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The follo'i_.ng persons collected the data on gumma intensities throuphou£
the states of New Mexico and Colorado:
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1.

2,

3.

he

are described brhrly. The appsrent decay of ﬂ‘éion products

fad across terrain 1s disgussed, Ru:' iho oht,cr the decay
was ap&éﬁntgly a8 t""" with wide variations shile at distances greater
then 12 miles hc decay went as t~13, '

The g.outrmi etfecte of the distribution of active Eaterial is des-

eribed. The mmswcmnta in the vicinity of Bingbsm showed that the

gamms dose to personncl War due tos a) dosage delivered while the astive

clowd particles wers fz; ;Lng end b) dosage delivered after the particles

had aottlad to the groumd,

ncthuﬁ for ealculating the total gemma
dougo 1a‘m11n-d. , | , |
Exilpids of tm mﬁitoring’ for g;a ridhtion sre given for White,
Bingham and hot canyon south of ¢ Chupndm Mesa, 4 Table of gamma
doses for towns throu"haut New Nexiso 1. cc-pu.d. xnmni of the

density or gexma active mtcrul on thc gronmc are conput.cd from tho '

ram-mntgen intensities and tabulated.

‘‘‘‘‘

The region of higbut radio-active eono.nt.rution ir shown to have been

in a swath 12 miies long, ]l mile wide astarting n‘u‘ !hito Store

(on rosd 380) and extending northward scross the chup.cxm Nesa, There

was & definite "skip" dishmc of 15 nilu between sero-

regions of measurable gam;intcnuity. It is catimatod t.hnt. rﬁe—half

of wll the sctivity available was precipitated in the two weeks after

the explo‘:&ion“., This activity was 90% in New Kexico, About 7% of all

rsdioactivity wee precipiteted in the "hot* swath over Chupsdera ¥usa,
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Beta ray dosages ia tle re
of zero are cotpéted oa the basis of phyiiul mﬁsurmnti in the field
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ard also on the basis of the chemical amalysis of soil seaplea.

gasma and beta doses for cows on the rangs are céuputid and found tc

biologieally significant.
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"~ instructions oonc.‘rnod' chiefly the mattars of reccrding o%c

o i' B

a) "reparatiom for tbo Shots

As & roault of discussions among all comerned, it was decidod
that there seTe two nain poaaibilitios a8 to where the cloud could go

ter the shot, Thoy_ were: 1in the northeast or in the southeast direction.

or the t cun of Cnrtrlzczo, which 1ies slightly north of due

ero, Aceordingly, the town monitoring plans consiasted of three

nain caseas
y (al The M in nhich the clowd moves in the north=
east. diroction i.m!ida e 20° seotor whose acuth nide is not lasa than &°

north of Carrinoso.

(v) Th« “ggg o3 in which the cloud moves in the southe

east direction insids a 20° sator whose north side is not 1”3 than 6°

nouth of Carriao:o.

(¢} The MW in which the cloud Boves in
any uiroction outsido of the aector hevn sidea are 26° north and south

of Carrisoso. ‘ ' 5

Of these three cases tha ‘icrth blow amaad to be most likely tor

ocour on 16 July,

;;;;;;;

On the 15th of July a riml meating of radhtion noni:orl was

held at Snnta Fo for final instructions, for uaiggmm ith Lt. D. n-l.y'.‘ ‘
G-2 men, upd for assignzent of radiastion detection metsrs, The fimal

vations and

getting 6mmnicazions with headquarters in Albuquerque whc:‘ t.. Col,

Friedell was stationed or with the base camp at Trinity whore Col, Stafford

Warren was stationed, Siﬁeo'tho monitors were spread over s large ares

it wez essential for thun to-m& &n "o.mts.n-“ central ocmniution in
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ocrdor to find ocut which of t.bo three uin cases had ocourred,

hch monitor was assigned a set of the follcming instruments:

l. A methane filled proportional counter !'or detecting

H partiols. r.dhtion in the presence of beta and gamma rndiat.ion. |

2, & Vietoroon, model 2!.7, three range, portable gamna

noter. This was the most useful inst.rumnt. for fiél'd work,

The t-hreo ges oover ‘the following :lrrtonaity rangon 0.C1 to 0.1 R/hr,
0.1 to 1, a@m and 1 to 10 R/hr. |

o« The Halliorafter, Goigors!-liller Tube, Nodel 5, portablo ‘
survey mster rol..ﬂ-u nd gamea pl\u beta radlations, The two ranges are
0,000C4 o 0,001 R/8 \m: 0.0008 to 0,02 R/3 hr,

In nddition to F"f.?ra tbo nonitors were supplied large mouthed
bottles in which to put up} }smplu from places where rediation was

uuuuuuuu
A

detested, B (\'f‘ﬂ

[

The disposition of t‘!};jon;]poring crew was as follows:

Mr, |  with lb'. gy at Nogal.,
S v with Mr, at Roswell,
with Mr, ?T%“* Ft. Suaner,

with Mr, ? ceerro,

At Cuard Cate 2 in I.jor T. O. Palmer's bdivouae Lrn were:

ke, - with ] . :ﬂf ] and.
7 a4 ] to accompany hjer—#nlmer in event
 that tho erasuation of people was round mnury. ] ﬁ\g

The ohicf monitor and two erews were stationed at Guard Gato 2

bivouas area in cxder to getb lnfornt:lon from Col, Warren at Base Canp as

"soon 'u»ponibhl. rm. 1nfosr-tion concerned the height of the oloud, its

s tia lll(

velogcity and dirution of I'o'i.;u-uto Toe -zro.u were conoontrutad at Guard

. ..' .l. oo St

Gate 2 beoauss of the proumo of two 1nh-bi‘tod localities; the P’ita house

l'l Co. .
- ll.(
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Preparations for the Shot (conumud)' |
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and the town of Tokay which lie northeast of sero and -1t.h1n the Jornada
del Muerto. Pite house is fifteen amd 'rekq is twenty miles from xero,
_ln case of s northwest blow, thou phon might have been subjected to
enao radht.ion. l"ro- Guu-d Gatn 2 the monitors cculd also go toward
“‘Girt.%fr& Bingh-:, Claunch, and Carrimo. llujor Falser ocarried with him

prepared by G-2) hnvinc on it tho names of mumt.m- in the
localiti }chin . radius of 1.0 miles of sero,

Up to the tise of the shot and for one half hour after, the
informetion coneoi-rd ha diroouon of movement of the cloud was vague,

’,,._m

sero through Guard G-to ﬂ* }5» in moant that monitors night bnvo to go to

e

D) -
Pito'a Farm, 'rohy, ard San lmfijo. A 20 mph, ground wird along thin
o

direction was explri'nud at G Gate 2 and led to the belief that the

oloud would cone thnt .y, Ho-wor, %hu top of tho mhrool did not move
.1n the northnst direction. In the tino t;tbml from 6 to 7 AM the 'ind
directions as recsived over the radio frot‘ ."uo Camp gradually changed

from northwest to northesst, And the mushroon/sebmed to shift toward

northeast. Finally, the most definite informatiion nvaihblo over the very

poor radio communication '1t‘h‘ Rase Csmp was that ¢ geloud was going nors
east at 15 mph,, altitude 35.000 foot, and riling a ud ' ,goo feet per

 hour, requested that go with Lt. Huene alo; A

toward Bingham to look for radicactivity from the cloud, ter and

_ ment in the save direction, In the meantime tried to go

down the road past Guard Tomer 2 in order to go to Fite's Fam. The MP

. .c ." lll c‘(l L§

refused perniaaion to anyopq t.o:tzgave«."g dbnncyhat road, An unsuccessful -

00 Se% B3¢ 84 BLC ¢
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‘Returning from White towird Binghan, measurements were
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Events Imnediately After the Shbﬂ iaet 't}:y"Cc’rdmpd)
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attcnpt. wos nede to conuct bsu Camp anc gat. perniuion for ronitors to
move in, By 7130 AM Colonel Warren had securec permission for _ to
go in uleno, but by that. time it was cortain that the major part of the
or# was moving northult.- Hence tho xonitors moved northeast slong

380, thor in the day Cnptnin Paul Huoman aent to Pite'a Farm

‘ nd found no rac}htian whatever,

- ’A{mﬁ; the road toward Carthage, , , amd T 7
,‘\L{:}u fouod reedable gamma radiation at 1,7 hrs, after the

- shot at' points 19 @l.l from sero, Thil indioatéd that the aativo dust

falling from hig dtitndes hd been cnught by the northwesterly wind

near the ground and blwﬁﬁn the diroction of Sooom. As the party moved |
ultnrd, they met | shd Lgnghn, who also had found gam radiation
in 1ncrenin¢ intensitiss of %B“‘}ordcr of fractions ot an R per hour
toward B:Ln.hn. v and B grre dispstched tonrd Hansomburg,

Ty party went t{ujpk Dinghnl taking Road 161 to Searche=
light Station L-8, at which nlace t.;cy B ived at / hours a!ter the phot
just when the Deasured games intensity o that point bad dropred by @

0l
faotor 2 in 10 niutos, from 2 to 1 gamne roe| Lg«pm/!rr. reported

15 R/hr at s point 3 miles east of 1.8, Leaving t R returned

to Binghem and went to White Store, this route nearly psralleling that of

but closer to lé:é. The highest ixitensitio- l r@re 3 R/hr,

' """jﬂh.} ulong the high-
way near all visible ranches, | ' mwet on hial rron
Carrixzcso, From Binghan, | returned to L-8 Station, wh l !
just returned from a trip northsast along 161 and reported readings up to
10 R/hr. This wer at ebout 11:15 &M, The intensities at White, idobe,

Bingham, and 1-8 hed appurcnt.w c*flqd c.(wn t..f rbeir steady decuy values

g l
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' Events Immodiately After the Shoby .16' J'-'..'.y';tc:.:".‘rt!ﬁ'iwd?

LX)

aaan
-
-

Redio commuinication with Lsse Cﬂnzfx was unsucoesaful, so _sent a
messaje Ly Courder to stating that the gamza intensities were about
9@?&% alloublo‘ value, (Rota;‘emo: Ses Seation V;, Examples of Town
c{:ifiy ¢ring, 1. Town of White, '

\'l pu’ty was joined by at this time and the company
went eal’?\}ong 161 rron Station 1-8 to investigate further the high
intensitios —E}n'ud by » At the first _p_lnco at. which measurements
were attemptied . } it was found that 's car was huvil& contaminated
under the fenders r}d the chassis where road dust could eling, The neters

ricorded 4 gammm ‘a the general background when held near the fenders,

Ioreour, inside the cuy{ﬁ. intensity was higher thu: outside, This
oast some doubt on the v?i"mﬁ 8 reedings. md earliei-
coapared the reading inside q@ }mtudo the car near Adobe st 10 AM and
found & fastor of 2 reduction n-ﬁ@itm oar, It was decided to return
to Bingham un: eat sinoce it was zﬁnﬁ

At Binghas, the eatire monit group exoept were

present, , arrived f;'él_ Pase plans ware made fbr

continued monitoring of the region, Bri'o.ﬂy‘ 'lff.huo were as tolloiu

1. Capt, H, Barnett to go along 161 toward Chunoh and
‘:0!1".. |

2,  to investigate the mfﬁ! s and hot rogiou
reported by: Mages sest and north of Bingham, ..[_:1 _
)lv roads

loading off to the lido from it, in the first 15 niles from 'ﬁthu.

3. and to go aloaw‘ 161 and 21

?”» _ ' he to measure earefully along 380 and any roads
' " to the south of 380,

L] .8 (RN LX BJ -

XX X)

[ FYX XX
XXX XY
XXX

4t this eonference it was dectied ‘thit up:n' pirtiola rediation was

e 8 ¢ eee 3  ase ey
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Events Iuodutoly After the Shot,
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' -'nogligibli as fli', as meapurements up until noon indicsted. The major

hasard appeared to be gamma and its accorpanying beta radiation.

In the aﬂ.u‘noon, wont east from Binghan along 161 amd
?LLF ulong 146 usirg g ®SP of iuhubit.od locelities as a guide, _‘
"r‘):: rapilids west of Road 146 were in the -idot or a region of i.nt.annity

of lbo’é&\é.ﬂ R/br lt 2«3 P.’.t. This was conaidered to be safe, The ranchau

named oOn QH Qip were T, R. Coker, W, lLucero, and Sodillo. In another

Ul

146 the highest fnltensities were r:ecord.d,' ramaly 6.0 R/hr at 2 P, Thie

direction, 1y due esat from the Junction of roads 146 and 161, alorg

’ high intonsity un callq to the lttontion of the military guard sccompany-

irg lo 'rho read; & were taken up to 8 point 3/1. miles from the
Raitlifr houu, 'hou prenb&" vas unknm to the monitors since it wns

nck marked on the G-2 mep, W bout. 2 niles from the 146 - 161 road june-

tion, 146 Tuns throwh a steep g k‘ '._ In this gorgo tho high gamma intensities

'!'ho swath of high intensity

_nro found which caused the gmg‘% lﬂuho the name "Hot Cunyon®,

hich bagan at the hot canyon, atout
30 uiln from sero, 1s known to have extenmdéd-horth slightly east for about
12 miles, and found where 1 ?roued Highvay 161 and took
soil unﬁlu l’é_a peint where a gumma intensity ﬂ? R/hr was fofmi at

3 PN, 16 July, on the south side of Roed 161, Ll -
 Por detalled infarmation on field monitor Ln the five momths |

of all -oui_.ton.

subsequent to the shot we ra.tcr the rndor to the tnnacrijmrhld notes

(¥ .Ol -(( Lot «
s o ('( PR
. " a L t

«
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" material and the natural radiocact

The ;byuicnl pictun of':n‘.é;:.- 15ac .;n" te spread or radioactivity over

< ’ ' c.: ti’ "

terrain fgr renmod from Bero poin‘t was &8 follon:

1, Fine particles cf aand nould fall from th. cloud carrying radio-
asotive utoriila on them, 'i‘hen particles wﬂl be carried in many di!'tercnt

direct 1om after eaving the clowd on account of differing wind direstions at

a‘k llbitudu.

-

At a givon phco on the ground a minimm tine must slapse after tho

shot before- imctivity appears 1n msurablo amounts, This time depenis on the

cloud velocity Eg- ts extension. It also depends on the time it takes for particles

to fall from tho olondq

3. Mteri kwb- cloud hn passed and the radicactivity has Krinn to itt

: uximm intensity tharo villcccur a daony of intensity with time, This decay will

be dus to two niin'causn)

the change in the geometrical distridution of active
T decay of the elm::tn,conocrn-d. |

'.)o

-

The upparant decay of the “"‘étivity as muin'od on the ground will be

influenced by tho rate at which the purtioln settle, There will be a time st which

a fog of pnrticlu is hanging in the air just above the ground At a certain tims

later these pnrticlu will havc settled to the grﬁ e I1f there is wind, thén :

‘particlos will movae in't.o the interstices of t.hc gtoum -ur!'aoa. F\n'thdrnoro,'i‘ain

will wash them rurther' into the ground, 4t each of thue stages the geometrical

distridbution of the active raterial is dirrnront from t'bc prrwodirg stage, Thers

w11l result an apperent decay of nctivity becauss the prozmssive chmges are

towerd chscuring the act.iva particles., This kind of dway was wél %duzonstratod

by the meamxremants of the searohlight crew at 1-8 nhose data are shmm in Figure 3.
In about ten minutes the measured activity ro;;pod by & factor of two, trcu a

raxizun of tw»o down to one R per hour,

b). &mwn.mmm ¢ eni

( l ( <

The deuy of geEma and*byw uc‘t.;vuy an ‘.ission products is au::urizad

s 0‘. Es0 Se4s !.Ctl l&
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 aleo V, Relaakopf: “Nautron and Cuira Epfw.i- nfter the Nuclear Bxploaion"-ll

0 ' ‘ M e v

LS - 250, Figure 5 anda Lon Ahac; Bdb. Supplmsz, La=140 4, p. 10, and
E. P, Wigner and K, an 'S\mmm and Correlation of Data on the Rate of Decay of
Fission Products,*CC-3032, June 13, 1945,

“01‘ purposes of health memitoring the 1/t dneay is most oou’uniant ror

estimt. m inteasities and 1s cmsmative in es*iuting 1ntegratod doses from ‘
' made in the firat 24 hours after the shot. Hmcver, at lvnger tiua, '

onitoring, it. is necessary to assume an Inverse power of t hrger.

The decay of radicactivity as messured by gamma roentgencmeters varied

considerably as can be geen by reference tc the dacny curves in Appendix I compiled

by Riabud Watts, Fragmntg ron the untsr ct gero decayed with time varyim fron

R 1) t 5. At fixed pointa arm:z:d the mte:r the npparent dacay was as t~ -1.8

to t‘z. This was nnumod to bo dy Ao obscuration by dust. In one ;lace the .

.aotivity actmll;y incressed vith tine

This was interpreted as beirg due to wind
~ blowing active material toward this phcé.

A% great digbances (greater than 12 iuile:) the activity ytaemd to follow
the law t°1+3 as shown in Figs, 1 amd 4.
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In II (a) above, the cbanges in dose rete due tc changes in -

geoaetrical diéposition of the radiocactive materlal were dascribedin a general

measurable intinsitin on the ground before the J.ayera of air imodiataly abov.v

the greund are Allod wit.h ncti'n particles, ‘hen the partialel at.lrb to reash

" the ground the irx‘bm*ty of gaomas is most easily conaidered as boing due to a

cylindrical distribution surrounding the obnrvtr. The observer 1s on the axis
of a cyliridcr of radius >\ and-height h; If the nmateriasl giva: A roeatgens

/hr/mc/unit solid angle, and if density of the material is M me/oc of air,

and if we neglect absorption in thé air, the intensity of gemmas will bes

)

I = roentgems/hour

For a diléussioh of this form -1 1) w.A . hyuowdc "Enargy‘

Absorption IV Hnth. Theory of Integral Dose’ 1n Riéiun Therapy," Brit, Journ.

Radiology, Jenuary 1945, vol, 18, For a more accu" | . cnlwl:tion taking into

agcount the absorption in the air, see Chicago PrOJeot

ook, Chapt, v,
naot:lon F. Sinco e have neglected sbaorption in air um‘ake tht height of thﬂ

eylinder to be ) and the radius also as A . For an avoriﬁ gd gam energy of
‘1 liov, Az 4.7 R/br/me/unit selid angle, Subat.itutlng in (1)- on;. getu

I(am) = 7235x10° M R/ | @
- When the material in ths cylindrical voluu has tallon to the

l( 14( ‘f( l (( €

grmnd, the observer is stsndingg % fhc gct':‘ian ~f . a diuc of active material of

L3
LR (l( ‘.. il( ((f [ S 9
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| LR RPTHE I ~ |
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b A‘%‘Tr i TR LRI o | (3)

where f = density of active material in mc per ew, and d is the height of the
'raco’rdor above the surface of the diase, |

cl.—Loum I(gwﬁg_ 10:;@ RO o | (4)
Nots that ;I an intansity of one R/hr is recorded wh,le the material is in the

6 x 10""6 pe/cc. ‘Jmn thia is precipiteted g = ...2 x 10‘ x 1.36
Be /bn on tho grcund. and T {gnd) = 3.15 ﬂ/hr 1f cne neglects
Thus the ratio}s\I (god)s I (air) = 3,2, #He ahall assume

however, zrat,th.'cylinn.r hesghz was of the crder of 2.5 to 3 A and that § is

inereased accordingly. %;ho rtio I (gad)i I (air) beoomes 10i1, Hote that

scoocrding to (4) thera ars 9.5 i’,m:/'cm of gaxma activity for 1 r/hr. Tuking

, :lnto uccouub the 50$ grm pg ,‘":aqration of active material thers are 1‘«} /nu:/cm

ganma activity per 1 R/hr. This 1 “n'nveragt gamma eneryy 1 ev and n_ssume:l

BYarags mzt-rrae-path in air of msnet.ars. The ground to alr ratio is useful

for eatinating comantntiam of activ ,‘111 the air from the measursd concen-

tntiom on the ground,
(v)

5nud at Smchlight Station

cn thp gro\mu!. Heasurements at Bingham, Adobe, Whitp,

1-8 (see Pig. 3) showed that the intenaity drops abmpﬁy from.a peak valus

~ deternined by the partieulsr terrain, This abrupt drop 1s attributed to

ssttling of the actire meterial smong the oracks of the groumj mr The

density of air is 0,00129 whils that of ground is about 2.5 so thia&, fbacuration

by ground particles is effective. From the data ta,ksn at the sbove named places
we estimate that the ground obscuration is sbout 50%,
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(e) Gecmotrical Dose,” Dia
The 1nt'eg£a?.od dou-ﬁndar the naxim (seas Fig, 3) which

‘procodu the atudy dooay is callad t.ho "ceomstrical dose." In Fig. 3 1t
s/ the area under tho flat-top maximus and mmounts to 2.5 R total. Attouuoa
58 wE1leg 9 this typs of dose (as distinguished from the integrated doss

| under the\ @. _lon,'imniity decay that follows it) because it is a high
intenaity, s o duravtiox.: dou. At hot énvon, for o'nnplo, the intensity
at the maxtiises arounsi 15 R/hr givicg a valus of Dg 3 18 R 1a 1ittle

over one hour, Tt* gmtrictl dou csn be a severs beslth hasard because '

set at 50 R.v
(@)

Yor the pm-poup@i\ the 16 July shot. the data at L-8 merved

as a guuo because there the geoﬂ{t@'%al dose ratc dropped to 505 when the
clowd settled (rig. _3). This suppld tr? working rule trat 11’ the value
of Io at t5 could be 'oo-wtd from any haured values I} and tl tho
‘gecmetrical doss rate would have been . sast 2 I,. The time over which
this dose i» vdolivured’. in one hour for rointaﬁ;t were about 20 miles .
fron ‘sero point (J-3 .1-' 19.5 miles distant), ‘. I |

This working rule was verified, dthin the | Jccuncy of the measure-
ments, st two oth-:'pho.q beside 1-8, At :ldohov, N J obnrvad 6.5 R/ir
st 3.3 hre. Checking this et 4.8 hes found 1.6 gfm The indica-

tions were that from 3.3 to 4.8 hrs the intensity had falien mpmh as

it had at L-8, Here, howev_pr, the drop was xiearly 70% instead- 50%,
The other cheék for 'thé rule was found in the "het" canyon 7 miles due East
~of Singham, Here the L-8 crew verified the reading of 15 B/hr at 3.3 hrs,

it 8.4 hre found 3.8 R/hr.' ar ‘t. xq- .1‘ n/‘\ -‘nba .dropped to 7,5 at

'about 4 hrs and docnyed s 1/t, , "8 'a'.din,g‘ .nwuld have been 3.7,
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’ ﬁ.h appro*'i‘mahicms imol'veti;'

It ahmﬂd be nated hsro thtt before the Trinity shot of 16 July

19&5 there »as no fleld date as to how pronounced the geomed trical effact
would b‘o

Tha pioturo np until after tb. shot was that the activity at

g g en place would build up and dmy giving a ourve 11}{9 n hauoslan

cm-u :qu«d toward tbo left, or s curve rnembling that of y = »~ "% aith

cxall !qluon of a. Barm the L-S data were taken it waz planned to

. intensity rose lineurly to the value I, over a tine t
giving anri‘mdﬁrgtaﬂ dose It /2,
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o~
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(a) Conference held at Sase Ce:p on 14 July w#ith Col, warren,
Lt, Col, Friedell, ard Ur, Lenfalnasn set the uprer limit of intagrated'

guzﬁm rdy dosé for the ent‘ira body oysr a pariod of two waaks (334‘5 hours)

ad 5 roentgens,

h) Caleulation of integrated dose with 1/t decay.

i
H

s generai formuls cun be derivea reolating the inbenait}' i,
Teasured ire t, (after decay lLus started) with the total integrated

/veriod Po The 1/t decay law leads to the relation Iyt =

Io to where I, 1éw§he initial intensity at time t,. The tinme, t,, 13 the

- tiwe at whiech tha 1/t decaj sterts =fter the cloud hes passod. Ses Seation

VII,(a) and (b for de ‘ od diascussion of t 1t follows that the

intensity I at any time 1d:
(5)

The integrated doze ia:

| | |

Let the period P « 2 weeks, or 336 h urs, t .’m the time 1t; takes for the

cloud to move frox gero point to the plage mt nhi%h nonitoring neaauraumt
! —

are nade, Let this diatanoe be d miles and the clo.ﬁ ir 1acity be v miles

per hours. D is 75 roeut.gons. Equation (6) ia rcurﬂ.tm than as:

LSl (ag b))

18,



where I is t:ha intensity of rsd'iatif}rx RO 3Y 476 L1 ut a point 4
: miles from zero point, See ’I‘ablevl for use of thia fbmula. (7). has two
main features: it 1 relativsly’insensityive to neaition, d,”m? the clond
vyoloioi'ty, v; and the Inteyrated dcse, D, at a sz'ii.rmi poaition is direotly
jorml to the measured intengity, Il‘ |
Thne feeturas faeilitate 8 '*o“i*ér‘s deoiaﬂqns in the fleld, It‘

:kould Ba ﬁoted, bc»ve'ver, that */v la an apjproximtirr’ te t, bpeause t,

e tive it t,a:ces for the clouwd to rise and tie tire it ta.kes fm‘

e:xcludes th

the radio-ct a particles tc fall, Also it does not eccount exactly for

V v,tho time S.t Lakes Atho entire clowi to pess a given point, nor does it

;aoccmit for a clond which does not movs in & straight l.mo frow sero -«oyir:t.

' Tho use of d/y diroﬂ;ly Ior t, gives one » kimd of aufety mrgin for I;;

ﬂ'. i. on tho Heafe® aida for detcmining whether or not I is high,

(c). Calculation v‘ktegratad dose with 1/t" dacay.

Tho d:lsousaioni% | hointegratea dose over time for the

1/?. decay law has been presentod 1n-scme detail becanse it can be used as

a basis of eo:p-riaon with the ca L in xhich the decay goes as l/t"‘ where

iDL o Inthe httor cass the exrrnsion for the 1ntegrat.ad dose
‘ Lete K
Dm =
m—l (2y

where I_ is the "initisl intensity,* that 1s, the intensity st the tine,
o £,y when the activity comenced steady decay, and ¥ 1 the
which the dose is integrated (2 weeks, or 336 hours), Sinse P'%
aquation (8) ean be roduced to a good approximation:

Dew M- ' . ‘(‘;’)

12

19,
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- of to 2 4 brs was used beca

the value of n in 1/t". The firat and obviocus method

Tbe seconé method is tc prepare s graph baforehsnd of (tz/tli

for yalues of £ up to 25 hours,

The ratié El/bn e

iy, = (f/t) LS o)

e c = 2.30&} (336./{;0 ~H) | | (See Table I or Fig, 6)
7 “C - as function of (f /6)""'

ed with the values of Vigura 6 to comﬂute the raticu of doaea

been conyute Tfrr‘valuoa or ns 1,229, 1 3, 1.5 aa Bbown in Fig. 7. For
compariacn is ahon _the integrated dose for the 1/t law. Hcte that for a1l
practical purposes tha i{; lan dcce diverges whereas for all valuea of n

grester than unity the jdose a:irosches scme ssyuptomatic value, The talua

bhe field neusurements of largest 1ntanaitiaa

were fourd in the rezion in nh&ch t, was known to be 4 hra,

Figure 8 :hows‘tho build ot dose Iin the weeks following the firat

2 neeks aftér‘thq shot, The curve:Agiva the dosage 1ncrcmont over 3 two

weak iﬁtdrval’at increasing nunbers or%. ks after the shot. The furp090'

of this curve is to serve as a meann for eabi&ating dosage rates at long

tines after hhe shct. a
(d) Detarnination of axponent n in the dpgay lew,
Of greater use ‘te the monitor is e yaick Teans fTor juiging

o plot intensity

vs time on a log = log graph and estimate the SlOpo mnxch g%ve@_n dirsetly.

where to

&
o

tl are the tires et which iﬂtenaities at o given spot zre measurod ani

@

tﬁe relstion Isz ® Iltl shich can be urittan as:

eis



I¢t| ’_' . t“ A&“i . -
T.t. @T) R )

£ measurements and the kﬁmn fatio of "r.‘zfto ‘t-; give n from
gravh crf (tgjtl)n'l. This nethod 1s guicker and ezsier I‘qr
use in the £161¢) than the first rathod of plotting log - lop gragh. Hows
avery, ithe 1¢gA 1og 'pl)ct', allows ons to estinata '10 by un e"tr’;P"ktion;

backmard to t,,




;able for deterrining integra*od dose, Dy where Dy £ C I t3 assuming
1/t decuy' law. Taking © s 75 Roentgens the toleraiie valuss of initial

intensity I, st tise t; are computed from I, tl . 75/c

alstance frem zere point , rax, tolerable Valua cf Il tl

K3

t, v 2 7 ni/hr vel2 Ami/br | D/C = 75/0 2 11 tl \
2 hrs 7 niles 18 viles 129
2. W | | | , 14.6
3 21 s . 15.8
e " 28 16.9
5 17.8
6 8.6
7 19,3
8 ‘ 20,0
9 | | 20,5
10 354 70 | me - . 212
1 3.2,5 - 217
12 3.36 22,3
13 329 22.8
u 3.22 23,3
15 3.1 105 270 23.8
0 2,88 140 - 360
2 am w
36 2.34 |
2,03 386 364

* o= 1303%}'-’-’—3&-“, 4%3‘%.&.
Integrated dose D is taken over a pericd of 336 houra after t.
‘ .



V. Ercacdure for Debsralning Safs Doeagn liates of snog Rediation
(i)‘ A monitor coming to a spot where the cloud has passcd bes two
itens ﬂt information about thavra'diation there: (1) he ean measure rate of

dosaze al tines up to sbout 48 hours after his arrival and (2) 'hg has &

, rauéhg“ktinnt. as to when the clowd procipitated the activity at that

poin't 11' tho rats of donage is too high his =ojourn at the apot Bay bo

linitcd té riod consriderably loss tban 43 hours,) From thess two items

ke has tod whather the integrated doss over 336 hrs after the eloud

passed wlll exseed 75 roantgens or not,

The first nﬁ&mmm of m.an.‘ity'zl at t, Mitn the use of

aqxzation {3} The prodnct Ilt‘l ahould be less than or at most egual to the
constant on tha right hnnnﬁ 51&0 of the equation, Various Valuu of
%o 2 4/¥ should be chosen 't

ou for powaible inaccuracies in puessing

at the time, t_. If the produst Iyt 1s too large to satiafy the equation

em&bﬁaho. The next st.ep 18 to de arm*ﬂm whether the decay differs from

the ‘l/t lav, This 1s acoomplished by tm two rethods outlined in the

gottan, ,oqmtien (5) is wmd. Hers one has 'he ’fouput.e b-lck to eatimto

| I, and then oaloﬁluto Dn, If the log I vs log t plo‘t ia made, tho atmight
line can be extrapolated back to time to and I 1

graph,

?u,s.m-nalcs log plot of ¥y = x° 1nthe1

~ This curve 1s ussful for $wo purpom. ?irat, 1t pcrait: thcgm
e? I, from the general formla 1 I, s {tl/to) where I, and ¢y reh meaaurad
~values in the fiold am n is wny exponent one ehoous to usum. Secondly,
Fig. 5 allows one to ostimats what the ivtersity I, a* a place wculd have

bean 1f 1t hed decaysd with an exponer® ~re inriasl o alth any other value, n.

”&: aRal) "" ~
b i“‘“@

bakrgrd UNCL: - oo i‘. 23.




 This uses the formuhx ' ;
T=1," Lt,)"’"

where 1) snd t; are measured at a point and I is the intensity which would

, l‘m' axisted if the ’:xpomnt'or decay had been unity instead of n. .

Wherever possible the procedure is to deternine the integratsd dose, Z
he 1/t decay c'cn'u and xfafar to equation {6) for rossible values
of D t‘it‘%hé&;a‘wxalua of n has been estimated,

The gea-etrioll dose hu beon discussed in seetiocn Iv (o).

The ccmmathug 7 tiﬁatn of this doseis udo by sssuning that I t, 3 I otor

171 ®
a guess i3 made as %o t, and the value of I, s

- Onee I t; are neasur

1

obhinod. This velue : 8 then multiplied by 2 {or by 3 if & very

~conservative estimate is deaired) to get the dosage rate while the cloud

ot'particlu was asttling, or mapln, 1f I turns out. tc ba ct the ordax-

Cof 15 R/br at ¢ 2 4 hrs 1t foll: 8 that the gecastrical dose will have

been at. the toloranoo level of 30 R, pmcur ‘the integmt.od dose Dl will

be excessive, naml;r he X 4 x 15 = 265 R,

(o) Effoet of Houss Walls on Gan}a Dongo.

Tho 1ntonlity of gamma radhtion inside a housse which is

located on terrain which is covered with gamms “tivo zaterial sust be

considered in ecalculating the dosage recelved by~ per;

1anrnlon¢

'pcriod of time, HNeasurements mdc st Site Y on 19 u&f'at T 825 indicated

Frmpmnsadt

that there is at lesst a 50% reduction of gamms intona:!ty:fi"a%;lda a light

wooden frare house, Outaidu the reading was 0.0065 R/8 hr i1le inaide it

wes 0,0026 R/8hr, For a heavy sdobe (about 15% thick) houss at mnghan,
the intensity outside was 0,0025 R/hr at waist level while inside it was
less than 0,CCO1 R/hr. (august 17th meaauremants of Dr. L. He Hempelrann),

At anct.her stone house in hot canypm, 2r. Hawg;e..:xumxlneaa\n'ed, 0.923 R/hr

-



W GT Wmu RERAGVED

outside ar;i_ 0.0038 R/hrvinaidp. .‘l':hua:- Lor, anad.nbo hd_uao, the gamma dose -
1 reduoed by a facter of 8, § L

Thus §f one _tii:n the feduéti'on of .‘50% for & light frame wooden
house and asaumes that people mpend 12 .hourl‘ per day indoors, the integrated

uced by 255.‘ If one tekes ‘th'n faetor of 8 for s stone house

» per day :lmoou, tbo 1ntagrlt-d do:eu reduced by Li%,

r

. - ~ v
o jj“faoﬂd be notod that t.ho protection afforded by an autotobilo
was of ©

to the lon.i.torl. It was found that the gemme intensity
inside an auto_(uphm’ that outside, This was no longer true in the car
that hed picked up ng:hl which stuek tc it (under chissis and uder

the fonders). The ca ‘%ocalo comtaninated and the 1ntonsity inside was

at timea grutor than that butside,
(a) \‘arhuon ydmna Intenait.y hitb Hedght Above Cround

It was soon fo t the mtpmity of guamas vary¥ied markedly

with beight above the ground, ‘Ir ollcuing table gives cata on this

variations
7lsoe Tine ‘Ground Femarks
Searchlight ca,3-4 hra Camza radiation
Crew at 1.8 4 5 R/hr Gaxmma & bets
: radiation
sast of L8 8 0,9 1 meter, 0.5 - 35 [ Gemma radistion
2aiEot -8 82 3.2  1nmeter, 2.3 72 | Gomma rediation
3miEof L8 85 60 1 neter, 3.8 63 | D omna reciative
B | !3.3 3.3 1 meter, 1.7 _ 50 ! - Gamna rediation
Haf.‘Ca;;yon 37 o7 _ “Haist Aigh® ,v0.5  '71 ) o n rediation
’ 14 nirﬁjq; ' . :
‘Bingham - . 550 - 0.027 1 r-box, £,N3) ) 70 _ Gamra radistion

i m\/Aw AGT ;W' :—mm hTMC w: ol 25,




; The date indlcate that for gumme "a&iatian, the a‘veraéé value 61‘
the intonaity at torso level (1 m<tch).is 5551 cf *he intensity at ground
level, Ground level rndings were msdo by setting the meter on the
ggomxi. The averags poaiticn of the asnt.-r of the ioniution ohnborn

t;;b 0 ca above tho ground uurtaco. Since the meters were mdo in luch

a nanna},t_ §8 to prevent the ionint.ion chazbers from reaching ground

level, was desided that the intenasity nt'tcrs‘o level could be safclj' _

taken at 50$ what at ground level.

The, iéécrt.mo of tbe veristion of intemsity with helight above

,,,,,

- ground is aho-m 1n Tg‘clo II A bolou. According to mauroﬁarxtn tl'w

major fraction of himm body nass is at a hoight of over 1 meter above

grounding (rcr standing Alttlon). ‘Table 1I A shows average heights

and masses of the parts ct the gavmgo xan, These data are takn from

w1, v. Xayneord; Brit. Journ of Radiology XVII, pp. 151.1&, (194/.);

- "Energy Absorption II Fert Iz Iﬁ;‘%grnlv dose When the Whole Body Is

Irrediated”, v ;
?or co-pn-ivon with the case o?’ unﬂm intensity with height
Tsble II A shows the effect of variation uhich is 508 st 1 mater above ;

.mmi

ground, Tho distribution of 1uton:ity nhosg xivet & total dosage which

1s 5% of the case of uniforn 1nton:it;r ov.r thc b;ady. In the di.auniona'

 of dosage (sess VI, VII) a factor of two is mmsm.d to acooust for the

: V&rhuon with h’igh"- The correction tppliel only to &l

normal stature,.

Table 1A

Part of Avg. Height Mass  Distribution

- Body Above Ground Radiation Intenaity
Poot 1.8 on, 1.388 Xg 1.0 B/nr 1,388 Kg-R
Lower leg 26,7 8,180 0.9 : 7.362
Thigh 6 PN Y 6.799

ults of at loast

T 9



Part of avg, Helght
Loaer torso = 95 em -

125
125

Fot

avdg 11 r (eanliy

'L_g_,_

‘ . Distributien ,
Mmss hadiation Masg X ;
— lntansity Intensity

19,000 g 0.5 ®/hr -‘?.Sm',xg-a

19,100 s 3,595

L2854 ] 1,914

c.792 0.4 0,317 |

1.292 04 0,517

40330 | 0.3 1,299

69,678 Eg L 37.691

100(37.691/69.678) = 543
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Figure 3
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Figure 5
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Figufe 6
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Figure 6 A
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Fipure 7
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Figure 8
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‘this gives 8.4 instesd of 12.,6. The total

PRIVACY ACT MATER\AL REMOVED

UNCLASSITIED

vL, . S |
foyn of White. One bulliing on rosd 380, 6 mi. East of

Binghan, - | |

| Pigure 4 shows the measurd imensities made at Fhite Store.

‘l'ﬁ' F mstzrcnnta were mltiplied by 2 tc correet then to ths corrosronding

values. ‘had been calld to Adobe, 2 mi. ﬂest. cf Yhite, to

verify ing of 6,5 R/hr at 3.3 hra, By the time he arrived at Adobe

Pn— ropped to 1,6 R/tr, Thinlu assumwed to ba due to the ‘2ot~

tling of th{ u-ound 4 hrs, ~ then »vont on to White and there

' . v’
found 2.5 R/t at /% hre. Having just core from I~8 and seen the npid
drop there at 4 jnd fcund teat 1t ‘syparently had occurred sisilarly
at Adobe it was maturel E assuve that 1t had already cccuwrred st White
L

'bﬁ5h:nt1u. : 1)

To ealoulate the do Q% "nite one extrapolates the 1line beck to

ts L hrs lt whieh Io c l..2 w Table I gives for ¢, 3 4 hra a8 valve of

. ,.M.\}
C o hehde Henes the '!ntegratod( lav dose 1s Dy = 4adh x 42 x 4 = T4.5R
on gro\ud To got the gecactr:lcal dc-f 'pnltiply o = 42 by 3 and mltip]g

thﬂs by 1 hour and got Dg s 12,6 R, TH: is over eatimated on the safe

nid-; for ecmparison with the L-8 steticn ¢ ore should nult:lply I, by 2,

)
o is 74.5 plus 8,4, F or 83 R,
Allowing 251 reduction for the change in dose withi height above ground cne

haz 83 x 75 s [+ R 'rh- first conservative gu-JJ as tnjthe dose at '.!hit-

was to tuko Iy t]_ g2.5%5 (this is 2.5 P./)u- measuresd :Eﬂ 5 hrs) and
assums thet the clewd velocity was 12 mph and that t, -1~3

‘ ~Tke value
of C frow Table I is 5,82, Hence Dl - 5.8 x 5 x2,5=73 D}ron the

1-8 dats at the tiwe it was known that t, could nct be a8 smell an 1 br,
but since nc upociﬁ.e d;ta wes on haud it was gueued that Dy was at wost

90% of tolerance, Th's is the bases of ~he estir.te sont t:- Col, Warren

- SESRERNCLCTE |

PRIVACY ACT MATERIAL REMOVED



“at 113 00 ad frorz -8, aignod by o"ﬂur ‘.Haf 37 of tclaranc§ iﬁntegrﬁatad
’Adosa was thg value for one of tus Jn'tglitr.f':‘a 1a that region,
| Aotually, thia doss can be co‘mmembl& reduced -ukh our present :
1gromubn. Tha 11;55 in Fig. 4 has a slope 1.3 indicating a deesy |

according to l/tl'j. Free Fig, 8 when n = 1.3 the valus of Dn/I, = 9.6,

o 18 42 i, g0 that Dn » w.ﬁ R. The geometrical dose is Lg = 8.4 R

so that tho, fotal integrated doss s 8.4 £ 40.3 w 48.7 R. on groumi, Bote
t.hat,Dg ibé Q% of Dn, Allo;uing a‘ 25% raduction for the house sffect and
25% for the d Eau in intenaity with beight the dose is 24.3 K per
rarscn, '1ha 25}_:‘1‘0(1110%10!! for the housa effect at Bhite is on tha safe
sida, &sctually 1t .a'n;culd bs a 46} mucaicn on the ‘mais of meaaurmnt;
made by i}r L. H, Ewphlmm, 12 »uguat 1945. Thess measurements gave

| 0,005 R/hr outaide, o grétim, with 0,0005 K/hr inside #hite Stors, With

the 464 reduction for hounertget only (negleoting the veriation with

height) the integrated dose is’ S.Q R on groum.
2, Toam of Bingbas, 18 nil?gi* Nerth of sero polnt.
The firstrending at binghen was made by Leonard at 2.9 hra,

in’temity 1.5 R/hr. At 4 - 3.1, 1:3 R/br aa reasured by Ho!’fmn.

Apparunt]o' the mtonaity had built up in the 1nt;mal between th&u '

" readings and secording to the findingl at L-a 2-miles East, the reading
3.3 R/br may be usmcd to have been the m;d.mm at’ Einghnn. At the t.'m. ;

3.1 hrs, however, it was not known how the 1nton:1t3r vcnld bohn'u and

accordingly the most conaornti'n conpnhtion of dose us fd‘. A clomd
velocitly was nuumd that would mﬁka t,s1lbr, ao that i‘va--e: Tnbla I,

C.5¢82&nd913582::3.1x. 3.3 » $9.4 R,

After returning from -8, Ldobo, and 'ﬁhito 12; wai realised
 that 'to a 4 hrs was more accurate, At ty : 6 hrs the averags 1ntmity rad

fallen o 1.5 R/hr, and thus Dy = 4.2 X .5 x G2 57.3K, Dgis 3.3x1gz3.3R

29,



PRIVACY ACT MATERIAL REMOVED

Haking Dg /—D-. - /,I‘R
“There ia a correstion fo.!' thé éxponent i being 1.3, Fig. 1 shows
E.ljtu plottod bqou:l 336 hours, - The line has slope 1,3 making the dacuy

law /8143, iccarding to Fig. 1, the dose, I, z 2.5 R/m—,- ty w 4 hrs, snd

fﬁi{. 7 Dn 9.6 X 2.5 = 2, R, The total dose n:w beecmes 27.3 R,

U

| 46% redvetion for hcus_o effeot one has for the final dose 14,7 R
{on gromﬂ.: |
lot.:' J roadings st Binghiml are secattered, Fig, 1, nore than ‘

thome at Ihik J:')Pig. 4o This ii attriﬁxtod to the fact that there was |
| hsavy traffis :ho > bl.rors,‘ during, and after .t}.n 4 hr na-auremdnt;
were vrede, Cars rate coming and going at tho road Junction, presumebly
bringin' 1!: lctivo dust /iN\thnll and fondm or burying activity alreedy
presipitated thers. : o

~ Heh Canven, 7 ul.(h}.fpo Eest of Bingb.a.

A% 3,3 hrs the Bnrc Crew checked and found sorrect the
urlhr mm of about 15 gt waist height by :ln the ngion
known as 'hot eaxycn®, The eomhtion& Efo:.- this ocanyon are presented
becawse sufficient data are avnihblo rb;l conputing doss ard also heoumo

amd tcund a spot on rosd 161 {@hun of Bingham which
bed a ecomparable rediation dosage and which liro sarer to known ronches
- than was the hot sanyon, A swath of co:pnrablo 1 ensitise lay across
the Clxpeders Nesa, a8 hrs . weasured 3.8 R/ ‘F“u neter off

M (6 R/er on ground) which gives a value of 1, J&_R/hr at 4,24

if one assumes the /¢ 1". The I/t 1“ dose is D1 - 4.4 x ﬁ ?x'A z 134 K,
i

The (oeutrical dose 18 Dg & 15 R, Amd the totul dose in &
level 3is 149 B.

torso

'ﬂn valus of I, is very closs to that expested by dividing 15 P/hr
by 2 ncording to the obnrvleiom at 1.8. I s ao.nurntin aprroxiraticn
' p my pit I = 8 R/br at "o = 4y th's savva U] = LR R, sm«'zi;. canycn
| PRIVACY ACTMATERIAL REMOVED

30.
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PRIVACY ACT MATERIAL REMOVED

was hot exteurive Zoasuranents ooJu uot e wace there 6n sogount of |
instrument contemination, Dats oa tle ui,ouont n are iva_ihblo _rfon
an earth sumple tsken hy v The dﬁta on th‘ia sacples are lho-n-
rg'. 2 where the ccunts are plotﬁcd lgninlt tin; for various thioke

1

the umllmd tc H:. o \ fcr the counting xessuremente.) ch

ses of Al aboor'ber. (Ne sre indo'btd tor, . for prepcriig

thiek bers the exponemt riazes to 1.4. The annplo was not strong

enough to mo 800 ngn/oxz Al which 1s the cass of interest to us for
ccmpn-inon &h the gamma measurerents in the field, but the meager data
" indicated that thé exponent 1s at least 1.3. _

. Under th@o‘ nosgd that n wes 1.3 at Bingbaa and at White and

in view od' the labora data in Fig. 2 it 1o reasonsble to assume that

ths oxponont at hot camnml be at least 1.3. Accordlng to Pig. 7

! \
the dose Dn is found to be '9@6): 8 = 76,8 R, Tha geomstrical dose is
15 R xaking the total dose 91,8/ ﬁn th- air at torso lunl. (On the

grourd Dn o 9.6:12911511)(&}00_

t for the wocden house effoct,
' rodunc 92 R by 25% making 69 R, o7, 1"4- an adobe houss the reduction is
- 46, waking t.ho dou 50 R. ‘At 535 hrs". _, and nonu:rod _
0,07 v/ on tht gromﬂ at hot canyon., F k{;'-‘ 1,/t deesy in t.ho intmll
betneen 336 and 5358 hr- the integrated dou, on & basis of the 0.07 R/hr -

reading, is 15 R on ground for the 200 kours folliowing the 336th hour,
' .

This figure is to be rsduced for house effest.

the total dose |

g,

Doses on ground ware Dg = 24 R, Dn . 115 R ma

‘ S i
Dt s 139 R, without house correction, i D
4o .D.&w

The metheds of computing dose illustrated in the precsding
eranples loai to doses sumarized in Table IV a, The doaoa ahown ere

coneervative in that the house wall «ffpay recuaction ,’.s not arplied to the

PRIVACY ACT MATERIAL REMOVED




e %

gsoaetrieal doae, It 23 assuped’ t?at e z)fal‘uon &a:: at an:iing in open
~ terrain and redelived the full Gose Lhat veourred during the fallhxg tire
of the cloud material. A person inside an adobe hcusnkwould have been

subjested to only 1/8 of the geometrical dose, It ahoulci ba . noted

'thlﬁ n tba cxanpl.s discussed in the pmcding saoticna the houss affeet

xwt.ion was applied t.o the tctal dose, Dg / bn,

only dur ng t.he first 336 hours, After that tive 1nterval the fleld

measurement| indicate that tho,dosazze on the gmuwﬁ acd at torse level

‘were essantially the saze.

oorrection of dosage from ground level to torsc 1eve1 ia ap,lisd,

3.



; ; B Insrewent of dose during 2 week
‘ Intervalr efter the shot.

Geometrical Integrat.ad Total Dose After 7-8 19 - 20

lozation » : ~ Rhoge.Dg. . Dose, Du.. wegks  _vecks
White |
«) Doce on grousds 4R 21,81  C.54 R 0,087 R
b) Dose on grourd corrected - "/ : S
‘ for houss wall effeat ** 3.4 C.81 .43 0.29 . 0,045,
e¢) Doee (b) corrected to | | S
. tmo lﬂel dOW‘* - ‘-'2 ) 0-81 ' -118 0.29 00045
Binghem | | - ; ;‘
‘3 Jose an ground ¢ o 3.3 1.7 1 0.6 ¢, 096«*
» b) Douse ca ground corrected o o
- for houss wall o¢ffeat ¢ 3.3 0.91 0.5, 0. ¢ 0 J :
e) Dose (b) corrected to ‘ i o
to. 50 level dosgos ~ 1.7 0,91 0454, D.32 { .052,
B 5 4 CnJ.JCQ | ; ,
2) Lose on ground * i‘ 139 . VC} L.8 2.8 AP S
1.) Deay on ground corrected ‘ V : :
for bouse vwall effect #» 38 A3 2.6 1.5 Cens
e¢) loa> (b) corrected to _ : o
56 ’ ) 4e3 2-6 145 ' 0.25

- toveo level doss wes

Adobe hotm, reduces ganna dougo to 54%

*x%  Doss st torac .'lmvol is 508 of that 10 cz sbove grmmd lwel. applies only to the dosage
buring the flrrt 336 bhours sfter thu chot. ifter that tize ground and torso doses are the save, sce Seetion Vd



a. There ars on hand a large body of dats on hhe vessurement of gumma rey
intensities ot mny localities slong the swath laid démn by the clowd. The ecpe

putation of integrated doses for these localities csn be rade according to three

tione as follows:

For locilitie- 20 plus 3 miles from zero point the method as descrided

1n section VI’ fw White, Bingham, and Hot Canyon can be used with appropriats

approximtion dmming on the deviation from 20 miles distance, Sumrarising It

 briefly, this methb& oomiota firet in deteruining D, from the known vnlua of

t,» 4 hrs at 20 niln. sEl is then revised for deaay according to l/t law llherﬁ

 the data shows the revi ;an to be jmtiriad. Dg.is then ecmputed as being 2.1

siree the time 1s one hour f

the dose rate of Dg at 2C miles, The total dose

is tben Dl plm Dg mluaiu of any corrections for the height atove the ground

affest or the houn offoct.

2. ‘H.rr’b approximtiamw“ii‘dr oculities, other than these at 20 £ 3 miles

from sero point the moat conservative

assume a cleod v.loe:!.ty, 18 mph, take t_ = d}"f and assume that the intensity deoays
as /b, This is a rough appro:dnntlon and nuitabl: only for field eatimat.es. A
‘ rcﬂmm nnd in computing the doses of Table V

—;givon in (3) below,

ﬁ;'

3. A second npmxiution based on fioJad dant For localities other

Shan those ad 20 / 3 niles frm sero point it i; asau:«i f‘“cbat inscfar as gam

mivity on thc gmmd is conserned the ap;:arent drifs veloéi&y of the coud of
pu-tiahl was 18 npb. lormcr, the lnmh of time roouir :

As a firat approximuon for values of D Cl’? niles subtract 10‘12
| por nile frau 2.8 hra.

Yor exanple, at d = 28 adlec toe vilve to t, 1s (28/18 { 2 ’3) = 4ol BT
T™he hui. for nluting these values for the apparert drify velocity and the tine

UNGLASSTIED




for asttling of ths clowd is given 1in the follozing .ﬁigcvssioa.

b, Disguasioa of $o

The valus of %, ia detormined by the riso tino the drift valocizy,
ard tht £21ling time of tbo clowd ot partiolu. For purposes of nnlcuhting dose

tho ris tim is considered nagligibln. This is - conservative np;n-oxim-tion as

» are ooncarnod in that 44 msr—utimtu Gose,

ww; meorg'r cbserved msurable gZanna
sohool yard at Vaughn at 7.6 hrs. Yaughn 18 96 niles from ssTo

far as do

L d

intensity in t
point, Ho’mo;«the 3 opd of partioles cculd not have travelad slower than 12,9 aph,

| A% L-8 first noasurekents of gamma Tadiation wers rade at 1.4 hrs, and since L-3

13'19.5 niles from zero,j ¥ ha clowd eould not havo travelnd lass than 13,9 =ph.

It should be noted berathat f.hn maurmn’s ‘of gonmma radiation does no':k. neasssarie

ly isply that the clowd partisies have fallen at a given polnt, The rediation eay

be coming from the clowd before 1t has ssttled at that point, At L-8 the losding

odge of the visible clowd was at thezenith at 1.1 hra indicating a drift velooity

of 17.7 aph. This 18 more closely the agtual drift veloeity of the cloud alaft

in contrant to the avparsnt drift vélﬁw;i ‘assoaiated with the appsarsnes of

measurable games md:lation.

{ H

Table 111 :hcwa the winds aloft at thc tim” of tho shot, These data

wsre submitted by the mstecrologist, J. H, Hubbarda Inspeetion of Table IIX shows
that the windas betwesn 20,000 ard 35,000 feet ri'u ‘a roaalhnt in tho Nortbu:t
d,ir'oortian with a veloelty above 15 mph, This ﬁgurt lgms with the velocitlies

- quoted above in that it im not smaller than 13.9 mph.

It is aanmd ‘that 18 uph fcr the aprarent drift vﬂoeity of the clmﬂ

of par’ciclsa is » "safa" value for cospnting doses in that 1t wil | r-eatimt-
rather t.han under-astinate thc doss, In special cases one may makmsaftimt,s
*th lower velocities but in no case can the valocity be taken as less than 12,9 mph,
2, Fa.’lling tine of the cloud of fsar**cles im dafined here as the
interval between thea tim of first reasuradls pamemn r: d}m‘*ur. and the time at which
the atoad_r decay of gamzs radintion uat.s im. Tigius 3 shows the best data

35.



 PABLX III

The following are th. winds aloft at the time of the opsration
July 16, 1945 ,

Winds Aloft: Composite of 0545 bass camp pibgl,'ﬂ&ﬂﬂ outpost
pibal and OROO Foint P Rawin

Surfage-500 ft. Tind from 11§° 3~5 mph

720 ‘ 160° 7 mph
1380 200 ;
2040 T 230
2670 S - 250
3300

mrr BEEREEEE B ova bk avnsege

30,
40,

J. M. HUBBARD
kh



PRIVACY ACT MATERIAL REMOVED |

availabla for measuring the Zall:lng tine at d' 19 5 o, Activity was firsy
measurable at 1,/ hrs, passed thru a u.dn.un, are. set .led to a slow deouy at
about 4 hra, The "ulling time 1s taken as (4.2 - 1.4) or 2.8 hrs,

B Indirect avidanoe verifying | the abrupt uttling of activity was fourd
;t Adobe which Js ubcut 3 niles nsarer to sero thnn is L-8, 'neaaured
'6.5 f{ﬂat 3.3 hrs; Hofrnan found 1,6 R/hr at .8 h:ra, 1ndicat1ng that bo'buon
3.3 a

found at hot| eiryon,

AN

Prém A

_ﬂa hrs an abrupt changc of ~1ntonsity_ had ocourred, This effect was aleo

e data we infer that the folling ti'ng for distances greater

‘b}'l.fln.i'f mwl nua &l

o

]‘5‘“ 2,8 hry, For lack of spacific informetion about its
inoreasa ﬁi’tr‘z dis?::nce jﬁ begauss ‘:lt over-estimates doses we shall use the figure
2 4 hrs for cormting JT" for d » 17 miles, | |

For diutancee le.sJ A«hln 17 ni the best approximation is to sssume that
the falling time decreasos JJZ\ .pach mile leu than 17 md, This reduces the
'rulli'xg tire to zero at d ¥ 7ni, %m’ rearest diatanoo at which reasurements
wore rade was 13 nilos. The 10% roauut}gr per mile has no justification other
than that the falllng tize should be y-d in order to avoid under-estimation
" of doses, _ ' ' {.{ ‘

3. nmplat or tha cllcuhtion o!w

-
Tho examples given in seetion VI shdw the basis for arrlving at

-4 hra and illuntnta the method of VII a,l abova. he methods of VII a2
and n.3 will be {llustrated bolclu ﬂ
Cedarvals, New Mexico 65,5 milas from aerc podnt. | E

to,' according to the first .pproxintidn 18 65,5/18 o 3,&&1._
Y,y according to ths second approximation is 65,5/1842,8 4 6, ,.
For a comparison of the offeots cf thess two values on Atb-'!.n egrated dose
undo_r the 1/t deeay curve, take the measwred valus of I; = C.11 R/nr at ¢y 3 11425 hres
Firat ap'pro_xin‘t‘iomv Dy = 5.6 R intogrzted dcns cvev 336 hrs,

Second aprroximation: Dy = 4e8 R antegrawsd /inke over 336 bra,

| PRNACY ACTMATERILREMOVED oo



PRIVAGY ACT MATERIAL REMOVED

vVaugha, New sexico, -96 niles fron gero point, ’_
| tos in the first epproxiustisr §6/38 = 5.1 hya,
%oy in the"ucond npproxint.ion 96/18 £ 2.,8% 3,1 hrs,
The doses Dy for the two cases abm are:

..... Fk“ approxin-tiom D1 s 1,6 R, intvp'rated dose over 336 hrs.
%uonﬂ approxiuuom D, s 17§, 1ntozratcd duse over 33¢ hra.

i values of t, ure lower than the evidencs imicat.os. hombcrger
fourd fir j;bfLunblo gswma radiation nt 7.6 hra and coneistent readings at
8.6 hrn. No. 1n;(t_intion ia naﬂablo us to when theinvensity started to drop.

It s rulombl assuxe that the 2,8 hrs falling timg 13 too small for

It 1s to be increased for two reasons: ths cloud exitension increased and the cloud
inoreased its altitud ~3h the time after it passes L-3,

JL
Since nothing h Xnowm ‘aL ut t.ho falling time at dutancoa beyord 23

niles the goo-otriul dose will @} to be oonp\ztod on the basis that it bas an

uuuuu

undcr-uunting Dg becauss the m.k;}..mx us.n probably be longor. Un the

other hand, at hrza distances, nuch as ut aughn, tho value of Ig will not be

as hrgo as 2 1 o° The overeestimstion in 1 til&m?artly compensate for possitle
urder-estisstion in Dg,. - -

[

'For values of d £ 17 miles it is reasonablq to take Dg 52 I_, over a
1 hour interval, This will gho an c;-r-altimu of _ since I hour is the known

tine interval at 2 miles. -
Yii, 4, Wﬂ( _ ' | gf—'i
'rm-. are two dose cal.m.htiona in Table IV, ons on t B’?«sia of 1/t

tho cthu- on the t’ o5 decay of gamms uctlvity. Examination ?1;-. lami 4

1ndiutu tht the maximum expenent of t was 1.5} thooroticully n is 1,2 for

gamea desay of fission producta, It seeus 1tadoneble 1Lhat the presence of neutron

- astivated u:uu, the gﬁdu:l obescuration cx ta- caive 7articles .in the scil and

Iu-th.r mrlng shonld raise the m@ rate of deer, Hence it 1o bellsved
PRIVACY ACT MATEPIAL REMOVED 38



%951

that tho ganma dona should lie beiwsen the integrauted dosss for ns l nnd 1.5.
Boaaa ere at grmm:l lavel u.nlssa othianloe i isttar-,
Follming is an outline for the prccadm-c of caloulation boginning with

the intansity I,

msured at any time tl ‘after ?. t

1 o
Eotinate t acaording to sec, VII b, t, e (d/18 4 2.8) hrs for d & 4

= 0,28 (d 7} for a 17 miles, to was measured and found to be

| Cowpute (83/ty) amd (8,/%.)%3, | |
ox;pam Iyeh (478, uhich i the velus of I, aocording to
the 1/t deaay laws | |

P
11

d. The gimzmal dose on the mm of 1/t deesy i3 21, Here

Q.

w9 assume that the tiutintm"‘l under the maximum 38 one howr,
'8, Tha talw qf
to t, as shown in Fig, 6.

.a.OI

alto s where C i th» eonstant nprpropruh

f. Tho ratio D /D s 4 given by equatien (8) with refersace to
7ig. 5 A. By means of this ratio and \

'évaluo of Bl one oélp\im DI.S'
g. The ratio of the gomtriagl doses: 1 5/1’1‘1 is ginn by
(8,/%, )0‘5 which is coaputed in (b) a‘bau. Hma with the value of Dl - 2191

one ocuputu D 1. 5© z
o “b. Ths total doses for the two dm;' lau are then (D l) and

(» gl. 5 A 1 ,) roeﬁ%gona 1ntogrthd over 336 hours .ﬁ, :
i  Estimates of ths ccnomtntion of gn. (1 M) aat re saterial on the

N grwndntt artudttortbatnamnnlmdn-ls. Pm'thil,/tdoeaytbo

eonsentration is given tm 19 1 nicmnrin/aa and for thc lf‘l“? desay it is

oL.5 mioromiu/c: » whers I can bs Teplecad by Dgl s ho‘inu the time

interwval ia 4]

0l.5
48 onae hm.

8105 ‘
The doses éeanputod in Table IV are conssrvative in that they over-estizate

doses besause the wnlue of t is based unia ol#xxi vuoeit} of 18 mph The omop—v

tions are thn cases wharo t, was dstor:inad diroctly nloag with I, as at Binghan

and L.8, ;
39,
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PRIVACY ACT MATERIAL REMOVED |
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VIII, Pnrticlo Sim nnd Axr mnimnt*-lt:hnr 'cf hdzouetivo Ithrial

- L] I'I . .'. ." L

{a) Pnrtieh Si:u. The widonoo avnihbh lo.dl to the

conslusion tht the sand partichl which foll within the first 4O miles
of tho swath hid down by the elm.d could not be less than 50 mierons in
E ! er, and probably mot less than 75 microns, The actual cloud of

_ "dut whioh roio from the shot was not a eiu-rly defined puff but rather

1,

- .eor? :1uacolmnuhichoxtondodupnrdrmmrm.'Tbclonrlhit

.........

cause no radioa Iivity 1n health hazard quantities was fourd within 12
ziles of sdré. T [a, November there wes found evidence that at 12 miles
thare may have J spot near Julian Tank becauss covs that drazk
L : thoro had received ’ purnl. The Levw anttcrnd physiul TeaSUr e
| mont.l do not -uppcrt t.hil Q&:ﬁ;: they indicate a uniform very low

intensity of rsdiation, It "f. mnibh, hosever, that a hot spot existed

3 _ ‘ ao-uhoro ancag the Oseuro llo\m ]
‘ | - (2) The lowest clo\xl‘ terial was seen by and his
meniters tlonun; over the Oum mtains 1n a northiut direction

wm

- toward Chupsdera Mesa, A\ 8 AM thu low tl uu took on the uppunnco
ofnloncbro-ncloudzoulu in extent

the eastern horison as

seen from carthgo on rosd 380, L third arguan should be sdded here

ciated with the havy ionization from the radicasti cﬂ!liuion products was

" - which is based on lubjootiv- juipnut, moly,u“”thui ‘,m. blue glow asso-

seen to be eonfined to the rogion 12,000 ft. and upward at 1 minute
after the shot. ‘This supports the ides that the major f BI\: of all
activity ot © up to at lsast 12,000 £, It also supports the finding that
no large amount of netivity was pncipituted within 12 miles of sero,

At Searchlight S,‘*. %'ibn':D-B ':“\htn‘tblo. m' ivjty of: gpm radiation
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sppeared st 1,2 bovre and: 3ou‘:ainw ria‘si:'ng.ﬁntil 3 nozs, In omder to

» &3¢ 22 ads 662 o

catinate the partieh ailoa f.::st:.ta] ?nﬁ f.homu known tices, we refer

‘to Table V giving pruoh dimtora und r.mng tines, Por altitudes
up to 12,000 fost we use the falling times in he first coluan (1) to
- tiuto p.ruah nin; for altitules zrutu- than 12,000 feet we use
iwﬁlm (2). I the p-mohg st L3 fell from 6,000 foat they were of tho

i

f 75 migrons and gruhr in dinctcr. From 12,000 feet they wore

1 O nisrcns in diameter, and so on, The cobservers at L.8 sesociated
the a ’;“hu of gamma redistion with the high altitule olowd at 50,000
" misvons and gieater. It 1s likely that large partioles from all altitules
comtridaded, tbq evidense is that nons of thn purticlu could have
besa smallar than 5¢ wecrou and prohbly not lesa than 75 niorens,
The sigze of pu'H et l-.8 1’ Nprountltivo of the sizes that

£e11 over the Chupaders m where the highest geame ray intensitles
wors resordad, The mth::& t:.[gh activity 18 estizated to be about 15
ailu long. If the partialul!ﬂ;‘ a northeast component of velooity of

13 mpa, this would mean about one hHr'- diffsrence in tine along the
awath, Referring to Table V, it nLhun that at 110 misrons one hour

increase in time takes the p-rtich uiuﬁrm 1,08 to 2,08 hourl or about

85 niorons,
Bsxe Xy Dr. — H |
Information lvuih'bh 1n the medioal litera :Er:]u irdicstes that
fow dunt plrtiolu hrg-r tban 10 misrons reach t glivoohr air raes,

the only part of tho lung where they sre likely to remaih) fdr more than
a few hours, (Referencer . J, Wampler, *Industrial lisiledne," Chapt.IX1I,

Pe 348, Willtams and Wilkins, 1943, ) Most perticles larger than 10 licronl
are depeeited on the "mucous sheet® -~ @ oontinucus blonket of mucous

cxtonding fron bromhioln to hrynx - atd <re car rixd cus of the lungs with

" “| o [N .

the muoous into the onpm\gua. Suph mftioloa should be considered as

“se eas lll L ] LN ]
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The saterial in this msotion was completed as a sspsrate
‘report Cescenber 15; 1945. It is ineluded here as a part

of the peneral monitoring report for purposes of unity;

Howevar, it should be remeabered that the notation of

-equations fs that of a separste report and has no

is i‘"gaiigm repetition of material discussed in previous

;g;pntinuity with that of the other sestiocns, Also, thers

51.
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mtic&n of beta dosase arising fror fissicn products which
fell from t.h. cleud o! tho nucleer oxplonion of 16 Ju.l; 1945 3s wmade on the

fo T linuc
‘1 ﬁ‘ 1. stueo axtenliv- gamma noar'uremnta worse mdo in the region 13
to 40 mi on t.ho -hot, it is mcnnry first to conpute the ratio of bota '
to ‘_tjr 1n £1ssion produot.l. This ratio permits cne to estirate the
beta ouriea/ “E%nt foll on any biologioal objeet, The ratlo varies with
tine am 3.24 t° 0,03
2. 'The \weasuresent of gemme intensities in roentgens per‘ hour

(R/hr) are intarwoti"dj:ln ras of gamma curiss per om® on the ground, There

per ronntgon/hour. _ :
3. 4n .1t.mtm¢ei-t.1mm of the bota ouriu/cn on cround 1s

are 19 ganma -1aro-cm'1

nade from the fission producufhi;ﬁnd on the ground, ‘rhe finim-producta assay

3
was made chemically by « om‘ \ from a dirt ssepls teken eight

N \

hours l.t‘tcr lnﬂ 3C miles from the ﬂ'hot’il here were 297 bata mioro-curiol/anz
at 8 hours in the region of the Clmpo_dcrﬂh_u (about 30 miles northeast of
2070) . : : e ’

e

4. Fleld louuronntl ud‘ 9 Havhbtr corroborate the other estimates
of redicastive imtensities: they iead to 120 bota ﬁcro—curiu/on at 8 hours
in the rogion of the Chupaders Nesa, 5. _ﬁ - |
5. The beta dosages in the region where 12 !gla;m rosntgens per
hour were measured at 4 hre after the shot were as !'ol].&vm—:E 18,400 rep were

delivered to the tissue surface and 1..24 rep to the 2«3 mm dcm\palow the
surface by the end of 4 lrs nrtor the shot, In the rollowing 3‘3'?: hrs there

were dol:lvarod an additional .60 000 rep to the s surface, and 2940 rep tc the

2-3 mm depthe The total dose to thO_ 2=3 mnm ’Iepth Is 4104 rep. " No eorrection is

sel c«; ‘ “( <

wede here for mechaniesl removal o¢ fd:sstomfruiué*n £rom the skin surface,

Cet Ces Ll Ll ¢t

4+ est [
.
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1. Patic of betz to gemra curies in fisalon productss

2. Chicago memsurements ura sumsarired by Katherine iay,

CK~2737, 5.31, a8

W% Gane l‘i\ev;fdﬂ_c_ - O;r)qt—:!'z‘o (1)
ok t W)QN.»»@M ~ ;

vy %?M%-M o 7§:1‘§Ct~i.zzg )
t srcenda, (1.3 Mev | biks) | ~

The ’ratio of these axprusicna is ) 2447003,
decreasing with t.

y Or 3.24 slowly

I

For B detciled ‘ﬁi{’ecmsion of the aecay laws for ’maion roducta

see cc-3032, Wigner and Way, "Sumwary and Coorelation of Data on the Rate of
Decay of Fission Prcduota,“ June'

, 1945, We have selected (1; f‘or the grora
detay becsuse the fleld measurens

qt~gr§m decay lead to an exponsnt for

t of 1,3 to «1,5, By taking the lut;amtory value for the aprnent as =)l.,2 the

1ntagrated doses over periods of tine will ’cm eati'uateo commativaly.

2. Entimtion of sotivity on gr

mmd from psmma rosntgen measurement
Camma ray dosage is znsasured by v n onigation chamber whose |

height above the ground Vi- 10 om and use 1s mede-of the formula:

or A
g <

Formula (3) is derived on the basis that the lonization chamber is

tl e ((( L I

R/hr/mo/cw® at 1 cm distence from a é@int source

dcuity of gamra active material in no/om?

( l ( ( <

at tbo center of l dise of active qthr\tl ‘»hcw hd"rea in

¢ ‘ N , and is lopated
d cm above the dise,

Sines the loc Fagv wrirr«lﬂﬂy eith A ve shall assuze
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nzrgyv .mt.crval OJ to 2, 1

an wverage value A = 220 meters fir upilisiZi’tl]
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Ed

‘Buv. Since the actual spactrum in tk: Preilr Har ’ix:ﬂ'no-nxi -o ahall have to
~essune that the sBpeoira measured in pile operations givea a fair approximation
to ﬁha field corditiom; In Table I ars ,relé'van\t. data taken from Xet, I-ab. lﬁb.
Chapts XIC, 1, page 2u | B

TaBLE I
Fadiant Ener ®x* gorditions -an condit.iont

7 10,5 r/hr/ne
C.8 22 B 5
0.5 s 2.
0.3 3 1.5
0.5 Yev avz. beta 63 -
"X" conditionas: eacted at 15 kw/ton for 3C days and allomed

1o deeay 25 days.»

"F" conditions: Hetal reapted et 2500 kw/ton for 100 days and allowed
to de-uay 60 days.* | |

7.08 and 4.7 h/hr/mc. It 1s assuned that the # 3 onditions would most clouly

approxiauu the field conditions, hence the nluo ot & 4.7 will te used in the

rollouim caloulatiom. Tho ratio of 0.5 Moy beta tﬁo 1 Mavy xvorage gewma curles

b

[rr—

in the ¥ corditions h 2x6 3/37 S 3.4

Substituting in (3) the re-u;ung siaple form

151058 rosntgens/hour (4)

and for a gemma intensity of 1 r/hr the ccnoentration of gamna Leuties on the

grourd bacones)

£ = 0.,0095 mc/tm2 per rosotgens/honr

Tt g £ ot «

: o« PR

H 1 t <
Y] 4 1

4

<

* liet, Lab, Profsot hdbk. Chapt, XI, €1 gu2cct io
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-~ into

density of Dets active materis

TP R o, T 2 %

220 meters. The loz term in (3) is nct sensitive to ;\'

to 500 m.rs.
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agior of 2 by which the
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piotnt obseuration of the
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The evidonc. indicates »h&b i;}a
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gamra rosntgens should be multiplie:l tc»’t.;u nts -al
genna active material, This obseuration is assumed to be due,tb erecks 1in
ground surface and mmluritios of terrain, Taking this obscurstion factor

N . . -, .
' hécount and essuming aceording to (1) and (2) that there are 3.2t o3

Vch nnu curie one gets,

g= 019 ganna m/crx“ per yamrs roent,nn/haur (5’}

Q= .smglé& bota mo/on” per gamra rosntgen/bour (6)

061 beta iﬁc/cm per gemca roentpens/hour at t = R sec (éa

The = nincct (5) and (6) is ns followst if s moaitor in the fie]ﬂ

by means of a gouma roont@ﬁnbmtor LAREUreS oné roentgen/hour when the reter

chazber is 10 om sbove th‘ grcumi he will be ia the center of a dise of radioe

sotive fission material whos ity is 19 gazma pc/cl + According tv:» (6) ths

w111 be (19 x 3.24/4"7) veta pe/en’ whers ¢t is

vftho time of the gamms nusuromt i ‘soooaﬁa after the shot,

The assusptions underlying ;thi- mthod are sunmarized as i‘ollo-u: tha

- the fissioneproducts gc-n spactrum is girm apyroxirately by the "W ooniition

in Table I, and that the average v lus of A i 4.7 R/hr/w/unit solid anglo

eorresponding to adbout 1 sev rﬂdiation. Almo, it in essumed that the avorage

: value of A , the nﬁn—!’rn-path in air for the gqnﬁma _mdcr oenaideration, ia

docmaing only by a

festor of 2 as X is rtducod to 10 meters and incrnsing 163 a8 A incresses

The meters usedin the Tririty measurements were ca%ﬁbratu& b;r the

gamma rays frcm radium whose Worago energy 13 :sszmeﬁ to be 0,7 Mev,

3. Estimate of bata suries fror flssion products mssay,

LR

An alternative ea'giqgte‘ of thue betn cyuries per cn2 on the grourmd
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can be made from the chemical assay c? ‘E‘** f‘s‘shia’ jx:éd,cqts reported by H, L.

Anderson ard N, Sugarun, 1A-356, 25 ‘%p! t'v-- I"‘L An earth sanple was

collected at hot carqon, 30 niles from sero, at 3 hours by ' on

16 July, The gamra iht_e'nait._y measired at the time was about 6 mntgim per hour.

‘ @“‘}, 18 The fission nsnj on the dirt sample is listed in

report, Table VII, p. 34, as "3C »1 K, airborne” lanplo and bed

~w
. ‘Muw

0.64 x 101%'"‘ uom 1 gm dirt (based on co). Dy means of the fission produets

decay laws l}\\v n by equations (1) and (2) we compute the beta and gamea curies
=
per e on th.(&hﬁd at 8 hour (2,88 x 104 secs) assuning a dirt density 2,

S (o j-:);f;i 56 X1 KoLt xis )/(3,(‘.,“0 x (2. &8xlow9haz¢()

= Mo fond - (7)
/W”“/w-—(m qx 1x 12gxie”) (6. Gﬁuo x (2. s«i—mo)”') (7a)
" = 123 o

i-Jr_.L

iy

These figufel are t(g(\?a& compared with the utimtu based on (5) amd
(6) whioh when nltipliod by thle -Ljr/hr give lll. gamna Pﬂ/clz and 366 beta ye/enz
reapectively, It is to bs noted t.ht(\;'*«%da estimate i3 based on the ssaumption -
that 3,24 beta per gamma curie o:dné‘“d 8 hours, Aocording to (1) and (2) the
bcta to gomma curie ratio is 2,4 at 8 homrj which reduces the 366 sstimate to
274 )xe/onz The clon agromnt between fl.ho gw roentgen measuremsnt snd the
chemical assay methods ltult be considered fort in view of sll the assumpticn

"i

k
i

e

on which the gaana rosntgen measurement depends,

Ty

“4e lsasurements of 9 November 1943

.Hu.‘urn.ontl‘ mede on 9 November corrobor tg.th. ilthntu of
aotivity sade from the July mumnt-." At hot canyoa ﬁﬂtho_lp\a where 6 R/xr
- ware resorded st 8 hours, 16 July 1945 the gamma 1n.ton.l1ty nﬁ i\;’tn %o be
3 _milii-roontgonn/hour.. Referring to equation (5) the Jn_.R/br pérruponds %o
0,057 gaeza )h/cnz .on the ground. The beta to gamea ourie rstio it 9 Movember
(107 a-cy' after the shot) 1s 2, ﬁqncq the 3 Pl,"n- Iands_to 0,11 beta ):e/olz oa
the groun, BRI B0 I S O

L [} (S
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- Samples of aarth token av‘t’*ﬁe{ ‘shpe é;mi*; w{*rfa counted kna fom to

T * b
g e £

give 81.,000 counts/min/L 9T solid au&la ,,er ,,mmtcf dirt. Asauming ¢ dirt

density of 2,5 thﬁs leads to 0.1 beta }nc/cut2 on the cround which is close

agmnnt with the gamma mntgen catirmate made above.
i By mnl of oquation {2) we compute the beta 1ntensitv at 8 houra

_Becs) from thc 9 November measursments (10 seca) to ba 120 beta pe/ew.

is in satisfactory agreement with the other estimates msde in part ’

asurements of 9 November oan be expected t: yield lowar conaen-

trations on agc:eg'fint of leaching of certain of the fission rroducts from the
s01l by ra:ln, or dilblacmnft by winds,

5 Cahuﬁlatian of beta dosage at doptb 1:: tissue

In ordoze o discuss the heta dapth doae in tiesue It is

convenient to coaputo the anﬂrgy’*enittod in orgn/sac and conmvert to rep units.

" The co-putation is 3.67 x 10% 29 Ex (1.6 x 10’6) arga/sec/olz, ‘whers { is

‘po/en?, E 1s the beta energy in M oh we shall assume to be 0.5 Hev a3 an |

average value for betas eoa:lng from e hiok acurce, and 1.6 x 1070 is the

S

conversion factor fron Mev to ergs. Refming to equa*ion (6), the g_m

snergy emitted bya 61 beta pxc/m2 oomc 43 3,67 x 10% x 61 x O, 5 x 1.6 X 10'6 s
1.8 0rp/lw/53. Ifk the active material is di

csited on a skin surface only half

this energy is delivered to tlssue depth, Han;:n

0.9 snqpfesnef w11 2olidl.

E (7)
~ 4s the total energy delivered to tissue below the skin

The distribution of this energy in the tissue is given by the

uxporimiaully detﬁrninad sbsorption curves for betas in tisaue aa reasiured by
Raper, Zirkle, and Barnes r("?ochniquol of External Imdiatiarx%"fufih Reta Rays®,
" CHe3098X), The dopthk dose rats curve is giv‘an« by'af pseudo-exponential forn |

I X0795% Where I, 1s dose Tate at the surface of tissus and x is depth of

tissue in om, From these data we compntocth. Jelicwing cble of tha rraotiona of

¢| 3
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¢
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-
L X R



Coe tha totu ‘energy ineldent which la WU rboa i- m zd

V 1»11 andxz 15:

¥ = (6-%.91,* e—-q,ngn)

g;auwe
» o
X R

e Wb 2

.
&
L] - .
g : L
L : . M
« * *
Y

The waximum depth of messurable dose is 0,7 om,

}'ywar

\:d‘wmé
Cewlnrn
l- 2
2.3
3-4
435
56
6-‘7

TABLE 11

D, averags dose rate
1!1 lzm 1:503'; for 1
beta pe/o

on skin auﬂaco :

(8)

D, average doss rate
in 1 == layer for 275
beta ne/o

1.1 x 1072 rep/sec
3.6 x 1074
1062 x 10"

0.302 rep/sec
0,101
0.0446

0.0176

6.6 x 1073
2.58 x 1073
9'?6 b 4 10.‘

where ¥ is the total onergy delivered to the tissue and 1s 0.9 orgn/uc as

calcnlatad above in (7).

and 83 a3 the ergs/gm of tissus per rep. .

The tissue vol i» taken a 0,1 co, tissue donsity s1, .

The beta enorgy has nogligiblo of fect on the d pth doas. As the

beta energy varies from O o5 to 1,55 Mav the derth doss up to Am
changq more than 5%,

depth dose @xend only to 4 mm depth,

ces not

It should be noted that the significant magnitudea of

The dosa rato, D, in Table I 2an be co»up&re-a with the ‘measurements

'-i H“ C‘ ( (((

on & P32 asurcsa reportad by Rapor,,a‘ir@.o and Eaxnss (loc oit). Tha p32 aource

kl l(C {ll u( <a< i
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| w3 7‘1 ;m/ez for- which the surface doaagu réu aaa. 0:12'7’ up, sec. 41 pe/cx?

1

source would give a aurfuco dose o:t 1.65 x 10 -3 rcp/aec. At 2 mm the de;,th doae

nto is 23,% of mrfacc dose, henco tho dose rate at 2 o iu 2.14 x 107 ~4 rep/sec. |

Thil eompam 'ith tho l.62 x 10“’* rup/ooc in Table II for the 2 = 3 mnm layer.

able II are the caloulated depth doss rates for 275 bota UC/OIZ
corroopondinc to :‘the 6 gamoa B/hr measured at 8 hours after the ahot on 16 July,
The 6 R/hr raprcu u about ths highost gam int.nmsity measured ai‘tcr the active

elovd had settlsd, :nd is typical of the intamitiu over the chupadm ueaa.

-6, Caloulation of inttgratd bata dose in tiasue,

Tho ulcnht‘.le' iot' fntegrated dose dus to bate radiat.ion onog .

| tiesus surface is bassd o the decay law given by (2). The doss will be

1ntemt¢d Lrom t.'.lso 4 homrs artcr ‘the ahot becama it i» knm that the cloud

| utorial was not settled 'bafcro tha‘t tm”‘;t 13 miles from saro. Tm,porbimnt

ease uppliu, for example, to cattls at 13 miles or greater on which tbe mtive

f!l sion proeducts fell.

Tha gtaml case in vhich the upnmt of time, t, 1 n where n is

greater than 1 leads to tile following expression for fintogratcd dose:
~ K- 1=m
3 = __1...’9.,.{t — (et®) }

i .

where S, 1s the time at which the integration begins_~, 1n~bur

(10)

Z. hmira, and

P is the pericd of time after t_ over which the integration fs hade, and

n £ 1,229, The funstion D/I, 1: shown in Pigure 1 along with the d’d:u D

conputod !'or the case of 275 beta pu/o:z on the aurface using thse intamity I :

.........

at the 2 - 3 m» depth from Teble IT as 0,0446 rep/sec. The dose has attained
508 of Sts maximum possible value after 100 hovrs, or.abouwt 4 daye.
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~3et xiﬂg of the active waterJal fiom .;u cliud, «b @ dlatance of 20 mi;ed
frox rero it i kncan thet measuratle activity atdrted et 1.5 hours (5.4 x 16°

 secs) ard definitely sturted its neturel cecoy at 4 hours (1,44 x 10% secs).

ssuze that the cctivo material sccumulated linesrly with time on the spot

283t settled from the cloud and that it decayed as t” -1.229 Frog these two

yhown in Figure 2,

The a;feotivo integrated douss at 2 = 3 em for
? easured aﬁfB hours is computed from Figure 2 aa 612 rep.

1ld be ncted that this dose of 612 rop is delivered in 2.5
hours aas ecmparadimmxh,‘gfy; 1480 rep (Figuré 1l dolivered in 96 hours alter
t, o 4 hours, n i
The dose on'the skin surface iskabqut 15 tiﬁea that at the

« 3 mm level,

Twu ftens effecting tha% ntegrated dose ahould be montioned. [OR

the presence of 15 hour neutron act;vnted sodium and (2) tho sticking of the
precipitated cloud msterigls to any'bo§a@y tissue surface such as s cow's dback,

~Neither of these itens will signirican£i§ change'tho doas recsived during th.

falling time, Both items will ;rtoct the inxwgrltcd dos0 at Ieng tinol lfttr V
the precipitation 1- ccmploto. In vicr of tho apyﬁront agroemont: anong tbt
different methods or catimating activities using equation (1) and (2) 1t is not

likoly that more than 50% of the gamma activity was dua sodium, lo dirbct_i -

ovidence as to the fraction of sedium or its gamna radiaiionwi _availsble,

Concerning the question af the fiabioﬁkprcdnctn'clinging to cwhide one has to

guess, Kechanical rubbing is necessary to remove the dust frcs a pelt, It is

L

kxnown thet the cloud dust =ticks tsnaciously becaus-’monitbr‘a autos became

heivily contaninated dus to the duat sticking to th.(unﬂersidi of the chassis

<

ard body of the cars. In the ‘éo&syu‘m‘tiov 7o, brTe 33rmed that all the dust
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lay in laysrs immedlatsly on the t}srw‘ siftuie,

" the 2 = 3 e depth }
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reduced by a factor due tc the dust pariicles beiry dis* ributed on the haira

of the cow relt, Guesves ss to the magnitude of this reduction ranse (row.

Sumvarising the beta doses from Figure 1 for the case cf 6 gumra R/tr

: 4 hours, In the follomirg 2 woeks an adﬁiitirnaé 30,000 Tep were
delivered to o -kin reking 14'70 rep to the 2 = '3 mm depth The tots) ciou at

bcoonn 2000 rep., Thess figures are not ccrrected for

rsduetion due to loss of ‘materfal by mechanical rubbing or wnthering from

the tiuuo surfacs.

For conpcrison n uotn the medlan lethal dose for axternal bets

ray doses on mice, 4,700 rop,%g’gd for rats, 7,500 rep, (Bonthly Report of Biol,

Section of Research Div,, Clintbn bw. Sejt. 1945). 4 single dose of therﬁal
beta radistion of 4,000 rep will 4 uco tumora in rats (loo cit), #o relevant
data sre naihbh on the possible of*"octa of beta dosage on cows or dog;a.

7. Gamea qu Doaagn from nterial on tissus surface.

(x) Following is an est:!matu‘ _f gamma my doae receivea by a

*****

~cow on which the radicective mt,crial had precipiuial. The method of calcnla. B

tion will aim at finding a gamra dosagu rate in air at the tisaue surface which

will give the same rute of dosage at 1 cm below the surface as that given by

the active materisls located on the surface. This meth @loirod in order

to have & dosa:e figure which can be comparsd with Lhe doeeges deliversc to the
oow by the sctive raterials on the ground surrounding the cow.

Inspeotion of the cows shomed the following two importint facts

b‘comerning the gemma dosage: |

1. On the W tkae regiung: of 1"'19 ccm's back ef! ected by
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beta ra.iation wers clrecles whose diamn**~~ —ayaigrd svepter than 20 em in
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2. Tha aotive rate"inls cmweﬂ AT anRS wh{ch sub*nmm BoHd

R N

diameter, On sach cow there were from

(

angles over the antire com which nere eatﬁ&etad to be 1/10 of 2 Trsolid anglo.

(b)) ¥e compute the gamma ray intensity at 1 cm below the skin

~ vface by asaunin,, the active xrate«ri:l to be in the forn oi' a diac 15 em

-1

gammas the absorp*ion coeffiagient in water is 0,089 cm = for

4 hich lancs to a mean-free-path = 14.5 em. applying equaticﬁ (3)

R/hr/}xc/unit aalid angle, and ﬁ =1 pc,fcmz ne ot
f Is 0,077 R/hr/pc/cn at 1 cm depth

By com tinx for the 7% absorrtion in.l em of tisma we shall

‘assune that this gan:a intensity :t 1l om can be croduced by I= 0.082 R/hr in

eir at the surfacs. This :assunption 13 on the consor‘rativa sids in that 1.t over

estirates the totel dose del wvd to ha cow,

Te corroct for tctal'ao id angle subtendsd we multiply by 1/10

according to item 2 in (a) abcve:

“the placo 'hcro 6 R/hr ground seasurexents wf"wwmdc, was 120 gamoa pc/cn .

-1, 22

Assuming the gamra deeay as t this omgoaﬂa to 230}:3/0: at 4 brs,

© The calculation of integrated gamaa doses in made vith rcfmwc to Fig. 1,

Curve (a) shoms that at P = 336 mrs the value of DE/? ia.ﬁl. x 104 secs, The

' dosé;e rate I z 0,008 x 280/3600 = 6,4 x 104 R/sec, Thus the integrated dose
Wer 336 hrs after t, = 4 hrs is |

D=4 x10%x 6,4 x1074 22568

The dose nscumulated during thé falling of the clowd is fourd iith
“%he ald of Fig.’2 where the ordinates in rep/sec are to bas ehango& to R/sec

#ith the rate st 4 hra Z 6,4 x 10°% F/mec. The Inti rite’ lcrc %Tom t = 1.5 hrs

63,
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~ totals:
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the dose due to the.uotive raterial

on thc;gr°“nd' For instanco, in sec VI, 3, of the report'on cloud mbasuremeﬁts'

\ for 1/t docay is givan as R = 167

If we aBsUZe Ners that the ¢

' e R H
R, for the t g=1e5 decay ss 83 !

For 6 k/hr referring to Fig. 1 (e) the

-*.?2

.law 15 yuipdy

8. ;3; &gseg from agtive materggl: on g;g

;;;;;;

which is unifornly qoverqa

two separate hoadingn;
Case (a) uoaag -

dirtctly in contact with the limbs

qith betu active mator‘slskcan be discusaad undar

live:odrté the paws or feet by msterisls

Case (b) Losage doizverad to the ieg perts highar then tho

, pcdil.ntl by betas coming from the g:cund.

Under case (a) the dosage dalivercd %0 persons will be negli gible,

materials being about 1 ma or less, Doge and catsr

direct contact dosage besauss the bata raterials oan goﬁ;

- exoept for burttoot people, Leather shoes orseeu 's hoofs absorb the raciation
: -ftcctitol:,kth‘ wfp of bet-a having anargigs fram;@. to 2 dcv su tisauanld?e

ire mOTe vulnarablo to the

% to the spaces between

the fonl. Also, tho botbon of the pa» is probubly less &han a millimater c%;ck.

There 1& evidonco to indicato that & dog et the huitliff ara

beta radiation on his pawn.

elfected by
i o

Under sase (b) we rofor %o dosag. ourves taken by H, ¥, Furier (GH—QBG

"Some Phgnieal Aopocta of the Effects of Beta Radiation on Tissue," Se;t; 1943,

¢EE t%g

l G C

Fig. 9. We will refer to iyﬁk-r“s'catq oa tuballsy for which tle betus have s
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maximum energy F 2 2,32 kev an ori energy < Z.'? v ul *he psek of the

dfsirihution ourve for part! cles coming fic.. a Shich slnree, This energy

Tunge will ocower the case of Plesion jroducts bets ve .crialt on the growxd
! ‘;unsage to the legs is conca*n@d. “arker shows thet if the beta

covered -aith»if ity ¥ fom? nf u‘\ac*ba* the dcaepe in gir as one moves

g73‘“5;1., sonroe decreares Aith a 1/e value of 20 em, After traversim

the air N'xaf tj‘lclu‘havo to pémtréte shoes oxf clothing whish wa toke tc be

squivalent to 55 sgw/om® as the smalleast reascna‘*la estinate, Since 1 mm of

“Mm is equivslent !;p 110 mgm/cm thera remain 55 ngn/em? penatrating power

after 5% ngm/mlz havs boen subtracted, "art of this 55 mgm/caz penetrating

po'or is taken up by air.

In the casce of coms the presence o of heavy hair and

a thick hids on the legs p 'udos the poaaibility of eny betas dolivering

.....

dose to 1 mm below the hide aurf n. Th.!s is torn out by the iqapectmn of

cons which received bets buv-na from n‘_a'cm inls falling on thair baua. The

lags showed no signs of mdia*ion off et
In cddition to the fact.fr~s~h§zt lothing 4= likely to be thicker than
55 mrm/os® in protesting lega fros beta radiation there is the further coneidera~

tion that the affestive beta paftiola& mt come-from the ground arourd th\e '.‘.eg

1n an area beyond 2 certain radius., PRets partic;les a“prouching the skin m.rfar.

at a very Fmall an;rle will oxpand thoir sncr;;v ponatrat!ng the uppsr skin

surfsoe before they reach the vulnerable 10'»31' layer: For exanplo, if the

angle of incidsnce is 30° the particles',w:!ll have travers 2 rm of ak:vnrby the

tice they have rasched the 1 mm do;ﬁth.
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APPENDIX I

ERALTH INSTRUMBNPATION AND CRATER ACTIVITY DGAY FOR THE JULY 16TH

;«Emm EXPLGSION

Written and Compiled by Richard Watts

1.0

2.0

3.0
4.0
5.0
6.0
7.0
8,0

2,1 Alplu Instrusents.

2.2 Bnnﬁwﬁi,ig;tmnts. R

Humber of Instrusents Neaded,
Distribution of the I trusents,

Results of the Shot,

Gross Aotivity Decay.

Conclusions,
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HEALTH I o"yuxsmmmn AND GROSS ACTIV2 Ti Dss..i ATE"lEt. .mm 16TH

. vr w2 ey

HWLEAR LIPL&ION.

1.0 Gegeral I[roblesz.
ﬁ ( At the requsst of Dr, , the Electronics Group under-

.
L

cpl .t..c: supply and install the 1h-tnmntl needsd for the protection of
pk:ruo o) st the July 16 Huelur Exploaicn. |

E\ i It was rcoognind that considerabls danger would exist, and
that swciaglp.}aod instrusents not available commerclally would be nseded

to ::aasurt u';ﬂ warn of this danger,

This {n or could be roughly dividad 1nto three partn (1)
 Danger at the irl-uint. fq"{ explosion; (2) Dnngor from the radicsctive oloud
 that would be rormed; p\ Dangor fron residual nctivity to people re-ent-
ering the ares whers %ha b mrplodod.

It was not thoug%)t}mt any serious danger would exist at the

noment o.t' orploaion. The prutﬁﬁ‘uncortainty wa3s the amcunt of light
w

| | nrxi heat that would bs given orﬂ} Innmoh as the perscanel would be
housod in conorete -haltorl 10,000 ys ;a from the site of the exploaion

caloulations sho'nd that 1t l,‘poarod Httromd{ u.nlikoly that rudhtionl
wo_uld reach this distance, ‘l'_l;u et thess

#lters it was not thought

~that any instantanecus sffects ‘fron_Guu, : a,g]ur reutron radiations would

be observed,

A groater uncertainty was the natare of ay “:?y in which the

radioactivo eloud would be formed and voved, If thi ?.!M should stay

gramarmn,

low and nmp over any of the shelters very serious conuqt }o
result, Then ugain the oloud night rise high in the air --gettle upen

s town ;hirt.y or more mnilea “ny.

PRIVACY ACT MATERIALPEMOVEB i A
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aAnother serious problem was *504kht tc bc‘tha alrha activity
of that part of the plutonium which was not used in the explosion,
Becauss of ths great toxelity of this maﬁerial, danger from inhalation
wolld exist if it was distributed in the air.
LU The dangsr from the roaidu:l activity would be largely to

tho-oiu oplo who would enter the active arsa aftar the blast. This

d.n,g.z,:u‘w}d,;pon!iat of total body gamma and beta irradiation and inhal-

ation of QStiﬁa material,

2.1 Alpha‘ihjiruQths. A universsl instrument could not be built

that would f11l ell tﬁé%iariod requirsments, In fact, for alpha activity,

1t was dubious that a satisfastory instrument could be built that would

give an instantanecus 1ndi§iﬁlbnkwkThe problam may bs pressnted in the

following manners The tolarancéj: go for plutonius s ﬁentativoly set at one
nicro—éral. Aspume that a norngliﬁﬁnf§rsath01 15 liters of air per minute,
For sinplioity, assume that nons of tié pluténiu: lsaves the body after it

is ingested, Now then, lat us also‘.i;un.éﬁhit we would like to msasure

the tolerance dose for a two-ysar pericd, %ééwworking days per year, 8

hours per day. For this langth of time, at 15 literl per ninute, a m;n
would breatbe 4,32 x 10° liters of air, The product has 1.4 x 10% dts-
integrations per mimute per miero-graa, Thus we muat ?itoct in each

11terrof air l.4 x 105/4.32 x 106 - 035 dig/nin. pe;miitor”at air,

No exiating inatrument will do this. When one o_
suah an instrument should also be portable and non-micropbonic it daid not
soea foasible that aush an instrument could bs built,

It was possible howsvser, to make a portable inatrumont that

‘‘‘‘‘
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the wicrophonie standpolnt, It vas ...oluu . 21pn1 4 Pethane through
E 'tbi ohaabér. A fastor of tcn compurﬂd t:a.aix 4’ céé:.l; 6}§ui.md for

 the tigml to noiu ratio, Thus the anplifisrs need not havs a hrgc

gein and the instrument can be sinplu'hd. A tm-;t,gg. battery op(.nt,.a

anplifiar vill suffice to bring the signal to the 10 vclt. lovel, The

trunut is still bulky however, because cf thc ssall methane tank and

| the batteries needed for thc high voltago supply for the chamber,
‘ ‘;ho thin windows nesded were made of collodicn and held in
place iith glyptol. 'rhua provod quite sturdy so far as prsssures were

concerned.,

To prottct thn rwn accidents s wirs soreen was placed over
thewm, By uling thil method & window 3/4" x 5" conld be ohtaln-d Photow
grnph I ﬂluntrato;n a ainihr 1nstmcnt. VIn this caze the counting rate
meter was not und. n |

A far more ne 131ve ‘method of 'mnn'ing the nlph sctivity

in the air is to draw the a

jhreugh a filter paper at a known rate and
‘ Jtha'n measurs the setivity dcpoaipaﬂupon the pip-r. This zethod has besn
worked extensively by the Chicag

Bi?onp. Por our purpose it mttori from
two dravbacks, (1) It requires a i':lu’ito tine bafors an answer can be

 “ obtained, (2) The build-up of tho mtural radionctivlty in the air oone

fuses tho hm, for this must be allowed ouy or emtionn mt be

ndc before the trus activity can be mmmd Tho half-1ife of this
natural radiuetin product is of the ordor of t-a bcm-s
Despite these difticultin the uethcﬂ ts onmly senaitive

to small amounts of contamimation, The method dcnlof

uninc a Spochl filtor paper with extremely fine. fibm. A rundnrd
vacuum cleaner (The Piltor an) comrcially avalladle ia Mid to dru

~ the air through this paper, The paper ia then counted on s special alrha

counter,

It was tkmught that thou‘ 1mtruntmn~ should e ,.J...*od in

the surrounding towns as a. preeguuon-ry negmrc, o : s
e TR o . L. 69-
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2,2 Pete-lamrs Instrumants, lt ;a.‘» 1pcgmrt mat certain of the
persoanel would have to re-snter the aotive area’. 4 survey 1rxiieat§d,
that very ’fs1 of thea wers willing to take more than 1R/hr., Thus it

red that intensitiss of radiation from 1R/hr. down to much leas

Ban the tolsrance dose would have to be ceusured. Because of thoioar— |

“;31;(.3' of A.C, lines in the romote saction where ‘the test took place, it ua:

thong; bout to rely upon ‘mttary opersted 1nstmants. It was apparent

that the s mnding tcmns wculd have t. bLe monitored, and instruzents for

doling thia. onld hcma to operztes a recording netar, Thsss in.atruments
‘ahould neaaasarily be a3 sensitive as ls foasibly posaible and well able

to reeord below tvimnpo dosages,

To cover t.hi wide range of in.,anaitios, two dirfemt t.ypas

of inatruments were dscideﬁ"é"lgon. The first was a counting rate Deter

esploying s Gsigar tubs., Thia fastrument 1s 11lustrated in Photograph 2.

A thin wall dml G- Thia has the advan‘oago of

eliaimting any rhotoelestric errbetn comoﬁ aith glas: G-M tubes, Draw-
 ing f 569 1s - the schematic for the ci%rpuit. The 1ndicating meter is &

0-1 niniamtar movemsnt, Provisions ars made so thet this mater may bo A

diaeonnectod and a O-1 milliameter Eatarl..mnguc Hecording mtor way be

put in ite plaoc. -

This instmnnt on its lsast sensitiv& scnl _Bave a full acah

rmding Lor 10,000 cou:rta por mim:tc. This .corrupoz;:dgg to  AJ .OIR/B hrs.

The G-d tubss reqnirod about 10C0 volts. The bat.tgria ~for this voltage

are 6cm1nod in the lower box., This made ths instrument ; thar awkward to

handle,

To measure thv hi;zher intensitias the Victoreen »cdel 427 Ionin-
'tion Hetor was xvaihbla. Unforttmatoly the supply was not sufficiont
for our naeda 80 the one tubc satqr nlwatftod in Fhotoiripn 3 was designed,

The c¢ireunit schemsetie is I&mﬁ&z MQ—B Bx‘n;od. lnia neter would m”k '
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the rawgn adf;quatvaly fro:e .(}I,R/hr to LE/4r, 1o shred, rsnges, These meters
were. allo und for monitczr:lng in the tadca; Hn phid cmaé it was necessary

to opertte them by remote sontrol,

Bysber of lustrygents Heeded.
It was estimated that at least four toun, t«hroo t!ultorl, and

ci!mp would nead to be monitored, A numbsr 01' instrunents would

~ also be needed for perscnnel who wouid try to follow the cloud by auto-

' nobile. This the following !:at was Larely found to be sufficlent.

Filter Quesns R i 10

Gam-Bota Rea, Meters = 15

Alpha Counters

Survey Meters

lardaverk Electromsters

Aside from this & preat mmy poekat clwtrmwpu, film badgaa,

ﬂrotectivo olothing, Fas naakl, .tc. were fumiahad by th- health group.

~ The three sholteru were sach Oqui.pp.d uiith an slpha ntor,

B.ta-Gm G-} meter and a survey meter, These inlt FEMents were operated

by the health pcnoml. At the Base camp a Filter Gisen and a G-¥ Reo-

~ ording Meter was used, At the towns of Tularosa, ot sprszisfgi“, San

Antonio, and Carrizo:o, & Filter Queen and a Recording Buhmt‘:im Mo'r’
was set up. ‘!'bno instriments were opsrated by H‘r. Lest's selzmograph
group who also had instruments at these places,

The automobile group was equipped with alphy wrteve, Seta-

g ¢ ”( "

 Ocomma G-N meters and mn'o;r 1&utmuntp. |
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5.0 gallbrasden mm.m:alm'm

All the Gemre 1nntrnm~r:ta. wire cul.nrt.tcd by means of ¢

‘ il ( *

standard source and the inverse square lal. Ths alpha 1mtr‘u.unts

-y
-
-
-

1:1 P er v (:

were calibreted with a standard source rade frum the product. In

order to be sure that sll the instrurents were morking pro;sny after

were set up the gemra instruments were testad with a piaca of urane

lum‘plass. M\O the elpha 1nstrumnta were tosted with ¢ plece of filter

paper 1 t.h-  had a smell smount of plutonium depositsd upoa u.. By this

Although no 1n!hntamun activity was to be oxpoetd st the

shelters from the shot, 11’. was an easy matter tc chock this point.. Conﬁ- :

uquontly, the neutron count ng rate neter illuntrttad in FPhotograph 4
was set up., This neter hu s narmal boron costed count.or. It ia cpere

sated in the proportional range that ths cimuit is only raaponaivo

%o pulses zbove s certain height; Thuu} gma-ray pulses are eliuinated, |

This neter to ethor with th Dural Bat.a-&am:a G-N Lhtor ‘nas

set up outside the Séuth Skelter, Thu poti.; n was chosen 50 that there

were no obstruotions between these tubes snd tha Shot. The obeerver

pmtactcd hirself by beng dehind the sarthwork rilung up to protnt tha
 flashlight, No

lhelter. The dials ware then obsarved with the uﬂd 0

appreoiable chango in the backpground was cbssrved dur : tha shot or

afterward, Imwedistely after the shot & proportio':al coun«g_

;In his ey it

[—

outside the South Shelter with the wirdow facing the sky.
was hoped that any alpba activity that uculd satt.le from the air would ba
obsarved, No activity was fowud. The clusrval 'ion was discontinmued aftor

four h-urs after the shot, No slpha “ct?vft_; aas otscrved st the Hest -

£

-
s “ "

‘Shelter. Ko roadinga were 1.Aslén at 3 im.‘icm;v SEslter for the persomnel
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st thia ‘shelter \rucntnd immm.mt.nly afver! ihm .shat as 1t appoarod ‘that

«
*

the radiomstivs clow! would go over it,

The recording Gamra-Beta meters at Hot Springs, San Antonic, and

ined off soale until it was returned 12 hours later. Full scale on this

uahinénéu 10,000 counts per mimute, The sﬁr“! reters homever which

1» nnaiuvc showed that $his astivity was not high onm.gh to be

antonio, carri:oso, and Elephant Butte. Samples tﬂ:tn from thnt filt.or

‘ papers revesled no ict%v‘;}ty. The filters were run for varying poric_ds of

‘ 'tixo, none of which wer 33 than three hmxraQ.

One wesk after the hot , tv.nty-fom' dirt samplu had been col-

lagted from the smcunding tarritory. Thess samples corroborated thc_ ‘

 aotivities olaimad by the cbssrver; No aignificant astivity could be

fournd in these samplsa,

To measure thou dirt sanp] n there was trt:uportod to Trinity

the standard dural Goigu' tube with a lend 5: uhiolding and a seale of

16 cirwit. Begause the A. c. lupply at ‘l‘r nﬁty was not too 'mblo, it

,,,,,,,,

fell too low, However, we found that the dirt aptplu 'hich were activo

could not be measured in this way for their activitie
Geiger counter rarge,

7.0 Groes Agkivity Daca.
Althowgh n did not appear to be too signiricant, it was thought

that the rate at uhich the act.ivity around the site decnyod might be moal- '

ured. This knoulcdga night than ’pe ur,atm. frea ..ho standpoint of another

t.nt,, and it also nffordod'lia b&'cc‘,,\s..mt-u‘.s Sor tho seters urder fleld

conditions., SRR

aross shoved no activity. The neter at Carrizeso went off scale ard re-
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Ccnsaquontly, staknl ver. 347 \'-£ ?” nétarn apart along ths

€
dl“ :(

" north and south sldes, Feadin@a were takon with two instmonta of the
tyre illustrated in ?hot.cg:aph 3. These instruments wers held at waist

height with the chamber facing the crater, The rnding; of the two instru-

nt were then avoraged.
igure 1 is a plct of these rcadings againet distance on the

- north agﬂ'. f sta}'es for the dates given., It iliustrates very well the

;vity at 800 netara north which was noticed by several oburvero.

Inasmuch as many rcund clear glass beads about 1/8" .'m dianat.or was fourd at

this coint, itvwat éithought that this buap in activity might be due to radioe-

active n:atorial fallj,ng frcu the clowd.,

[ SO

h:llar plcrr. of intensity vs, distance along the

south road for the dati ivon.} Other commitments did not giv. us tim to

exanine the north side as thoroughly as this socuth set of stakes was imest-

' igatud.r The inconsistencies in

buted to two reasons; (1) The wind.blowing the radicactive sand arcund
) cauoing difforont 1ntom:ltiu frol day ?.b day or {2) Recombination of ions

or laek c:t saturstion in the chalbers :t high in ensitien,

During the time this dats was bed ng taken there were n'ural raine

- In twonty-tpe readinga the average devi : on between ro.dingg was

«O7R/hr, This deviation between ‘nstrusents is utfribut;blo in part to two |

thingat (1) the skill of the operator in setting the s ,ﬂor tho instrument

sach tiu (2) the hot sun on the instrument had a mrkod o:qut on the

battery potentials,

?igu:t 3 is a plot of m.nsity vs. time for the hours ziyon;
This data was taken from Figure 2. These curves have been discusssd by
J. G. Hoffman in the bain body o ths seport, Chupt. IL. -

Figures 4 smd & -n nqut-romtnta (vf The gam activity of the grcou

a “ «

fused sand, This sand was teb altiiate r.n .}; tle counter. ‘rho samples

e €
L ]

s st

" 34

(3 A4
-

[ 2 2

N 3
1 ¢
L3 1&5 ' -

the upper end of these curves might be gttri—
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~ were t.hortforo plac-d outaiqa X 19 seel siuleil which surrounds the G-k
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Figuro 6 1s a similar measurerent of & clear bead which wus found
at 700 zeters north, An attenpt waS maae te 101107: tho doca;y of the grcen .‘
ruud sand with a thin wall dural Ge¥ tube, &t mrat the attempt was sband-

beeauno of the intense activity. The following table will givo an

01' 'cho rnto at which it iea now decaying.

12/12/45 | 4924, |
- 3/21/46 » 3206
12/12/45 7316
3/21/46 - 5176
12/12/45 10106
3/21/46 . 6918

The tahl number of coms taken for each roading was over 20,000,

The G-} tuve mas checked fo% Wability of operation over thia length

of time by means of a uranium ¢

8.0 Qszm.uzszm? V

Although none of thc 1nntmcnt od at Trinity zay be cone

iidcred perfect the results may be consid adequate, Insufficient time

prevented a thorough test of all the equipnent, 'Tor guidance in the future

it ehonld be pointed out that all instruments should be duat tight and

waterproof, The electrocic circuits should ineorpora :dhicas such as

fesdback to make them more indepemdent of battery fluetuations, The G-M

tubs f1llinzs should be such that they are os ktemporatur. isdepsndent as

possible and the G-N tubs eircuits should insor-orate a univ brater or

some device that renders the co'nting rate meter independent of pulse helght,

Smaller instruments wauli b+ de4irebls, A1l instruments ‘ahould

[ | .- ‘ C 75
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. be tested on & sha¥e table. BuredUab 0! ‘Sie tinigl traatment these instru-

Bents received in the field at Zuaat 2% uf Liua‘failed. The chief

offerder was the Hallicrafter G-M meter, Ino’xpcryianced personnsl had

difficulty with the Viot,oraon’triplo rangs survey aeter. These »etors

have Fubber washers under the kncbs, FWhen the knobs are turnsd to st the

\ ?anghfvtmsion rexains on the ’vnhar\to pull the knob back, This makes
1% appear that the sero is unstable,
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PRIVACY ACT MATERIAL REMOVED R $E¢R§T .

~ PRIACY ACT MATFRIAL REMOVED ,-*P?‘Ef’i'*l W
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o v .

et 17 August 1945

ITIN:RARY OF mIP

MADE by Colonel Warren, Captain #bipple anmi - , on 12 august 1945
il W | |
i }hﬁ, site at 5:00 AM, h.d lungh at Trinity, Colonel Rarrsa had to return

"m.u

m.auf}@ to site but Captain "hpple and ) went to Bingham, ¥hite

Store n@

Victoreen Iﬁ? #46,174 cnlibratcd on noning of 11 August 1945 by )

4];. Hot Cenyon to make further mesaursments and to interview persons,

and ' s Ancther single range Victoreen Veter was calibrated but

~ failed to work p : orly on 12 August 1945.
| e’
m

m 130 PR - ) Wife, daughtor and son live here. They were
_ awakened by the shot aL‘l July 1945, entire housc rnttled and thres windows
broke. 'rbq went to the whﬂw\to ses what had happensd, saw the huge clowd
of smoke, resscned that thers- “T ?‘1‘3 explosion of some sort and unt back to

bed for stuut 30 minutes. The clﬁlgr} family hu been quits well and healthy,

" Neer reading FLETTS J;L
Vietoreen oingl_o rezge - gr _ - 0,003 r/hi'.

Itside store (waist level) 0,0003 E?m-
Spesdomster reading at Bingham was Wé.}ﬂ mi u.‘ From hers we drove

eastward on the roed to Claunch and then continu |east where this highway

turas north onto the road to the "Hot Canyon”. Th‘c fcI{.‘Ebing are ths read-
. 3 ..,j

ings end obasrvations as rade by usi ) [:3
Milease | _Gawrvations {mﬁ“ inge
- T76.0 | ses above | Uoloos =/t
780.0 Cows appear heslthy, no appurdnt anenla
or dlarrhea, noses pink, gress mample taken
781,2 At junction with road which leads to 0.2 wur (ground
Hot Canmyon. Grass sumpie taken, - C.013 r/hr waint
771,45 on read t.g,Hnt Csnyi ;2 PR 0.022 (ground)
:. s " .:" u '. ®e C.018 ('Iilt)

-
-~



 PRIVACY ACT MATERIAL REMOVED

XYY Y]
- -
enoae
() sscenaz
« PO

-
-

ﬂ

ilisage e ..}Ls Ty s.t,im Eeuaingy
1], : in road tu‘lot Cumon c.222 r/br (ground)
.7 ' 0,020 r/nr (waist)
741.8 Cn road tc Hot Cenyon 0,030 (ground)
_ I 0,025 (waist)
781,9 Cn road to Fet Canyen 0.7 (gromﬁ)
“; ﬁ 0,020 (waist)
7iik2i ‘easursments at roadside 0.027 (ground)
et P\ﬂ 0,025 (waist)
72,2 |f E ’ Mezsurements 20' off rocsd 0.029 (ground)
ARV =~ 0.026 (waist)
782.45 { {’jf Point éorruponding to rrevious - 0.024 (grourd)
) highest rssding 1o Fot Cu;yon. 0,023 (walst)
™~ - Sape place but off rosd (20') 0.0 (ground)
Hm | 0.029 (watst)
792,50 LA rocdsido 0,027 (ground)
: 0.&5 ('.15'-)
Oft[ d (20' 0.029 (ground)
. 0.R7 (wuist)
I‘ ‘L
782 07 ‘p—-{“" 0. 030 m\m )
' W .27 (waist)
82,7 On end Off Roap 0,032 igmm)
W) waist)
782,9

0,28 (ground)
0.0m5 (nm.)

No mcre rudingl t:kon while going in 't "Eﬁds the house In thn Aot Cenyon,
. howsver, t.ha following readings were taken m{ Fho uy out1

1/2 mi, from houee (grouni)
' 0. (waist)
1/4 uwi, from house 0. C26 {gEEuh)
‘ ' o, @5
Just below houge - this rvading was checked. 0,0013 (

0,0018 (uht

' House in Hot c-nyon(cmmudou Mesa) itr, and (voth

over 50 )nra) and their 10 year old grandson live here., They were asleep on the

porning of the shot; they honrd, foelt and saw lb-olut.oly nothing, They were

aware of nothing umuual until tlp & uucQ rw.ul o-d home from Bin;hu late in

1

. ¢ .

I PP "l H ¢
1

D YRR TR L L
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the gftarnoon. Ha h 2¢ left es 'ly.ih’lhe.'ro Riiey \,;lwsum'\bly by hursebuok) hﬁd

reached Bingham at c:0('} AH ann ledtned oy e ax‘ losion hare, Ly t:ehg 3 Bingham
during the day eni indocrs at nizht, tLe nisssd most of the heavy exrosure of the
first day in the "Het Can,yon"..' During this day, ir. had apent most of

e following tac meeks thors I'vns ¢ .chawge i'x tLeir usuni hatits of goling

‘the duyidutdoors tut Kra. Raitliff -as indoors s large portion cf the time,
Duriljil

indoors nhfﬁ*t‘j 100 - 3:00 o'clock tc d‘nner, retiring ru‘tar Lewring the uvenin;
pews broad{iqt and arising a% aboul €:0C ali. Their house ia & mell bullt twc

rooa adohe st Q‘o with thick wellr Hout 15" thick amt & tin roof supported

. on woodan refterd,’ The house measuras about 25 x 15' feet, iz about 12 feet high

and affords preat protection (see below). The tin rocof is used to collect water

for the cistern the on"éjt stge L whieh wesg not. laarned but is prem.nihly 5G -250

barrel capacity since ot f* n the neighborhood epre of this size, There was rain

-

in the’ nrn on the night after ﬁﬂuahot' this neans that scme of ths activity was

carriod 1nto thcir drinking ut&}hﬂ uy h.avc been drunk oo the following day and
ey

Y,

thereafter, : A \ ~

The health of the 1nhab1hnta d‘-}hi' ~use has been good excc—t that

Mr, Raitliff cowplains of nervousness, tiggi ness in the cheat ana poor teeth,

g

‘These are not new mpt’ona; The anixmals - “ant , 1nrkeyo donkey's - appenr %o
bg' in exsellent health. Supln of drinking wa
taken, Tho following mnuremntl wcr. rade 1n vnri . loeat‘ons in the yard,

the nearby countryside amd in the house:

Yard Fosﬁion .I G.7 ,/Lm- (pround)
| 0.3 | [ (waist)

Foaition II c.5 (g W
: : T 0,R2 (waist)] | |
| /)
Fosition III C.023 (gre
A _ 0,023 (walst)
Position IV 0,028 (ground)

C.C2% (weist)

Poxitiphiy 1L ¢ o%-{ ggmm;)
(‘ ST ER PP 0.C aist
PRIVAGY ACT MATERIAL REMOVED . S (matet,

13

Y|
\ 1
\ .

4 o 79,
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PRIVACY ACT MATERIAL REMOVED

re ¢ .

Poaitior V'."Z,

; i io,025 o/ (gmund) |

] G 10,022 (walat
Positica VII 0,017 {(Ground)
(doorstep) 0,013 (waist)
Posttion VIII 0,028 (ground)
0 (behird houu) 0,022 (waist)
' ”[ Position IX 0,003 r/hr
‘m.._“,.») (1nside house) 0,004 .
Hhite Sgw.;{j\@  and family (wife, two swall daughters, daughier-inelaw)

live here ina n "h_hobo house with a doudble roof, Theywre swakened by a plane
eireling ovurhuck__, norning of th' test, The phm sounded to thes as if it

were in distress, Sho-tt thersafter, tbeir bedroom 1it up as if by a 1light

source in the roow &nd during the blast that followed, the entire house shook.

The fanily saw the pink ol

m the bedroom window and watched it float very

tﬁ"g outside within 30 minutes, The house was
oot damsged and their conerete ei!ﬁ;b were unharzed, The following measuresents

: ' L
high overhnd. They dressed a

i

were nzdes (Q&Z’
on ground in front of ltoﬁ-}\)) C,008 r/nr
in eir - E! 0,005 *
inside store - U 0,0005 *

17 August is 744 hours sfter TE shot kot 16 July. | l& LA notebeok 3114 on page 25
ot seq for data, | H

Rt -
- 8/17/45 Calibrauon of Vistoreen Survey leter 11.6171. - choc&- still unchangsd

and okey. \ . - ' [E"J =
v/

PRIVACY ACT MATERIAL REMOVED ‘
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APFENDIX (11X

by Carl Euckland and A. Reinert.
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FROM:

PRlVACY ACT MATERIAL REMOVED ‘

-------
......

lllllllll

‘e - ~ - - -

SUBJECT Yepitering Trip "orthesst of Trinity 11 Deeambder 1945

‘'4leage

13249.0 |

furm 5

13166,0;
168.4
170.4
172.L
173.h
176.2
177.4
178.L

181.2

18.9

183.3

U/ ——

P ﬁ y 11 December 16L5

,05 o027 Heading west teward Vhite store on US Highwy 330
+032 ﬁ}m o
19,0 VL7

8.4 ° Wesd of Khite Stere.

375 l.g Came back just easts of Wh Stere; startid south
14 ° ‘ _ on dirs roed
2.1 o 3 Trail ended at 178.9 nileage

39 /. Backgrownd in car
2.1 LA Came bask te house and started weed
1.8 hH2 [,.\_\ Think 4% was Reek Teak

3.kt o8ls /~How going east(2 elaterns or ocement tanks)-sample
Came out to highway 380 en' rosd rumming direedly inte Wh, Stere, takmm

1.3 205 1) Pinghan

Took read 161 ess® from Bin and turned off at Nalda Bdqts. RCS Co.

13201.3
202.3

203.3

20h,2
205.3
207.0
209.1
al.ld
- ah.o
a5.7

258.l,

_ 259.9

4.9
267.0
269.0
270.1
~ 270.h

gre.ds

273.l

16.2 l.22 Na3da Biqes,
. Bagk te 161, ooct::::‘ east %o mmmzu(xéx-nﬁ. o:; sast frem imtersestion
plase (Mot Canyen
194 1.66 Intirseption 1611156
19 £ 1.66 | ! [
o8h Bagkgroumd in ear
194 1.95 Nea¥  Douse-cld spet where sample was taiw
Se7 13 {',:J lass trip (beek u-thw)

19 £ 55 bt

595 18 _ U’”

OO” <08 ' . I';

«033 +0R7 _ , !

033 .07 Eobbs Tamk ’

033 +ORT Brekea Bagk Cratep ___:

12 Desemder 1 L
‘rmd otfhimshnarﬂtorcm.mm o
' ‘A sk Cnur.
In bettom left squars of sestiem 1.1082.-1'5! on map uo ‘}
qQese

.g .m_ _ Going '™ tewsrd Earvey or M Raneh
- <03l .029 A ileevey re Pouch Zawcn

-?‘;  «03 'Jﬁi‘-nga‘g“m

atersestm ,

e - I s e &
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SUBJECT: loaltcﬂng 7rip Yortheast of Trinity 11 Decsmber 1945 (con't)

]
1] f
Eg,tj KR/Ar on grd. 12 December 1945 (com't)
. unteage S r
'21';'_,.1, . M: «202 - . Fensce bayond hole
TS . ek
- XN o5 (1)) 805 | e
g Jid H - 16 Intersection with min road between Norzan iell % Tl
\a..t“) Well - near Merzan well = turned S,.i
278.L % T |
20040 - ochS
83,1 029
5 ' ; Duln viell .
2906 «Now daek at lut hoeucn we came from & wemt NN to-u-d Vons-.n Y ell
2905 76 o8 4 Morgan Well
29R.5 1432 ol A Sedll geing iw
. : 25
- 2910 2.6 - 52
29540 3455 o
£56,0 2.4 S
296,2 -unrudgou;u&sungr
- 8973 '
2975 = 3.5 . £l et lon % took road 5.l
298,.5 1.ch :ﬁg -
209,2 1.9 . Came o running B & S aleng Cibola Fatl. Forest-
. e alse & nt |tank and well-went south on. him la
| - 3% Bkgrd l.n oap L.
A ;&.‘1.7 ((. m: ms.:am read but too bad se «Ti-ua back to hwy 1.1},.,,, polnt

L8 8 gm tz intorsection léading to Harvey boumiry«turned
] : . oft =(plase of sizn on lagt trip Vov.8
310.5. Leo 1.38 R e )

.3 10.4 - 2.08 AS b-uulry fenes of !hrny

32,3 11.0 1,95

3.3 1 6' ’:Ia o Roudln;fh:elt -~

31&5 - Loy 1.63- Coopers Well ( T Yol 5m \
L)

R35.5. 3.2 1:& Rending 1n sar
o oar

316,3. i.s _ o5
517.3. 8l 29
518.3. 5 17

518.9 - Camg.to mnhg of read we took W befere, Lack past Broken Back Crater

“;’l_}_b&-brs? = Snow on groumd throuzhout dxy
‘o ‘bt.\. ru-c...dgs Ji- on bare spots

.m. ‘ . ‘ Puﬁl l‘ﬂ 0?.‘ : ) : . |
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300,32 K ook Golng ¥ on other resd frem tank
: 2ileage s0als &S next intsrsection and resding
Reading in eor
By = | |
Loea 1.22 .o-r | .mwum-mum-wnpi
Lossb 35 far 0 we wenS on resd te Chiskes Springs
i -\u:;zhnu%‘w uc&nrﬂpmn'
* :ld WW_ in oar
Mi 4 a a4rs) Tank
3
bhg., 1.7 - b hﬂ@dlﬂ wter hele
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vheble that very large

ingested rathar than inhaled.,
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dust perticles of the type'mext

nascpharynx and are then transferred to the(gastro—intoatinal tract,
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In order to estimate the concentration of uctivity in the air during
ths precipitation of the aotive dust, it is necessary to know how thick the

clowd trail =as, 4n m&imtion cf’Fig. 3 ahows that at 2C miies f‘ro‘m sero the

of activity was 1.5 hours. For conservative purposes of calculatian

we tuke 1t to ©# X hour, For particles 100 nicrons in diameter (the larger t.ho

diamtu-, the : uoro on:mtive our estinate) the distance of fall in our hour

: is 2.7 =% 105 om,

I 4 t}wra-« e 19 aicrocuriu of gamea (1 racv.) aoti\rity per on2 per

rosuigen per Lour r_uding; ” tho ground ws can conputo the concentration in tho
_air befors the 19 mierceuriss were complately precipitated =

1a/2.3%165 = 7 Kho™S pefec 8} ain IR [
U Mev gommmrnad)
The total fissien ;:mduct jarsscub for each gamma curis 55 /.9 = 126,

 Eonoe ze goat total fiui:m products:
0.078 }ac/litor air/ﬂ f
Por tolaranee eomntr-tians we rafor to the Mertz. Lab. Edd, Ch, XII, Table 3

wbm tba tolmn for mixed ﬁssion pmdncta un given as -

9 x 1073 )n/litcr air for 8 hr day, one day only

b

0,26 x 10 po/litn air for 8 hr dnymcontmmh.

Por the caase \mdcr eonsidtration e use toloranco uro tor the 8 hr,

aay, one day, only, it being asaumed that the nlaud ratarial mtthd within the

day, partioularly in the region of the Ghupadora Hesa, It i» posai
ﬁl'nt sinee theknown zsasurssents at L-3 indiocated pmipitntionr to be gomplatod
' M 4 hmrt mu- the shot, the uﬁic material ni in tho air for st most 4 hra, |
and that tbo tolsranse concemtration of .094 ,na/:.-':r 8 *rs. aenld be doubled,

(t cla tl( R

‘However, in the mm of oonmtiw gutimf‘io-: re ﬂ"l ve- lhe ﬂgm
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Adr Concent.ratiom and Inhalwim "ea.'lan. f{uon iemod)

- 094 ']ﬂc/!-. The gamme roentjens reading on the ground corresponding to the
con¢entration of tolerance for mixsd fission produsts beccres:

‘(0;0?8) (0.094) = ‘6.83 'R/hr. gasmas on grousd,

Accord ng to thi- result the plaou whioh had 7 R/hr at ¢, had bad 8
concantntioa at riuien rroducts in the air which was ‘?/' 83 S 8.4 times

tolmneo for a singlo dan. ¥hile this may seom axuuivo, there are two

aspects to resesbert (1), The uhuhtion 1s the most oonservative possibls

l and (2) thc large plrbiclos_ sizes as described in {a) adove prcnnt this

material from being breathed io the uluolar 8808,
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As was pointad out in the precsiing seoticn tho 1nhnhtion of olwd

mtqriils is an 1qgntion problu aince the saterilals ars tranz arred fren the

mm lining of the trachu to the gntro-:lutestiml tract., It turns out

that the mo ingut-d are considnrnbly less than the atatd tolerances for
nixed flssion praiwh. Rofming to the concentration i’ound above ”

0.078 )x:/litq- ‘“a&r/ R /hr on tbo grourd and essuming 3000 nters air inhalad

par 8 bour da;r, ono m. {on assuming 10(# retention in lungs) 0,624 me.,
rotained por R/hr on xro\md For an intensity of 7 R/hr., for 4 hours, cne

has 2.2 mo. w.ﬂuﬁ. A toloramo doss for one don only as quoted 1:1%»

Mey, lab. Hdb,, Ch, XII, '31': 'S 2, is 11..6 8o, We conolude thut for the moat

eonaoruﬂu case tha uotht ai‘-* ctive mtar_igl 1530&‘3“1“'!‘?0 of the order

of, or loss t&un, tolerance for ‘mé,daiuk only.

This estimate 18 mpportod hy the lack of active materials in conm
~ whish grased on rungn on which sutricim materials feoll to prodnco bets burns |
-on the backs of the cows. app-r‘ntly evon under these conﬁitiana, azounts.
of active meterisl failed to be ingested and becowe lodged in tissues ard
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PRIVACY ACT MATERIAL REMOVED :

Farticle Size and Falling Times

Dianeter ' _ (2) Time to fall frowm
Pertlcio Size (1) Tg:ogg ;:11 _ 48,000 to 36,000 ft,
EREN . — _
B840 -Eihy;nl ' . ' 0,110 hours | : 0,091 hours
500 \3? S 0am | 0.116
250 {M o 0,208 | | 0,173
200 { ) , 0.325 | 0.2m
149 - ) o oses  0.488
10 - i’! o 1.08 | - 0,90
% _A N - /\ 237 : 197
o . 1{&@ aa | 3.01
33 R {um:«hz.o R T
22,6 | Tfhﬁjjzg s | - 2.2
16,0 | | 4@?3 R A
_— ) .
| 11.3 E | _ 10— gi | 85
8,0 : - | 204 H o - 170
5.65 N T - 340

' _(_1) ‘Conputd from v = 0,005%2 02p f;qt/iin. From v and | ’
. memo of June 16, 1945 to _ v See 1AB 277, p. 5. ;:} _____ density,
D s dlameter of particle in microns (10™%ow) | L

e,

hg !nﬁm;do.

Average voloelty is 20% higher than that enlouhtod by and

(2) Velooity of fall corrected for ohange of air vi-conity wit
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At no inhabited locality or any place farther than 1C mi frox
the crater was thare found an alrha particle count which cculd be

" sily distinguishad from the natural‘background. The counts ranged

expected frow the kn-wn azounts of fission preduets and flue
(For dstails see andersen amd Sugarman's‘rapoft on fissicn
lysias, 1a 356). Taking 6 x 10712 grs, Fu per‘éuz a8 the
"'ainﬁ.od case, the totsl alphas emitted per minute will te
x o 0.42 c;a/cm2/2- solid angio.>‘The counﬁcr

2 ia arsa, hence a count of 0.42 x 20 = 8.4 e

would be expsctad exclusive of corrections for absorptibn in the counter

%h; Pu by dust particles and gecsetry.

a8 health bazard,
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o nltitudu greater than 6000 f’w

cent.ral axis of the fan pointing aoﬂ-

fGLASSIFED

2r 33y AIT Ges 2

s Distrihuuoa of Pisaton Préducts res Jthn C»:umrjuida |

C’ £y % TFr 4 -3»

() The dintributlcn map

The accowpanying Map I shows thadiatrilmtion of fission

prcduats materisl as measured by the gamma radiationl on the ground, The

1nt _iitiu shown are thoss for tine t - hours, the field rudlngl ‘baing

uncl '&n conpute thc 1ntonlity at that time on the benis of the l/t dou;y

for gamsa he nnnthl Vfutm'ea of the distridtution are a3 followst
1. Thers wns a swath of high intensity approxisately

12 niles long and 1 mile wide whose southern end started at sbout 3 ailes

north of Thite Btors (on road 380), The swath extended north orossing the

NN, road 161-1.6. I!ailo this swath ia shown as a tairly well dafined region

~on the map, the nnumau&w show it tc hxva besn highly irrogular in actual

ares and intonuty. This s, to bc expected from cloud materials falling from

2. The entire distribution is fan shapsd with the

nlightly eant, This arcee froa the

fact that the path of the cloud (n Miéqtod by the dashud amu) was

northnrd ¥hen last seen the cloud nas noving due sast, Thn bigher portiom

Tho 1anr lvnl winds wors

toward north nat. Hence the olmd ntwhh ioving north and esst wers nnpt

westward on reaching low altitudes. For instanse, t‘} Carriso:o tht gnm

1ntona1ty wes soro until 4 PM of 16 July, At 3126 ?! thr”wzind abruptly rose

from the osst and brought some active perticles with it. his acti\vity

reached its maximum after sbout 1 hr., maintained a steady va or about

12 hours and then started to decay. For th&s rezson the conte 8 do not

include Carrisozo it being assumed that the activity was due to very small

particles which were ansily windborn. and not lixely to settla dafinit.oly as
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' poin£ und'z"-;gions ' aigniﬂoaui .mt.h .Lt.f.. bv coﬁ,mr esh:c-aa u dist.:mu of

. about <2 lilu north to the bot ﬂnth ao;or.i‘t;u;. 1n(1) 'agovo, and about. 21.

niles to,tb_o active arcas west of sero around San Antonio and San karelal.

It should be noted t&t tbrb may roasibly bave been vu'y small arees of great ‘
Miﬂﬂ in the -ooallod akxip hxtornl. Hone were found, for instance, in tb.

regi j:;brth of zero by nonit.ors wmoving along the nestwork of roads west and

north of tﬁ\!&i‘am iuts, | , .
a“ ]
A\ 4. The isclated regions of activity at San Antonio,

west of zero wf ﬁ' ue to the low ground winds which were fast, of the order

o . )
20-25 uph and artare ].y carrhd part of the exploaion column weat slightly
north, The acuvitip in t.hou ragiom were very low and did not con:tibuto

any radiation hnnrd.

/Aé mjor area of northern New Mexico was oo'nred
by very low aotiv:lty whioh is &\&gibutad to nnlhr particlu falling out at
tines grutecr than 10 brs, !omalrinﬁ trips throughout the region showed a .
revarkebls unifornity of gamse 1ntcL(l§!7y over the terrein, Gamma sotivities

®; . :
were measurable at Trinidad, Colorads ae,:;:; days | amd .y

-onitm). It is assumed that the smell foles (1 microm or less) fold
very llovly aul p.rucnhrlr d'uring the day in a state of lup.uld
nnimtion by "thermals®, 1 ;FN '
x (v) Tetad agtivity oreciitated

| | An imtegration of the issdcss shown in the map of
 oontours h.dl to the result that 50% of all the availa

Jastivity fell to
the mun:l after two vooh The rate at which this ¢

not
sstinate ia ‘based on the officiency r.portod ty Anderson aad t: (u.356)
 sccording to which 2,95 x 10?4 total fissions oceurred, ucuding to Weisskopt's
‘. data (u-zso ﬂc. 5) thh leads to 1.11 x 1035 ncru-euriu of gesmas at 4 hre
time, When the conuntnuon of m‘ur"n‘t'm M ztrund 19 19 geama misro-guries
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per er the roentgen reading s .1 R/hr 1nwns.n.y. iv turns out that at 4 hrs
the avcilable gamra ‘curies would have covered an area of 2250 8q. miles to

giva a uniform intensity aver that area of 1 R/hr. Thus the hot swath

‘doac bad aLova in IX a,l had an area of 12 8ge ud amd an inten_si*" of 15 B/hr

at 4 k 2 sctiviby cc*re"“r\nds to aiout 7% of *h Ltotal, it is Yoown

‘tbat this th wae precipitat.ed by the end of 6 hre.
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