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1 Ssp&mber 1946

~m LosAlams Field &WP 013H
tmhniwil D3rector~ J“IF=l

Pr@ot No.~ V - 11
%bjeet: RadiationIntensityvs. MM InsideTargetShips

F&epwed &: 3.L. Tack
Approvedx M.G. IWhsay ~

+
The intensityof’gama radiationin TestsAble and Bakerwas measured

% ~ an ionisationchamberremrding equig=entaverthe pefiodfrom one

semnd to severalhoursafterthe explosionand at seveml points42mJugh-

outtha I&@ array.

In the air burst

is mghly uoapatibl.e

.

Eshot9the obsmved variationof gasm ray intensity

with a hypothwds that most of the fission~ducts ~

. are inthe bal..l.off’he$emittingdela~ gammarays at the rate observed ~

in the I.aboretmy. Intensityafterthe firstminutems small. %
*

k the underratershot$the burst of intensitythe ftistminutewas W
w

saaller$W% fdllomd by a snstained rise attributable!to the returnof ~
*

fiE4S$OIZ productsto the vioinityof the SMP$ as mh a

!hotiaallygthe dosageratssare suqhthat in an ABIEtype attaok$

e~ed Pkm3

ina BAE@type

—- —-—----
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Our knowledgeof

bcmbs showedsome gapsand

shotswore beingplanned.

(V. Weisskopfat al.) gave

tlm ga.ma ray *ermmenon associatedwith atmic

someuontradiotionswhen theseAble and Baker

Of the ~blfshed material,L&. 238 <nd LA. 250

theoreticalestimatesaf the dosagefrom var-

ious ftictorsin the explosion,of

to be W far the most important.

based on Fermi~smasurementw for

whichfactora,the delayedgamas appeared

Figuresfor the contributionof thesewas
.

delayedgamm Intensityas a functionof

timeand a reasonableestimatefor the mean gammaray energyof about 1.5

/Jov. , givinga mean free pth in air of 220 meters. In IA. 432 (Segre~

Deutsch,et d.) reportedthat the ionizationintensityat !l’Mnfqsat-

uratedtheirionization,chamberrecording~quipwnt. Films werealso ex-

posed,but the Mgb levelof 100algroundcontminetionmade estimatesof

proportionof tho Wackening due to the direct&wmmamdiation from the

bombuncertain. FrGm”Hirc)shimaand Nagasakicamereportsof casualties

from gammamdiaiion at distancesof 1500,2000matersand beyond,which,

if the usuallyauceptedlethaldose of 300 to 50CRmas takento apply,was _Q

strongly in confliotboth with t!e predictionsof LA. 21g md 250 Qnd with &—

a measurementobtainedat Napwaki from film foggedin a hospitalby

radfationat 2500meterS,indicatinga dose of only10R. It wns decided, ~

therefore,to supplementtba usual gammaray filmmeasurementsat the G
a

Crossroadsoperationwith gammaray timemeMzrements. The purposeof =

theseI.utterwasto give infozmtion on such pointsm how the gammamy

P doaa was dividtiamongthe vufiousfactorsof (1)directradiationfr

,

-e?:.: ? e - --
. . e
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%nation,(4)wind-borneoontam$.nation8nd al Iity & ~.
!,

ing mnisiveactionfrom the radiation.Another”pointwas tkat shouldtie

100alcontaminationbe strong,the timereoordmight supp~ a key to the”
,.,4

intergretetionof thefilrnreoorde.

1. General

An experimentof @ls kind requiringmeasurementof a tfinewxy-

ing quantityon a numberof isolatedand widelydistributedshipsseemsto

fall.into two patternsinvolvingeithertbe largeeffortwith gamrsmy de-

tectionon the &ips and radiotransmis~ionof da& to a remofkreoording

staticnaahhving perhapsm~,orosecondresolvingpwer, or the wailer ef-

fort with rathersimplecoq210telysdf

sarilybatteryopemted, of more modest

Timefor preparathn was suoh

oontainedreuordingunits,neces-

perfomlanoe.

that strictsimplifioati6nof even

the secondprooedurewas necessary.Requirementswere set at:-

(1) No film recombing,maw recordshevingbeenkat atl’rini~
~

tl.rmgbfogging. z

z
Apparatusnot primarilydependanton triggeringby mdio -

T
signal.

G
CaPb2e of remainingin a reoeptivestatefor mveml days ~

=3
in ofierto be able9to toleratea postponementof fir*g

day without reseticing.
~

Protectionfrom blast, shipmotionand tropioalhumidity.

/

Abilityto reootia wide nmge of gammaintensities.

The resulting apparatusill~s~O~t@ in Fig. Z, is . senoean
.*

ionisationobamberwhichafi?%&ia&&@ifier in a mennerproportional.- *. _-~o
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writesin ink on a ohzrtdrivenby clookwork.

The ohartis advanoedat the S1OWrate of l/lOnper minute,with

enoughchartto run ~or 7 days. In its finalfore,a radiotriggering

equiymnt, introducedas 6C fold bprovement in resolvingpowerswithout

sacrificingreliability,~ actu~tinga clmn~espeed

the ohartspeedto 6N perminuto$and givinga total

4 kcmrs.

mechsnismln~reasing

runningtime of 3 or

The equipmentwas er.GlOs@in an airtightDurd drum,and mount-

able by a singlepotntsuspeneion~

2* The cmml@r

This was of a

ron collection.We are

&peformerly usad inRaLa work designedfor eleot-

indebtedtoDr. D. Hall ofN-2 for the su@y of

these. Tbwhad u 3n diameter12N longbrasstubukrenvelope anda 15mil

cantralwire eleotrodepassingthroughhennetiusealswith ,guardrings. The

uhanbersmerefilledto a to~l Pre~~Q of 3 at~oa@e~s ~i~ WNn {-zfi~2”

These obaaberswere foundto be very reliableand similarin theirproperties,

doubtlessonaceut of the long experlenoeand productionmethodsusad in

their mmui%cture.

iallymade mqmt

hers are described

39 The Amplifier

From ch.i

High tensionaup~lyat 20C!0 Vwas supp31edfrom a 9pec-

dry bsttery (W3). The electricalpropertiesof the obam-

~OrQ fully in Figs. 3$ 4j am 5 ~~ tier n-li~t~on”=

UNCIASSIFIEII

<
~ationeef the game may intensitiesexpected,‘t@

hum intensityto be reoordedwas set at 100,000Mm and the mid% CA -

@md to be .ssafebackgroundint~?i~. tpr:lnapeotionand reoovory,at lR/br,
K ●*..**.* ●. .-
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s0% the emplifie

with an cutputfr”omO to 3 ma. througha resistanceof 1400 ohms.

?le~re indebtedto Dr. R.”%ittswho was able to develoyfor this

work,a b~ttmy operatedEC amplifierhavingvery satisfautozyIogaztthmlc

properties.lhisamplifierconsisted(Fig.1) basicalQ of’a high insulat- ‘

ion cathodefollower(959).usedin a well knowneirouitfeedingintoa two

triodobalancedbridgecircuitwhichdevelopodthe

Tho in-putsignalto the cathodQfollower

Iul developed@ the ionisationourrentaorossthe

requiredpoweroutput.

consisted of the poten’t-

variableanode cathode

resistanceof a miniaturqtriode,V32. This resistancewas loweredas the

inputsignalincreased,by connectingthe

th@ cathodefollower. The effect.of this

back was to givean amplifiersensitivity

signalinputin a mannerdependanton the

grid of tho V32 to the outputof

directourrentnegativefeed-
.

whichdecreasedwith increasing

propertiesof the impedanuetube -

its bias and the operatingconditionsof the 959 cathodefollower. In our.
.

case,when the logarithmof tho currentinputwas plottedagainstthe out-

put deflection,a satisfactoryS shaIedcurvewas ob~ined coveringan i~=

put rangeof 5 decades. At firstthe amplifiersensitivitywas foundto be

tco high for smallsignalsand it was found possibleto adjustthe initial

sensitivityto a convenientlevel~ shuntingthe V32 inpedsncetubeby a
~

1.5x1(I ohms resistance..

Sincethe amplifieroutputis in ternsof the logarithmof a cur-

rent the amplifiercouldnot be testedby a voltagegeneratorand a current

signalgeneratorwas thereforedesigned,knownas the imitationchamber,

Fig. lb, whichprovedto be a greatconveniencein testing. l’%isconsisted

of a 250 V battery’potentiometerand a set of high resistancesgraduated
-10

,+ providedcurrentsin roughlyequalstepsof log i from 1 to 25CCMx10
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IMPEDANCE CATHODE
CHAMBER

DRIVER CIRCUIT
TUBE FOLLOWER , K)R RECORDER

- ~ ~

/-

I
-

. ‘“m ES.RL,NE

74V ~—

A

2~K ~ 75V ~

IM
A

FIG 2 TEST UNIT FOR ABOVE 3V
BY MEANS OF THE,, METER “ M“ AND 6V =
POTENTIOMETER “A, A SERIES OF

L

VOLTAGES FROM I VOLT TO 250 VOLTS
CAN BE APPLIED TO THE HIGH RESISTOR
BANK R WHICH HAS A RANGE OF
VALUES 2.5”109 + ld~. =

R

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



f-

,

,- , ., ,+

4. Recorder

It was importantin selectingthe reco~lng instrumentto take

accountof the effectof the under wat~rshottmnsmittel throughthe

shipsstructure-andof the violentpitchingexpecteddue to wave and

blast effeotsfrom the bomb. Of tho many @es of reaotiingon piperin-

strumentssbmoused electro-chemicalor hot wire stylusmethodsof recoti-

inFqand ~erefreefrom in] spillingdifficultiesbut were not procumbld

in time,while”othem used rolxmtpotentiorwtric bdmclng ag~kwax

but’requiredalternatingourrentmain Txwer whiul wasnot expectedto be

mailable. The

er ms found %0

that econo~ In

greater prt of the availablebatteryspacefor the record-

be takenUF tW the recorderdriverSta@ requirements,so

the powerused ~ the recordermvement waa a considerat-

ion. A high sensitivityEsterlineAn&m movementrequiring1 ma. full

scaleproved to be too sensitiveto pitchingand rollingof the Mnd ex-

pectedon shipboard.At the sug~estionof ‘M makers,a restoringspring

of increasedstiffness

currentsensitivityto

!M.8modifiedlnovment

was adoptedin sucha rnovsmalt,which redumd the

3 rc.a.full scaleand the periodto 0.2 seconds.

was found~ experimentto be very insensitiveto
.,

the anticipatedpitchingand rolling,while the

mained’withinacceptabl.e,limits.

5. The can and mounting

It provedpossibleto

side a oylinderof 20” diameter

accommodatethe

and nn length.

I&tory requirementsre-

forqoing equipnentin-

The equipmentwas mount-

ed on a rackboltedtoa top plate,and a l/W thickd~ml oan, fitted

with clampswas almnged to qnolosethe equipmentfomir,gan airtight

seal wtth.arubber
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The suspensionwas formalfrom steelbar hatig a hingeallow-

ing swingingin all directionsin a horizontalplane. The direottrans-

missionof shook down the suspensionwas reduoedW interposinga layer

of rubberbetweenthe biasingsurfacesof the hinge,so that thereexist-

ed no metal to metal contactbetweenthe two mmber~ QCmSS the Wnge. ~

additionalfedture

whichbolngflexed

This 3ead linkWaS

test, showingthat

was the adoptionof a lead stripspanningthe hinge,

plastically@ bendingat the hinge,provideddamping.

.foupdto have worn out in someoasesaftertkefAble

mch oscillationa’ergyhad been absorbed.

~ 6. Radiochangespeedcontrol.,

T%e changes~eedon the duck was uetivated
.

a smalllever.,This lever was held in the slow speed

~ the movement of

~ositionbya fine

,!<

steel wire Mnk -heldin tensionby a spring. When the relayoontactsclosed

in the radiounit,thisapplied18 vcltsto

allowingthe leverto mo.voover to the high
.

Adjustmentand the oalibrstionof

the steelwire,fusingtt, and

speed~osition.

the ourrentsensitivityof the
-10

amplifiersmas made at 23 pointsooveringthe range4.10 A to 10-5A00p

respondinglo ananticipted rangeof F@r on the chamberof 1 to 25,000

R/hr using tho signalgeneratorof Fig. lb. ~pwimen mes fOr UXIi~

#11 md #10 are seenin Figs. 3and4.

In orderto minimizeoorreotionfor htte~ deollne,sucha

ourvewas run on each&t in its ship InstsllatAons,12 hours beforethe

shot,and when possible,a slmihr rooordwas made on ~oh unit after~e

shot on reentry. AfterBaker,in someoas&, the backgroundcontamination
.

on the shipmade it tidvisableto postponethesefinaloalibrstionsuntil

the Unit l’!aa the shipand retuxwd to. ,.
.. “!:\,’ii*. . “f~s A .-.’

———...———— .——
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\ ozderto keep tbe dosageof the opemtors withinthe legal

Cl.3R per day. By referenceto prmiously prepared curves

@z?m dose of

of amplifier

sensitivityagainsttime,a smallcorrectionfor batterydecline~ ovarthe

12 hours intervalbetweencallbzationand firingwas a~plied.

.&@ation Calibmti~

An aocuratocalibrationat one intensity$5.75 R per hr. was

wde on emh completedunit,usinga 2 gmm sourceof radium,and msking

a directcomparisonin eachcasewith a standardVichreenchambermounted

in a positiorias

ber of the unit.
,-

the experimental

closelyas possiblecoinuiiantwith the ioniation Cham-

Tho resultsof thisshowedthatthe chambersmere within

erroralike,all Variations,fromunit to unit,ammnting

to about2@J beingaocou~tablefrom variationsin the previouslymadeam-

plificmsensitivitycurve8.

In additionto the aboveaa calibrationwas made on one unitup

with 2 gm radiumand usingan inversesquarelaw mjethod.

waseur goodfortune& returnto Los A1.amosto be able to

make use of a 2S20curieRadioBarium-i??dioLanthanumsouroe,suppliedfoY

the W&a experiment,to givea dirfmtoalib=tion at gamma&y intensities.

up to Q maximumof 77,000R/hr. T& intensitieswerecalcula~edusin~an

inversesquarelaw with an analyticalcorrootionforthe finiteohamber

aiz?a% small distances,the sourcestrengthbeingmeasuredboth ~ the

instsl.ldqquipmnt of groupW2, and-~ standardVictoreenuhaAers at

pointswhere the gamma intonsitiasdue to the sourcewere

invalidatethe standardohambercalibration. maks$rkfi~ ‘i@ to
.,

The resultingR/deflectioncurvesare shownfor standardand

:!~ Eapi?elalOhambere),

—.—-
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normalahamberat high intensitieswhichwas

ThEIspeoialohamberdevelopmentarosein the

found,is plottedin Fig. 5.

fallowingway: As direct

calib~tions at high intensitieswerenot expdmd to be ewilable, oali-

brationdependedon the’extrapolationfrom lCO R/’hr.up”to 100,000~hr.,

and misgivingsbeingfdlt aboutthe justificationof suchan extmpolation,
.

in the time availablebetweenTestsAble and IMer, two chambersweremd-

ifiedto give higher Collecting fialds ml bwcm cij?rge densities. To do -

this, the central15 ail \7ire

the gas pressureredumd fron

was to installtheseohambers

VJ6Sreplaced~ a 1 l/2Wdiameteroylinderarid

3 to 1 atmos~,horesof A t2 % C02. The plan

havingmore linearcharacteristicsalcmgside

normalchambers,at selectedpointsin

checkoh the oelibmtion of the normal

The a=i labi~i~ of the 28CQ

TsstIh$ker,in orderto obtaina

chambersat high intensities.

curiesourcewde thisunnwessaxy,

althoughthe basis for tho originalmisgivingsis pleinlyseen to be @st-

Mied fromFig. 5, in whichat 77,CWCR/hrthe nomal uharnbersonsitivl~

is seento have dnolitiedby a factorof 20.

Howeverthe twin installationsof nomnaland speoialohambers

made in TsstBakerprovidea convenientcheekon experimentalmwuraoy

sincoI@h typesof chamberbeingoqlibr~ted,the two recordsobtained,

shouldyield identiaalintensity

is true is seenin Fig. 7, where

ationwhioh is a twinthe -points

gether. Anotherfeetureof this

timeourves. The

the the OKrvefor

fru”’both lWOOI’di3

extentto whichthis

theAPA 77 up[er install-“

are’seento lie uloseto-

twin reoordis thatthe effectsof ship

motionon the recordersmust have been smallsfnc!etheyweremountedin such

a way that the two reccuxkmswouldhave betinaffeoteddissimilarly~ roll-

ing and ~itohing. (hi& one suahtwin recordwas cbtainedsinoe

UNCLAW13E

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

,>-

#-

<. -- -. —-—- —-—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



/-

two twin installati

no record on accountof an ink failure.

.

of the otherpair gave

ThcIchartspeedsof all the rooorderswere olmoked

high speedsand fowd to be within% of ratedvaluesexoept

at low and

with nearly

run down springs. This latestreservatlordoes not affeotam of theuse-

ful parts of the reoordsobtainodin TestsAble and JMxJr. .

InMl18tiona~

1. TestAble

In general,the planfor ABLE includedinstallationsat various

distanoosfrom the target point, onan E-w lineup and downwindof the

burst. l%e unitswere not intendedto withstandthe dir& blastpres-

sure from the bomb,at operatingdistences,and werethereforealwaysin-

stalledin dosed shipcompartments.!lheselocations~verechosento have ,

as far as poesiblelightand odouluble screeningbetweenthe unit and

tho bomb.

hfaot, theunexpeotedpointof

the scrseningin most oases,especiallyon

deep lnsta31at50n,coincidingwith a below
a

69, was intendedto detectwaterscreening

s’llnlc●

detonationinA3&E inoreased

the Penemola and Nagsto. A

deok installationon theAPA

effeets,but this shipwas

Installatiomldata forAHLE is givenin TableI.

2. TestBaker

WIting from the lessbhsof TestABLE, install.ationa5nMker

were modifiedto rduce the uncertaintyof screening. UNCLASSIFIED
In the downwindAPA upper looatione,units were plaoedfar for-

ward in the bows,ie, b the

...........,!.- ~w,...........
,. ,.. —
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*h&t the Interpositionof heaqi shipmachinezyshouldbe minimised.Also~

a deep installationwas made on APA 7C, as far down,and as nearlyvmt-

iea13ybelowtheupper installationas posdblo, with a view to detecting

waterscreeningand watercontaminationeffsots.

- This latterinstallation,.thoughcliffWalt to serviceon BAKIR

minus ono day, on a batteneddownand abandonedship,yieldedan smepti-

able reoord. It wouldbe idle to enlargecn the installationsmhiobwere

lostdw to sinking,althoughit is to be regrettedthatthe installation

in the interiorof the NagatoTurret,havingllflof annorodscreening,to-

getherwith its lightlyscreenedcompanionon the same ship,were not re-

covered. Installationaldata for RAKERaro givenin Table2.

Tsb.k I, In tallaia t onal Da a.t TestAB~

Pensacola.CA-24. Cruiser. Ap&ximato bearingof bombwith resmot to

Nagato

M?A 70
Carteret

APA 68
Butte

.
ship,250 degrees.
Horizontaldistancefrombomb. &O meters.
Upwindfrom bomb.
In mmP@ment A-203-3L. OffioersGalley
Ns,timatedsoroening- 2 larbettes-U12” steel
Radiocontrolledunit.

HeavyBattleship.A~proximatebearingbombwith respectto
ahip$MO degrees.
Horizontald,istanoefrcmWmb 7~0 meters.
U,PVindfrom bomb.
In starboardside of aftertoweron 01 deck,framenumber190
Estimatedscreening- tuwermembers3n-6~steel.
Radiocontrolledunit.

TroopTransport.Approximatebearingbomb with respect to

ship9190 d9grS8s,
Horizontaldistanaefrombomb$ 1460 meters.
Upwindfrom bomb.
In aftertroopberthingcompartmentnumber1-134-1,C0201-L
on centerline.
Estiuwtadscreening- obliqueldkbeads and pipesin -3[’.9teel

Trooplkansport.Approximatebearingbomb wl~ respeotto
ship90 degrees.
Horizontaldistancefrom bomb, 1$40meters. “
DOWIIGVilldfrom bomb.
Installationas on APA 70
Estimatedscreening- bulkheadsand pipes.1“-2”steel.

iIMLASSlflED
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APA 70
Crittendexl

APA 70
Carteret

hoop Transpx%. B~ring of bomb -,not knowntit ahead. ‘
HorizontalDiatanoefrombcmb, 1340 meters.
Downwlncifrom boxb.
In fozwardTroopHead. 1-17-1- A - 102I-Lpoti @de. “
Fatimatedsoreening- l“-2nsteel.
Radiocontrolledunit.

TroopTransport. Bearingof bomb - not knownbut ahead.
Horizontaldistanoefrombomb 1840meters.
Doimwindfrom beds.
Same boation as above,
Estimatedscreening- in - W steel.
Radiocontrolledtwinunit installation
Also:
ForwardGM stores. 9* bslowwaterline
Uncontrolledunit.

Able

Ship

.

Distancefrom Bomb In meters.

—.— — .—

Totaldose inR~ integration
of our I(t)ou~e, using tbeo~
for O-2 800.

Open airdoee as ohlo.from’
radiologiaelfilm re~~ts ,
(Dessauer)

Calo. sareeningthioknessof
ironfor aboveattenuation
takingi/e thioknessus 1.5n

‘-’””--””--y

—. -- - ..,..-. . . ... .

*

4-6$0 700
..-. — -—

5400 2900

d--
.,

70”” 10

6.55 3 .6P

T

. ..... . —

13PA70

l@
—-.--.

17.2

3.l@,

~n-y

.-’ “-- . ---

APA 68
.— —

1840
.—.—.”. . .

1.6

-——— .

27

.—.

16A

H!!!!!E
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iNcti5$t\
APA77 APA ?0
Upper ‘ upper

ship Looation Looation

DistancefromBomb in mate- 1340 26t10

Totaldose 5n H ~ integration
Of our I(t)arm. NO ~eOm II“90 31.8
and neglectingsmallinitial
burst

Totaldose fromacc&panying IIradiologicalfilms (Des$sauer) 30

Approximatesoreeningin
inohes I in-2”I‘1“-2”

] -!. .
.

—.. —....

APA 70 ;
.Deep !

Looaticm
I

I
2680

I

“1
12.6 I
“’l

15 1“
I

3/8” 1’seawater

.

Of the 8 madefor test ‘ABLW four recordswere

obtained,yieldingthe fiml resultspi@t@d in Fig. 6. (The‘missing

reoordswere accountableas follows--2by @inking,’1reuorderdamaged

@ shock,1 loss ~‘ batteryfailure.) For all.four reoordersthe radio.

controlwas s&oessfu3,using the putative:minus 20 seaondtime signal

whiohaotuallyturnedon the unitsat minus 3

made ~bsequently,to determinewhetherthis

allowedenoughtimefor the ohartto reachfull speedbeforedetonation,

wbiohwas found the uase)

!l%erate controllingfaotorin unit responsewas the reooxder

movementwitha timeconstantof O.2 seoondsand sincethe latterwas al-

mest oritieallydamped,the reaordsas givenshouldbe takento be sign-

ificant(thatis withina few peroentof equilibrium)at timesfrom 1

seootiafterthe detonation.
~sl~ll~
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In general,the recoxds‘s$6%a~r&& fallinggammaray in-

4

tensityfor the f-t twentyseoonds&wed ~, in the cbse of the two

- neare~in ships,an abruptflatteningout to a deoaywithan approximate

half ilfe of 5 minutes.

The early

litudewith aboutthe same time period

ooourstoo earlyto have been yroduaed

showsan ocoilJationof small

as the rollof the ships. As

~ waves,it may be due to the

motionof the ships~roduaed~ tie air blast. SuohmotionwouldiMro-

duoe variationsin gammaray soreeninEat Varim potitsin tie osoilk+ .

ion.

the

ing

ure

The

Stn’’eening

mostuncertainfaotorin oaloulatingfrom

by the ships$and the estimatesgivenfor

thesecurvesie

the iron screen-

end rulermsasurehentson the ships. Theunexpectedpointof deton-

ation In Test ‘Ablenresulted in the major prt of the Pensacolastructure

and tumets beinginterposedbetwe’snbcmb and unit,and a steeltower

structureof uncertainthioknesson the Na@to. ?be heavy soreeningon

the Pens8uolaat 680 metersis seento be effeutivefn redwing the in-

tensityobserwedtherebelowthaton the Nagatoat 780 meters.

Theseeffeotsare discussedmore fullylater.

EswAhs’ .

XiswwEB”

Of the 9 instalhtions

&

madefor ‘Bskern far recordswere ob-

tained,yieldingthe
●

.
missingrecofiswere

finalresultsplottedin Figs.7 and 27a. (Theftva

acmuntable as follows:-- 2 on Nagatowhiobsankbe-

fore olearedtW RadiologicalSefety;1 on Apogon,sunk;1

b&tery failure;1 on Cartaret;ink failure.) JMb radio

swceseful.

.

_.. —

on Crittenden;

uontrds ware

uNcLk5$,,
,“.

., :,,,.
,.
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In general,the records

which~ontainedall the dose in test “Ablen$was smallermakinga

giblecontributionto the totaldose. The reoordsall showeda minimum

withinthe firsttwominutes,whichwas as 30W as R/hr on tbe Oartare%

at 3000yaids,followed~ a slow riseand flat maximm at 5 ainutesof. . .

the orderof 200 R/hr in magnitudeprecedinga slow,decline~all falling

below IC R/hrafter 2 hours.

It iS noteworthythat when theseshi’P~mere ~fi~z 4 dw after
\

Baker Day, although the gammaray oontsmimtionlevelon de(”~”was 0.5-1

R/hr on Cartaretand 1 to 2 F@ on Crittendeni.mwdiate~belowdsok,

exeeptwhereinfiltrationhad tskenplace,t,hegammaray contamination

was 0.1 R/ day or less. A pool of waterlodgedin a depressionon the

deok of the Crittendenhad 12.R~r.

mclus~o ngz

I& assumingthat the main origtnof tho observedgammaradiat-

ion is theemiasionof delayedgammasfrom the fissionproductsof the

bomb, whichbehave aaa point source rising‘inthe b+ of firestogether

with a knowledgeof the air absorptionefficientof the radiation,

poss$tdeto oaloulatean intensitytime curvet

If smh ourvesare calculated,for the four experimental

it is

dis-

tancesused in TestABLE$four curvesare obtainedwhich agree verywll

in slopewith the experimentalobservationsfrom 1 secondto about20 soo-

onds, (whichinterml uoversthe main part of the dose in TestABLE).

The theoreticalopenair intensityou~es so odoulated, Me from60 to

7C timeshigherin magnitudethanthe observedourves,on accountof the

neglectof screeningby the ship. This is not knownvew well, especlaW

as when attemptsweremade to estimateits difficultieswere alwaysen-

counteredwithhigh= variableabsorbingobjectssuch as pipesand winches,

—.
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whiab cauldyary the resultby

St seemspossibleto

mskingwe of the Padiologiual

Ia faotorof ten.

fXlm daka.

In TestBAKER$~ whiohtimebetterliaisonhad bemme est-

ablished,Radiologicalfilms were placedIn cdncidenoewath the ion-

Iation chamberon someunits. Integmtion of the gammaintensity-
.

ttme ourws obtainedfrom suohunits,gave totaldosesin good agreement

with independentmeasurementsmade ~ the RadiologicalSafetySectionon

the films (table4), so that it beoameulearthatthe two methodswere

using consistentunits. I

the theoreticalI(t)ourveswem in @od agreementIn

shape\Yithexperiment,over the Interval assumption

was made that thisagreementwas maintainedin the intervtalfrom O-1

second,so that it beoamepossibleto obtaina figurefor the totaldese,

!J(t)dt @ wing the theoryfor the @p from Q-I seconds,not

the units,and integrating the experimentalcurvefran 1 secondto

infinity. ‘Me resultingtotaldosesare taWlated in Table3, and are

seen to be lessthanthe OutdoonfMdoseB ~ a M- fao%r~ mfi

factoria takento be the attenuationfactorfor the ship soreening,

whiob expressedin termsof inohesof iron,wing a meanfree path in

iron of 2*5n$

aoreeni.ng●

!Ihe

is seen to be in the region d the mMmated aotud ship

whenwed in uonjunotiontitb

the factors,whenused in con$mmtionwith the tb-$ioQl outdoorX(t)

curves,is seen (Fig.8) to bringthe tbeoIYintofah agreementwit@

experimentfor
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The mpid fall in gammaray intensity,whiobuo:ntinuesrightdown

to vary low valuusin thQ two more distantships,showsa suddenand s3m-

ilar tailingoff on the nearerin ships,at 20 secondsafterdetonation, ,

to a lowermte of decay,of half lifeabout 5 mhutes. The @esenoe of

this effeeton the nearerin shipsand absencefram the far out ones sug-

geststhat it arisesfrom neutroninduc~ activitiesthoughthis hypothesis

meetswith a diffioul~y.The magnitudeof this effecton the’two ships,

“appearsto be in scalawith the gammaraY intensi@ whiohis attenuated

mob more on the Pensaoola(“iJ70 times)thano? the Na@o (*10 times).

Howevera neutroninduaedmdiation would,on aocmuitof the diffusion

P3’opefiiesof 810wneutrons,not be expectedto be eliminatedbut be

able to reachthe ohamberslaterally,where the sureeningin both oases

is much leas. Hence if the 5 minutedeoaywere slowneutmoninduoed,it

wouldbe expmted to be propotiionStelymuch hlghoron tie Fensaao3a,

Un.3esssomelocalva@ry of distdbution oil the neutron Oapturingmate-

M introduceda capensatingaffect. It is not pm+sible to exp3ainthe

. effeutin termsof a tail of fissionprodwts behindthe ball of’fizw,

em.lttinggammas,sinoeit is absentf- the fartherout ships. An ex-

planation WY perhapsbe foundin tezw of fast fieutrons,whichmild be

more directionalthan slow.

In the RAKERreoords(figs.7, 7a) the initialburstof radiation

analogousto thatin ABLE, is quitesmallin magnitude. In the oaBeof

the distantCartaretat 2700meters(30C0yafis),the intensityfalls

kepidlyas in ABLE to a low valueat 40 to 50 ssccmis,rises to a mxi-

mumat 5 minutes,and then deolinesslowly. iJNttiS-
It sedmsdmai.ghtfoma~otooo?xpbti the ~ and subsequent
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brq$t down In the demanding min and in the rolli~cloudof sp~

whiohs-gradsout from the base of the plume. Thesefissionproduuts

then deoayand rewovethmselves ~ xunningoff

ing down throughth@ sw water.

It is interestingto apooukte on the

and belowwaterline reading~

oloselysimilarin tbe shapes

water line reoordnut lasting

on the Cartaret.

the shipElnd~ ciiffu6-

meaningeof the above

The two reootisaro

and times of~theirreco~ max~ma,the below

so longor risingso h@h, and havingabut

half the totaldosageof the upya looationreoord. Zbe looationsare al-

most vertiodly one abovethe othersabout40 feetand 4 steeldocksW@

There is G flat decke few feet abovathe upper looation, that it

wouldbe affeotedty deok somethinglike an ordsr o?

@gnitude more thanthe lower. It seemslikelytherefore,that ship

contaminationis not the main factorih the doses,but that a largepro-

portion of it originatesfrom fission

and on the watereurfaoe. Tho slight

waterraooti,afterthe main ma*y

produdw in the surroundingmist

aeconda~ maximum,on the under-

absent on the looation

reoord, is suggestive of some downwarddiffusionof the fissidnproducts

throughthe water,~st the unit.

The CritAendeninstrumentalrecord(1500yda.) obtainedin

Baker gives evidenceof very strongvibrationslastingaboutten seconds,

the pen beingin rapidmotionand producinga seriesof dots. Thereis

a similarweakereffeoton the Cartoretrecordsstartingat a secondand

much briefer. Theunderwater shockmust have oausedthis,and the
!-

smallminimumon the Crittendencurveat < ‘~seoondis prokablyinstn-
-.
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this curve at 90 seconds, corres~nding b the
.

UNCLASSIFIED

oxpected time

of’ arrival of the first water wave from t ha ex>loslon.

By plott i~q the integral of the ABLE and BAKER curves

up Go the ~’tws as a percenta~e of the total integral fig, 9,

one obtains Q curve which Sk ws the parentage reduction in

dose resulting from dodging behind a strorlglyabsorbin~ shield.
●

About >ti the total doss is obtained in the first second, in

ABLE, Is that very prompt action would be needed @ reduce the

dose to say, 300 R at 1500 yards In ABLE ta 150 1?. The Ptnsacola

-i

screening result suggests that all round shleldiqg is not required,

scattering being small Q

In Baker ~wever, the time to half dose Is DUOJ1longer, .

varying from 20 minutes at MOO yards to seven minutes at 3000,

which nuAy give time for ship evasive action. In this ccise,the

radiation will be fairly isotropic, so that all round screening

MOuld be reqtiiz?ed.

.Group Personnels

Harley Gabrielson

James L. Tuck

I?oger Mhite
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