gamaa #am2 on the grourd. The hta to ga~ curie ratio ●t 9 Noveabar

(107 sees after tho ●hot) is 2. Henaa th@ W R/hT ]*%d~ to 0.1..1bate #am2 on

the groumi.

● ✎ 9..

::

,..

,, .-. .--T.
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give 84,cD0 mlrlta/Lqlq/&Tr Solld

density of 2.5 tkds lffds to O.l

agreement with the gamma roentgen

By meana of aquation

aklgloper grmm of

8*re ownted and fouxkito

dirt. Asaumhg a dirt

~ta ~/~ on tho ~~ whleh ie Chile

wtlmate med. abmw.

(2) W* Coqmto tho beta Intensity at 8 hours

(2.88 x 1~ 690s) from tho 9 Hovember measurements (107 -s) to be 120 beta #e#

which In turm 1, in satisfactory agreement with the other estimatso mad. In part

3 abov.. TIM messurmonts of 9 !Wv.mb.r oam ba qwoted to yl.ld l-r eoneen-

tratlcme on aeoount of leaehing af aortaln of tho fission produots from the

soil by rain, or displ.sammt by wMIs.

5. Calmllat ion @ beta doaqgo ●t doptb in $issua

In ordar to 131SOUSSthe beta depth doe. in tiame lt is

convenient to compute the energy -tted in ●rgs/seo and eomvert to rep units●

The amputation is 3.67 x Id x Q x E x (1.6 x 10-6) 0WS/SOC#S4t WhOFO Q iS

~c/aa2, E 1s the beta ●mergy In k which we shall aseum to M 0.5 Mev as am

average vahe for

conversion factor

●nargy emitted by

1.8 ergu/sec/c#.

betas ocdng from ● thick source, and 1.6 z 1~6 is the

fmm h to ●rgs. Refezn-ingto equation (6), the $ota~

a 61 beta #e& ●um. is 3.67 x lC# x 61 x 0.5 x 1.6 x 10-6 z

If tho eotive matorfal is depoeited on a akin mrfeuw only IMIlf

this energy Is deliverad to tistua depth. Hem. J

O.? J-Q@4Q+J/m 4QL+ (7)

is the total energy dollverd to tlsme Mm the ●kln eurfaeo.

‘%hedistributlom of this energy in tha tlssw is glvon by the

●xperimentallydetermined absorption OUZWU for betas in tissue as measured by

Rspr, Zirklep ●nd Barnea (WTeohniquas of Extarnel Irradiation with Beta Rays”,

CH-30WK). The depth d-e ratm em. is given by a ps~txie-exponentialfm

I s X0.-9*5x nero 10 is doao rate ●t the eurfaue of tieEUO ati x to depth of

tissue in em. From thae data we eomputo tke <dLAuwing tcblo of the fraetlone of

,,-s,-:!-{::m,.,.
:“””.,.,:.’,.; :,.,’.

.1.
:!”-,, r,,

,,. J
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TIsuue Layer

bflw &Qk

o-lm

1-2

2 -3

3-4

4-5

5-6

6-7

F

~.633

0.218

0.091

0.03.6

O*OU

0.0053

CI.CW20

TABLE 11

D, average does rate
Inlmla r; fgrl
beta #aFOn ●kin 8urfacso

1.1 x 10-3Xq)/aeo

3.6 X 1~4

1.62 x 1(+

6.4 X 10-5

2.43 x 1(3-5

9.4 x 10-6

3.55 x 10-6

(8)

D, average dose rat.
In 1 XE la ●r for 275

Abwtu $le/e

0.302rep/8eo

0.101

o.o&6

0.0176

6.6 Xl~-3

2.58 X 10-3

9.76 X 10-4

* Correaporxilng tO 6 gmmnaR/hr measured at 8 hours arcnud the Chupedere Mesa,

whoro W is the total onawgy delivered to

calculated ●bcme in (7). The tissue vol

ard 83 aa the erge/gm of tissu. pr rep.

the tiaeue ad is 0.9 ergs/8ec as

is taken MS 0.1 oa, tissue density s 1,

The beta ensrgy hes negligible effeet on the depth doss. As the

beta ●nergy varies f mm 0.5 to 1.55 Mv the depth dose up to &m dcm not

dange more than m. It ahou.ldb. noted that the sfgnlfiumnt mgnituies of

depth dose ~ o~y to ~ ma depth.

Tho dose rate, D, in Table I: ~ar-b~ aoupared with the ma suremerrto

cm a #2 aouroe rqort,d by Reper, Zirkle aml Barne# {1OC alt). The # s~
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waa prepared by soaking a filter p<mx i+\&:’ve pbwi?hntes, The swrao Strength

was ’77pc/am2 for which the surface dosago rate was 0~127 rep/aoao A 1 #a#

souroe would give a surface dose of 1.65 x 10-3 re~sec. At 2 m the depth dose

rate is lx of surfaao dose, henue the dose rata ●t 2 = fs 2.14 x l@4 re~see.

This eomparos with the 1.62 x 10-4 rep/see In Table II for ths 2 - 3 mm layer.

The value from Table II is lm.r beoauea it la an average val~ titween 2 ad

3 mmwhereas the 2.4 x 1~4 rep/see figure is at tho 2 mm bel. ‘

In Tablo II are the caleulatai depth do.. rates fes 275 bets uc/a#

cQrrespomMng to the 6 game R/hr meaaurd at 8 home after the shot on 16 July,

The 6 R/& represents about ths hlglmat gamm Intensity ueasured after the ●ctive

eloti had settled, and is typl~al of the Antensltles over the Uhupedeza Mesa.

6. Ccilaulatienof integrated beq doso In t tsaw .

The ealeulatlon of integrated dose due to beta radlatton en ●

tiscua su.rfaseis based on the deeay law givem @ (2). Tho doee will be

integrated from time 4 hours afier the #hot beaauae it Is knmn that the elmd

material was not aettlad before that ti~ ●t 18 roll- from s-. The pertinent

oase ●pplies, for example, to eattlo ●t 18 miles or greater on whfch the mtive

fIssion prcxluatsfell.

The genenl eaee In which tiw exponeat of time, t, is n whre n i-

greater than 1 leads to the folloulng ●xpression for integmted dose:

(10)

where ta is the time at whleh th integration ba@n8, in our ease 4 hours, ●d

P is the period of tim after to mar wh.lehtln intigratlon is made, ad

n ~ 1.229. The funotlon D/I. is shown in Figure 1 ●long with the doses D

aomputed for tha oaae of 275 beta jm/a# on the ●rfaee using the intensity 10

at tha 2 - 3 M depth from Table II as O.W6 #see. The dose has ●ttained

60.
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iJi fLrlj)OI%&lllt CO~tritUti@l ;:””, ‘.h ‘wti~ (.wels made durf.ng the

settling of the active material fTo@ :hL clcud. i.”;a dlst~:nceof 20 m$les

from zero it is known that measurable activity 6tarted at 1.5 hours (5.4 x 1~

SOCS) and definitely started lta naturel decay at 4 houre (1.44 x 1~ SOC6),

We assume that the activo materixl aooumuhted linearly with time on the @pot

‘~~229Q Fr~ tho~o twoa6 it settled from the clod ●d that It deoayed as t

assumptloas tho effoetlvo dom rate over an interval botwmen 1.5 ad 4 hours ia

coaputul ●s shown in Flgwo 2. The affeative integrated dose at 2 - 3 ztnfor

275 ~C/CIB2as measured at 8 hours is computed from Flguro 2 ma 612 rep.

It should be noted that this dose @ 612 rep is delivered in 2.5

hours aa ccwpard with, say, USO rap (Figure 1 dellvered h 96 hours ~

to m k hCUIW.

The dose onth skin eurfaaa is about 15 times that ●t the

2 - 3 mm level.

Two items effeating

the presence of 15 hour neutron

praipitetad cloud mterids to

the integrated dose should be mentioned:

cctlveted sodium and (2) the sticking of

(u

tho

●ny to any tissue ●rfaae ●mh a. a Umc S baok~

Neither of these items will algnlfioantly change the dose reoelved during the

falling time. Both items will affeet the htegratti dose st long times after

the precipltatIon is uomploto. In view d the appront agreemnts among the

different methods of estimating activities ueizagequation (1) ●nd (2) it is nat

likely that more thsn !KJ%of tha game activity was due to aodltunc No direot

evfdenoe as to the fraction of Bodlm or ita ga- radiation is available.

Concerning the question af the fission produots alingtng to a couhlde one kc to

guess. Kechanhal rubbing is neueasary to remove the dust from a pelt. It iS

known that the cloud duet atioka tenaciously because monitorso autoa beoame

heavily oontamlnatal due to the dust stloking to the utiersfde of the ohassis

and bcdy of the cars. In the comqwtatIoas rs hme qsrnrnedthat all the dust

61.
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lay in layers immediately on the tias’lerIrfsce. !’tmacsos my kve tc be

~educed by a fector due tc~the duBt yM.t.ic”leeIbeln~ distrj.buted on tho hairs

of the con pelt. Guec~~csas to the magnitude of this reduction range frou

10 to so%,

Summarlsing the beta doson frrxsF1.gure1 for the case of 6 gammaR/FY

measured on ground at A hrs thero were abut ?200 rop deliverad to tho skin

wurfaee raking 6X? rep to the 2 - 3 mm depth during the fall,i~ of the cloud

mater~al up to 4 bourn. In the following 2 w-kg an additional 30,000 rep were

doliverai to tho ●kin meklng 1470 rop to the 2 - 3 mm depth. The total.dose at

the 2 - 3 mm depth beoomw 2CKXlrep. These flguroe aro not corrected for

raduotlon due to 10Ss of material ~ mohanieal mbbirug or

the tissue aurfmce.

For comparison w. quot. tha median letkl doss

wsatherlng from

for ●tmual 138ta

ray doaos on mice, 4,700 rap, arn$for rats, 7,500 rep, (MonthlyReport of Blol,

SeatIon of Reeoaroh DIv., Clinton Ldbm. Sept. 1945)0 A single dOSO of efiar-1

beta radiation of 4,000 rep will fnduoo tusore In rat6 (loo ci; ). No relevant

data are available on the possfble effeots of beta dosa~e on oowa or dogs.

7. Ganma Ray D.osageefrom uaterials on ttaeua purface.

(a) Fo~lowing is ●n estsmta of gmma ray dose received by a

cow on whioh the redhaativo material had precipitated. The method of aalaule-

t30n will aim at findi~ a gamma domage rate ~.nair at the ti69U8 surface which

will give the s~me rtite of dosage at 1 em below the ●rfacc as that given by

the active mntorlals looated on the surface. This method is followod in ordor

to have a doaa,?e f~gwnv whloh can be coqmred with the doecgos dollvered to tho

00W by the aotfvo m.atefialson the ground surrounding the COW*

Inspeotlon of the cow. showed the following two im~ortant facts

conoernf~ the gamma dosmge~

1. On the aver- the regicma of the CC.W’Sback ~ffactad by

...,,. .....?’ ”,,’ ~:.:;

..!:’”... ‘d ●

-.
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suri’acoby aesudng the

z’adiue. For gammas the

hv *’
A ~ 2, whioh leada

●ctivo material to be in tha form of a dime 1S cm

●bsorption 40eff50ient In water frn0.069 em-l for

to ● mean-fm-path = 14.5am. ~F~&i~ equation (3)

where A = 4,7 R/br/~/unit solld angle, and ~ Z lpc/a~ w get

I s 0.0?7 R/b/~e/=2 at 1 O= d@h

By correcting for tha m ●baorpthn in 1 cm of tiosue we shall

●ssume that this gamma tntenmity st 1 en em b produoed by I S 0,082 R/br in

air at tho ●rfaco. Tlda aaaumption Is on the ccmmrvatlve sido fn that ft ovor

●stlmatea the total dose delivered to the sow.

To corroot for total ●olld angle subtendd w. miltiplyby 1/10

accoxding to item 2 in (a) ●baol

I :0.0082 f@r/m/c#

Aauording to ●otloua 3 ●d 4 the gamma eonuentrationa●t 8 hrs at

the p~ce whero 6 R/hr gmud cwasuremnts wora auM3e,was 120 ga~ ~a/em2.

Aasumi~ the gama deoq ●a t-1e22 this mrraapozda to 280 po/am2 at 4 bra.

The calculation of integrated gawaa aoscw is @e with refarance to Fig. 1.

Curvo (a) ●howm that at P

dosage rate 10 s O.00&? x

ovw 336 hrs after to s k

D:

= 336 bra tbo value of D/I. 10 4 x Id sacs. Tbe

280/3600 s 6.4 x ld R/sw. Thu- the integrated do-o

bro ia

4xl&x6.4x lo-4= 25.6~

The doso aaaumlatd during the falli~ of tho olmxl IS fourd with

tba ●id of Fig. 2 where the cnxlinatosin rep/eeo are to be changed to R/eec

alth the mte at L bm ~ 6,4 x 10-4 R/see. The lnt~~r~tm: dccc.Srorat : 1.5 hrs
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tct Z4hrsia6R. The 0U81of the dcses from t K 3:-6la then 31.6 or X2 R

total.

This do.. oan b. oompared with tha doe. dua to theuotivo material

on the grouml. For Inatmee, In sea VI, 3P O&the report on almxl maaaurammtm

the dose for l/t decay is given es R S 16’7R, for tho t-1”5 ‘eoay as 85 R

(doees at torso lavsl) in hot canyon. For 6 I@ referring to Fig. 1 (a) the

t-1*22 doaa is lti R. ~ wo aseuma hero that the t-1022 ~hw is l&iX’~y

rapresontativewe get a total dose for the cows of 106 R (ground redi~tion)

plus x R (bok radiation) making a total of ~8 It.

8. Beta doees frm aut$v~ EMlt8~l@ QIIfZmU~

Bets doses del~vered tc animals or persona wclking On terrain

whiah Is uniformly covered with beta activo materials oan be discusnd urxlor

two separato hsadings.

Cam (a) Uosago dellverd to the paw6 or feet by materials

dirsotly ir~oontast with the liMba.

Caaa (b) Uoaago dalivered to the iog parts higher than the

pediments by betas ooadng from tha groumi.

Utier oaao (a) the doaago dollvered to persona

●xcept for barafoot peoplo. kather eboe or oowts hoofs

offeotively, tho mfp of ha%-a having energies from 0.5 to

will be nagligibla,

abaorb tho radiation

2 Mav iu tissuo-liko

material- balng about 1 mm or 1.S0. Dogo wii oats are more vulnerable to the

direct contact doeagc beuauso the beta wterials oan get into tha spaces between

tho toes. Also, the bottom of tho paw is probably lees than a sdlli.meterthiok.

There is evM*noe to indioats that a dog at the Rsitliff ~arm was effected by

beta radiation on hia paws.

Wxier oa~o (b) W* rafor to doeago uurvos taken by H. M. Farker (CH-930)

HSOMO F&aioal hpects of tho Effects of Bets Radiation on TIssue~w Sept; 1943s

Fig. 9. W. will refer to Parker!s data on tuballay fm w}~ichthe betas have a
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as for as dosage to the leg~ !.scomernede %rker shows”th.etif the beta

SOWW9 iO covered with 55 lU~HJ/CU12of absorber the do8age in air BS one moves

away from a plane sonree decr~ees wfth Q l/e value cf 20 em. After traversi~

the alr the particles have to pnetrete shoes or clothj.ngmhiah we toke tc be

oqlvalent to 55 m@a/c# as the smallest reeuonable estimate. Since 1 mm of

tissue is eqtulvelentto UO .mgm/cm2there remain 5!5~~cm2 penetrating power

after 55 n~m? have been subtracted. ‘art of this 55 mgs/cn? penetret~ng

power i~ t8ken up by air. In the aase of 00WS the presence of Imwy hafr and

a thick hide on the legs proolties the peeiblllty of any betas delivering

dose to 1 mm below the hide aurfac.. This 1s born out by ths inspection of

COWn which reaai~d beta bur~ from =tatib fallhg On their baeka. The

legs showti no sfgns of rediation effeat)s-

In midftion to the fact thnt elothln~ ~.mlikely to be t,h~ok~rthan

55 rwm/od In proteatf.n&?logs from beta rediatloa there 18 the further considera-

tion that the effective beta partiabs must come from the ground Rround tho leg

in an araa beyorut a eer=tainrac?lua. Hots particles appmneh~ng the skfn scrfiica

at a very smsll angle will expe~ their energy pdnetratlng the upper skin

surf[]oebefore they reaoh tha vulnerable lower Iayerm. For examp3e, if the

a~le of fnu~donce Is 30° tha prtlcles w311 hnve traveroed 2 mm of ekt.nby the

time they havairaached tha 1 mm depth.

65.
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HEALTH INYNiWdEMTATXCMARD GRU ACTIV LTl D~.1 AT “213!JULY l@H

NUCLEAR mK13xOR.

l.O

tOok

QkwLam?kJ&fs*

At tho request of Dr. &pelmamn

to 8U@y smi insta~ tho Instruments

the Eloutromha Group undor-

naeded for tho protection of

pormonnol ●t tho July 16 Wolur ISxploaloxa.

It waa reoo@sal that consldorable danger would ●tiat, ●ti

that spedalimd instmmemta not 8Y811ablo coamierol.ally would be neded

to maasuro ad uarn of this danger.

Thfa danger muld ha roughly divided Into

Danger ●t tho Instant of cxploahn; (2) Danger from

th- parts: (1)

the mdioactlvs eloul

that would b. formd; (3) Danger from reddual ●at3~ity to peoplo recent-

ering ths area whcfi ths bomb ●%pldd.

It was not thought that ●ny s-ioua danger would ●xiti ●t tho

momont of ●xploa Ion. Tho gr~teat

ad haat that would be glvem off.

houaad In conoreto shelters 10,COO

uneortainty was tho amount of llght

Inamuoh as the personnel would be

yards from tho site of tho ●x@08tOn

caloulationa showed that it appearai extrendy unlikely that radlat~ons

would reach this dIstanao. Thus ●t thaso ●heltera it was not thought

that ●ny inatantanaoua●ffeota from Garn, %ta, or neutron radiattona would

be Obsemed ●

A greater unoertaimty was tha naturo of ●d way In whioh tho

rndioautive clod woild b. fod and -ed. If this ahrl should stay

10Wand sweep

result. Then

a town thirty

over a~ of tho sholtora very cerloua eonsoquenoos would

●gain tha old might riso high in W ●ir ●d eottlc upon

or more mllos away.
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Another ser~ous problem wao tho.lghtto be tbo alpha aetivtty

of that part of tho plutoniun which was not wad in the ●xploeiori.

Beaauao of the great toxalty of this material, danger fmm inhalation

would ex%at if It was distrlbut~ in the ●ir.

The dangsr from the recidual activity would be largely to

those people who wuM ●nter tho aotivo ama aftsr the blaat. This

danger would oonsist of total body ga- and beta irradiation and inhal-

●tion of aative Rmterial.

2.0 ~*

2.1 Alpha Inatrun@nbs. A unlvorsal instrument mild mot be built

t&t would fill all the ~arled requirements. In facts for ●l@M ●otivityg

It was dubious that ● satiofaetory Inetr!mseutaould be built that would

givo an inatantarmoua indleatlon. The Problcm may be presented In the

following mnnner: The tolermee dose for plutonlum i. tontatlvoly set at one

niero-gram Assume tht a normal man breathes 15 liters of ah -r mlnuto.

For simpliolty, ●oaume that none of the plutonium leaves the body after it

is ingeeted, NOW then, let ua ●lso ●ssume that we would liko to measure

the toleranae dose for ● two-year period, 300 working days per year, 8

houre par day. For this length of time,

6would breathe 4.32 x 10 lltera of ●ir.

Integration per Yubute per ml-gram.

liter of air 1.A x 105/4.32 x lQ6 z ● 035

at 15 Mter8 per mlmute, ● nan

The produat has 1.4 x 105dis-

Thua we must doteut In eaeh

die/rein.pr liter M air.

NO existinJJinstmment will do this● When one eonaidora that

euoh an instrument should also be portable ●d non-mierophonie it dtd not

seem feamible that suah an inatrumant oodd bO ~~t.

It woe poeslble howewr, to rnke ● portable inatmmOmt tht

wouli count one or two euunta par ●inuto. Woh t;tiswas ● ~mbha from

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



[j}/!\y:- ~.:,1, ,,, -.,.’J’J!iIDi

the mlcrophon~c stand~int. It was Lolgad ~ ~lo*t.~ methane through

the ohamber. A f●etor of tan comparr’dto air :8 uatillyobtained for

the signal to noise ratio. Thna the ampllflara need not have ● brgo

gain axl the inatrumomt oan be slrnpl.lfied.A two-stage batte~ operated

amplifier will aufflc~ to bring tbo signal to the 10 volt lerel. The

instrument is ●till bulky howevor, beamao, of tha s8alJ 9et~ tank ad

the battoriea naeded for the high voltage 8upply for the ohambar.

The thin wlndowa needed wom mmdo of collodi.onand ldd in

pkOO with glyptolo Thaae pruvad quits sturdy 00 far as pressuzw W-

concerned. To protaat them from aoeidomts s wire sereon was plaaad over

them. By using tlllmmethcd ● wl.ndow 3/4U x P eou3d ba obtained. Photo-

graph I Illuatratea a uinflar Inatm.tment. In thfs ease tha oountlng rat.

meter warnnut UDed.

A far wre aensitivc wthcA d UBUX%4 tho al#a ●etivlty

in the air is to drmu tho air through a filter paper at a kmown rata and

then mamma tha activity depoe~ted upn th paper. This mdhod lms baon

worked extenaivoly by the Chioago Group, For mu purpo8a It auffera from

two dmwtmoka . (1) It requlroe a flmlto the before ●n anawar ean be

obtained. (2) Th. b@ld-~ of the xsat-1 mdioaotivlty In the ●lr oon-

fumea tho isaw, for this -t be allowad te d oeay or eorreotiona must be

mado baf- tho trw ●OfJiVity emn b Q9a8ur@do Tho klf-lifo of this

natural radtoacftlvoproduot ic of tho ordar of two hours.

Desplto thaaa difffedtias the method Is ●Xtsy ●omsitivo

to small alaoumtsof Omtaminatlono Tho methd developed eonaiats h

using a spoalal filter paper with extromaly fima fibras. h staxlard

vacuum cleaner (Tho Filter Qwm) aomwmdally ●vail.abl. i. uaad to dram

the air through this paper. Tho papar is thaa eeuntal oa ● speaial ●lpha

aounter.

It was th~ht tht th~~- t~t~ti~ zh~ti M ikc.d in
~<,J~.\,~

the surroumiingtowns ●a ● precautionary meaaurc. Q;LL8~JJ” ~
●
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2.2 ~eta~amm Instrumont80 lt .ms ap~runt t;titcertain of the

Personnol would have to ~-ontor the aa~lve area. A smey hdiaated

that very few of thsm were willing to take more than Nl@r. Thw it

apApearedthat Intensities of radiation from lCR/hr. down to mush lees

than the toleranoe dose would have to be measured. Beoauao of the saar-

clty of A.C. lines in the remote ~ct ion where tho test took place, it was

thought beet to rely upon battery operatd instruments. It wat apparent

that tho surrounding towns would have tc.be monitomd ad instruments for

doing this would havo to operate a roaordng meter. Those instruments

should necamarily be m aenslt5.ve ●s h feasitdy posaibla nti well able

to rauord below tolerance dosagea.

Te cover this wide rangQ of intensities, two cliff●rwt

of instrwaentswere decided upon. The firmt was a counting rate

types

metgr

●wplo@ng ● Geiger tube. This inatrummt ~# lllwtmted in l%otograph 2.

A thin wall dural G-B tube is wd. This ks the advantago of

eliminating ●ny photoeleetrlc ef fecta common with gla6a G-M tubes● Draw-

ing # 569 is the sehe=t ia for tho eirouit. Tho idlcating meter iS a

O-1 milliastetermove9ent. Provisions are made ao that this motar smy be

disconnected ad ● &l mllliameter E6terlimAngM Racordfng meter may h

put in it= plaae.

This Instnamont on Its leaat sensitive soale gave ● full aaale

reading for 10POCkloounta per mlnut*O TMe oorreapodui to N .olR/8hmo

The G-M tubes

cm contained

handle.

required about 1000 volts. The bstt.ries for this voltage

in the lower box. This made tho instrument rather ●wkwafi to

To measure the highr Intenaitfoa the Viato-en Modd 427 Ionisa-

tion Meter was ●callable. Unfortunately the Mupply W*S -t suffIciont

for Our needs ao the an. tube meter illwtratod In Photqmph 3 wamdesigned.
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were also

to oper~te the= by remote control.

3.0 -g AQmum!E kAsL

It was esthatd that at least four tom, three shelters, ati

the base camp would mead to be ~nitored. A number of Imtmments would

also be needsd for parsonnel who would try to follow ths Qlmxi by auto-

mobile. Thus tho follm~ 1fnt was lm-ly foumi to be cuffiulexrt.

Filter Queens

Gain-Beta Rm.

Alpha Countors

survey Mot@rs

WXtron counter

10

Metffs 15

15

30

1

Aside from

yoteat Ive oloth%ngB

14irdsverkBleetrometers 10

83

this a great mnny podcet eleotroscopee, fil.mbadges,

~es masks, ●ta. were furnished by the halth group.

w! JmxwM!m*

Tho thrso shelters were ●aoh ●qulppad wltb an ●lpha meter, ●

Beta-GamnmG-M meter and a SU=SY Mter- Theae instrument. wo~ operatu!

by the health perao.mrd. At the BaseIcaEp a Filter Quoen @ a G-M Ree-

ording Meter wae Used. At the towns of Tularosa, Xot S@n@, San

Antonio, and Carrizozo, a Filter Qu~n axxla Reoording Beta-Gamma Meter

was sat up. These instruments ww oprated by Hr. M ~s SOhDOWUph

group who alBo had instruments at these plmes.

The ●utomobile group was equipp.d with Ilphz rrt~~ ~ i3eta-
\~r‘,lvq

Gcimm G-U meters a!xisurvey in8t-tiS*
,

,Jj@&jii ~’-
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