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I-A ~ “’.,’“’4,, i,l
HISTORY (W THG lW:,U~T1(W OF THE MEDICALUU)[IP‘FOk~ZNxw m$l~ ~~ , :’::jj

.,,. ! ,
.~,.”~ ‘~,.,

,The initial plsne for protect?i)nof personnel at Trinity Teat II were . “’:
,’

the res~lltof two meetings in }Aarch1945 Of a committee composed of R. ;Vattsj ‘~,:
1.......,

R. R. “?~i~SO:IjJ* !-lirschfelderjl?.~egre and L. H. Hanpel~nn. The di~~u~~l,onat , ,;~
:.

;,”’!,,,
these mestinf;scentered abw]L three nfiintopks, 1) danger to persomel at the site ‘~-’~

,,,,
and in the neighboringareas dwing and after tileshot, 2) medico-legalaspecta ., ,,

..,.,,”,,’y:;
of these hazards and 3) instrumentsad organizationneeded to cope with the above .}~’<~

d ,,

hazards.
.~

The hazards and organizationWere pre~entedat a ❑eeting with Ctilonel ‘
‘,.

j
“’larrenand M. Bainbr~dgeon 12 April lyhsa The agen,iafor the meting and the ,“. +;

‘, notes thereon are included in this gection.
,,,,

A definite plan of operation and : ,. (~

instrumentationresulted from this meeting which was tested on a small scale in,. ‘~
‘,,

,,

Trinity Test#l (see also notos of ltiNay 19b5 in th!s section).
, ,,

, . .,:
;,J
.

The data obtained in Trinity Test I Eave us tibetter idea of ,vhaLto ,;,,,,,,,“i.
,:

txpe~t in Lh8 iid t?stm prOV$.OUStd thio shot, ~)1~~qly ~~~r~tion en the i’ak. ‘~,&

of the radioactive itBt0rid13 was gleaned from t,}leRam experiments.Numerous
,“,,<
:,.,, ,

cm.ferences hth Goloflel~;alrenl
,,

‘“~eisskopf,~irschfelo’er,)&iqeeand Hubbard ‘ ,, ‘;
.,,,,, L:-

resulLwi in a workins n,odelof t~e explosion and of cloud of”fission products. ,, ,’;‘,,;:;
,.,., .,

Gn the ba9is o,f~;h~.~conce?tj a detailed plan of,oper~t.ionW?S prepared by ‘ ~ ,, ,;
,, ,.’. ,,, ‘;

f,,,,
~ ;Capt..inI:olaI,;JhoLook chArge of the medical hazards ahpec~ Of ‘rrinity’rrest,’~x‘:, ,~~.’,

,.
shortly after the S My shot. The,pl&; s of 20 June’’lgh~is Included in this”, ~ ~;”~

,., ,f
,9ec+,icm:~It i3 ~ased oti t}ieas~;umptionthat the ,metenrologic Concliti;ns wol!ld “1

,,,.

,,

npproxiT:aLethose of the first.test with a relatively st,ront;,vi.&ltow~rd tji~e
,,
.!I,i

s.nt?iel’,tcarryinc the clolldsouth of ~arrizozo. Tttedanger to person? in nearby ,

tcvms frcm active mtorial falling from the cloud ~ras”recognizsd(see memo
..

Sirschfdd?r to %imridge, 16 June l~u~) but the pltinof evacuation oi perqonnel ,;
..

from t!t+~edan,cr $+re’49wus still i:;1 for:rativest;.+ge”in~~pt~%n Lolbn!s plan. ,,,,,~
.

,,
,. ;$

~ven ‘at I,iii:;time, however, Ca@.ain J{m:?

:, ,, “1,..

:~ascbtainin~ pdrmisst~[lfro’n%neral “ “,
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~rovela office to use military troops to evacuate per?ons in danger areas and

John Andersonj the G-2 repregenti~ive at Trinity *S surveying the potential

lldaWer ~r~n for the location of r~nchesand Otkterdwellings. Gn Saturday? ‘

?Oj Juno 19k5# Captain Nohnand pal deberso~~ “Umfitto @K ~iW for apWoval

i,
1

the plan; they conferr~ fith General Groves and Golonel ‘~:arrenabc.utthe Medical ,Y’;“;

Operation.
.1~.
t

During the last week in June~itboc~m evident.thatwe could not count ~ ~~ .,:

on the meteorologic conditions requested by Captain

being brought to bear to shoot as aeon as possible.

Bainbridge to ‘Lt”~leyj 30 J~o 19~5)Hence)there

.,.,,

Nolan because of ths pressure ,<,,

j’,,

(see Memo Oppenl,eimerand : :,,’
\..,4,?.>

was feverish activity cm ou”r ,::
.fi,,: . !:1

prt to make the tow ~nitcring ProL~am flexi~le enouGh to =kpt itself tc ‘“ ‘:;”,,‘“jl“,; $-+
-~ichever tincicondition prevailed when the test was ready. llloseplans arc

d~scussed in detail in the memos of Joe Hoffrmn on 5 Julyj 7 July and 10 July, ly~~. ,’:
,,,

They are ksed upon CIOSe CooperationOf the MOnitOrS ~th t]leG-2 represent.atives
f

,,.”:

of Lt. Daley etaticned at various towns. The dllt!rofi~he G-2 men was to nbserve ’ : ,’”.
,,.’,

the event froma cer~in ~POtand Wobaerve Publlcreaction.Follotingtiisthey ‘: ,,.‘!
,,

woro free to work with our monitoru?

OKI1 June 19b5~,~twagl-rned

at the Trinity shot becaune of a special

.,,’
I .,:

,, ,!,,.

that baptaln Nolan would not be present ‘ , , ?

: . ,.
overseas assignment. He conttiued in : ,+: ,,.

/ :,?
t.

c~ige of this operation until’9 Juno1945 when Hempelmam took over the reapon- ‘,.‘“..: :J;}
,,.

r:,’,;,,.,,., ;.,.:

sibility. During the ~ek of 7/2h5s‘~lattsand the men of hie grou? moved their ‘“j-,y!j:~

,.,
.. ,! ,.

,,

,’,

“:m’ ““i ‘“..,, .$,: .’,,.’ .’:., :
,,, ,, ,,

,,.’

.. ... --- . ...
.,

,’
,.

,.. ,.!. ,.. . .,, .,. . . “.,.dw:...,.,,, .,,... .
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,,

“’
Ul!><t,~Ln!:)* ~cJllf,viII;j t.hi:i meet,in~,Ho:I“IIAnleft ~rlbt,J.evinetc survey roads and ‘+,h

terl-:lirleact of Trinit;:. t~,>f~:rtherc niact wjth tIimuntil ~riday 13, JuIy, 19~5. }
‘1i,.,~

Jaly 11, 1W5 - ,.irplanetrip .vithC(!lOnr?lr~arren,t!ubbard,T,t.I;o1.;[olz(i,~rij

/

(:,

,,?

i

La:k. LY02 and HWtPell*~nnover TrillitYand Wobble easterly cours,~O? cloud.
.q
~

Cosierence IVitlltiolzwana~~ Hub~~afiabclltpro~ble we.~ther

,,.,>,.
.;Conditic,ns(see }iub:>ax-ci~g ‘I,$

wea+,herre;ort). Coionei”

.!

‘“arr~naf:d~a?t. Lyon go to ‘hi:]it,y.F{em.PeI=M returns ,~~j
,i’

to Fh’ejectY. -:$

“y
::. #

July 12, 19~5 -
i

;ieberscld laves at 7’:00AM with the donvoy carryin~ the active ,:

rrat,eridl.
.,:~

!~eetin; at Trinity to obtain final clearance c,f~ener~l i.!edicalprogr6ru. ~~J
,, ,, :1:

present at the meeting irere ‘l?neralFarrell, Bainbrjdge,Oppenheimer,Tolmanj ‘~~

Hubb3rd, Lt..Col. HolzntinjKabi.
?

Plans of site monitoring, irwn monitoring, ~~

evscu~ticnc,;’caip ard ne~rby are:is‘i~eredisctissed. Decision to shoot on July 16; 1945 {

ii’nossibl?hccause of oth9r r?.sons. %iety’of personnel at stielterswas dls- ,,
,,,

cussed; J.P.O. calculates o[le}’.3.1.for 10’2*efficiency at 10,CK)Oyard shelterq, ~
,:,

.07 P.3.1: the ElaeeCauIpfor sanieconditions.
,,

Visible light intensity queaLionable -, ‘
,i

recop.mndatioriof Medical Group cmgists of supplying persons uith dark glasses :
,

!

.$

!
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/’

but @dvifi$n& thon~teif.aoothq opponite direction during flaah - Lhey w~,lllook at

the flash only on their Cm responsibility.

Because of decision to shoot on JUIY MS 1945 If possible, !+empelmann

was advised to ccme flcwnIm’nediatelyto help extend Aedical Plans for town

monitorin~ eith+r iR north~sterly or northwesterlyareas. Anderson and 9ennett

(G-2 representatives)asketitoslwvey nortt’we:$~and~mrtheastargas for houses.

‘1’I,e.weatherco~dit~orsfor

norti~eastat lCIUaltitudes

slou velocity. This ,~titins

Ju1,v13, 19k5 - Hem?el~nn

10 J’:lylg~~ a’.paarto be variable .vindsI,omrd the

and t.o,.w.rdfiorthwestat hi<her altitudes of extremely

that material nay fall out,in our wn territory.

arrives at Trir.itywit]}explosive convoy. ‘;a?ts.

Barnett.and EagerranSet out on highway 380 to place nurkin~ sticks from BinCham
\\

to Carrizozo. Conference w~tiniminbridge,Hofhan, Hubbard, !+olzmm antii,nderson

corlcernirjg disposition of personnel,monitoring and evacuation plans. Sadget

together at 2:00 ?P. Hoffmm goes out to qurvey nort,%estarea. St,dtio~ary

recordin~ meters !)avebeet ircto,ll.edhy Yatts at Carrizozo, s;~nAq~.ofiLc>and

!!OtS.orir:cj.s.other i3StIWn;entS nGt placed at fur”t~lerp~int.sbec:~~]s~c: lack of

inforratior.ahc’utdirect.l~rlof wind. Eok”fma?le,ves in late afternoon to SlirVt2y

N.‘:.area.

Hubbard, Hoff.r~n,“’:mrrenand Hempelwnn. It nGv!look$ a9 t.hou@iI*i.i3cJ~w~~~ b@I

variable and of slox velocity. This means that plans to evacuato nearest hotiSW

~ ,:- ,. .’
:...

‘,.$

,1’

i

,-

,.

J
*.’.

.:

I
\

\ t

,.

Ii.,
1:

,,.
.

-1

1
. ,,..
i ‘i
;,

. .

.i
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vmt be very corrr.)letefor runchon to the “te$twhore

These pl.lnsare being dr>wn up by Wjor Palmer (see

and ev~.cuationdescribed by Hempelmann). The upper

danger w~ll OCQUP first. .,

final plans for monitoring

safe limit of radiation raised

to 15 r/hr at pC2k of curve. Since .shetheror not the clcnrdwill be stopped by

the f~rst inversi~rrjs p$lrqlyspeculative,?I..{nsfor northwest aridnOrtheast

non?trri::g~lldevac~iationmust be conbinueci. Hoffman, Hirschfelder, Magee leave

iJireCtiOnS l’OrPF:l”s~~rlnelat ~~~e I-:aH!P>!+il.1Canl?and for ivacuati~n Detachment

written up ald Ciiscussedat IIassmeting by Golon?l ,;arrenat .ll:jOAM. Anderson

gets permission for his group to go ifibocontaminatedarea in tanks. Their
\,,

equipw+’>t(jncl~ilin!;positive pre~~’]renasks, 10R L arwl‘Telectrometers)will

for Liltjiractions- They tiillriotbe accwpanied by a member of the :&iir.alCroup.

‘1’hisis .~pprovc:~by CGi. :,lr:..~~,since all ~~~rsonsinvnlved are experienced and

mmir,..,- .,.y.:,:,.-,
,,

,, ..-,..-_ . ——
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SO 10,090 tith J.R.O.) F.ainbridgey

hour 5:30 - Lox winds are sloa and

,,,

,.

General Farrell, Hubbard

almost directly north.

9’

\

*

--—— -, - —. . ... .. ... .
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15 July 19,45

be at SI-lO,OOOat time of snot for final consultp.ticnon meteorolo~ic

conditions.

Colonel ~!nrren(KanhattanDistrict r(l~resentr(t.ive)must cive finul clearance

on all plans - to be at Base Camp duriri[;st.otand to provide

radio communicationsto town monitors (Hoffman et al).

Lt. Colonel Friedell (consultant)- to provide secondary communications center

in Albuquerque in case radio contact from Base Camp breaks

down.

J
Joe Hoffman - in charfe of tOTInmonitoring;only person with authority to give

,,
orders for evacuation; assisted by Joe Hirschfelder,JohrIMaEee,

Wright Langham. Alfred Anderson, T13 Phil Levine, SISgt R.R.Leonard,

T15 Carl Hornbert;erand T14 Joel Greene. ,
.,

$
Major Palmer - in charge of evacuut.~ontroops; assisted by Major R. Miller, Lt.

Huene, Lt..H. Killer.

Paul Aebersold - in char~e of Site Monitoring; assisted by R. W. liatts,Captain :

B&nett, Captain Hagemen, Lt. J. II.Allen, LOUiB Scivally,
,:
,.:,
.:

Larry Brown. ,. ..

Richard Watts - in chfirgeof development,manufacture,ma~ntainanceand call-

bration of instruments. .,

,,,

L. H. Hempelmann,M.D.

,-

.,-- .--’- - .<,__ ._. ,.,..— ---
...-.-.,

.- ..,. .
,,..,.. < ,,

,
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I.D

EWiNTS 11’1CALW 1KUEDW’TEL% FQLLC’!Ii;GSIIPT--JULY16, 19b5

(Summarizedfrom Col. Wrrenls and }+empeluumn$spersonal notes)

5:30 a.m.

5:11oa.m.

~:&~.a.IIL.

5:50 a.m.

6:3o a.m.

7:00 am”

IS:Lj~ a.m.

9:25’a.m.

-Nucl-r explosion of good efficiency

-Aebersold leaves 13asecamp with guard to nmitor Broadmy

-Barnett given permission by j+atibridgeto go to N-qooo to

equipment.

recover

-Aebersold reaches G?lardpost 2, and is held by guard,at thi.Spost.

-Barnett reports intensity of’ 2r per hour 100 years s~ut.hof !I-10,OOO,

asks permission to evacuate this s’nelter. Permission granted by

Col. “Tarren. No activity reported at ‘;!est10,000 and South 10,OCQ.

-Aehersold r.:portsBroadway uncontami~ted.

-Tank with E.L. Anderson .md crew leaves S-10~030 for crater region.

9:05 a.m.

Kirklar.dfield grounded.by order of General &cves.

Lo:ijc)a.m.

1C):3J an!.

ll:A am..

All other going-in ~rtiespoatpofiedbecause Medical Gro~p became

oc<upLed wit’noffsit.eprcblems.

-5e.archii~:htcre.vL-5 reports O.llr per hour to Col “!arren.

-Intensj.~Y of z.~ per fio~urat aingham repr.rtedb U(1. :;arren.by

Joe l{offman.

-15r per hour reported fclrregion 7 miles ncrtheast of Bir@am by

~Joe Hofi’nnn. Rariiocontact xit;irmnitcrs becomss incre,sin~ly

worse-no further rttdio <ontacL ~fter this report, He+,;elriamcalled

in from 5-10,000 to Base ~a)np for conference .vitilccl. “~arren.It is

decided that Sempeirnannshuulcileave at once to help n.or-iitcrs.Ccl.

k’riedellordered in frorrlA].buquerque.All so’:thboundplanes from”

-Capt. J3>rnettand Louis Zcivally dispatched Lo help Hoffxtin. 1
I

-Hemp~;lnnnnleaves base cacipin car ;rithg(’Iodradio wr.

-cO1. ‘?iar”renrelease:~glanes onbasis of calculation by “’FeisskGpf-rriich

indicates that they cannot &et rraret’han0.2r even by flying thr~ugh

APPROVED FOR PUBLIC RELEASE
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11:15 a.m. -iIecpelmnn calls in report from Art Flresloii,one of.searchli~ht
o

.“

cre,vcontinzback to haze camp after travelink;over Hjghuay 380.

K.essa::est..at,esT.ht.the ~th of +u’i.ivit.yextends fro= Bingham

eastward 10 miles. R=ding ~t Bin@am 2.0 r per hour, nnxinrum

intensity on this road 2.0 r per hour at a po~nt 4-5 milss east of

Eingham.

11:20a.m. -H~qlp~~r\iinnrelayti nwssa,~e from ihrnett who is nith !!offnan and ‘,:

1)

2)

Thv follo~iin~(cieci~ionawere made:

Hc~ffrm”lr,sh~]l check high,readings (1~.Or per hour) found

by lagee northeast of Bingham anJ shall ascertain whether

or not thertiare Tancyjm n,:arby. Ho will be accomrxinied by

. ~ - ..-,.+.”-- -..-.,,’.- -. . ..$~ ---- i
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Monday afternoon: 12 July i?!~q.

Tnrou@out the afternoor?ar.d

?riedell directa~irwnitorir.~

the next two days, UOI. :“!arr~n~a,dI,t.role

>rties (Horn&r<er, :.naerson and Hot’fmm) @long

roadways t.ozonta:~inatetiareas. For tiet+ilssee r.;nrts of monitors.

TUPsIIay:17 July, 19~S:

L+,. 201 Friedell and Hempelwa-m investigatehot canyon ard find family In

adobm hwse approxi~mtgly1 u~la ~ast of hottest region (See report in

Hoffwn’s 9ectton). This dwellir~ was net reported on 2-2 nap. Decided ““ ‘:

temporarilyagainst evacuation bgcau?e of relative low radiati.ohIntensity..

Parties go into cr~i.erLhroughol.ltthis and succeedin~ days (See Aebersold’s

reportj.

‘!Jedc~sday:18 Julyj 19~5. 6:OO p.m.

Party cc,nsi.stingof

and Hempelmann left

rerrainin Base Camp

Thrsdly: 19 July, 1945:

j
CO1. ‘::arren,Lt. Col. Friedell, Captain Lyons, Aeber901d t

/

Trinity for LOS Alamos. Lt. Harry Allen and R. “Y.‘?[attz

in charge of monitoring.
I

!
.:{

M,estingof all monitors, with Gel. ‘JarrenyHirschfelder, et al. to discuss

results. The plotting of the decay curves for &fferent ar~ indicated that

the decay was considerablymore rapfd than antici~ted (> t-l). The question

as to the evacuationof the fa~ly in the hot canyon was discussed.. It was

decided that this was not nmess:o-y at this time.

.. . . ... .
>, .

,,, ,, ,,

.“, ,,. , ,., ... ... :;. .,, .,

.
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INTEL-OFFICE blEMORANIWhl ,’,

To: J. Go Hoffnmn
From: L. H. Hempelman
Subject: Prooudure to be

Datet 10 July 194cj ,:,

used by T&n Mon~tor8 .,

On Saturday afternoon9 7 July 1945, Captain Nolan and I diaou$eod with “
Lt. Daviesp the olaims offiaer for the Trinity projeot, what prmoeduree should
be used to legalize your monitoring reoordu for khe outlying oountry~ He asked
that you and your monitors keep as oomplebe notes as possible your own hand- .
writing to be signed and filed away by you for f’uturereferenoe~ These notes oan ;
be written up more fully at a later date but ti any bourt proceeding it ia neoesa~ ~
to present your original data.

We disoussed the following meaavromento Aioh YOU plan to use and agre~
that they should be handled in the followtig wayt

-.....

(1) Film went out by registered mail to neighboring towns! . .
These will be sent out from Albuquerque by one of Ltd DaleYQS ~n who ~11 keep .

,,

a oarefil reoord of the number of eaoh film~ th6 plaoe to whioh it is sent eto~
He will make sure that the films have been tamperqd with by oarefully examining :
their containers .nndwlll mail one out of eaah dozen to you in the Teohnioal Ar=” , ,:
“go be developed &d kept aa a oontrol.’ You will,keep a reoord of the reoeipt and ~~ ,
thcsdevelopment of these oontrol films. I ~\\

i
The filpw will be oolleoted in the mrious poet offioes by Lto ~leyt~ ~

men within five ~ya after the.shot. They will keep oareful reoords as to the
registry number of the envelope~ the ti?neof oolleotioqj oto and will plaoe ~hem ~ “
in lead boxes proyided them by us. They will give the films to you in Santa Fe. “
You will keep a r~oord of reoeipts ofthese envdopes in your own handwriti.nggwill
brtig them to thejTeohnioal Area and will either develop an! read them

be with Hornberger when this is dons so that you oan teetify that you have
witnessed this operation. It is ixnportuntthat$ou keep notes of the de~elopment
and readings in your own handwriting. P

,.
(2) Stationary instruments which give permanent reoords:

Careful notes will be taken ‘byyou as to when the instruments are turned and ,J~’

,.
.

offs aa to when they were calibrated and RS to the serial number of the instrumok-
You will also sign the reoords and mention the time, plaq. and date,

(~) Ea~h samples~

it”
$,

.,. ,
. .:

TheBs will be oolleoted by the ohief monitor (Hoffman) at various ptits in the ‘:
shadow of’the oloud five ore,more houro’af%er the oloud Ma passed. Theywlll bt .

plaoed in marked, sealed bottles by the ohief moxiitor who will sign hia nkme to a ~
label the bottle ahd will be brought to the Teohnical Area to be Wrned over ta ;
the shemiot for analy6i&Q The ohemista till keep oareful Feoord of tho rooeipti :

of kho samplea and will-save the final plates as evidenoee If the uamplea are to ‘;

be analyssd by Langhainin unoon’taminatedlrnboratory$arrangement oaP b. -do +
for Sangham tq help Ebffnwa with the ao~~eotion of sm$plos. It is alwo important ,\ ,,
that oontrolaamples be tak-’fkm the *M areas bef6re *MJ arrival of the oloud “ ~
beoause of the poa8ibl~i~ of haturalrbdio-aetivi~ in the earth. 1:

...,,1. .“ .,
,:

.;+4 ‘.;,:,::, !,,.., ;..,,
,.’ : p~$:;. r;,,:, ~; , {: ~ ,,,:. “

,,, l.} /<, ; “’~;’’’”””” “’””
.,, ,, .,;ip ‘:’”:;” .< ‘ ~ ● ’

.,, *,, ●F:! & ?: ‘, “
,,, ., .,. !,, :, .. !,,

,. :,,.:, :,, ~ r,, ; : ,,: J;L
,’ ,,,,

.—L: . —— . .. . . . . . . . . .
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INsmucmws m Imrruw
~HISlXXUhlENlCONjKTS OF-–--!-.-PAGE($

a

I
mt3r0 YOU w 0t4hi~8d.

b HOW you laft stationto co on a Wxlitoringtrip.
Tima you MX flash or heard blast.

d) %en did you see w ML!to or signals
e) IThen uaa aloud flretvisible7%en did

or airplanee?
it pass ovar you? (Orna you)?

II. RadfitionRaoordx
,

a) 7hen were instruments ffistturnedon.

,

Test the metarwith m source.. Have
someonewitnessthe teat or soo the operation of the mater lmfore radiation

b)

,, o)

IHe

,+

0
‘i,

,.. ,

.,.

.,

‘,. ‘,
,,

,.,

., r

,,, no’” ‘-
,.. . ,’

, , ‘,.,,....,
,:’.

,.
,, .,.

,,
.,. ,

appearo.
Have a witneae to any nadiation raadinGs~ Note the tine and pk. of reading.
If cloudin visibletake rmdings in tho Interval up to five hmro
pm!led.
Not. in detail any ueaUwr conditima ouch as uind(direotim) or mfi or fWi
or @et ounshitnh

Earth .Samplee:

IUmtheantploa one footsquare and one inchdeep shouldbe take&
uhlohtheY aro taken and tho peition of the area relativeto the
aloud should be Kiven In detail,

me,timaat
path of tb

Controlearnle OF earthshould be takenut a @ven PhCO ~fOr@ t~ ol~d u
~ or ●amph$ if the oloud is viaibio in the dlstanoe the mmitor elm
make a woes as to uhero it wiU cross the road ho b on. At that apxti
place beforo the oloud paasas a control grti WW1O should bO MO Aft=
the oloud has passais a test aa@ a is takennour~. Otwh.dy tho saupllng
ehouldbe done on earthuhiohis free from covering ouch as _ and grace ● ‘

Keep detailed notos aI all oeourreno 1es Tiw(hour)a.ndplacejif your oar
breakedounsif you s.. ~~ you know, if anyoq sake questions (after the eho
if you ●co-any iirplanda, my gdheritw of P+ ,., ‘ ~.,, ‘< 1,,, J,, ,,
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UNITED STAI=S ENQINCER OFFICC
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II( Rmv .
-n m EVACtlATION DETACHL’J3NTAT TRINITY

1.

A.

B.

c.’

D.

Detachment, Equipment} Personnel, Organization, Base
Operations

Equipment and Personnel

,,

,,.’
.,

,’.,.

,. ,,,;
This detachment consisted of 140 enlisted men, 4

!,.,

officers, 140 veh~cles~ including one 500 gallon Impro-,
vised water tank for drir)king P“rPoses? 2 lister ba~~sy: ‘“:
latrine flies> 30 pyramidal tents~ 1000 type ‘C1land ‘,.,), ‘:
nKn ratiOnSJ coffee> sugar, milk, and 3 field ranges. “..,-

,.
Organization .. . . ,?

The detachment was formed Into’’’fourplatoons of :;’ .
nine-vehicles each. The first and second platoons

.,

made-up the first section under the Command of Capt. ~~ , ;
Huene ~ The third and fourth platoons made-up the
second secticn under the Command of First Lt. H. Miller. ‘ ‘“ ~
Each vehicle had a driver and two men; three jeeps, ~~ .
under the direct supervision of the detachment Commander .
to act as messengers; one two-way rtidiovehicle.

Operating Base ,’

The detachment moved into its bivouac aria 14 July.
.’:,

For security reasons this area was 40 miles from
Trinity; the detachment remained there until the morn-

,.,,
“!.,

ing of 15 July, then moved to s semi-permanent Base
Camp, with an alternate base site selected. The Base ‘“ “: ~
Camp was set-up as a company; latrine dry flies put up; : ;:,:,,
lister bags hung> and field ranges set-up. The rest of “, ;;:,,:
the day and night was spent in briefing the men and , :4‘
having the section leaders antidrivers familiarize them- “ .,+
selves with the roads and dwellirgs irAtheir assigned

,,
,. ,,,,

sections, and visiting Trinity headquarters for
.,:.!,

instructions. The Base Camp was approximately nine miles ‘,~’
from Zero. The detachment Comxumder returned to Base ..;”

Camp from Trinity around rnici-night15 July with last : -’.
‘,,

minute instructions. Major Miller was assigned the radio “- ‘ “’”
vehicle and put in Command of the Base Camp. The detach-
ment was alerted in case the wind shifted in that
direction., so it could quickly move to the alternate site.

Operations

The orders received by the detachment Commander fronl
,,

\ ,.:.,, ,,

,,,+.,,,.... .,:. $.,+,...

‘“

),;
.#,,j

,.,’ ;,. .!,... .,”.
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Farrell were generally as follows:

1. The two prepared press releases were made known
to the detachment Commander. one tilcase of no
evacuation, which stated briefly that an ammunition
dump had blown up; and one case of evacuation,
which stated that an ammunition dump had blown up
which contained gas shells and the people would be
evacuated for 24 hours to protect them from the gas.

2. The detachment Commander would work with
Mr. Hoffran and Mr. Herschfelter, with their crew of
monitors, and was to evacuate upon Mr. Hoffmanls
re%uest.

The detachment Commander planned, in case of evecuationj
to set-up the base camp as a shelter for the people;
tents and shelters would be provided to cover and feed
450 people for two days. This was ample shelter for the
small population ceriters that were close enough to be in
immediate danger. The larger centers were some distance
away and there was ample time to transport them to
Alamogordo Air Field and house them in barracks.

of one or two famll~es} it was planned to send
them to a hotel Irl a near-by town.

The area in the vicinity of the shot was divided into
sections and each section leader was responsible for his
section, with additional help if ne’eded.[

A jeep was assigned to Trinity heaaq.uarters, Major
Miller at Base Camp, and to the detachment Commander
during the operation, to supplement r~dio communications.

Immediately after the shot, the wind drift was
ascertained to be sure the Base Camp was not in danger.
Monitors were immediately sent out in the direction of
the cloud drift to check the approximate width and degree
of contamination of the are& under the cloud. A small

headquarters was set up at Bir.ghamj near the center of
the in the most immediate danger. The wonitors
worked a wide area from this base reporting ~ to
M~t Hoffman or Mr. Herschfelter, One re-enforced platoon,
~mler Captain Huerle, was held at Bin&h&m; the rest of the
!detachment was held ~rI reserve &t Base CaUJp. Fortunately,
no evacuations haa to be made.

Mr. Hoff_rnanreleased the detachment about 1300 hours
16 July; b; that time, zny danger of serious contazrlna-

;,
~

.)

‘.

,,
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The detachment ConuLantier wouid like to take this time
,

“Y to say that the Officers and men of the cletachnerltwere,,
alert, obedient, and contiucted themselves in a ~uPerior
manner throughout the experiment.

‘5

4’ Kii2J%4. . 9 .

Major, C. E.
Detachment Commander
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All perscnneltill

willreceivethese

followingregions:

,,
,~.,

1~ July 19~5 ,,,
,i,,
,’,..,,”

m?et with Hoffrrar.and ?riedell at I,oon15 J~ly19&$. They . ~ ~~ .$

in~tructionsand wI1l be gent OUL with ~aleyl~ imn to the ;.:
,, ‘ ,:,,!,,.,

, ., ,. ~
i,.

41fr+d Anderson at CarrizozojCaptain (with Portsr)
Joel ~r~er,e ~t Roswell ( Nally)

,,

Gal Horrherger at Ft. S1imer ( with’Foley)
Bob Lecnard

+
at Soccoro ( with G-2 man) ~

,’”
,,!

,Thes~neil.villnot leave th~ir station~ until they get in con?act with CO1. “: ““~

,,(

(

~cheduled tfw of the shotto obtaininformationabut winddirecticnpvelocitys
.

,
heightof cloudar.d&pproximtely where it will cro~s the road cm which they are , , ,,

..,.

-4.3tatftrti
,.

They x$.1.1.call back every hcur except for those per??n~ in Carizozo and “

%corro :rhowill call every half hour.
..:

‘?kenthey cbtain tkis information,Anderrjon“ .“

will proceed north along ‘)i~h.i~~y Sb ant’wait for thy C1OUC5,Greene will go north ~~
.,

CF !!lg!nway295, HornberLer ‘willtravel east on Htb@wny 601 Leonardwillgo -wsst ,’

orjlil~lw.ay60 to Wgdelina cr beyond. They shall keep recordy of measurements ,. ,t
(

shall t~k~ control earth samples in the pathof the cloud,~tc, exactlyas in Hoffmafilg‘

Instructionsof 10 July 191&.
;7.‘

Theywill ?take‘outwherethe cloud passedthe high-~[,.‘~
.:*.\

~ay so thatHOffnanand Langham may take earth sample$ at the~e plac?s within 2~ ‘~ ‘.
,,

hnurs~ They ’~hallalso recbd tpe directienand approxi~te ~trength ofgrouncl ‘; ;~:,..
,.,

‘., ,.,,’ ‘1,:’
wihds aq the cloud passes ovnrhead~

.: ,.,... ,.,
,. ,,.,,.,. ,,’ ,..,.

,, ‘,,,,, . ,, ,,

Thk rewinfler of th~ moniters shall gather with hlajorPalmerls men at Post II. :,,,~~
.

,- ,,,

This party will c~nsis:”of !{offmanj’Hlrschf’elder,
;,~. ,,

biigee~Levine and Langham and ~ ‘,,:, :,
will b,avefour vehlclesP and three rarlioqin addition to t,h~one at the Guard house. ;,,,

They till rewajnat th-ir’~tatim until they tht~in inforrna+.5onby radio from the : :
,<,,

,.’,, ,,
?mpe:amp abmut the hdght ofthe,cloud and the dir?cticn. In the case that the .,.,,,.. . .

cloud hove= to the northw~~ts
,,

.,

,,

,,,

m ‘<:,,,,, . ..,,4j: .:1’: :.,(

,:. , . .
,.. -,1 ,. ,,

.!: i., ,’,..” ;
,... l,,

?,
‘,,

.,,, .’,,,,/
,-
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,.

lingo.will prooaedwith a smalldetachmentOf Palmerl~

mm inoluding an offioer along the south road to

●vaouatetwo familieo. Theywill eitheroontlnuesouth

if the ease contamination ia heavy or till retr~t “.,

baok along their path to Highway 38o.,.,

Langhm will prooeedwith another detachment along the

8ighmy 380 to evaouate the ‘Telephonew R-oh.

EkMfman and &r60hfelder till leave for High-y 85

together with %Jor palmer. They will meet anot~r de~o~nt

of Palmer$s men who will be able b evaouate this region.

In oaae the o]oud mOVOS to the northeast, ●ll of the mpnitera WiII proo~d eaat
r ,. ,~,

along Hi$imy 38Q to the plaoe where the cloud oroaeea the road.
,,

After the oloud “,{
;?

passes the neareot Highway, Hoffman and Hiraohfeldertill follow the oloud as ‘:.?%
,!

far an poesible, ●nd oonfer with the monitera, Oalling in their information to Col. ,x
,

Priedell in Albuquerque. .
‘“,,

.’$
Addendum: The monitera who are in the opposite direotion to tbt kken by the oloud . ‘{

,,

. f~

shall rennin for 8 hours and then only after oalling Col. Friede]]i
‘-,
~’: .,,,

‘hey will take’~’ J
,,,,, ,;.):

an aarth eample at eight hours and bring it to kngha~tioffman in the Teohtiioal
,,,,
.,,.!.

.; ,.,,,’

Area whore a <.$oeiptmust be ●lgned.
;!

‘,,. :!
:,

<. $:,,:.
Raoording inst~ments lm~e been plAoed in Carri$ozo, Tularosa, Hot Springs, tin , ~

~,
,:

Antmio, Soooorro and Mmdgelena. They till be oolleoted by Hoff~n with~ ~ hours* ‘~
.,

,,.
.,’ ,,

.,,,

,.,.
j,

..
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t

tJireoti& for Par80nnel titCam
,,~

pana Hill# Camp ●t Time of 8hot I.,
(Coordinating Council Camp) July 15, 1~~

-,f

4
:/

1. Do not leave main ~roup et Cnro~)where t}~erewill be =Onitoring end “
evucuntjon facilit.iefi.T}l-rewill also be contaot with planea, sheltero, ~
are~ mont+,ory over tha redioreceivera.

2* 4.11 personnel at Hill Camp will oonform with the following Safety Regulations

a) At o short sigml of the eiren at minus 5 minutesallpersonnelwhom..~
dutl~sdO not 8= cslly r,~quireotherwise will prepare a ouitable place to
lie on.

1.; At R long ni nnl of the elrgo nt minus 2 minutes all personnel whose
* require otherwisedi]titl~do ~i(th. s~cCl , will jmmedja+.elyli* prone on the

grouud, the face and eyes direc~.~+dtowa)”tithe ground and ~ith the head ●way from
‘Zeroon Do not watch for the flash directly, but turn over after it ham occurred
end w:.!.cIIthe cloud. Stny on the ground until the blast wave has pasBed (2 minutes).

o) At two short ~last~ of’the siren, indicatingthe peasin~ of all hnznrd,“
from l~4)t onci‘“1..:~, all personlml will prepare to leave as soon as possible. ,

3* The hazard from blast is reduced by lying OV tti’egroundin such a manner ‘
tlmi flying rocks. glass, and other objects do not intervene between the source
of’the blnst and the individual. .,Open all oar windows.

,.

b. Tho hazard from light.injury to the eyes is roducad by shieldin~ thm cloeed’ :
eygs with tha bemied arms ant lying face dolwnon the grouqcl. If the firot flaah
is v;.dweda ‘blind,apotn may prevent your aening the rest of. the show. A Welder$s
filt.er”glassehould be used upon first looking at the ball of fire after the .’
initial flash htis[wssed. ,,

,,,.

5’ The hcizt~rd from uitraviolnt light in~uries to the skin Is beet ove~oome by ;
,,.

‘wearing long

,,[.

trouser~ aridshirtswith long sleeves. 1

dire6tio~~’’readto per~ohs vlriwingtheexp~oeion from the Campann ‘, I
.‘

20miles from zero; read aloud by David Doy, Capt. T.O. Jones. and ,
,,, .’ ;,,,,.,., .;. :

..’., ,,;.,/ ,,. , . . .
,,,.

~,, .,., .!,, ~,::’, ‘ ; .; ., . “ ,’ .’.,,,: ,;, ,:,~’,’.-. ,, ,’” ,..,, ,” ;l
..;Q.,,, ‘,,,..-,?.:.’! .,, .1’, ., ‘,, i’: ‘ .. :.. Y.. .

,’,:,,. ,,.’,..,’.: ,:!,, :, ., .:,: ::”l).. i;..~;,i ‘, ,,!’.,:. ,,, ‘,:., ‘,,-!,,, :,
./:,. I., ,,-,., , ,.‘, ,,,,( i
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TO I File
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!.
%

Fromi L.FI.Fempelmam .

Subjaot: hsm%is of’100 Ten Shot at Trinity ‘, ‘!

.,
.;

The lmEardnrelntiveto the 100 ton shot containing fission Frodlacts
!~
4

at Trinity on 7 hy 1945werealight.However, adv~ntugoWL*6takenor t~n
-im~l~r~t.yof thietestto thefinalshottodevelopa eyatomorrnon~tor~ngthe

!,,
,.

nextteat. Ourproblenminthlef’lr~ts~otiwerethree-fol~l(1) Vedic~l
,,,,

,?,

~,ergenoiee cauaed by pre-detonationand rout.in~ construction hazard, (2) Men- ‘ ~

Itorlng the ohemical procedure of dissolving the %mford Slugn and pumping the ,:

solution Into tho explosive, (3) monitori~ the area followinflthe explosion,
and (4) the oloud containing active material. Ur. Balnbrid-e and Lt. Flushtook “ 1
the reaponeibility of alearing the area immediately before the shot. ,:/

..:

1. Concerning medioel emergencies there wes only OVQ - an accident
,:

in whioh Milton Kahn wan run over by a truck trailer. Although the truck wheels i
ran over his entire body and head, it WM fortunat~ that becflu:+oof the extremely ~ . .)
eoft dir+.no bones were broken And only t%irly auperfioial lacerations of the
ahin were euffered. Lt. J.H. Allen, who had been at Trinity since 25 April 1%5, ~

“,

took aare of the patient end sent him up to this cite for recovery on ~~May 1~~. ;;
,,

2. The radiation hazards relative to the chemicnl procodvrea
turned out to be extremely slieht even though the *slug” contained LOO gamma

,,

curies and ●bout 1000 beta curie~. The “slugw
,’.

was transferred by Sugarman~s
group from a lead oontainev to Bn underground ahamber (by meane of e remote ~~
control operation) behind a conorete wall. The ‘slug” was then di8eolved iIIa S,:
nitrio sold solution end the nitric aoid fumes togetherwith the radioactive
xenon and iodine were dieoharged through a seren tube. the outlet of which was j

●bout 1000 feet from the ohambere The underground ohanlberwaa eo well shielded
that the radiation intensity in the working area was less thflnone-tenth r per

.,

eight hour day. Similarly, the amount of radioactive &eses issuing from the “ i

,,

ohamber wae not hazardou8. It was found by means Of e.irohambers built by J@. Watte ~~~~
that if no nitrio oxide could be #melt in the alr there WDS no detectable activity ‘

in the ●ir. The expoaureeof all personnel were Considerablyless, thnn toler.nce ‘ ‘“’:;
dono exoept for the final day on 6 MAY 1945 when s~ples ~ount~g +X about ‘.
l\2 ourie war. taken from the buffered nitric aoid solution. Only one person, ::
Sugarman, exoeeded the daily doee while taking these smnples and he only reaeived ‘,:’,
approximately 1* times tolerance. After the material wae pumped up into the ,,

staok, the radiation intensity around the towers was fairlyhigh. W. Fluchanan, ~
who wae ihatalling the detonator. probably receiv~ RbOUt three O? four ~u~lY ;

:.’,

doese due to diffioultloa encountered during the installation Which. required him’ ,,,‘ .;
to stay in the vioinlty for ●bout four hours, This dosage was not meaaured b,~ .:

was not oonaidored serious bewause he has had no other expomure to radiation-
.,,

3, Radiation ha~ard afier the a~oto This too Proved negliglbl@ .’ ‘ $

,,

,
but ●rrangeme& were made so that no on. eXoept the people in the tanka oould ‘“ ~

, ,.
.,. ●nter the oontamlnated ●rea until lt ms 8urv@Yd by the medicalgroupe Both..,-

$“: medioalpersonaoland Andoraon’@group in the tak -r. olothedwith ,covoralla, ~

,.

,.. : ... ,,,
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booti7z, @OTes PP.(!Vmsks. hdersonts nlfmu8ed gas masks whllo the medical
group used ref3pira+eore. If;t~med out that there wms measurable nctivity only
withj,na r~dlus of about 30 feet around the center or the tower. a>en here t}i5
activ~tydid not exceed 1/10 r per 8 hour day. In the center of the crater the ~
activity WS about 0.7 r per & hour8. Afeasurement.o? the fine powdery dust
around the crat~r showed extremely small nmounts of activity gstj.n,atedto be
cinly@ f%wmieroaviaa perhandfulof aar~h. Nevertheleae, it was recommended
by the medical group th~t no one enter the powcl~ryzone without booties and
everyone was edvi8wl to wear respirators for tilldusty operations. The system
\/P.ichwas used ?roved quite succe~aful and will urxloubtedly be used again for

.. the final shot, The only infraction of rules occurred when Mr. Oppenheimer
entered the potentially contaminated xone immediatelyafter the medical offic~rs .
Fowever, he took full ras?onsibility for his actions.

)+. The cloud arising from the explosion contained approxin.?.ely
90,%of the active material. It was obeurved to rise to a hejght of between 13
m~d1~,000 feet where there was n westerly wind which carried i+,nt a rate
(accordingto!iubbardls observnt.ior-i) of 35 mile. m hour in the direction
‘o*l,weencarrlzo%o md Tlllnrosa. It was still visible four hours lhter at which
time it wtissomewhat south of Roswell. Although dilution had occurred, the
cloud still hung together kt this time. It is thought by Hubbard that the
thermal air currtintsstarting at about 9 o!cIock in the mor~ing resulted in a
rn~ld dispersion of’the oloud.

/ It ia felt that there was very lj.+,tlelikelihood of any confamin~tion
ev~r rnaohillcthe earth since there has beeq shown to be a diluticn of 10,000
times for every 2,000 feet vertical descent of such cloud9. It was impossible

c1oud wtm not
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INTER-OFh’ICE t;EXLllUiNDUM
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i..........
June 161 1q45

-...

K. T, 13ainbrldpe

J. 0. Hlrschfelder and John lta~ee

There 1S a definite danrer of dust containln~ active ,

and fiseion productn fallin~ on to?,r%nearTrinity and
nccoecitatln[~ their evacuation. This is gho~ by the fol~owing
calculation~ b~6ed on the aseumgtlone that: j

1. The active material condenses on the surface of’ the ,

n~rrnalTrinity dust to ~ive a dlctribution of activity vlth prtl.Cle j

size slmllar to that observed by H. L. Anderson In the 100 ton shot. ,.
~

2. The dust on which the active material Is deposited is
quickly (3 minute~) ra~se~ to a heN’ht of ap?r~xlmntely 12#~00 {
feet. This is approximately the hel[!ht to vhich the smoke puff
roQe In the 100 ton shot and thie am,e helflht may be ex.>ected in
the next ehot. “1Between 1000 and 12000 feet ‘the chan~e In temperature “
with altitude should very nearly follow a dry adlabet and therefore
there 6h0Uld be no tendency for material T.’hlchhas risen above i
1000 lect to stop before It ~eta to 12,000. After 12,000 feet ~

Hu~bgwd ex;)e~tfd ~ temperature $nverF$on 6Q thel lt w1ll be dlfflcult
ror any fllAtOPhl to rise much above the 12,060 foot level.

3“ The dust settles In accordance wl.tha modified Stokee
law.11.kenormal industrial cluet ~ettlin~ In still air.

4. ‘~he matt?rlnl ae a whole 18 carried alon~ at a ~’indvelocity
of 30 mlleq [)er hour. This danperous situetlon could be eliminated
by reducinp the number of dust perticleri of around 100 microns
which get into the cloud. This can be done by bondlnp the ground
in the vic$nlty of zero - preferably uelnp a llpht slurry of concrete
in the vlalnity of the future crater and a coatln~ of 011 thinly
dietrlbuted to a dlatance of 2000 feet from zero.

I. Distribution of Active Material

Lackln~ any Indlcstlons to the contrary, It 18 n~tural
to ascume thnt the distribution of active xnaterlal With particle
~ize will be the Rame as Anderson found In the last Trlnlty ehot.
This distribution Indicated that the active material was uniformly
diotrlbuted on the”mrface of the wand particles - the actlvlty of
the oartlcleo belny rouphly progortlonal to their surface area. The
follo~’inp tnble sulfl~nrizeBhdereontg obeervstinns together l~lth
come recent measurements of the particle eize distribution of Trinity
dirt made by Kamm and Magee (Y~hlchwill be diec~e~ed In detail in
another memorandum).

-
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It will be notloetl from the laet two oolumn~ that the weirht
dletribution of various eamplee of Trinity dirt vary conk~derably. “
S~mllarly Anderson found oonslderable Variatlone’ between different
~m”plea of dirt in the crater.. Therefore we oannot argue about
the amount of aotlvity to be expected tor a given ran~eof partiole ~
81ze to.within a faotor of two.

111 The Rate of Settling of Dust
‘\

Aooordlng to Stokec8 ‘Law, partloles of a~eolflo gravity!‘,

“f
and d~tieter D miorons ehould fall at the rate:

‘0,,00592D2~ feet/minute

“Aooordlng ‘toJohn L. Alden ‘Deal
Y

of Industrial Exhaust Systemsm
(hduqtr~a~ prim New Yorkj 1939 , dust particles round In lnduetry
follew’ thip “law quite Well for pmtlolea between 5 and 300 rnlcnone.
J?or largerpartloles the Velooity of falllng.la somewhat slower:,,.,, ..,,. . ,1,, ..’, ,: ;’, D“ Veloolty”,’f ,,, < m20rons ft/minute
.. . ,..~ t .

.,’ ,
‘ ~g”

,,.
1750 y .,( 790$

!.*
,“.. 500

‘:,,
k! -, 555fp:,,. ,,

,.’ .$sifig the above data it 1s easy to calcu~ate the length I ... ,
of timtide~ulred for mmtioles of various sizes to fall 1,2,000 feet. !; ,.)

{ ,’. Here we askze that tie OpOOiriO ~avity of the dust is 2.6. The ‘.z ,,,-,!.

,/ + ~ ~~~~ . .
results are eummar~sed below;
,,, , ‘, ..’,,... . ,’ ...,.,

?’.’ ,.. : ;’.. ,
,$ ...:*,’,.,. . ,,,J
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500
250
200
14-9
110

74
60

16.0
11.3

13.o
5.65

Tim to FMl 3?2,000 f$ (hcm~s) ,

0 ● 110
0.139
0. 2ot3
0.325
:. :;5

2:37
3.61

12.0
25.5 . .
50.8

102
204
40s

From the above table and Anderson”s data It follot?fithat
3./3$of the activity drops in the first 6.6 minutes;”’12.6% of the
activity drope between 6.6 and H!.5 minutes; 14.5% of the aotlvlty,
drops between la.s minutes and 35 minutes; 1~.1% of the activity
drops between 35 minutes and 2 hours and 22minutes; and the
remalnlng 51% drops at a much later the.

The duet particles which have diameters ran~ln~ between
149 and 74 ❑icrons are therefore the meet dangerous from the stand-
point of nearby towns since ‘theyfall l.nthe time interval between
35 m1nute6 and 2 hours and 22 minutes. Since they contain 1~.1%
of the activity it follows that during this time interval the
aotive material w1ll be dropped at the avera~e rate of 10% per hour.
If this dugt 18 swept along at an average velooity of 30 miles pek
hour, ea~ mile along the path will contain l/3~~f the active
material; It IS reasonable to euppose that at the time the

+

J\

r

ath of the active material on the ground w1ll b~~;3mllea wide.
This fi.$ureie completely e~eculatlve but seems ’oelther pesclmlet~c Y
nor optlq~stlc). Then each square mile along the~path at a
dl.etanoe between 17.5 and 71 miles contalna 1/9$ pf the aotivlty.*

111. The Hadlation Intqnhlty Suffered by per60n In Nearby Town

The following oaloulation was made with the help of
A. TUrkevltch and a~rees with a slmllar aalculatlon made W L.
Hernpelman. Aseume thut the gad~et 1s 5$ efficient so that 2 moles
of fl.esion produots are formed. Then aocordlng to a formula of
Fermits .15 fit ~amma rays are emitted per eeoond after t aeoonds
after the explosion. Here f is the total nunber of fl~sion8. If
the total active material 16 Qpread unlformlY over one Bquare mile

emitted one hour after the exploeion

2 of Burfaoe area~ammae/f3eo/um

‘-

J
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Or 8preaa2ng tho ‘1/9 cif%% af the aotivlty refer one square mile,
there will be emitted one hour after the explosion

6
10 gammaa/Oeo/cm2

In unit solid angle thie w1ll amount to

XO”10614V gammaO/eeo/cm2/unit eolld angle

But sinoe the mean rree path of the gammas in air is of the order
or ~-lk meteraj at a height h equal to one meter above the ground
the flux of gaxnmae ia approximately

I-~Iologe(x2/h2 +1) - 2t310-2x106gammaa/eec/um2

And alme one R unit oorresponde to 109 gammas/cm2 we could there-
fore exgeot a person in the path of the oloud at a dietance of
between 17.5 and 71 miles to receive radiation at the rate of

7/T R/hour

Here T 1S the time after the exoloalon In hours, In the first day
he reoelvea approximately 22 R. Here we have.only considered the
danger of gamma radiation. Weisskopf has made a elmllar consideration
for 49 and finds that over a long nerlo”d of time. it too mipht be
‘dangeroue.

-. –. —

I
Iv. Suggested Remedy ‘

Sinoe the danger from the radiation 1s due to the presenoe
‘in the aloud of a large percentage of dust ranging In size between
149 and 74 miarons, the obvloue eolutlon 1s to take sten~ to prevent
suoh dust from getting there.

—r—
This should be feasible by filling

the region whloh will become the crater with cruehed rock (from
a nearby quarry) and adding a small amount of aonorete slurry.
At lar~er dietances (up to 2000 feet) it vould euffl’ce to cover the ,
ground wltia thin rllm of 011. Carleon estlmatee that this would
require approximately 750,000 gallona - a large amount but not
prohibitive. ,

Col. Warren’ Hernpelman
00: Capt. Jone e Paraons

Capt. Nolan Penney
Bethe O~~enhelmer
Carleon - 9i2~re
Ebefatat ‘Weiaakopf

——
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INTER-OFFICE l~;J;i.!OR.ANDUM.— —

J,uly6, 1945

To K, ‘f.13alnbr~dge

In u prcvlou[;memorandum to ‘you dated June 16, 1945,
we r31mwedthaL there wan the possibility of a dan~eroua &mount
of u(;~lvematerial qedlrlentln(:down onto nearby towno~ Tw all
of tilewtlve material were to condense onto cold sand particles
wluh the GnnIe dlctrJ.butlon of act3.vl’Lyversuo particle alze
thnt H, L. Anderson I’oundin the 100 ton ‘frlnlty shot.

We have t~.ledto exwllne this hypotheols In some detail.
Jijappeura likely that u con~lderable fraction of the active
mut,crla~lwI1l be co--preclpltated !~lthvaporl.zed silica In the
form 01’very ~rIlallpart.j.cl.egwl]lchremain suspended In the form

i of Bmoke. ThlR gmoke d~ould ~radually diffuse and caurm no
health huzard (urLlecaIt were wadlcd down In a thunderstorm).
Unlortunntely we cannot make a quantitative egt~matc Of what
fraction of tileactive Illuterlalwill be co-preolpltated In the
umokc QrldWhat fraction will plate onto the cold sand. In this
Illemcrwe will try to pre(Jent a picture of the mechanl~rn Involved,.
(.)urpref~cntaq.;uments would oeem to Indicate that the amount of
UULIVC mute~’i.al nedlmentln[~ onto a nearby “townmay be Iese by
a l“nctmrof from p to ~fj tlmn the amount estlmpted in our
prx2vlour3 lncri]ortindurnm[innear aa we can tell, the “eandwhich
ctlu3c(: IJl;edafi[;ercome::up from the crater rather ~han from
very lIM.1+dl. sl; nricefl.

,
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arater aa expeoted by MaoMlllan and W2.00% Le 50)000 Ixma, or
~000 tons aocordlng to Penney. It Is reasonable to expeat more
than 250 tons of’cllrtwill rise Into the ball of fire. The
energg required to heat one Eram of sand up to Its bollln~ point
(2500 C.) and vaporized It 1s approximately 2700 calB tThis
fl@re would 8pply f’Orpure slllca.) Thus the,ener~y of ~.”~tons
of T.N.T. would be required to vaporize one ton of sand. If the
ball of flro contained 10% of the energy, or 500 tono T,N,T.
equivalent, it could vaporize cometh~n~ leas than 25o ton~ of
dirt. The length of time to vaporlzo the Band 16 very diort once

it oomea into the high temperaturere~ion. Assuming that the sur.
faoe of the dirt 1s black and the radlatlon 1s black body, It
follows that:

dr/dt - -2 (T/10,000)4 orn/eec

Here r is the radiue of a sand particle and T ia the tempera..
ture of the blaok body. The steel tower will be dlasolved at
approximatelyone fourth this rate becauae of Its greater denolty.
In any oaee the vaporization prooe~ses ar,eextremely rapid and
should eerve very effeot~vely to cool the ball of fire down to
around 5000° C. ,,

II. CONDENWTION OF ACTIVE MATERIAL
\ ‘J

The maximum rate at which the ball of fire’could cool ~
by emission of radlat~on would require 0.6 ,of a ~eoond to ““
reaoh i?OOOQG. (!Uhi.81,8calculatedfor a black body radiating
into a vacuum.) Aotually the emissivityof the ball of fire
is probably somewhatgreater than 0.1 which 1s a reasonable
val~,efor a non-luminousgas such as C02. Therefore a reasonable
upper limit on the cooling time would be 6 second~. At the
2000° temperature all Of the Boltd material will presumably be
condensed.

The dirt which rises when the blast wave first hits
the ground Is given a large horizontal velocity moQt of It making
an angle of around 150. Thlg dirt hae been pulverized by the

blaat and the upper portions Qre rapidly vaporized. There is no

rapid me:~hodof transferringthe silica vapor to the central and
upper poyt~ons of the ball of fire. This prooees will continue
until ap&ox~mately 100 tons of sand l.svaporized and the ball
of fire 38 oh~lled below the condensation point. l’hla slllca In
then rapidly preo~pltated in the form of a fine “e::loke.The upper
and oentral port~ons of the ball of fire contain so little eolid
material that the rate of condensationis very slow. Convection
ourrent~ are Set up at the bottom of the ball which mix the smoke
and the Band Md WM@e turbulent @ddAee eat Ants the ball of f’~re.

..,— ..-. f+i!++b+”++ ,2’:”-’;’1’..y’r:-~.---”:~”:”.-N~.’, “,
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The aotive material will,adhere lmpcrtlally to whatever eolid
it.hfippeneto hit. lnthls way the smoke and sand ecoura the
~ and fisalon roduotso

d
The relatlve amount of them sub--

stanoea which a ere to the smoke and to the sand depends only
on the rel+tlve surfaoesof the two component. It le Impeasible
for us to estimate this ratio quantitatl~ely. If there were
the same weight of silica in the fornof smoke (with mean diameter
of 0.5 mloron) and of sand .(withmean diamter of 20 mlorons)
the emoke would have k times the surface and therefor lok up
k times the aotlve material. Aotually there will be muc{
weight of oold,eand than smoke in this mixture, possibly 4m0;~
h tlmeB as mush. Thus there should be 10~ to 50% of the
aotivity plated out onto the oold eand. The active material
sedlmentlngonto a nearby town should thereforebe lees by a
factor of from 2 to 10 than we antiolpated in qur prevloue
memorandum.’

.
The high rates of ohlllin~ make the ohemloal nature of

the various components completelyunimportant so that there till
be oo-preolpltation;of the active material with the sand In the
8moke. Furthermore, ~ 16 known to adhare to ma.qdand
eorubblngwith sand 1s used to remove 49 from surfaoe6.

At ‘firsta fraction of the,fission produats (= 20%)
are In the form of noble gaeea.wkich transmute to Alkali’metals
W$thin @ m$nute ttndtbe~e~ Of,QQUrLIQlare ean$ly ab8cwbeQ Qn
the smoke particie~. ~(.

The large amounts of Ionlzatlonin”the smoke cloud
.will tend to prevent agglomerationand thus help to dispose the
aotive material.over a larger area. Thd.sIonlzatlon18 due both
to the radio activity and to the rapid ohilllng frqm the high
temperature where lon8 are stable. ‘;

W& wish to tha& Robert”Kamm for hie expe&.mental
a8s18tance~ IWehowed that Trinity sand vaporlzedjineither a
oarbon aro~,ora tantalum aruolble oonden~e8 into the form of
a very finb bluish-tite wpoke. He al.eodetermined the d$a-
tributlon of partlole size in normal Trinity sand whloh we ueed
in our previous memorandum.

Beoause of.the diffh.ilt nature of thxe problem we felt
It advisable to disousa a number of the teohnloalpoints with
experts. Dre. F. G. Cottrell and Bernard Weloh (Uentekn Pre-
olpitation (lo.) gave their oplnlon that the 100 mioron par.
tlolee about which we are oonoerned should eedlment aooordlng
to the normal Stoke@’ Law as we had assumed In our previoue
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me~Mndum. Cement duet of the mme size falls In noticeable ‘
quantitiesat dlstmoes up to 50 mileO. Dre. Sage and’Lacg
of C.I.T. studied the problem of condensationof the sllioa
and felt that practlodly all of it will come out In the fomn
of smoke. -

We should aleIoacknowlewe many
with Drs. (3.I. Taylor$ C. S. tilthc
V. Weisakopfe

hel fil dseousslons
8w. , Penney, and

J. O. Hlrsohfelder ‘-

John Magee

oc - Oppenheimer
Adberaold
Bethe
Carlson
Hempelman
Capt. Jonern
Robert Kamm
Capt. Nolan
Parsons
Penney
Relneo
f3egre
C. S. Smith
3ugaz7ian
G.~1. Taylor
Tu$kevloh
001. Warren
We$s6kopf
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INTER OFFICE MEMOMNDUN

JuIy

X, T. Bainbridge

John Magee and Robert Kamm

7, 1945

sURFACE AREA DISTRIBUTIONOF’TRINITY-BAND *

A dirt eample taken from the omter of the lW ton
Trinity teat shot wae eoreened and ~aly ted for surfaoe die.
tributlonwith resulte ehown in Table 1,

TABLE I

Partiole m* Average
Diameter Diameter
Mlorons Peroehtage of group,

> 840
:40::

$: 1200 \

?!?/

500 ‘
1

!?
200

1-
7’

110
i 60

..; ”44 , 8 6.g4 ‘

Ourfaoe Area
Per (hum

om2

6

Total D 356
.“
,~’fhesoreeningoperation was aarrle~ out by Sugarmano B :

ChoUp e%oUpt for.we last operation (diametersbelow 74~).
,,

‘% aarrlod out an analyaie of the,stirfac~distribution :.

Or the:fi~est fraotionl ueing the Photelometer. This method
makes uee of eedlmentationof the partiolee in water and
rernultaare aaloulated ar though the partloles were e$herloal
and had diameters muoh larger than the wave lengtkof light.
This malyeic ehould be approximately oorreot. Two runs were
made. 13inoetheemall partioloe,donot obuy i3tolsesslaw and
a relativelylarge fraotiOn’Of the surfaoe area Ie oon*lbut@
~ very mall partloleo, the total eurfaoe In somewh~tn~g~;t;}nc

A-mioroeooplo examinationme alBo made.
partioles was measured on a e8@le projeoted at a magnlfloation ~
of 2500 dlametero. Four hunti.d ninety”(490) Partioles were
measured in ml. ,fie’diatrlbutionfoynd is given in Table 11.

,!,

..’ ,, I
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TABLE II

Pa@tiole Diameter Number Partiolee
Miorona per hundred

o - ● 2
G!

9;.;2:
.2-

li!. a- 6:6: 0:545

6.62- 9.35 O*O9 3
9.35-1302 10.07 3
13.2 - M.7 0.0413

1s.7 - 26.5 0.00827
26.5 . 44 none seen

The Photelometerresults leaveo the number of partloles
in the smallestgroup (O - 3.32A) uncertain and thus the weight
fraotion is not known. The mlcroscoplo oount did not measure the
average diameter of the 6mall particleavery well. To get a
rough value of the absolute surfaoe,we combined the results: ,
we assumed that the photelometervalue of ~$ of the total
area of the 8amph in this group uao correct, and that the
relat5.venumbers of particleswas given by Table IX. The8e
aseumptlonelead imme~atelY to a eurfaceaverage diameter,of ‘P
o.26~ for tie 3.32 micron group and 6.~4~ for the O - Up
group● The total surfaoeof tho sand per gram 1s 356 cmz

with the distr~butlon ShO~ in Table I- The denelty of the ean~
was measured to be 2.65 by Potratz. .The value of the diameter
of the largest grouP ( > g~~) vas assumed to be 1200 ●

rOinoe therp la such a 8m~l fraot~on~ eurfaoe in hie
group, thl~ diameter does not matter very muoh. ;

I ‘“
The surfaoe aver=e d~ameterof the eanmle ae a whole

is oaloulated to,be about 64p.
.

;Q1
,,

John Magee and Robert Kamm
J* ‘, ‘., .,”’

,’. ,.
00 - % e~e~er

g
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Ae er~old Oegre .,.;, ., .,,
Bethe~, ‘“ ~e~~a~~th ~ : .,
Carleon
HemplenWl

&g~m ~ ,,
Capt. Jonee (3.I. Taylor “’” ,.,:$
Capt. Udan Turkevloh
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Present: R. Oppenheimer)R. Tolmanj L. H. Heuipdm.arm,Col. “’arr.en, Capt.

Nolan, J. i?offranjJ. Hirschfeldcrj V. Teiss!copfp Magee, Capt. T. Jones, and P.C.

Hirschfelder disc’lssec?the mechanism by which radioactive materialg fall

out of Cloua.

After explosion most of active material~s on fringe of ball of,fire. .’”nen

shock wave hits ground (expanded 103 ft.) the ball of fire will be 10 ft. from groundt 1

Reflected shock mave will bringup some dirt, largely vaporized. Ten percentof I

energyof gadgettill to intottleball of’fire--5OOtons TNT) at lllost~tillvaporize I

103-200tons of sand, lJnderball of fire will be air under compression-after shock {

b ‘1

wave p439ed tlit? dirt will pop up. ~~ I

Fig. I “ /--”

‘, { ,,””,

$+
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,’
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Most of dirt till go out at angles> but there will be conditions of turbu-
,’

~~nce bringing earth into hll of fj-re. Vaporized sand :tillform smoke. i~ctive
I

materialwill be depos?tod on smoke and on sand. Oppenheimer questioned deposition

on sand as compared with formation OP nuclei of active material. Teissko?f pointed I

~~2tt~t there would be a competition for the active ~tertil by ato=~ smoke) and

[
sand. Time for active atom to find each other is longer than for active atomg to

find smoke and sand particles. ,Cuesst~t 10% to !N% of activity deposits on sand=
;, ,,

Tnls ball of fire cools in a few tenths to aeverd 8econds during which time
,,,

‘allactivity condenge~ on smoke”or sand. vkssumd rise to 12}000feet.
,.,,,,,,1.’ ‘.,
,’ ,, :,,.,.. .,,

.,,., ,, ,’.. ,, .,

?.
,,,

,,,, - ,,..,,
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dollble

s?re”~d

! ,.

will. be doubled if’f,b.e.height is the same. ‘Tkwblingthe height will

t,heactivity j.fthe ‘.&ndvelociiy is not ch+~ed. There j: Iat,eral
.,

and spread due to fallin~ from grtiater”height.I: all.activity on .,

CC1113sand fcllcwilg table rwvdt9 ., !.”
. !,

Figure111.
,,

~,,’.,

:$

1. .

IMstance from zeF9 . n : Jind velocit,y R/hr on ground

,,
,. 30 12,000

3C 2ii,1330
39 12,c3~
~~ 12,000
12 2)1,030

’12” 2~J,000
,. 30 12jU{3iJ

‘Dangerends after about 2~ hr~.

‘,.

30
30.($3

,60

;;
“ 60

10

,, ,.

4
6.3-15(reduced by lateral

1A spread)
‘ 100

}
110 r?duced by lateral spread””
200

-

.,
‘,

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-., . .,. ,
r

-* —

//

-3- ;

Low gr~’lnd wind~ improve situation by not carryingaoti~ity●*
far. Ground

>

winds .qhouldhelp spread activity.
;,fternoonther~l~ Vefy g~ro~ till brf3aK cloud

up. Cloud getsbiggeras h increases—lateralepreadgrater as
h increase80 :.:,

Suumry of discussion to this point

1. Prefer wind velocity not tov,hjghs propo9e 1$-30dhr”
.,
,.

2. Invers~on at any altitudeabove8-7-!3,309ft. tillbe O.KC,

j. ‘:liru]not blowing over Carrizozo$

,!

., Tolm3n ’broWht up questicn,if tolerancedcse. Col.,
%rren took @r in two ~~.4 , .’

,., ,! .,,

weeks as S%fe. Even 100r WOLIM not ,L&harmful provided tklerewol’ldbt!n; flither.,,,,.,,,

exposure io radiation
\: ,....,,,. ,,

,“,,’.-.)., ‘. ,: Col. Varren thought.a’wi.ndvelocity of 30 mdhr a.loweither the !{or S
.,.,.

‘1”

.j
‘, ;“

1~’olowli am-i an invers~;haround’’l,2,O~lft.”:would,be be~t~ , ,. ..!,,
!,’, “.

,..,,:.,.
IMrect,ionsof wind we)-e,considered~South blow over Oscuro has the .kdvantage~”:.’”‘.,‘,.,,

of no.near-by towns and has two mmnbain ratlges

.
LQ provide turbulence SWea~ing; ‘ ~~iit

North “ f
enti.offailing range fcm T@”’’micron particle9 (2~ hr3.) dcJ3e will be 3ma11.

,’

blow o+er Largo or Coyote haslots of farms b’ltn(.tmuch pop’?lationclose.
,,

,’

‘Jue~tjonof ictdlytildose considered’
After 6 hrs. can get l+”times dose already

Effect ‘ofrain’and wind my reduce the do:~e
~ol, ‘:<:arrenwo~ilGimr’ry

~~cu~lat&l . :’
:“

if’@ak reached 10ri’ “Noul$,rtikemeasurementsfor,several hours and c~):sider evacuation , .,
::

,,
51 ,totaldose reac~sd final.tobalof 60-10Qr*., ., ,.,,,,,.

Tolm3n thcn~~hthei:ht if ~r.versit~nnot importan~ (since)
if,too iowjclo!~d’‘.

,,.

ti:lgo throo~tiit)j:’lo~wj.z~velocity’.titiuldbe de$~rable~Plang.,for‘Va=tiation‘hou?d .,,.,

be very g~od. plans for evacuation must be effective” bean9 i defi~te direction ‘
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INTER-OFFICE MEMORANDUM

., ‘o: Covering Up Committee
OATC 25,June 19+5

,, 4’

FROM JohnH● ililliams
‘}

suBdec T AgreementsReached in Meeting of 25 June 19L5

Proposed pro~am

1. Carlson will
oil at present en route to

is as follows:

make tests with

. ,,
‘.

+.hesamples of emulsified
him for oil penetration-in TR dirt. He will

also procure of the order of 20 gallons each of certain wmi~hts of .
emulsified oil for rapid delivery. :,

,

2. After the choice of oil is made, plans will be made to
spray or drool this oil over 800)000 sq. yde. around O. !U1.liam?has ,.
agreed,to consult with Major Stev&)g as to av~labillty of pressurized
oil spray vehicles or if these are not av~lable the usual oil drooling

,, ,,

,,,,

Y.

1 ,.,

,,

(

trucks. This operationshould be pl~ned to commence within 10 days to
2 weeks after the first ~ ghot.

/

3. Considerationshouldbe given to the prac~i.cabi13tyof “
using Sauez%an dragwe equipment to move t,hisoil penetrated dSrt into
the crater region. Stevens will be coneulted on this p~int.

1,.:

k. If the above operation car?be accomplished the center
pilo will be capped with concrete or similar material.

\ !

5. Security fence will be constrwcte.d&bout the oper8t?.onsb ““

,.

Subsequent discussion lead to the conclusion that Dr. Nolan
Wolfidconsult with Lt4 ~gh as ib sgc~ity ~udin~ end health problems
associated with the contaminationperiod during the period from h days to
2 weeks after the operations,jand later during the cwering up program .

,~’
suggested above. ,.,~.: J ‘ ‘!>, : .~,,. ;.,;,.:,,i .,/,;. .,,>’ /,, .,, .,”.,.

,i:,,.~’..
.,:,,: ‘.,

Vo,,,” r!

.

,.
1: ,’
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Dr. L. H. Henpelmann
,,.

E. Sa.gre

. ,~,, .
At the begiming

Involving the uae of about
Of Maywe elan to make an experiment I
200 chies” of RaIA at TR. 1“Would ‘,
precautionforthisexperimentwithlike to discuss,the safety

you, but we will need anyway 3 Landsvwk radiation-metereand
coveralls for the)persons Involved. Deutnchp IAnenbergerj and ‘i’,
myoelf ,,uillparticipatein thioexportient.“ ,, ,’
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INTER-OFFICE MEMORANDUM .

,.,, :
>?.‘,

:?’{
,y ,,

,, .,.;, ,,,.O~?W July7. 1945
TO:

,,, ,,,
Mre J- C. Hoffman .,,, : ,, ,:,.’; ~ ,,. .,,

:,
FROM:

,:,. ,’

Pfc.R.M.I&ownoll k T/5 C. S. Ilornborger’ ~~ ‘

*,

.,’.f;,:

,,, , ~.
,,., .,

‘U*JECT:s~gOSt,Od Hancll~ng of” F~III ~gee fop ~ : .(’ ‘ !,’ ““’
.,

,.,, :..
since during corn% weeke film bdgee W~li ~ ha~e~ W w~ons WhO are ‘“ “’~,

“..

unaccustomed to their uae and oarso the follwibc ougr!est,iono seem advisable.
:. :, ,,.,.

,, !

The maximw tempmlture that the photoaa]’hiaedaiono cm withs+.und in ‘ “’ ~~ ‘-. I:
!,, ,

‘,
55° c. for 12 hours ~~?.ho~t eff?ct UFQn”tJhe latent’ ~~8e. It @KWI~ WiSe to ‘ , “,,.,
es+.ablish a workincmaximumof 45° C. (110°?*} Thismeanflthat they ~hou.ld be “ ~:.
Btimd out d t}ie direot sunlightand in a plaoe whore cooling uir o~lrrent~we ,,
not obn+,ructed. i

>,.
,: ‘..,’,.,,,’ ‘. ,. ,.,

B, Shocl(: , ~ “, ,’ “:’,’1 ,; .,
‘,’<,“~,, ;“‘!, r... k,+ ~’.’.: ,,.,$.,,

e
?)leso badges aro rwcefily confltr!ct~i ~nrl aro *wble or Wit,hnt~mtlinlteon- “’~ ,

.“’4
~1

Uitlerohle ruxhanioal force~ hOwevWt the o~~es,a~,t.ackxl ?.othe cl.eci~lUI~@pH;, s ., ~.+,

t.,,p hadf~ep oan be orwh.d. thwoforoo::thoeo bddgo,ayl\j.abkadin hoxoitof i,tix%o,,, ‘,‘ ,.:,
and nhcu,ldbe returned in theseboxen~::I

!,,,<. ., ,, ,,,., ,,,,,,;, },,,. ,;! ,

f,,”.

,,

bad~e roo+,eris 0“W1.CUGI%of prbv lm]’~r~nce and upon its completenessdeponclo,, 1,,“
the advuntsge acxwlf’w%()t,}!oprojeot as u W:C:LC.l~ndt,o khe inc!ivldualmembura :U “, j
ooncerned.
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.;:, ‘<’>
,, ,,,.,. .,7,,.,

$11. Uearln&i”

-. .-

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



,.

-,,--.,
f

.’

.

.

~.,

)

.

d

(

,:

.. . .—-.

1

.

A.

B.

c.”

D 6

1,
L ●

Camp ‘,,

,.... .,. ,,.., ,.;, .,!,,’ ,., .:.. .
. . . .’,’ ,,,

,,”., ,,

,-, ,/.
): ’’,.’ .,.,.,, ,,.,

.’, : /
,’

,.
. ..”,,,, .,, .’ ..,, ;

!,, ,

. ..’.,, i,.
.,.

,’ . . ,’ ,> ..’.,
‘., , :, ’,,, ,’ ,-

,,, ,.

4P%

1“

,.

,,
,..’

‘,

,,
,, !

\ .,

.- . . . . .. . 1.

, , “-
,.

,.

,..

,’ i
,,

,.~
,,

,,

, ‘...

.,

-

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



*_-._.. ,..------- .—.—.— —. e ..=======.- - .--—l .. . . . .._.J—
-.— -- —.. - .

I

A“

,,
,,-,

*,’

,-

Pi’t2 ! ‘:7 t :
-.-... . . . .-

. .

RAD 10 MOP HIu.J,IQWIRTUM. . .. —-—- ... . -.— —

AZLdWaOrie G2
.m.

%rrm (Mode)-—.—2!.

I

Y),.
/

.:
i

.,
‘.

,,

.,,,.
.,-, ,,

,, ,,,
.,

,.

. ‘“

.

.,
‘i

,’

,.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE


