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Abstract

A detaileddescriptionof the Kiwi TransientI?hclearTest (IUwi-
TIiT)is presentedin thisreport. Backgroundinformationsnd the
objectivesof the testare discussedin Chapter1. A discussionof
the operationsand testproceduresat the NuclearRocketIkvelopment
Station(NRDS)employedprior to, during,and afterthe excursionis
presentedin Chapter2. A completedescriptionof the K.iwi-TMTreactor
is presentedin Chapter3 with an emphasison the modificationsused
in the Ki.wi-!IWTreactoras coxparedwith the normalIUwi-B-hdesign.
A summaryof all the testresultsis presentedin Chapter4. A large
numberof auxilaryextermilexperimentsare describedbrieflyin
Chapter5. Theseexperimentswere carriedout to make use of the very
large,shortneutronand gsmmaray burst. A nmber of powerreactor
fuelsincludingnumeroustypesof Rover “beaded”fuelswere tested
in thisway in a fluxregionpreviouslyunattainable.
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Chapter1

INTROIXKYl!ION

This reportdescribesa full scaledestructiveexcursionexperiment
usingthe Kiwi type of reactorwhich is beingdevelopedfor the nuclear
rocketpropulsionprogram. The experimentwas performedas a part of
the RoverFlightSafetyprogramof the Los AlamosScientificLaboratory.
The name chosenfor this experimentwas Kiwi-TNTwhich is an acronymfor
TransientNuclearTest.Somepreliminaryreportshave been prepared.z>2

.

.
.

.

.

.

A. RoverFlightSafety

Ias Alamoshas been engagedfor severalyears in providinginforma-
tionwhichwill contributeto an understandingof some of the nuclear

?)
rocketfli t safetyproblems. An answerto the followingquestionswas
desired. 1 What is the probability,magnitude,and consequenceof
varioustypesof potentiallaunchpad accidents? (2) What Is a satis-
factorymethodof reactordisposalafteroperationin space?

The answerto the firstquestionrequiresa completeunderstanding
of the behaviorof a Kiwi type reactorunderabnormalor transientoper-
atingconditionsas well as the determinationof the resultingrelease
and dispersionof fissionproducts. An answerto the secondquestion
wouldbe the completefragmentationand dispersalof the core in space
in a mannerwhichwouldproduceno publichazardon reentryof any par-
ticulatematter. The use of a nuclearexcursionfor sucha purposere-
quiresa detailedknowledgeof fuelbreakupduringa largereactor
excursion.

An extensiveexperimentaland calculationalprogramhas been in
progressat Los Alamosfor severalyearswhichhas soughtto understand
the reactorshutdownmechanismsand supplyanswersto theseproblemareas.
Accidentalexcursionswhichhavebeen studiedincludeinadvertentcontrol
drumrotation,liquidpropellantor waterfloodingof the core,core impact
on the launchpad, and core implosionfrom a boosterexplosion. Several
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calculationalschemessre in progressto understandthe detailedfrag-
mentationalbehaviorof Kiwi “beaded”fuel. Numerousfuel ssmpleshave
been exposedto reactorburstfacilitiesto obtainexperimentaldata ●

on the propertiesof suchfuel in rapidtransients.Only thresholddata
havebeen obtainedby suchmans so far, sinceno facilitiesexistwhich
can providean adequateneutronflux in a sufficientlyshorttime.

B. Why Kiwi-TNT

Sooneror laterin all reactorprogramswhich can involvethe safety
of the generalpublic,governmentagenciesseek to pin down the accuracy
with which calculationscan predictvarioustypesof accidents. Ty-picsl
questionsaskedaboutany particulartype of excursionare: (1) What is
the totalenergyproduced? (2) What fissionproductsescapeand how are
they dispersed? (3) What is the kineticor explosiveenergyrelease?

An analysisof the accuracyin the estimationof potentialaccidents
at Los Alsmosshowedthat the principaluncertaintylay in the lack of
knowledgeof the physicalpropertiesof the corematerialsunderacci-
denlxilconditions.

‘I’heKiwi type of reactoris designedto run normallyat temperatures
in excessof 2200°C (4000%). Underaccidentalconditionstemperatures
are expectedto w in the 4000-45000Cregion. Such temperaturesare

.

reachedbecausea destructiveshutdownmechanismrequiresthe production .
of a substantialinternalpressure. The Kiwi corematerialswill not .
producedisruptivevaporpressureswithoutsuch extremetemperatures.
Littlewas knownaboutthe physicalpropertiesand equationof stateof .
graphiteunderthe time-temperature-pressureconditionswhichare pre-
sent in a largenucle~ excursion. It haS furthermore&en @ossible
to achievesuch conditionswithinthe laboratory.The molecularspecies
of the vaporproducedfromhigh temperaturegraphitesystemsis not well
known. Vaporformsrangingfrom Cl to Clo havebeen observedin experi-
ments. Sincethe latentheat of vaporizationvariesconsiderablybe-
tweenmolecularforms,it is evidentthat it is difficultin a rapid
reactorexcursionto predictaccuratelythe fractionof the corevaporized
and the kineticenergyreleased.

The onlymeans of obtainingthe necessaryinformationon the reactor
behaviorundertransientconditionsis througha full scalereactorex-
cursion. The well instrumented,carefullycontrolledKiwi-TNl!experiment
was thereforecarriedout. It is only throughsuch a test that a high
confidencelevelcan be attainedin calculationalestimatesof potential
accidents.

C. TheMagn itude of the Kiwi-TNTExcursion,

The sizeof the excursiondesiredwas determinedin advanceas about .
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fissions. This energyreleasewas chosento assurethat therewould

be adequateenergyavailableto vaporizeat leasta portionof the core,
that sufficientfissionproductswouldbe producedto permitrefined
fissionproductdispersionmeasurementsto 25 miles,and that the total
ener~ releasewould simulatereasonablywell that of a maximumaccident
excursion.

D. Ob~ectives

1“ E2!!9zx

To supplyexperimentalinformationon the totalenergyproduced,
the kineticor explosiveenergyrelease,and the fissionproduct
dispersalfrom a maximumtype of accidentalreactorexcursion. This
informationis of greatimportanceto the RoverFlightSafetyprogram
sincetheseresultscan be directlycomparedwith theoreticalpre-
dictions. Suitableparametersin such calculationscan thenbe
ad~ustedso that theymatchthe experimentalresults. The prediction
of any othertype of accidentcan thenbe made with confidencesince
extrapolationsand uncertainassumptionsare eliminated.

2. Secondary

a. To supplyexperimentalinformationon corefragmentation
which is of interestto theSelf DestructConceptaof reactor
disposalin space.

b. To supplyinformationon decontaminationproblems,potential
missiledamage,and reactorcomponentdispersalfrom an accidental
excursion.

c. To supplya largeshortburst of neutronsto externalsample
experiments.Thiswas of particularimportanceto powerreactor
and Rovertype fuel studiessinceexperimental
extendedintoa transientflux regionhitherto
~ othermeans.

E. Analysisof the lCiwi-TNTResults

resultscouldbe
unattainableby

The experimentalresultsfrom the Kiwi-TNTexcursionhaveprovided
thebasic exper~ntal informationrequiredfor the generalanalysisof
potentia3accidentsof interestto the RoverFli~htSafetyprogram. A
report,I&3358-Ms, “SafetyNeutronicsfor RoverReactors,”deecribesa
analysisand applicationof the Kiwi-TNTresultsto potentialnuclear
rocketaccidents.4
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Chapter2

OPERATIONSAND TEST DESCRIPTION

A. Test Plan.nin~

1. FacilitiesDescriptions

The ~wi-~ was conductedon January12, 1965,at a point 63o
feet flwrnthe face of Test Cell C (TCC)at the NuclearReactorDe-
velopmentCenter(NRDS). Figure2-1 showsthe generalarea. The
reactorwas mountedon a test cartpositionedat the testpoint.
The testpointwas locatedon top of a rail~ fillwhich crosses
a drywash near TCC, appr=imately10,000feet fraa the Control
Point (CP). A concretepad, 50 feet longby 30 feetwide,allowed
workingspacearoundthe cart. Instrumentationwas rated through
a bunkerat the base of the fill,and data acquisitionwas performed
with TCC egpipment.

2. ReactorCart

The m reactorcartwas of specialdesignto acconxnodatethe
reactor,the testequipmmt, and auxiliaryirradiationexperiments.
The rod motionfor the TNT excursionwas providedby modifiedrod
drive actuatorssuppliedby two hydraulicaccumulatorsmountedbe-
neaththe reactor. A 5 horsepowerhydraulicpump munted on the
csrt suppliedthe accumulators.

3. Reactor(at NRDS~

The TNT reactor(Figure2-2)was ccmxposedof IKwi-B-4Dtype fuel
and was shhmd to providea shutdownmarginof ~roximately 0.60$.
Additionalshutdownmarginwas obtainedby the use of two boral safing
vanesinsertedfrcnnabovethe reactorinto the annularregionbe-
tweenthe reflectorcylinderand the reflector. Thesevanes,cover-
ing 120° of the reactorperin&er, couldbe withdrawnremotelyfrcan
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Until shortlybeforethe test,additionalsafetywas pro-
cadmiumstripsin the remaining240° sector.

4. OperationalProcedures

The operationalphilosophyfor the
used on IKwi tests,the salientpoints

TNI’ was quitesimilarto that
of whichare coveredhere.

Pro-testsetupcalibrationwas perfomd usinga writtencheck-
list. -h participatinggroupwas requiredto submita written
checklistto the teat groupfor retiewwell in advanceof test days.
These checklistswere alsoused for preparingsystemsfor the dry
-s precedingthe test.

All operationsduringthe setupday precedingeach testwere
fomally controlledby a statusboardwhich consistedof membersof
the testgroup. In additionto appro~ the startof checklist
itemsand deviationsfrom submittedchecklists,the statusboard
controlledaccessto the test area.

Controlroom operationsproceededaccordingto a writtencheck-
listpreparedby membersof the test group. All.operationsand
monitoringfunctions,whichwere performedat the Cl?duringthe tests
were coordinatedby the test groupby incorporationinto the control
room checklist. Controlroan operationsfell into threemajorphases.
The firstinvolvedcheckoutof the equipmentby operationfrom the
CP or by remotecalibration.The secondinvolvedthe armingof sys-
temsprior to the test. The finalphasewas the activationof the
timingand firingsequencerwith the appropriateGo/No-Goinputs
activated. The completionof the timingand firingsequencere-
sultedin the IClwi-!lll!lcontrolrod inducedexcursion.

B. Controls

1. Descriptionof Chassis

Controlof the TNT experimentwas centeredin the armingand
firingchassis(Figure2-3)whichwere mountedin the TNT control
console. Comands ftxxnthesechassisand responsesto themwere
interchmgeddirectlywith someend itemof equipnmt, and indirectly
with othersvia one of threesubcenters.The data confirmchassis,
the photo distributionchassis(Figure2-4), and the neutronics
controlchassis(Figure2-5) servedas subcentersfor the various
systems,distributingcommandsto the end itemsinvolvedand col-
lectingresponseswhichwere subsequentlyreturnedto the arming
and firingchassis. Figure2-6 is a signtiflow diagramof the
controlsystem.
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a. Armingchassis

Functionswhichhad to be handledprior
in general,assignedto the armingchassis.
were not extremelycriticalwith respectto
cutedor with respectto the allowablehold

to F-1 minutewere,
Thesefunctions
when theywere exe-
time. Pushbuttons

whichwould iXlux&ate to indicatethe statusof the itembeing
controlledwere used.

Meterswere incorporatedin the chassisto indicatethe
valueof the foXhwing criticalparameters: hydraulicsump
level,hydraulicpressure,firingbatteryvoltage,aud poison
vaneposition. Lightswere used to indicatewhen the five
mastercontrolswitcheshad been thrownto transfercontrolof
the experimentto the CP.

Key lockswere insertedin the command linesfor the poison
vanes,cablecutter,and test fire circuit,to precludeinadver-
tent operation.

b. FiringChassis

To initiatethe firingsequence,the ChiefTest Operator
(CTO)depressedthe Run buttonon the firingchassis. This
startedthe sequencerwhich generatedall commandsfran F-1
minutethroughfiring(F-O)to I?+-lsecond. The sequencerwas
designedto lock in with the base tim system,thusplacingthe
=cursion at a timewhich simplifieddatareduction. R’ogress
of the sequencerwas indicatedby 13 countdownlights,one of
which illtmlnatedat the end of each 5 secondinterval,and
by a mechanicalcountdowntimw whichregisteredsecondsto
F-O.

As a prerequisiteto initiatingthe countdownsequence,
Go signalshad to be receivedihm nine criticslareas. These
signalswere fed intorelaylogiccircuitswhich inhibitedthe
operationof the sequencer. Loss of any one of theseGo signals,
evenmomentarily,would causethe se~encer to stopbeforeit
issuedthe next commnd. The operationof the sequencercould
be resumedfrom thisholdpositionby depressingthe Ru.nbutton
again. At any point in the countdownthe (ITOcouldstopthe
seqpencerby depressingthe manualHold button.

A mechanicalhold-timeread-outwas providedwhich indicated
in secondsthe lengthof t- the sequencerhad been in a hold
condition. This
were operational

UNCI-ANFED,
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was necessarybecau;es- items,once started,
for a very limitedperiodof time.
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Twelvecountdownccmnandlightswere provided. Transmission
of each commnd fzwn the firingchassiswas indicatedby illumi-
nationof the ~ropriate light. Upon receiptof the conunand
and executionof the reqyiredfunction,each end item returned
a Go signalto the firingchassis. Receiptof thesesignalswas
also indicatedby lights. Relaylogicevaluatedthe Go signals
received,and the sequencerautomaticallywent intoa hold con-
ditionwhen a requiredGo signalwas not presentor was lost.
Table2-1 is a list of firinginstnctionsand Go/No-Goinputs.

BypassSWltcheswere providedfor each of the inhibitand
countdowninputs. When an inputwas bypassed,the Go/No-Go
logicwas satisfied;and a Go inputwas not requiredfrom that
specificend item.

Failureof eitherAC or N power to the chassiswas indicated
by lights,and the systemwouldautomaticallyrevertto a hold
condition.

Key switcheswere providedin the fire and high speedcamera
connnandlinesto preventinadvertentoperation. \

2. OperationalCapabilityand Flexibility

The equipmentjust describedprovideda wide rangeof operation-
al flexibility.Separationof the armingand firingfunctionsper-
mittedextensivehold time for such thingsas weather,afterthe
system~d been placedin a state of readiness.

.

Incoqorationof campletebypasscapabilitypemitted the C!Nlto
proceedwith the experimenteven thougha malfunctionhad been de-
tectedin some area. This judgmentcapabilityproved.quiteuseti.

Even thoughthe last 1 minuteof the sequencewas completely
automatic,the C!Klretainedhis abilityto controlthe experiment
throughthe use of the Run, Hold,and Abort circuits.

Duringthe actualexperimentit was deemeddesirableto bypass
certainnoncriticalcountdowninputs. However,all equipmentper-
formedflawlessly.
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Item
.

1

2

3

4

5

6

7

8

9

10

I.1

F-60 sec

.*m-*
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TABLE2-1

FiringInstructionsand Go/No-GoInputs

F-60 sec

F-60 sec

F-60 sec

F-55 sec

F-50 sec

F-45 sec

F-40 sec

F-35 sec

F-30 sec

F-25 sec

UNCU$SIFID.

Command

start

start

start
(J-8)

taperecorders

group I cameras

taperecorders,

Starttape recorders,
(J-12)

---

Continueoperation

Continueoperation

---

---

StartgroupII cameras

---

-requisite

Run buttonhas been de-
pressed. Hydraulicpressure
withintolerance. Voltage
of firingbatterywithin
tolerance. Neutronicsos-
cilloscopesnot fired.
Gammadiscriminatornot
triggered.All rod sole-
noidsactivatedand rod po-
sitionpower supplieson.
I?eutronicspower supplies
on. Transducerexcitation
oscillatoroperating. 10 kc
oscillatoroperating.Pin
DC powerapplied. All 12
pneumaticpins are withdrawn.

Same as #l
Ssme as #1

Same as #l

.

1

.

.

.

SC as #1 plus data tape
recordersrunning. J-8
taperecordersrunning.

SanEas #6 plus J-12 tape
recorderf3running.

sane as #7

.
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TABLE 2-1, centinued
.

.

.

.

Item

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Time

F-20 sec

F-15 sec

F-10 sec

F-10 sec

F-5 sec

F-5 sec

F-1 sec

F-1 sec

F-1 sec

F-700msec

F-700msec

F-O

F-O

F-O

F-O

Command

Continueoperation

Continueoperation

StartMillikencameras

StartCEC tape recorders

Continueoperation

Fire timingflash

@en pin scopecamera
shutter

Open neutronicsscope
camerashutter

Turn N-1 heatersoff

Start Fastaxcameras

Arm pin scopes

Commandto openvalves
to rod actuators

Fire hashmark

Timingand simulation

Timing(data)
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UNCLASSIFIE

Prerequisite

Ssmeas #7 plus core Dyna-
fsx csmeramotors(2) run-
ning at pruperspeedand
core flashbulb voltage
withintolerance. Pin
Dynafax
ning at

Sameas
line to

Sane as
cameras
cameras
cameras

Ssmeas

Ssme as
cameras
corders

Same as

Ssme as

Sane as

Sane as

Same as

cameramotorsrun-
properspeed.

#12 plus AC power
bunkeropen.

#13 @US cloud
running,groupI
running,groupII
running.

#14

#14 plus Milliken
running,Cm re-
running.

#16

#16

#16

#16

#16 Plus neutronics
oscilloscopecamerashutter,
pin Dynafaxshuttersopen.

Same as +421

Ssme as #21 plus Fastax
camerasrunning. Pin
scopesarmed.

Same as #23

Ssme as #23

Ssme as #23
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TAELE 2-1s continued

..

.
Item Time cQmmand Prerequisite

27 F-o Timing(J-8) Ssme as #23

28 F-O ‘liming(J-12) Ssme as #23

29 F+l sec Closeneutronicsscope None
camerashutter

30 F+l sec Closepin scopecamera None
shutter

.

.
.

.
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C. Neutronics.—

1. SystemDescription
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a. UncollimatedGammaDetectors

The majorityof gammaprofile&ta was obtainedfrom six
uncol.lhatedphotofluordetectors,two of whichwere locatedat
pressurevesselcontact(Figure2-7),two at 24 feet (Figure
2-8),and two at 800 feet fran the reactor. The two detectors
at each locationcoveredthe same threeto four decaderange
givingcompleteredundancy.

These detectors were modifiedlllgerton,Germeshausenand
Grier,Inc.L24 detectors. Each canistercontaineda 6 inch
cube of MEL 510plasticfluorand two IT?127 photodiodes.The
diodeswere operatedat 1,500voltsand were connectedto the
test cellrecordingsystemthroughapproximately800 feet of
RG 8/u coaxialcable.

Power suppliesfor the detectorswere locatedin the TCC
penthouse. Additionalcapacitorson each detectorwere used
to supplythe chargenecessaryto maintaindetectorvoltage.
Totalcapacityfor each detectorwas 16 millifarads.

The detector canisters were fittedwith a sectioncontain-
ing 23 photoflashbulbs. The bulbswere used to lightthe
fl.uorand sixulatea signalon dry run. Flashbulbswere
selectedby a steppingrelay. Advanceand fire cOmmandsCsnle
&om the CP. Figure2-9 showsa block diagramof the signal
flow in the uncolltited gsannadetectorsystem.

The four close-indetectorscovereda dynsmicrangeof
threedecadeseach,and the two far out detectorscovereda
ran e of four decadeseach. Overallsystemcoveragewas from

~101 to slight3ymore than 1025 fissionsper second.

The outputof each detectordevelopeda voltageacrossa
50 ohm terminatingresistance. This voltagewas routedto three
or four inputs(oneper decade)of an FM taperecordingsystem
using two AmpexFR 600 recorders. Amplifiersand attenuators
were used to conditionthe signalto the 0.5 volt full scale
channellewl used. Diodeclappspreventedthe voltagecon-
trolledoscillatorsfrom deviatingoutsideacceptablelimits.

A totalof 20 channelswere used for the six uncollimated
detectors. These datawere recordedon two lk-tracktape re-
corders. The voltagecontrolledoscillatorsand signal

● a@ ● 9** ● 8. . .9**
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Figure2-8. GammaDetectorsTwentyFour Feet from
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conditionerswere locatedin the electronicsroom in the NC
basement. Tape recorderswere locatedin the CP building. Nor-
mal voltagecontrolledoscillatorunitshave a 108 kilocycle
centerfrequency,but theseweremodifiedslightlyso thatO
voltsinputresultedin a VCO outputof 64.8 kilocycles.Tape
recorderswere run at 60 inchesper second. Recordingbandwidth
was 20 kilocycles.A 100 kilocyclesignal,whichwas an output
of the frequencystandardused to drivethe time codegenerator,
was imposedupon one trackof each t~e recorder.

Themagnetictapewas playedback for digitizationusing the
100 kilocyclesignalas a data samplecommandfor the digitizer/
CDC 160A computercanbination.The datawere playedback at
one-eighththe recordedspeedto enablethe digitizerand Cm
160A to acceptthe high samplingrate.

ThreeTektronixtype 545 oscilloscopesand polaroidcameras
were locatedin the controlroom to providequick-look&ta
(Figure2-5). Theseworkedwell and gave goodestimatesof
fissionyield,peak rate,and time intervalbetweenthe gamma
triggerand the peak rate immediatelyafterthe test.

b. GammaTrigger

A gammatriggerpulsewas used to startcorephotography
camerasand to triggerpin experiment,controlroom,and Compton
deteCtOroscilloscopes.This pulsewas to be generatedat 1015
fissionsper second. Figure2-10 showsa signalflow diagram
of the gammatriggersystem.

The signalwas suppliedby two NPM2Bphotomultiplierfluor
detectorslocatedat 24 feet from the reactor. Separatecoaxial
linesran to a dlscrimdnatorcmsis in the TCC electronicsroom.
Power to the photomultiplierswas from separate2 kilovolt
suppliesin the TCC penthouse.

The discriminatorchassiswas constructedusingPhilbrick
typeP65 and PP65 solidstateoperational.amplifiers.The OR
gate diodeswere FairchildFD1OOS. The silicon-controlledrec-
tifierswere SolidStateProductstypes3B30S.

When a currentfrom eitherof thesedetectorsexceededthe
trip level,the triggerpulsewas generated. A prematuretrip
fromeitherdiscriminatorcircuitwouldproducea gammadiscrim-
inatortriggerNo-Goto the firingchassis. A
lightbulb installedin each detectorcouldbe
to producea triggeron dry runs.
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c. Other Detectors..

.

.
.

,detectorwas locatedat 800 feet fromA collimatedgamma
the reactor(Figure2-11). The fieldof view of thisdetector
was restrictedby two leadbafflesto a 54 inch disnetercircle
centeredon the reactor. This detectorconsistedof a 3 inch
disc of MEL 150 plasticfluorand a3W11.4photodiode. The detec-
tor has approximately1/50 the sensitivityof the larger,un-
collimateddetectors. Its purposewas to see if gamas caused
by neutronscatteringcontributedsignificantlyto the shapeof
the pulse as seenby the uncollimateddetectors. The collimated
detectorwas expectedto see only the peak. Data from this de-
tectorwere recordedon two tape channels,essentiallythe same
as the u.ncollimateddetectordata.

A fast neutrondetectorwas alsoplaced800 feet from the
m testpoint.

3P
was a u238 fissionchamberhavinga sensi-

tivityof 1.5 xlo- coulombsper fission. Four decadesof
currentwere cmpressed onto a singlechannelthroughan Optical
Electronicssolidstatelog amplifierlocatedin the
tronicsroom. Recordingelectronicswere similarto
cribedfor the otherdetectors. Figure2-12 showsa
diagremfor the collimatedand fast neutrondetector

TCC eiec-
that des-
signalflow
channels.

d. CountRate System

the controlThreescalersand countratemeterswere used in
room for reactormultiplicationmonitoringand on thoseexperi-
mentalplans that involvedreactivitymeasurements.Amplifiers
in the test cellwere used to drivethe 10,000foot coaxiallines
to the CP. Thesescalerswere connectedto the threeoutput
linesof a reactorsafetymonitorsystemwhile the reactorwas
on the pad.

The scalerswere alsoused to countpulsesfrom detectors
usedpreviouslyby N-2 at PajaritoCanyon. This equipmentwas
used on an experimentalplan whoseobjectivewas to comparethe
shutdownreactivitywith that on the Kiva assembly.

The stietymonitorwas removedthe day of the TNT testand
the systemwas switchedto monitorthe outputof two berm tri-
fluoridedetectorslocatedat the test cell. The countrate
systemwas monitoredafterboral vanewithdrawalto insurethat
a rod had not stuckin the out position,and that the reactor
was reallysubcriticalfor the test. This systemwouldhavebeen
used, in the eventthe reactordid not completelycome apart,to
determineif any fissioningfragmentsremained. The countrate
systemwas capableof detectinga reactorpowerlevelof 1 watt
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at the TNT pad using the chsnibersat the test cell.

D. Instrumentation

1. Displacementand PressureMeasurements

Twentypressuretransducersand five displace~nttransducers
were used to measurecorepressuresand displacementsas we~ as
blastpressuresat variousdistances.The locationsof themeasure-
ments follow:

a. PressureMeasurementsInternalto the PressureVessel

Threeactiveand threedummyvariablereluctance(VR)trans-
ducerswere locatedinsidethe pressurevessel. Fourwere at
Station10 in the core,and two were in the core inletplenum.

b. BlastPressureMeasurements

Threeactiveand two _ transducers(VR)were located
in the reactormidplaneat a distanceof 5 feet from the reactor
centerline,and threeactivetransducers(VR)were locatedin
the midplaneat a distanceof 30 feet.

Six unbendedstraingaugepressuretransducerswere mounted
at 100 feetfrom the reactorin the reactormidplsnewith an
angularseparationof 120°. Threeunitswere StathamInstrwm?nt
Co.Model~6 transducerswith a A 0.5 psid range;the other
threewere StathamModelPM 732 pressureunits scaledfor A 5
psid.

c. DisplacementMeasurements

Threeactiveand two dummydisplace~nttransducerswere
mountedon the pressurevesselto measurereflectorto pressure
vesseldisplacement.

All.of the variablereluctancepressureand displacementtrans-
ducersweremanufacturedby PhysicalSciencesCorporation.The
pressureunitswere Model 102I flushdiaphragmtransducers.The
transducersinsidethe pressurevesseland thoseat 5 feet frcm the
reactorcenterwere modifiedto includea 20-foot-longrigidtube
whichcarriedthe electricalleadsand was evacuatedand sealedto
prennt ionizedgas from shuntingthe electricalsignalsduring
the nucleartransient. The 20-footevacuatedleadswere terminated
in hermeticallysealedconnectors,whichwere joinedto standard
shieldedcablesin conduitsburiedin the earth. The connectors
were placeda tininnnnof 4 feetbelow the sur$aceof the ground.

..

.

.
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_ tr~sducers,modifiedto be insensitiveto pressure,were
includedinsidethe pressurevesseland externallyat 5 feet from
the reactorcenterline,to measurethe effectsof radiationon the
pressuretransducersensingelements.

The variable reluctancetransducerswere all electricallycon-
nectedto PhysicaLSciencesModel 801-DAC carriersystemdemodulators
oparatingat 20 kilocycles. The demodulatorswere all drivenin
synchronismby mans of a 20 kilocyclesquarewave, crystalcontrolled
generator. Sinceall the electronicscircuitswere transistorized}
theywere shieldedby means of a tunneldug horizontallyfrom one
wall of the bunker. The tunnelwas coveredby a minixutuof 3 feet
of earth. The demodulators,squarewave generator,and automatic
calibrationcircuitswere s31 batterypowered. The signalsfrom
the demodulatorswere conductedby undergroundshieldedcableto
TVC and connectedto the standarddata systemthere. InternalLASL
mmoranda describethe circuits,transducerspecifications,and
generalconsiderationsin transducerselection. A completedemodu-
lator,oscillator,and transducersystemwas checkedfor responseto
trsnsientnuclearradiationusing the SandiaCorporation’sGodiva
rea$ctor.The systemexhibitedabouta 10~ transientdrop in sensi-
tivityat a~roximately20 timesthe gammadoseratesexpectedduring
the TNT tranaient.

.

.

.

.

.

S-~taneous failureof all variablereluctemcepressureand dis-
placexm?ntchannelsoccurred@t prior to the time of peakpower in
the Eiwi-TNTexcursion. This was indicatedbyerraticfull scale
randomoscillationsof the outputsignal. All failuresoccurredat
tti seinetime and in the samemannereven thoughthe transducers
themselveswere in radiationfieldsdifferingby threeto four orders
of magnitude. This indicatedthat the causeof failurewas due to
the demodulatorsystam.

An overheatingproblemin the shieldedtunneljustprior to the
excursionrequiredthe removalof sane of the shieldingto permit
air circulation.It 1s believedthat the removalof this shielding
fran the tunnelcauseda higherthan originallyplannedfor radia-
tion levelwhichprobablyresultedin the instrumentationfailure
noted.

The unbendedstraingaugepressuretransducersat 100 feetused
~ ,=Citation,~d did not rewire ~ si@ conditioningin the
bunker. The cablesfrom thesetransducerswent directlyto the
TCC data system. The 100-foottransducersfaceddirectlytoward
the reactorand had standard0.25 inch flarefittingswith no tubing
attached.
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Five of the six transducersproducedusefulsignalsin spite
transientnuclearand thermalradiationeffects. All.Of the low
rangesignalsgave full scaledeflectionwhen the pressurepulse
arrived.

2. ReactorTemperatureMeasurements

of

.

A totalof ten thermocoupleswere used to measurereactortem-
peratures. The threetifferenttypesand theiruses are described
below:

a. TWO tungstenvs. tungsten,26$ rhenium(W/W26Re)thermo-
couplesof standardconstrictionwith a relativelylong response
timewere mountedat 00C-S26 and ao@Ia-s26. Their purpose WYW
to measurereactortemperaturein the eventof a low power
fizzle.

b. Six fast responseW/W26Rethermocoupleswere locatedin the
core. Theirlocationsand performanceare indicatedin Figure
4-8. Theirpurposewas to measurethe neutrondensitya few
decadesbeforethe powerpeak. They were not intendedto meas-
ure the completetransientif itsmagnitudefollowedpredictions.

The thermocouplescontainedan80~niobi-@ uranium-235
alloytip approximately0.3 inch longx 0.050inch in diameter.
One end of the tip had two 0.0005inch diameterwires approxi-
mately0.125 inchlong,one of tungsten,the otherof tungsten-
26~rhenium attachedto the alloytip forminga thermocouple
junction. The otherend of the wireswere attachedto 0.010
inchdiameterthermocouplewires containedin a stainlesssteel
sheathed,magnesiumoxideinsulatedcable. The tip and cable
were supportedby means of a stainlesssteelcase approximately
0.007inch thickattachedto the end of the cable. Calculations
of heat loss due to them ratiationfrom the tiP duringa
1 millisecondperiodtransientestablishedthat the errorcaused
by thermalradiationis completelynegligibleup to 4000°F.

Becauseof the uraniumloadingthe tip heatedmuch faster
than the casewhich surrounded the tip. The heatingduringthe
nucleartransientcausedmeltingof the tip, and probably
shuntingof the thermocoupleleadsdue to decreaseof the re-
sistivityof the magnesium-oxidecableinsulation>and possibly
shuntingby ionizingnuclearradiations.

UNClA$51FlED

c. Two dummythermocouples
couplesin sectionb above~
couplewireswere tungsten.

were built similar to the thermo-
exceptthatboth of the themo-
Theywere locatedat 00C-S26, and
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ZLOE4G-S26. No signaloutputwas observedfrom thesethermo-
couplesuntilafterthe activethermocoupleshad startedto
fail.

.
The thermocouplesdescribedin sectionsb and c were fabricated

by PhysicalSciencesCorporationaccordingto theirdrawing#50551.

3. Pin Instrumentation

.

Earlydisplacementsof the reactorcore and reflectorcylinder
were uasured througha relativelysmalldistanceby a pin technique.
Ten locationswere instrumentedwith a groupof sevenpins at each
location. Eachpin withina group,when struckby the movingsurface
beingmonitored,producedan electricalpulsehavinga uniquecom-
binationof polarity,decaytime,and overshootfor purposesof
identification.Thesepulsesalongwith timingpulseswere recorded
by oscilloscope-streakcemeracombinationsfor primaryacquisition
at TCC (seeFigure2-13),and back-uprecordingwas on magnetictape
at the C!P. Twenty-onecoaxialwire assemblieswere insertedin
selectedpropellantpassagesin the core as an experimentto deter-
mine the timesof closureof thesecorepassages. Signalsproduced
by the collapseof thesewireswere similarin form to the pin sig-
nals and were recordedin the sameway as the pin signals. A com-
pletedescriptionof the pins,wires,circuits,and resultsmay be
foundin LA-3388-MS,“Pin TechniquesforDisplacementMeasurements
in fiwi-TNTe”

4. FireballTemperatureEstimation

The radiationfrom the fireballwas measuredby two detectors
locatedon the C!Proof. The ratioof the detectorsignalswas used
to determinethe temperature.

The detectorsconsistedof lead sulphidecellsmountedbehind
an IR and a W filter. The signslflow diagramis shownin
FipJ,rre2-14. The sensorswere 10 x 10 millimeterInfratronlead
sulfidecellspurchasedfrom InfraredIndustries,Inc. The IR
filterwas an interferencefilterwith a band pass ati10,400~
anclthe UV filterwas glasswith a bandpassat 3,000~. A potential
of 157 voltswas suppliedfrom two @ cellbatteries. The signals
fromeach detectorwere measuredby a John FlukeVoltmeterduring
calibrationand recordedon magnetictape duringthe excursion.

The systemwas calibratedat twopointsby takingsimultaneous
readingson each detector,firstviewinga sun gun with a Sylvania
W lW and then a carbonrod arc lanmwith currentsuppliedby—
a weldingmachine. Therewas no probl-a

.-

appearedto generateconstantradiation.
with the sun gun which
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The arc radiationused for calibrationwas in a directionat
rightanglesto the plane of the two carbonrods. Difficulties
were encounteredbecausethe outputradiationfrom the arc varied.
When the radiationstabilizedmomentarily,the detectoroutput
simal. in millivolts.and the arc Potentialand currentwere re-

.

co~ded~
adjusted
into the
iS shown

This

The signals ~asured from~he two detectorswere then
to compensatefor the differencein electricalpower input
arc at thatmoment. The ratio (S1/S2)for the two sources
in Figure2-15.

systemof temperaturemeasurementis basedupon the follow-
ing assumptions:

a. The fireball,sun gun,and carbonarc radiatethermalenergy
as a blackbodyin the two bandsused.

b. The signallevelfor each lead sulphidecellis proportional
to the incidentradiationin eachband.

c. The ratio (S1/S2)of signalsis a linearfunctionof the
absolutetemperatureof the source.

d. The themal radiationfrom the csrbonarc is directlypro-
portionalto the electricalpower input.

.

e. The power factorof the carbonarc is unity.

f. The temperatureof the carbonarc is 4,300°K. This is ap-
proximatelythe averageof 4,2000Cboilingpoint of carbonand
a valueof 4,2000Kgivenin handbooksfor the temperatureof a
carbonarc.

g. The temperatureof the csrbonarc is constant,even though
the inputpowervariessomewhat.

h. The temperatureof the sun gun is 3,400%, as ratedby the
manufacturer.

5* lhtaProcessing

TNT dataprocessingdiffereddrasticallyfrom Kiwi datareduc-
tion sinceall TNT channelswere widebandfrequencymultiplexedand
continuousrecordedratherthanPAM the multiplexed.The require-
mentswere for a semplingrate of 100 kilocyclesin the neutronics
channelsand 10 kilocyclesfor all otherwidebandchannels(pressure}
temperature,and displacement),insteadof the usual 40 samplesper
second. In orderto processthesedata,someMdware changeshad
to be made in the analogto digitslconverterand sanenew programs
written.
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The requireddigitizermodificationconsistedof the following:

a. Adaptionof the samplingcircuitryto enableit to use the
.

100 kilocycletape speedcompensationsignalrecordedon tape
as a ssmplecommand. One trackon eachmagnetictaperecorded
had a 100 kilocyclesignalfrom the timingsystemrecordedby an
Ampex directrecordmodule. The 100 kilocyclesignalwas an
outputof the frequencystandardused to drivethe time code
generator.As a result,this signalwas phase and frequency
coherentwith all.timingsignalsused in the TNI test. When the
_etic tapewas playedback for digitization,the 100 kilo-
cyclesignalwas used as a data samplecommandin the Astrodata
Di.gitizer/CDC16o Computercombination.

The neutronicsdatawere playedback frommagnetictape
recordersat one-eighththe recordedspeedthroughAmpexFM
reproduceunits. This enabledthe digitizerto samplethe data
signalat an equivalent100 kilocyclesamplingrate sincethe
samplingcommandwas the 100 kilocyclesignslsloweddownby a
factorof one-eighth.

The bslanceof the widebanddata (pressure,temperature,and
displacement)were playedback and digitizedat the recorded
speed. The 100 kilocyclesignalwas dividedby ten by the digi-
tizerand used as a samplecommand,thusyieldinga 10 kilocycle .

ssmplingrate.
.

b. Changesto the time codetranslatorto enableit to operate
upon a time code signalplayedback at one-eighththe recorded
speed. The timebase protidedfor the digitaldatawas derived
by translatingthe magnetictapeplayback1 kilocyclemodulated
carriertime code in the digitizer. The digitizertime code
translatordetectsaxis crossingsof the 1 kilocyclecarrier
and accumulatesthe axis crossingsin a counterwhich is reset
at the beginningof each second. The 1 kilocyclecarrierthus
acts as a millisecondtimebase. The 1 kilocyclecarriersignal
used in the modulatedcarriertim code is derivedinternally
from the time code generator
quencycoherentwith the 100
as the actualtest time.

New programing requirements

a. Modificationto the high
date the 12.5 kilocycledata

logicand henceis phase and fre-
kilocyclesamplingsignalas well

for TNT.consistedof the following:
WI

speedacquisitioncode to acccmmo-
rate (12.5 kilocycles obtainedfrun

usingthe 106 kilocyclesamplingsignalwith 8:1 tape slow down).
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b. A new formattingcodewhich translatedand formatteddigital.
data acquiredin high densityform to a low densityformat. The
digitaldata were recordedon one of the CDC 160A computertape
unitsin high densityform and laterreformattedin low density
form for entryinto the IEM 704 which then operatedupon the
data,voltagecalibration,and transducercalibrationto produce
plot tapes.

c. An UM 704 code to convertthe new formatteddata to finished
dataplots. The code,which was especiallypreparedfor TNT,
performeda testof the consistencyof the time codewith the
data samplingrate. This codeused the fUl scaleand zero scale
calibrationstepsto establishthe channelrange. The datawere
then scaledwithinthe range. For channelswith nonlineartrans-
ducercalibration,a transducercalibrationtablewas usedwhich
is accurateto 0.1$ of the standardtableover the channelrange.
The outputof this codewas a tape,formattedfor one of the
standard@Otti~ COdeS.

Sincet= was only givento 1 millisecondaccuracyonce every
50 datapoints, the timeput on the plotshad to be generatedin-
ternally. This generatedtimewas comparedto inputtimewhenever
it IraS a~~ble, and a summary of encounterederrorswas printed.

The time del~s of the data channelsand processingequipment
were measuredfor typicalneutronics,rods,and temperaturechannels.
The folLowingvalueswere obtained:

Channel TypicECLChannelTime Delay,msec——

10 kc SamplingRate

ThE
RodsPosition
Pressures
Temperatures

52 kc Carrier
70 kc Carrier

Displacements

100 kc SamplingRate

Time
Neutronics
GenunaPulse

Direct
Neutronics/lM

*Improvedmeasurementsin progress
W)ependent upon data channelutilized
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6. PhotoCoverage .-

The exposedhot end of the corewas photographedfrom the north
camerabunkerthrougha largemirrormountedon the poisonvane
supportstructure(Figure2-8).

9
The visiblegraphitesupportblocks

were paintedwhite,and the coreend was illuminatedby 200 flash
bulbswhichwere firedfrom a gammapulse tri

Y
ered at 1015 fissions

per second. TWO Dynafaxcsmeras(Figure2-16 with a 3 x 4 foot
fieldof viewwere operatedat 10,000and 23,68aframesper second,
respectively,to recordinitiallateralcoremotion.

High speedphoto coverageof the excursionwas providedby four
Fastaxcameras. A 4000 frsmesper secondcemeraand a 2500 frames
per secondcsmerawere locatedin eachbunkerand coveredroughlya
100 x 4.0foot field. Therewere also three96 framesper second
Mitchellcsmerasand a 400 framesper secondMillikencameralocated
in the bunkersto providegeneralcoverage(Figure2-17).

Cloudphotographyand largerfieldof view pictureswere obtained
from csmerasin the west tower,the east tower (Figure2-18),the
CP roof,the ReactorMaintenanceand Disassembly(R-MAD)building
roof$and a portableupwindstation. The last threeof thesewere
mannedstations. Generalorientationof photo stationscan be seen
fromFigure2-19.

The high speedphotographygave some informationon core dis-
integrationand growthof the fireball. The firstetidenceof the

.

motionis at the top of the core.
.

The hot vaporsfirsteruptout
of the top of the coreand then can be seenburstingout near the
bottomof the pressurevessel.

Ekcellentcolorfilmwas obtainedof the cloudformationand
its travelto 25,000feet at an averageazimuthof 300°. Its in-
stantaneousheight,azimuth,and velocitywere plotted. some of
theseresultsare discussedin Chapter4. The film showsa stem
of risingdustand debrisduringthe initialstageconnectingthe
upperportionof the cloudto the testpad. This stem is gradually
dissipated (seeChapter4, Figures4-19 through4-2%?).~fects of
wind velocityand shearare aLso clearlyvisibleand have been
measured.

E. Operations

1. ShutdownReactivityTest

The firstsafetytest of the TNT devicewas conductedDecember
3, 1964. The primaryobjectiveof this testwas to ensurethat the
reactorassemblywas subcriticalwith all rods out and with the
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c:adm.iumstripsaud boral vanesin place. The secondaryobjective
was to see thateach rod would followa camnandfrom the CP and to
measuresimultaneityy of rod motion. With the 40 cadmiumstrips
in place,both boralvanesinserted,and the controlrods out (1800),
the shutdownreactivitywas measuredto be 5$. The checkoutof the
rods showeda 20 millisecondspreadin reachingthe 90° position.
Work was startedto reducethisvalueto below 10 milliseconds.

2. CriticalityTest

On December9, 1964,an operationalcheckof the poisonvanes
was conducted. The objectivesof this testwere to checkthe opera-
tion of the vanesfrom the CP and to measurethe reactorshutdown
with the poisonvanesout and the cadmiumstripsand controlrods
inserted. A lesserobjectivewas a calibrationof the poisonvane
positionindication.In this configurationthe reactorshutdown
lfasap roximately5$.

~
The time spreadfor the controlrods reach-

ing 90 was masured at less than 10 millisecondson this test.
This improvementwas made by adjustingthe electricdelaycircuits
cm each rod.

~“ ZQ!&U?

The firstm dry run tookplace on December22, 1964. A number
of circuitproblemswere incurredmakingit Impossibleto perform
a completedry run; however,thesewere corrected,and’acomplete
dry run was performedDecember23, 1964. Essentiallyall systems
were operated,and some inconsistencieswere discovered.

A fomsl dry run was conductedDecember29, 1964,and involved
all systems. Resultswere betterthanthoseobtainedon previous
dry runs. Most systemsoperatedin a satisfactorymanner. On
January6, 1965,the cadmiumstripswere removedand the shutdown
reactivitywas quitelarge. With the boralvaneswithdrawn,and SU
controlrods in, shutdownreactivitywas measuredat 0.60$.

A successtildry znm was conductedon January7 in preparation
for a TNT test date of January8, 1965;however,weathercaused
postponementof the test. Run statuswas held over the weekendof
January9 in the eventweatherwas favorableand ssmplingaircraft
were available. Anotherdry

4. Hot Run

The nucle~ excursionof

run was performedon J&a& 10.

the TNT deviceoccurredat 10:57:45
a.m. PST, January12, 196 .

z
The excursionwas withinpredicted-

limits,yielding3.1 x 10 0 total.fissions. The minimumperiodw
%?measuredat 0.60millisecondswith a peak fissionrate of 1.1 x 10 3,

and the fullwidth at half-maximumwas 2.4 milliseconds.The rod
simniLtaneityto 900 was 6.5 milliseconds.

uNwkw#.i$
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Chapter3

REACTORDESCKD?TION

A. Introduction

The Kiwi-TNTwas a nucleartransientreactorhavingthe samebasic
configurationand nuclearcharacteristicsas the KLwi-B-41+301.The
primaryfunctionof thisreactorwas to generatea nucleartransientof
an appropriateorder-of-magnitudefor evaluationand study. No pro-
pellantwas used.

To generatethe desiredsmountof excessreactivity,the reactor
corewas adjustedor shimmedto a reactivitylevel closerto the delayed
criticalpointthanhas been normalpracticewith the Kiwi nuclear
propulsionreactors. Safeworkingconditionswere ensuredbyproviting
a clearannularspacebetweenthe coreand the reflectorcylinder. Poi-
son stripsor bladeswere insertedin this spaceto partiallyor com-
pletelysurroundthe core as requiredduringthe work and check-out
phases.

B. DesignConsiderations

To designa reactorfor a destructiveexperimentsuchas the TNT
excursionrequireda differentphilosophythan thatnormallyused in
nuclearreactordesign. Flow,pressure,and temperatureconsiderations
were essentiallyel~nated. It was necessaryto providefor a very
rapidcontroldrummovement,adjustable-after-assemblycorepoisoning,
and installationof ratheruniqueinstrumentationand test evaluation
devices;whileretainingthe basic geometryand nuclecu?ch=acteristics
of the Kiwi-&4 reactor. It was desirablewherepossibleto simplify
fabricationof neededcomponents,to substituteless expensivefor
costlymaterials,to use propulsionreactorrejectparts suchas fhel
ehsnentsand supportblocks,and to use obsoleteon-handcomponents.
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Figure3-1 is a perspectiveof the ICLwi-TNTreactorand test cart.
Figure3-2 is a sectionview of the reactorassembly.

wher~O#@ailed*scription of the ~wi-B-4%301 reactoriS given else-
Only a few of the basic dimensionswill be givenhere along

with designchangesand modificationspertinentto the Kiwi-TNTreactor.

c. Core.—

1. Core Dimensions

The basic core configurationand perimetergeometryremainsun-
changed. The reactorcorewas 35 inchesin diameterand 53-1/2
incheslong. The fueledregionwas 33-1/2inchesin diameterand
52 incheslong. The core contained1542 fueledelementsand 2!59
unfueledelements.

2. ~el Elements

The fuel consistedof pyrocoateduraniumcarbidebeadsadnixed
in a graphitematrix.

The fuelelementswere hexagonalin crosssection,52 inches
long,and approximately3/4 inchacrossthe flats. The element
contained19 cylindricalcoolantchannelsor holeson a triangular
array.

The fuelelementsextrudedparticularlyfor the TNT reactorwere
uncoated. Thoseelementsused thatwere rejectsfrompropulsion
reactorproductionlots (about800)were coatedwith niobiumcarbide
in the 19 coolantholesand for approximately1 inchaxiallyon the
exteriorsurfacesof the hot end.

Twelvedifferenttypesof elementswere used to assemblethe
TNT core. By meansof differenturaniumloadingsor densities
the radialpowerdistributionin the reactorcorewas flattenedas
is normallydone in the Kiwi nuclearpropulsionreactors. Table
3-1 liststhe typesand numberof fuelelementsin the Kiwi-TNTcore.

3. Clusters

The fuelelementswere assembledinto clustersfor supportand
convenienceof handling. Therewere 169 regularclustersmade up
of 6 fuelelementssurroundinga centralor supportunfueledele-
ment. A graphiteblock supportedthe hot end of the assembly,and
an aluminumclusterplateheld the cold end of the assembly. Tips
on the hot ends of the elementswere locatedin recessesin the
supportblocksto positionthe elementsat the hot end. An aluminum
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TABLE 3-1

Typesof Fuel ElementsUsed in lKiwi-TNT

!!wE

45

44

40

39

34

30

26

22

20

156

17

15

Total

UNCLASSIFIED

No. of Holes

19

19

19

19

19

19

19

19

19

16

19

19

U/Element
L&Z9@?l

135*3P

135*9

115.0

117.1

99.1

87.2

75*5

63.3

47.6

35*7

49.7

43.3
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Nb
Coating

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No. Used

295

779

30

60

36

78

54

54

18

42

60

36

1542
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plug in each fuel elementpositionedthe cold end from the cluster
plateby meansof projectingbushings.

Therewere 30 perimeterclustersof 5 irregularshapesthat
transformedthe hexagonal.form of the coreto a twelve-sidedcon-
figurationwith recessedcorners. ~ch of the perimeterclusters
had 3 suPPort elements. The clusterswere supportedthroughthe
centralor supportelementsby means of stainlesssteeltie rods.
Theseservedas tensionmembersbetweenthe supportblocksand the
supportplate. Pyrographitetubeswere positionedinsidethe sup-
port elementhole. Thesewere in turnlinedwith an 0.005-inch-
thickstainlesssteeltube.

The unfueledcentrdlor supportelementsare normallymade of
unloadedgraphite. To adjustreactivityof the core theymay be
replacedby elementsmade of graphitecontainingtantalumloadings.
The Kiwi-TNTcore contained54 of these.

For post-testradiochemistryexamination,13 of thesecentral
or supportelementswere replacedby stainlesssteelelements.
Thesecenterelementsand 78 otherfuel elementsspacedthroughout
the corewere periodicallymarkedfor identificationand axial
position. The supportblockswere all uncoatedcold-flowreactor
blocks. The supportconeswere made of aluminumratherthanmolyb-
denum. Only the centrelhole in each fuel elementhad an orifice
jet and thesewere flowre~ectjets of any size. The clusterplates
were unplatedaluminumsinceno core-inletpoisoningwas required.

4. PerimeterFillerSlats

The perimAer slatswezelocatedat the peripheryof the core.
The normalfunctionof theseslatsis to transformthe geometry
from the modifiedtwelve-sidedpolygonof the loadedcore to a
cyl:lnder,to providean initia3supportfor the pyrographitein-
sulatingtile,and to removethe radialheat leakagefrom the core
by coolantpassages. This last functionwas not a requirementfor
the Kiwi-TNT.

A completeset of perimeterslatspreviouslyused in zero-power
assemblieswere modifiedby removingthe retaininglugs. coolant
passagelinertubeswere left in thesecomponents,althoughthey
were not a requirement.The metal.wrappernormallyplacedover the
s:latsto preventradialpropellantleakagewas omittedfrom the
assembly.
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5* CoreAxial Support

The 259 fuel clusterswere attachedto an aluminumsupport
plateas the clusterswere “stacked”or assembledto form the re- .

actorcore. The supportplatewas 40 inchesin diameterand 4-1/2
inchesthick. It was perforatedaxiallywith ap roximately1900

7holes,locatedin a triangulararrayof about 3 4 inch centers. The
perforationsgave a void fractionof about42?.

A flangeon the outeredge of the platewas held in position
againstthe reflectorcylinderby 15 springand retainerstudas-
semblieswhichwere screwedinto the pressurevesseldome.

Supportrodswere all 17-7PH stainlesssteelmade obsoleteby
a changeof material.

6. CoreLateralSupport

The lateralcore supportrequirementfor the ICLwi-TNTreactor
consistedof providingfor retentionof the core clustersand peri-
meter slatsin a closedcylindricalconfigurationduringthe assembly,
movement,and checkoutphasesof the TNT experiment.This did not
requirethe sophisticatedlateralsupportsystemused for the Kiwi-
B-4E reactors.

After the corewas “stacked”or assembledonto the supportplate
and the perimeterslatsplacedin position,the corewas “closed” .
or radiallysqueezedby a seriesof Inflatablebands. While in this
closedpositionit was bandedby fiberglassreinforcedfilamenttape .

at five differentaxialstations. The inflatablebandswere then
removed.

The reflecto;cylinderassemblyof the Kiwi-B-4Ewas replaced
by a simplifiedgraphitecylinderthat did not incorporatethe
lateralsupportloadrings,seal,springs,and plungers. This
clearedthe annularspacebetweenthe core slatperipheryand the
reflectorcylinderof obstructions,and providedan accessiblearea
for the insertionof poisonstripsor bladesduringand afterreac-
tor assembly.

The reflectorcylinderwas loweredintopositionover the
stackedcore. Centeringof the corewithinthe reflectorcylinder
was providedat the cold end by the supportplateand the aluminum
spacerring. The corewas positionedwithinthe cylinckrat the
hot end by means of six graphiteplungersthreadedthroughthe re-
flectorcylinderfor adjustment.
not to interferewith moveunt of
poisonfixture.
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Followin~is a tabulationof the coreand reflectorcylinder
assemblywei~htsas assembledat NRDS:

ClusterAssemblies

Fuel Elements

Support
Support

ELement,
Element,

lILement,

Unloaded
Ta Loaded

Stainless

Block,Regular
Block,Irregular
Rods
Cones

Support
Steel

Support
Support
support
support
Py_roSLeeves,etc.
StainlessLinerTubes
SleevePositionerSpring
ClusterPlate,Regular ~
ClusterPlate,Irregular
Bushing,ClusterPlate
Bushing,OrificeJet
OrificeJet
PreloaclSpring
HolderyS@port Rod
Nut, SupportRod Holder
FillerElements
PerimeterSlats
CoolantTubes
ReflectorCylinder
SupportPlate
SpacerRing

Core-CylinderAssembly
TotalWeight,kg

Avg. wt.,
kg

0.610
0.607
0.076

3.300
0.086
0.271.
0.095
0.001
0.097
0.024
0.001
0.012
0.037
0.007
0.0002
0.0002
0.050
0.026
0.015

0.011

122●00
20.42

No.

1542

192
54

1:;

2E
246
246
246
246
169
30
259
1542
1542
259
259
259

48
432
1
1
1

Totalwt.,
Matl● kg

c

U235
c
c
Ta

304ss
c
c

17-7PH SS
Al

30:ss
302ss
u
Al
Al
Al

3&s
303ss
Fe
c
c

Invsr
c
Al
Al

818.08
5k.27

181.36
117.12
32.78
4.10

42.9
14.53
8.13
2:.;;

23181
5*9O
0.18
1.96
1.11
1.81
0.29
0.24
12.95
6.63
3.89
20.53
98.76
4.95

368.29
122.00
20.42

1990.62

In additionthe in-coreinstrumentationconsistingof fourpres-
sureprobesat Station10, Z1.pin shortinggauges.and 10 thermo-
couplescontributedapproximately0.83 kg of primarilystainless
steelto the coreweights.

As a verification,the totslcalculatedweightof all assembled
chsterswas1376.20kg. The actualtot&Lweightof the cluster
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assembliesas recordedduringthe NRW assemblysequencewas
1375.36kg. Figure3-3 showsthe fuel loadingarrangement.

D. ReflectorSystem

1. GeneralInscription

The princip&lsidereflectorof the Kiwi-Breactorswas of
beryllium-tsl, 4-1/2inchesthickradiallyand locatedwithin
the pressurevesseloutsideof the graphitereflectorcylinder.
The controlrodswere locatedwithinthe berylliumreflector,and
functionedbyrotatinga stripof poisontowardor away from the
core. Therewere no axialreflectors.

The reflectorsystemwas assembledfrom 12 sectorassemblies.
Each sectorassemblywas composedof two axial.halves,held together
by tie tubes. Coolantholeswere drilledthe lengthof the sectors.
Otherholes containedberylliumfillerrods,which couldbe replaced
by aluminumrods if necessaryto shim the reactivity. Each sector
assemblywas supportedat the pressurevesseldome end by two
standoffswhich locatedthe assemblyand also took the axialload.
At the nozzleend two standoffswere guidedby the pressurevessel
cruciformbracket,and were constrainedby a nickelhold ring. This
designpositionedthe twelvesectorassembliesintoa cylindrical
configurationto form the reflectorsystem.

Each sectorassemblycontainedone controlrod,mountedcen-
trallyin the sector. The controlrodswere of berylliumwith a
120° sectorpoisonedby BIO boron-aluminumplates. Controlwas
achievedby rotatingthe rods in unisonfrom the maximumpoison
positionwith the platesfacingthe core,to the nxhimumpoison
positionwith the platesfacingoutward. Spiralspringsheld the
rods in maximumpoisonpositionagainststopsuntil the rod actu-
atorswere installed.

Each controlrod was assembledfrom 4 axialsegmentsand two
bearingshafts,all held togetherby means of four tensionedtie
rods. The controlrod was locatedand supportedwithinthe sector
assemblyby two radialball beerings. The bearingat the dome end
of the asseniblyprovidedaxis3supportand positioningfor the con-
trolrod,while the bearingat the otherend providedradialpo-
sitioningonly.

Figure3-4 showsthe sectorassemblycomponents.
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2. TNT Modifications

a. General
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To providefor pin-gaugeinstrumentation,eightpenetrations
1 inchin diameterwere made throughthe reflectorsystem. These
were locatedbetweenadjacentsectorsat 0 = 15° and 2850 at
Stations13, 26, 39 and 51.

Controldrumswere assembledwithoutthe normalannularflow
iqedance rings. The tensioningtie rodswere tightenedto a
high stresslevelto provideadditionalfrictionloadingbetween
the flangeand segmentinterfaces.Controlrod bearingswere
carefullyselectedand lubricatedto obtaina loose-but-smooth
internalfit-up.

Driveshaftassenibliesprocuredfor a discontinuedKiwi-B-
5 reactorwere used. The floatingshaftlengthwas adjusted
to suitthe reactortest cartrequirement.Minor assemblycom-
ponentswere modifiedto permitthe use of thesedriveshafts
with the ICiwi-B-4Eassemblyhardware.

The sectorassemblytie tubeswere tightenedto a higher
stresslevel. The dome-endstandoffsused had a heaviercross
sectionthan the Kiwi-B-4Edesign.

At final.assemblyof the reflectorsystem,fiberglassre-
inforcedfilamenttapewas used to band
perimeterto help retainit in a closed
bandsbetweenadjacentsectorswere not

b. ControlRod Actuation

The hydrauliccontrolrod actuators

the systema%nd the
configuration.Clsnp
used.

used for the Kiwi-TNT
were the normalICLwi-Btypewith incorporatedvelocity-increasing
modifications.The normalKiwi-Bactuatorswere requiredto
rotateat a maximumlimitedvelocityof 450/seein the “out”
directionand 400°/secin the “scram”direction. For the Kiwi-
TIW!reactorthe actuatorswere requiredto rotatein the “out”
directionat a velocityof approximately40000/see,or at nearly
a factorof 100 timesthe normalrate. In additionthe actu-
atorsand controlrods were requiredto reachthe 90° position
simultaneouslywithin0.010seconds(10milliseconds).

Changesmade in the actuatorsand the hydraulicsystemswere:

(1) The
atorwas

area of the hydraulicports intoand out of the actu-
increasedby 50$.
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The diameterof the hydrauliclinesfrommanifoldto con-
valveato actuatorswas increased. .

Close-coupledhydraulicmanifoldswith accumulatorswere .
used.

(4) Controlvalveswith a capacityof 30 gpm were used instead
of the normal3-1/2gpm capacityvalves.

(5) HY~a~ic oil Pressurewas increasedfrom 700 psi to 1350
psi.

(6) Delaycircuitrywas used in the firingcontrolchassis
to obtainthe necessarysimultaneity.

Detailedinformationconcerningthesemodificationsand
the developmenttestingmay be foundin an internalN-4 docu-
ment, titled“Kiwi-TNTControlRod ActuatorChangesand Test
Results.” Figures3-5, 3-6,and 3-7 show the hydra~ic actu-
ator,the controlrod arrangement,and the actuation“package”
duringreactorassembly.

E. PressureVessel

1. The aluminumpressurevesselwas made in two sections,joined
by a clampring over clampring segmnts. The dcmeend had an

.

instrumentationpass-thruopeningin the center. It alsoprovided .
axialsupportand positioningfor the coreand the reflectorsystem.

2. At the nozzleend the cruciformbracketwas boltedto the pres-
surevessel. It servedas a handlingfixturefor the reflector
systemduringthe reactorassemblysequence.

No nozzleouterimpedancerings,flow separationscreen,or
sealswere used on the Kiwi-TNTreactor. All unusedholeswere
plugged. An.externalcoverplatewith drainwas used on site
prior to the test.

F. RemotePoisonFixture

The remotepoisonfixturereplacedthe nozzleof the reactor. It
servedthe followingfunctions:

1. Positionedand held down the reflector
the exit end.

2. Housedthe mchanism for insertionand
poisonbladesin the annulu spacebetween
cylinder.

cylinderand coreat

removalof two opposed .
the core and reflector

lJNCL~SIFIED
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3. Provideda means for tie down and clampingor supportingof
instrumentationoriginatingat or routedthroughthe coreexit.

4. Structurallysupportedamount for an adjustablemirroraligned
to obtainphotographiccoverageof the core exit end.

The poisonbladesand insertionmechanismconsistedto two 3/16-
inch-thickcommercialboral.platescurvedto fit the annularspace.
Eachblade or vanewas mountedon a holdingfixturearrangedto operate
verticallyalongtwo guiderodsby means of a drivenball lead screw.
When fullyinsertedthe bladescoveredor curtainedtwo complete600
sectorsfor the entirefueledlengthof the core. When fullywithdrawn
the bladesdid not curtainany part of the core or reflectorsystemin
the radialdirection. The drivingmotor for the mechanismoperated
both bladesin unison. It was remotelyoperatedfrom the controlroom.

Figure3-8 showsthe assemblyarrangementof the poisonfixture.

G. ReactivityMeasurementson TNT

The reactorwas assembledat the Los AlsmosCriticalAssemblies
Laboratoryfor measurementsto calibratethe controlrods and determine
the shutdownmarginprovidedby the boral safetyvanes in combination
with controlrods.

Chronologically,themeasuringproceededby assemblingthe TNT core
with 135 Ta supportelementsand obtainingdelsyedcriticalwith all
controlrods at 95.9°. The controlrod worthwas then determinedly
incrementalmeasurementsof one rod over the entirerange from 0° to
180°. The reactorwas re-shimmedwith only 60 Ta supportsin the core
and the new D.C.was foundat 50.4°.

Additionalrod worthuasurements showedthe controlrod span to
have increasedby 13.6$,so the previousrod calibrationdatawas ad-
justedby thissmount. The resultingrod worth curvesare shownin
Figure3-9.

Reactivityvaluesof the two boral.safetyvaneswere measured,and
the resultsfor severalconfigurationsare givenin the firstcolumn
of Table 3-2. TNT was 1.3? subcriticalwith twelvecontrolrods “IN”
and the safetyvanes “OUT”. Upon re-assemblyat the NRISMAD Building,
only 54 Ta supportswere used in an attemptto gain 0.25$and hit the
designpoint of 1.00$ shutdown. Multiplication~asurements performed
at theMAD BuildingindicatedthatTNT wouldbe 1.1$ subcritical(rods
“IN”,vanes “OUT”). Coqarison with the Kiva data is givenin Figure
3-10.
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TABLE 3-2

Kiwi-TNTReactivity

.
.

.

.

.

— c“~iw ation

Numberor Ta Supports

1. 2 ‘boml vanes in
12 controlrods at 0°

2. 1 horal vane in
12 controlrods at 0°

3. Bothboralvanesout
12 controlrods at 0°

k. 2 “bond. vanes in
12 controlrods at 1800

5* Controlrods at 50.4°

6. Cont:rolrods at 1800

Reactivity,$
Kiva NRDS testpoint

60

-6.9

-3*7

-1.3

54

-6.2

-3.0

-0.6

-2.0 -1.3

DelayedCrit. +0.7

+7.6 +8.3
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Afterthe reactorhad been takento the Test Pointand the remain-
ing equi-nt installedon the exteriorof the pressurevessel(test
semple~i,Instrumentationtetc.)}a finalreactivitymeasurementwas
made tc)cleterminethe startingpointof the powerexcursion. Datawere
takenfor a numberof shutdowncases,and are comparedin Figure3-10
with clntafrom the Kiva check-out.At this time,TNTwas foundto be
0.6$ subcritical.The correspondingincreasein reactivitywas attrib-
uted to addedreflectionfrom the equipmentinstalledon and abovethe
pressurevessel.

The finalpoint of significanceis that for controlrods all the
way out duringthe test,TNT was 7.3$abovepromptcritical.
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Chapter4

RESULTSOF THE KIWI-TNTEXPERIMENT

A. General

An extensivemeasurementsprogxxun
includedconventionalinstrumentation
especiallyfor this test.

was undertakenfor the testwhich
as well as techniquesdeveloped

Measurementswere made of the followingquantities:

1.

2.

39

4.

5.

6.

7.

8.

9*

10.

11.

Reactivitytimehistory

Fissionrate timehistory

Totalfissions

Core temperatures

Corepressures

Coreand reflectormotion

ExterneJ.pressures

Radiationeffects

Cloudformationand composition

Fragmentationand ParticleStudy

Geographicdistributionof debris

In additionto thesemeasurements,high speedframingcameras
recordeddetailsof the excursion. Figure~1 is a colorphotograph
takenabout5.4 secondsfollowinginitiationof the excursion.
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The results reported herewere abstractedand summarizedfrom the
referencedreports. For detailsof the measurementtechniquesand in-
terpretation,the readershouldreferto thesereports.

B. DetailLedResults

At the initiationof the excursionthe reactorwas a~ut 0.60$
subcritical.The twelvecontroldrumswere rotatedoutwezdat a
ratewhich variedfrom an initialrate Or 15000/see” to a M-

ratewhichexceeded@X)”/sec. Table&l liststhe time historyfor
pOSjLt~.011 and COZ?3WSpOding X’eactivltyinsertion,zero timebeing
takenas the secondduringwhich the excursiontookplace. Table
4-2 liststhe timesof otherphasesof the excursion. The photo-
~apld.tallyderivedeventsshownin the tableappearto be timedto
within0.4 msec. This e310wsfor subjectiveerrorsin picturein-
teqnwtationand for the timeresolutionof the Fastaxfilm. All
timesare relatedto the peak of the excursiongivenby the collima-
ted gsmmadetector.

In adtitionto othermeasurements,the excursionwas photo-
gra@ically recordedby high speedcsmeraa. This system,described
in Chapter2, utilizedfourFaetaxcamerasfor overalltiewsof the
reactorand two Dynafaxcamerasfor photographyof the upper core
end. An eightpictureFastexsequencetakenat 383o frames/see is
shownin Figure4-2. Eachphoto in this sequencewas scsnnedwith
a microdensitometerusinga WrattenNO. 96 filterto determinethe
timeof maximumair fluorescencecorrespondingto peak powerwhich
occurredbetweenframesfour and five. This event$andthe timebase
recordedon thisfilmwere used to correlatethesedatawith the
fissionrate timehistory. The threeencapsulatedfluxmonitors
placed1 ft ativethe core topwere obscuredby the risingvapors
betweenframesfive and six in thissequence. Thesemonitorscan
be seen in the firstfour framesof this sequence in the top ele-
vationof the core shownin Fig. 3-3 and in Fig. L 3. This event
waa used to establishtime correlationof the Bynafaxfilmswith
the :Fastaxfilm. Unknowntimedel~s in the electricaltimingand
time correlationsignalsto thesefilmsprecludedtheirbeingused
for the intendedpurpose. Also both Dynafexfilmscontaineda mul-
titudeof marksratherthan a singletime correlationmark; thus,
the need to correlatethesedata in the abovemanner.

!WO six-fr~ wax sequencestakenat 23,680fremes/sec are
shuwnin Fig. 4-3. The streakof lighton the left of the pictures
in Pig,,&3a is a sun reflectionfrom the shninum structure.The
dim illuminationof the surfaceof the core is due to the lightfrom
the IWC}banks of photo-flashbulbswhichwere firedby the 10~=

—
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TABLE 4-2

Time Historyof Excursion

Relative
Event The, msec

F-O

Rod MotionStarts(AvTime)

Rods at DelayedCritical(38”-AvThe)

Rods ELt PromptCritical(58”-AvTiIIE)

GammaTrigger(1015lRLssions/See)

Rods at 180” (AvTime)

FirstVisibleInterns3NuclearHeating

CoreMotionStarts(Center)

Cooled,VaporStertsto Obscure
CoreEnd

MaximumAlpha (16&)sec-~)

PressureVesselRupture

ExcursionPeak

FluxMonitorCapsuleObscuredby
RisingVapors

Vaporsat MirrorBottom

MirrorHalf Obscuredby RisingVapors

InitialVaporJet Velocity(at CoreTop)

41.45

88.74

110.74

117.24

143.30

151.24

152.6A

152.96

153.14

146.2-
153.2

155.32

155.45*

155.85-

157.93

159.59

Time from Start
of Rods,msec

o

22.00

28.50

54.56

62.50

63.90

64.22

64.40

57.46-
64.46

66.58

66.71

67.sL

69.19

70.85

1250 ft/sec

X Fe,st~xtimingcorrelatedto neutronicmeasurementtimingthrough
maximumair fluorescenceat thisevent.

W Dymfs.x and Fastaxfilmstime correlatedby this event.
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fissions/seetrigger. The thinblacklinesare jointsin the mir-
ror. The encapsulatedfluxmonitorscan be seenat the 90, 180, and
270°positions. The diagons3bar supportinginternalinstrumenta-
tioncan alsobe seen. Only alternatepictures,or everysecond
frsmeactuallytaken,sre shownin thesesequences. In the upper
portionof picturenumber1 in Fig* ~3a one sees the firstViS~
indicationof selfilluminationdue to fissionheating. This appews
as pin pointsof lightemergingfrom the interiorof the reactor
throughcoolantchannelpassages. The highestnumberof fissions
per gram of uraniumis knownto occurat the fuel-reflectorinter-
face. This probablyaccountsfor the more intenseilluminationat
the coreedge. The otherframesin this sequenceshow increasing
self illuminationaroundthe edge as well as in the upper sectorof
the core. picturenumber6, Fig. 4-3b,was exposedat peak power
and showsfluxmonitorsat the 180°positionto be nearlyobscured
by the risingvapors. Otherframesin this sequencesre prior to
peak power and show the risingtorusof vaporincreasingin br@ht-
nesswith time.

2. FissionRateTime History

The timehistoryof the energygenerationwas of prime importance
in the understandingof the energyreleasemechanism. The fission
ratewas inferredfrom a measurementof promptgammaray emission
usinga systemof photocellsand fluors. The system,describedin
Chapter2, consistedof six uncollimateddetectorsand one fast
neutrondetector. Thesedetectorswere calibratedduringprevious
reactortestsin the Kiwi-B4E-301test seriesto obtainthe ratio
of gammaflux at the detectorto neutronfissionsin the core. Two
were placedon the pressureshellto recordeaxlyhistory,twowere
positionedat 24 feet from the reactorto detectintermediategamma
levels,and fourwere positionedat 800 ft to coverthe peak rate
of the event. The rangesof sensitivitiesof the detectorswere
selectedso as to ncludeapproximatelysevendecadescoveringpower

tlevelsbetween101 fissions/seeand 1023 fissions/see.Individual
detectorsrecordedover a rangeof one and two decades. Measurement
of alpha,or the reciprocalperiod,was obtainedby takingthe loga-
rithmicderivativeof theserecords.

A semilogcompositeplot of thesedetectorsis shownas a part
of Fig. 4-4. The shapeof the peak in this curvewas obtainedfrom
the collimateddetectortraceelso shownin the figure. The peak
ratewas 1.1 x 1023 fissions/see.This valueis believedto be
withinbetterthan 50 percentof the truevalue, the errorin mea-
surementarisingfbomuncertaintiesin detectorcalibrationand
variationin the core flux distributionduringthe test from that
which existedduringthe calibrationruns.

.
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Figure4-5 showsthe resultsof the logarithmicderivation.
The alphawas sensiblyconstantoverapproximately6 decadeswith
a valueof 1680 t 50 gen/sec.

3* Total Fissions

The primarymeasurementsof the totalenergyreleaseand the
fissiondistributionwere obtainedby radiochemistry.5Totslfis-
sion datawere obtainedby threedifferentmethods. The firstwas
based on analysis
vslue of 3.12x 10% Ej~%?

ess steelcenterelementsgivinga
The secondmethodwas based on an

analysisof the identifiablepiecesof inletend fuel st 1 remain-
ing on the test cart. !l!hisdeterminationgave 3.08x 10% fissions.
The thirdmethodmade use of one externalneutronfluxmonitorwhich
was recoveredafterthe test. A value of 3.5 x 1020 fissionswas
obtainedfrom it. This latterdeterminationwas expectedto be
about10~ high due to externalmodificationsin Kiwi-w as compared
with lCiwi-B-4Eon which the fluxmonitorshad been calibrated.

Radisland axislfissiondistributionswere determined by
analysisof 13 solidstainlesssteelelementswhichwere substituted
for graphitecenterelementsat four differentradiialongthree
radiallinesand one alongthe core axis. All of theseelements
were recoveredfollowingthe excursion. The axialfissiondistribu-
tionwas derivedfromresultsof radiochemicalanalysisof ssmples
cut at fiveaxiallocationsfrom the centerelement. The radial.
fissiondistributionwas determinedfrom samplescut near the mid-
plane. The resultsare shownin Figures4-6 and~’i’.

The resultsof the analysisof fuel ssmplesscollectedon the
groundafterthe test are shownin Table4-3.

4. CoreTemperatures

a. ThermocoupleMeasurements

Six of the sevenW/W-Rethermocouplesgave tracesas shown
in Figure48. The identificationin this figureincludeschan-
nel numberand locationin the core,e.g.,T.105.YAis the chan-
nel number,2LOEM-S26 indicatesthe locationas beingelement
G of the fourthclusterin the E row in the 600 sectorcentered
aboutthe 210° azimuth(seeFigure3-3) and s26 or Station26
givesthe axisllocationas 26 inchesabovethe core inletend.
Thesemeasurementswere made in the eventof a low yieldexcur-
sion. Sincethe excursionwas large,the tracesleveloff or
decreasein smplitudebeforetheirfull temperaturecapability
was reached. This is due to shuntingeffectsin the magnesium
oxideat high temperatureand possibleradiationinducedioni-
zation.
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The curvesshouldbe accuratestoapproximately60~ of the
maximumreached. The initialscatteris due to improperzero
suppressionon the thermocouplechannels. Two dummythezm-
couples(21oE4G-s26 and 00C-S26) utilizingtungsten-tungsten
junctionsgave no noiseor radiationpickupindicationsduring
the thne intervalshownin Figure4-8.

b. BrightnessTemperatureMeasurement

Brightnesstemperatures(3750to 675o~) shownin Fig. 4-9
were obtainedby threecalibratedcameras.8The Photo-Sonic
csmeraresultsare consideredmre reliableand indicatea maxi-
mum brightnesstemperatureof 3520”Kat 10 msec. A calibrated
grati~gspectrographrecordedthe spectralbrightness(4000to
6gOOA) as a functionof time7as shownin Fig. 4-10. The msxi-
mum brightnesstemperatureobservedwas 3200°Kat 25 msec. The
observedspectrumwas generallya continuumwith a few bgoad ab-
sorptionbands. An earlyabsorptionband at about 5900 A could
be due to the high pressureC2 systembut this cannotbe conclu-
sivelyconfirmed.The earlyattenuationof greenand blue wave-
lengthsmay be due to selfabsorptionor CO absorptionbands.
At 30 msec severalweak absorptionfeaturescorrespondclosely
to CO band systems. A possible~ourcefor the emissionband
startingat 40 msec is the 5586 A C2 system.

The differencebetweenthe two measurementsof brightness
temperaturesarisesfrom the differencein the analysisof the
two setsof data. The brightestspotsof a ratherinhomgeneous
luminousmasswere used in the anslysisof the csmeradat~where-
as the spectrographslit integratedthe lightemittedby a larger
area. It shouldbe pointedout that thesemeasuremmtsprovide
informationon surfacetemperatureonly;therefore,a lowerlimlt
to the maximuminternaltemperature.

5* CorePressures

None of the threemeasurementsmade of internalcorepressures
yieldedmeaningful-results. Apparentlythesetransducers,Physical
SciencesCorporation,typePT1021,did not functionproperlyin the
radiationenvironmentof the test. The faultis thoughtto be due
to radiationeffectsupon the transistorizedAC demodulatorsin the
bunkerratherthan in the transducersthemselves(seeChapter2, D-l).

6. Core and ReflectorMotion

Coreand reflectormotionwas successfullymeasuredat four
sxiallocationson the outersurfacesof theseccinponentsusing a
“shorting”pin techniquedeveloped or this test.eThe displacement

%VS. time historyis shownin Figure -1~:.
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Core &kplacementmeasurementsusing a linearvariablereluc-
tancetransducerdid not givemeaningfuldata.

7. ExternslPressure

Dualrangevariablereluctancepressuretransducersplacedat
two radid.(5 ft, 30 ft) positionsfr~ the fiwi-m locationgave
erraticindicationsstartingat the time of peak power and did not
yielddata. Tvo setsof unbendedstraingaugepressuretransducers
were locatedat 100 feet. One set scaledfor Y 0.50psid ftiU.range
went ftiLI.sc~e at approximately69 msec afterpeak power. Two of
threepressuretransducersset for t 5 psid indicatedapproxhately
3-5psi at 69 msec afterpe~power. All pressuretransducersat
100 feetexhibitedsensitivityto transientgammaand thermalradia-
tion effectsand were quitenoisyat the time of the pressme pulse.
The pressurepulsesdecayedwith approximatelya 10 msec time con-
stant●

8. Radiation~fects

Documentationof the ratiationeffectswas accomplishedby
inte al neutronand gammadosimetw$ggsmmadoserate determina-

Ftion ,“andair samplinginstrumentation~l

Integrs3neutronand gsxnadoseratesswere dete~nedby a
largenumberof neutronthresholddetectorsand gamma-sensitive
glassdetectors. The actualintegraldosesas a fiction of dis-
taucefran the testpointare shuwnin Figure4-12. The integral
neutronflux distributionis shownin Figure4-13.

Isodoseradiationcontours resultingfrom the dispersalof
debrisnear the testpoint- shownin figure4-14. The &tame
normzd.izedto one hourpast test time. Similardownrangevalues
are shownin Figure 4-15s

The radiationlevelsproducedby the effluentcloudwere IM?a-
sured?2bya varietyof equipmentincludingair samplers,resin-
coatedtrays,and dosimetrysystems. Thesewere locatedat 10°
intervslsbetween18o and 2700 on 4000,8000,16000, and 32000 feet
as wellLas at approximately12} 25, and 50 miles. The actualdosp
ages on the cloudcenterlineat the t- of cloudpassage=e shown
in Figure4-16. Measurementson the activitydepositedper unit
area are shownin IH.gure4-17.

The calculatedthyroiddose due to inhalationof iodineiso-
topespresentin the effluentcloudis shownin Figure4-18.
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9. CloudFormationand Composition

The rapidinsertionof 104MW-secof thermalenergyinto the .
fuel fragm~ntedand partiallyvaporizedthe core. After one second
the hot vapqrand pulverizedmaterielwas about150 feet in diam-
eter.

After threeminutesthe resultingcloudhad stabilizedat an
averageheightof 2500 feetwith a verticaland horizontaldiameter
of about2000feet. !lypicalviewsofthe excursionat 0.05,0.5,
l& and 5 minutesafterinitiationare shownin Figures4-19 through

● Cloudheightsat 0.5, 1.5, and 5 minutes=e about650, 1450,
and 2600 feet,respectively.

The cloudwas elongatedverticallywith a stemextendingtoward
the groundand was drivendownwindat 15 to 25 milesper hour. A
wind shearat 6000 feet causedthe cloudto separateinto two parts
whichmergedagainabout12 miles downwind. Figure4-23 givesthe
wind conditionswhich existedduringthe test and the generaldirec-
tion of the cloudmotion.

Two B-47-Caircraftbegan collectingsamplesfrom the cloudat
a distanceof aboutone mile from the test siteand continuedssm-
plinguntil the cloudhad moved abouteightmiles fartherdownwind. .

The firstcloudpenetrationoccurredaboutsevenminutesafterthe
testand the last 25 minutesafterzerotime. =ch lane in ten

tpassescollectedthe fissionproductsfrom about101 fissionsin
.

each of two wing tip ssmplingunits. ,.

Table4-4 showsthe resultsof a fissionproductanslysis9of
a ssmplecollectedin the cloud. Withina factorof about1.5, all
fissionproductswere releasedto the cloudto the sameextent. It
is estimatedfrom two independentme ods that abouttwo-thirdsof

t+the refractorymaterialssuchas Ndl and M099 generatedin the
corewere releasedinto the cloudand a largerfractionof someof
the more volatilematerials. Such a lsrgereleaseis presumablydue
to the explosivevaporizationof the pyrocarboncoatedUC2 fuelbeads.

The maximumenergyper cubiccentimeterof fuelmaterialwas
sufficientto vaporizeonly a smallfractionof the graphitematrix
surroundingthe fuelbeads. In the regionof maximumfissiondensity
aboutone-thirdof the graphitematrixmight havebeen vaporized
while in the minimumenergydensityregionthiswouldbe a factorof
five lower. Any fineparticlesof graphitepresumablywere burned

.

in the air or quicklyfell to the groundsinceno significantamount
was detectablein the cloud. An appreciableamountof niobiumoxide ..
waa presentin the cloudfrom vaporizationof the niobiumcarbide
claddingmateria3used on fuel components.
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Resultsof Anslysesof a SampleCollected
l?romthe TNT Cloudby B-57 SsmplingAircraft

Ratioto Uranium EnrichmentRatio:
(fission/gsm )

7
Ratioto I?d147

Isotope (unitsof 1015 (fissions/fissions)

Srag
~91

Zrs5
~99

&
111

(ldlls

s#?7

pal

Te1s2

1133

I135

Cs136

Cs137

~140

Celu
~d147

2.77

2.88

2.88

2.22

2.19

2okI

2.87

--

3.11

--

--

3.14

2.55

2.88

2.52

2.21

1.16

1.30

1.30

1000
O.gg

1.09

1.30

~.8 - 2.8*

1.41

1.3 - 1.9*

0.6 - 0.8*

1.42

1.05

1.30

1.14

.

.

-

.
.

.

+CValuesfor I euic~nt are qu~itative ~d were obtainedby gamma
analysisof two piecesof filterpaperfrom the cloudssnples.
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10 ● I%p ntationand ParticleStudy

A considerable”effortwaa expendedin
dewloping technicalskillsin collecting,
particleswhich resultedfrom the KLwl-TNT

,’

evaluatingmethodsand
sizing,and characterizing
excursion.

Data on fra@wnt size and distributionwere obtainedwith a @de
varietyof samplingtechniqueswhich includedmacrotrays,microtr~s,
resin-coatedtrqm, groundsurvey,and groundpickup. An evaluation
of the collectingtechniquesand experimentalresultsalongwith a
comparisonof the ant size end distributionwith otherRover
fvel fragmentationexperimentsis reportedelsewhere.1=

At leastthmsesystemsof particlesor fragmmts can be identi-
fied ftvmnumerousphotographssuchas shownin Fig. kl. The first
consistedof the largefiagwnts includingparticlesgreaterthan
0.5 in. The secondsystemof particlesare thosethatwere slowly
drainedfrom the risingdebris,while the thirdsystemincludespar-
ticlesadsorbedon the dust and sandwhich admixedwith the debris
were depositeddownwind.

Six generalclassesof individualparticleswere identified
in the reactordebris,(1) fuel cores,fuel core shells,and fueled
matrixs 3/4 in. > 150 y; (2) fuel coreshellsand fragments< 150 ~,
fuel coresc1OO ~; (3)pyrographitepieceswith dl.mpledflakey
surfaces;(4.)unloadedgraphite200 ~ to 15 in. long; (5} spherical
@ass balls of fusedsand 53 to 2000 p in diameter;and (6)miscel-
laneousdebrismakingup 23$ by weightof the totalsaple collected.

The resultsof theseexperimentswere not e~ected to be appli-
cableto a deliberatepost-operationaldestructionof a reactorin
space due to the largemount of desertdebrispresentand the
insufficientmegnitudeof the excursionfor completefuel fr~en-
tationby uraniumbead explosions.

Withina 25,000-ftradius,only about 50~ of the coremateriel
couldbe accountedfor. The remainderpresu?wiblyeitherburnedin
the air or was so fine as to be csxriedfurtherdownwindin the cloud.
The combineddistributiondata for the matetialcollectedis shown
in Table 4-50 The averageweightin eachparticlesize classwas
determinedexperimentallyfrom 100 to 100,000~. Fig. 4-=24represents
the totalweightin each size classfor the materialthatwas recovered.

!Pheradioactivityof the largerparticleswas foundto be homo-
geneousand proportionalto the surface=ea of the particles,pre.
sunmblydue to fuel vapordeposition.The gammaspectrumwas essen-
tiallythe same for all particlesexceptfor the case of the glass
beads foundin the thermsJ.lyhot cloudwhichwere somewhatenriched
withinelementsin the lkl chain.
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TABLE‘4-5 .

Numberof ReactorFragmentsin VariousSize Classes

Size Range
Diam,u

2.8 - 3.2

3.2- 600

6-N.

Xl - 22

22 - 44

44 - 53

53 - 62
62 - 74

74 - 88

88- 105

105 - 125

125 - 149

149 - 250

250 - 500

500 - 1000

1000 - 2000

2ooo -

4mo- 8000

8000 - 16000

16000 - 32000

32000 - 64000

64000 -128000

>128000

WCMSIFIED

No. of
p83ticles in

Size Range

7.8 x log

102 x 1010

2.4 X 101°

2.1X 1010

7.6 X 109

4*OX 109

1.0 x 109

5.2x 108

2.6 x Los

1.3 x 108

9.4x 107

8.5x 107

4.8x 107

1.1 x 107

1.9 z 107

1.1 x 106

1.6 X 10=

6.3x 104

2.6 x 104

1.3 x 104

6.8x 103

2.8 x 1.03

106 X 103

10.44

16.35

27.26

27.62

Total.7.5 x 1010

10.10

5.33

1.36

0.70

0.34

0.17

0.13

0 ●l

0.06

0.02

““ ““3* : “;= .90
::

●:::0 : ●●;0.
● * ● oo ●:0 ● 00 ●:0 . . ●

●

● :::.: ● *..
●*.-e ● O*

● ** ● .

$ of Particles
fhwil.lerThan
Upper SizeLimit

10.44

26.79

54.05

81.67

91077

97.10

g8.46
.

99.16

99.50 .’
99.67

gg.80
.

99991

99.9’7

99*99
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lJ. GeographicDistributionof Debris

It is estimatedon the basis of the totalenergywhichwas pro-
ducedby the excursionthat only 5-15$of the core couldhavebeen
vaporized. The uncertaintyis due to lack of knowledgeof the exact
isotopiccompositionof the graphitevaporreleasedunder the time-
temperature-pressweconditionswhichexistedin the core.

The wind at the time of the experimentaffectedthe geographical
distributionof both smalland largefragments.A numericalcount
and geographiclocationof the largerreactorf’nqgaentswas obtained.
Two categories(fuelelementsand unloadedcentersupportelements)
were sizedand foundto fit a normaldistributionwith a mean value
of 0.90 inchesand a standarddeviationof 1.15 inches. The smallest
sizewas limitedto 1/4 inch sincethiswas the smallestfragment
that couldbe easilyseen in the field.

For collectionpurposesof the reactorfragments,the test area
was dividedinto 50 foot,450 annularsectorsfrom the testpoint to
a 500 footradiuswith 250 foot,45° annularsectorsfrom 500 to
1000 feet. Sevensize classesrangingfrom 1/4 inch to 32 inches
were used to categorizethe fragments.

Full lengthfuel elementswere nonexistentafter the test. The
core supportplate survivedand was the sourceof identifiable
piecesof fuel from the inletend of the core (Figure4-25). Most
pieceswere about4 incheslong. The desertaroundthe test site
(Figure26)was strewnwith shortpiecesof fuel. On many of these
piecesa boss, characteristicof the outletend of the fuelelerwmts,
was stillvisibleso that it seemslikelythatmost of thesepieces
originatedfrom the lowerfluxregionat the upperend of the core.

A largenumberof graphitesupportelementpiecesabout4 inches
longwere collectedas well as fragmentsof the graphitereflector.
Due to the absenceof uraniumin thesefragments,theywere not
heatedto as high a temperatureas the fuel or sub$ectedto the in-
ternalfr~ntation forcesproducedby the explosionof fuelbeads.
The fuelplus supportelementfragmentscollectedaccountedfor 28~by
weightof the initialcorematerial. This includedl$l~ofthe initial
fielelementmaterialand 74$ of the initialsupportelementweight.

For the purposeof debrismapping,the area aroundthe TNT site
was dividedinto sevunsections,six 600 sectorsplus the areawith-
in the TCC perimter fence. Seventeamswere organizedto locate,
identify,mark, and recordthe positionof reactordebris. Pieces
smallerthanaboutthreeinchesin lengthwere not mapped. Position
estimatesare probablyaccurateto 5$ in overallvalue. Table 4-6
is the record of debris located in the~PpiM effort. The pooition
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is plotted
ures 4-28,

The heaviestpiece foundwas a portionof premmre vessela~-

in Figure4-27which ohowsthe centerof the site;Fig-
h~., 4-3~,end 4-33.show the surroundingquadrants.

proximatelythreefeet squareand weighing148 pounds. It was -
lclcated750 feeteast of the reactoron the rai~oad trackO &other
piece of pressurevesselweighing98 poundswas foundbetween180°
and 225° at 1500 to 1750 feet. A numberof piecesweighinga few
pcundswere foundbetween2000 and 2500 feet from the reactor.
About 90$ of the berylliumcontroldrumswere foundin piecesa foot
or so long and weighingapproximatelyninepoundseach. The re-
ccweredpressurevesseli%agmmts are shownin Figure4-32.

Cleanupof the emeawas performedby segments,and debris
pickedup was markedto identifythe angleand distanceof its loca-
tion. After the activityof the recovereddebrishad subsided,it
was examinedto checkpreliminaryidentifications,and some of the
pieceswere weighed. S- externalsampleswhichhad previously
been overlookedwere identified.
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Chapter5

~ EXPERIMENTS

A. Why the AuxiliaryExperiments?

The IC1.wi-TNTexperimentwas expectedto providean externalflux
of a magnitudeand characterwhichwas unobtainableby any othermeans.
It thereforeseemeddesirableto do a numberof experimentswhichwould
extendthe knowledgeof fuel damageintoa hithertounknownregion.
Many externalfuel samplesfrom the LASL and otherinvitedorganizations
were included.

Sinceresultsof the primaryTransientNuclearTestwould show only
what happensto a specifictype of Roverfuelmaterial,it was felt that
a betterunderstandingof the mechanismof fuelbreakupmightbe ob-
tainedif a numberl~fexperimentswere carriedout whichused various
fuelmotldfications.Thiswould not only refinethe inputdata for cal-
culationsused in predictingthe behaviorof nucleartransientsin Rover
typereactors~sbut would also contributeto an understandingof the
fuelbreakupmechanismof interestto ultimatereactordisposalin space?

B. Pre-TNT

In connectionwith fuel fragmentationstudies,therewere several
preliminaryexperimentsin 1963 and 1964. Small samplesof Rovertype
fuelwere irradiatedduringtransientsin the followingreactors:
TREAT(assistedbylkrgonneNationalLaboratoryat NationalReactorTest-
ing Station,Idaho),SPERT-1and SNAPTRAN2/10A-3(assistedby Phillips
PetroleumCoMPanyat NationalReactorTestingStation,Idaho),and
TRIGA(a General Atomicsreactor,assistedby U. S. NavalRadiological
DefenseLaboratory).Anotherirradiationwas made duringALVA, an un-
dergroundbombtest in Nevada.

The firstsignificantresultwas obtainedin the SNAPTRAN2/10A-3
test. This indicatedthat therewas significantmatrixdamageif the
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fuel smq?leunderwentat least1015 fissionsper gram U-235 duringa
transientwhoseperiodwas about0.7 millisecond.

c. Pmepmrationsfor Kiwi-TNT

1. !ShockTests

It had been calculated%hat velocitiesof piecesof beryllium
reflectorand aluminumpressurevesselthrownfrom the TNT might
be like 1000 feetper second,and therewas concernabout the sur-
vivabilityof samplesin capsules. Severaltest#7were performed
to studyand improvethe chanceof recovery.

Initially,two proposedcapsuledesigns,with dummygraphite
samples,were impactedby an elumlnumprojectilefrom a propellant-
firedcannon. The capsuleswere severelydamagedand the samples
were shattered.

It was then suggestedthat a foamedAdiprene(a syntheticrubber-
likematerialcontainingC 63.3 W/o$ H 9.3 W/Oj N 4/23 w/0> -d
O 23.17 w/~of about20 poundsper cubicfoot density)couldbe
used to shock-mountsmallcapsules. The stresseson a capsulewere
simulatedby settingthreedummycapsulesinto a 4-inch-diameter
cylinderof the Adiprene,and firingthe assemblyout of a gun so
as to accelerateit to 1000 feetper secondin a distanceof about
28 inches. The samplessurvived,and the mountingmaterialwas
aohptedto the GroupN-1 and N-2 experimentsin the TNT.

2. Flux Calculationsand Measurements

Machinecalculatiomlsgavean averagevalueof the flux ex-
pectedat the surfaceof the reactorpressurevessel. Measurements
at the Paflaritocriticalassemblyfacilityindicatedthe relative
drop-offof the flux in air, and
shock-mountingmaterial.

Figure”5-1is a plot of flux
vessel}adjustedto an excursion
btw valuesare thosemeasuredly
(whichwere mountedin Adiprene)

the nucleareffectof the Adiprene

versusdist ce from the pressure
of 3.1 x 10% totalfissions. The
radiochemistry60factualsamples
in the TNT. The solidline rep-

resentsaveragevaluesfor samplesmountedin Adiprene. Note that
r(~lativeto its ~ue in air, the flu is enhancedby the Adiprene
at c:lose-inpositions(by scatteringand themalizationof the
neutrons)and fartheraway it is attenuated. The dashedline rep-
rt~aentathe ~ue of flux in air, as detetined by relativeme&sllre-
ments at Pa@rito. All thesevalueshold only on a radialline
midwaybetweencontrolrods and axiallyat the core centerline.The
TNT sampleswere positionedthisway. Thereis a largeradial

.
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variation(becauseof shieldingby the poisonmaterialin the con-
trol rods) and a smalleraxialvariation.

D. Rover-ConnectedCapsuleRcperiments—.

1. General.—

The Directorof RoverFlightSafetyaskedthat the following
parametersbe studiedfor theireffecton breakupof fuel during
the TNT-typetransient: bead size,pyrocoatthickness,temperature,
and previousirradiation.It was furtherplannedto studythe
temperaturehistoryof individualfuelbeadswith miniaturethermo-
couples. A positiveradiochemicalmeasurementof the reactorfis-
sionyieldwas also needed.

2. The Group N-2 Experiment

The pre-TNTand otherprelimi~ work for the Kiwi-TNTexternal
experimentshad been donewith the aid of Group N-2. In numberof
samples,the largestexperimentin the TNT was performedby this
group. Samplesof 20 variationsof fuel (Figure5-5)were placed
at each of four generalfluxpositionsto covera rangefrom the
maximumavailabledown to a valueoverlappingwith the SNAPTRAN
experhent. Thesefluxesand positionsare indicatedby the bar
valueson Figure5-1.

Figure5-2 is a drawingof the capsuleused. The photograph,
Figure5-3,showsthe capsuleand a typicalblock of Adiprene,and
Figure5-4 showsthe setupin place next to the reactor.

Detailedresultshave been reportedin severalpapers.
In general,therewere the followingobservations:(1) the most
significantparameterwas fissionsper man of uranium,(2) at high-
er fluxes,sampleswith largervolumepercentof particlesshowed
more matrtidamage,(3)~articleswith largercoresare damaged
scmewhatmore easilythan thosewith smallercores$(4)particles
with thickercoatingsshowedslightlyless damageunder similar
flux conditions,and (5)preirradiationin a full-power,fhll-dura-
tionrun (Kiwi-D-4A)causedno observabledifferencein breakup.

Sampleswere studiedin the followingways: (1) visuallyat
low magnification- to look at grossmatrixdamage;(2) metallo-
graphically- to look at migrationof particlecorematerial,coat-
ing ruptures,detailsof matrixruptures,and resultantexpulsionof
carematerial;(3) by microradiographyand autoradiography- con-
firmingand extendingthe informationfrommetallography;and (4) by
radiochemistry- for relativegammaactivityof all samples,and
ccaspleteanalysisof a few to determinethe absoluteactivity-

.
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Figure5-3
EightN-2 capsulesand
one Phillipscapsulein a

typicalblockof
fosmedAdiprene

● 9 ● *9 9*. . . . . .
● **O
● *● 00: ~(5 .: ; :.”
● O**

● * ● ** . . . ..: .:. . .
●

●

✚
●

● omo* 99* ● 0

.

.

●

.

.

.-

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

.

.

.

.

.

● ☛ 99*● .O. O.: 9 ● *

●
●
●

●

● O . . . ● O* ● *O ● 9* .0

● ● *b
● :m. . .. ::

● 00.● :

●
::●:0 : ●:0 :00 ● *

UNCLASSIFIED

II 1 1 Ill 2 Ill 4
13

4 Ill 4 5

4.8 x 10” 3.0 X 10A”_ H
19 Net Recovered III!A ‘“(l‘

2 1 2 3 1

16.9 m

G#@jJ +’

S.9 x lots 6.0 x lol~ 3.00 X 1#4

8.9 la
( LMsml.ed pC# Di8901w4 fOC

f.. rulch)1_ RUlioch.ti. *I’

“.l II ‘R Ill m r; @ l—i @
4 6

S.o x 1015
15 14 2.73 x 1014

7.1
< + ‘*f + ‘“@j O&.lveLl f..

1 RtihCkt@tfY

2.6 x 1014

11.s m m m
n@

2“6 llGSaa Ill “ 111= =1114 “ ‘
II ..7 x lCW Ill Ill 4.9 x 1014 _lll

19.0 W

~= “L:+j2‘“”g’ “[1 ‘“”q

8“’ e ‘% “ “R
3.0 X 1014

Figure5-5. N-2 Samples in Kiwi-TNT

● 00 ● .** ● e. 9*

●*.9*.* 8*
●

● :
● ~“12!! ;:O:Oi

● 0 ●:0 ● 00 ● *

#e.*** ● 9*
● e ● ao, mm ● *

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ☛ ●0: ● 00 ● 00 ● .9 ● e

● 0 ● 9

● *** : ●:00

● ,9*
● * : : :0

.0 9.: ●:9 ● ● 9m ●

(adjustedf~~ Loss of fissionproductsto the steelcontainer)-
statedin termsof fissionsper gram of uranium(93%enriched
U-235).

Figure5-5 consolidatesall thesedata. All ssmpleswere 0.25
inch in diameterx 0.50 inchlong,with 0.1 inch diameterhole. All
were extrudedexcepttype 2. The particlevolumeloadingis the
percentof totalvolumeof materialoccupiedby p=ticles (coreplus
coating). In the blockfor each sexpleis giventhe value of flux
(fissionsper gramuranium(93$enrichedU-235) ) as determf.nedby
gammacountand ratiochemicalanalysis.

The sketchat the left of eachblockpicturesthe conditionof
samplematrixas removedfrom its capsule. Photographsin Figure
5-6 showfour typicalmatrixdamagecategories;sampleporousor
powdered,major cracks,minor cracks,and like new.

The sketchat the rightof eachblockpicturesthe condition
of ~articlesas exeminedby metallography,micro-and autoradio-
graphy. Photographsin Figure5-’7show six typicalparticledsm-
age categories: (1)particlescompletelydestroyed,uraniumdis-
tributed,matrixshattered,(2)particlesall broken,associated
matrixcracks,uraniumdistributed,(3)psrticlescracked,asso-
ciatedmatrixcracks,uraniumalongcracks,(4) no macroscopic
matrixdamage,brokenpsrticles,most uraniumin particles,(5) no
macroscopicor microscopicmatrixdmnage,some coatingremainedj
coresmelted,and (6) no observablechangein matrixor particles.

3. The Group N-1 Experiment

In orderto studythe effecton fuelbreakupof a temperature,
representing“after-heat”in an orbitingreactor,N-1 was askedto
preparessmpleswhichwouldbe at elevatedtemperaturesat the time
of the transient.Miniatureshock-mountedfiqmacespoweredby auto-
motive-typebatterieswere used. Figure5-8 is a photographof a
furnace,and Figure5-9 showssf.xof themmountednext to the re-
actor. Two furnaces(oneheatedjustprior to the excursionto
2100°Cand one to 24000C)were placedat each of threedifferent
flux regions. The samplesthemselveswere identicalto one of the
typesin the N-2 experiment,and post-testexaminationswere con-
ductedtogether.

.

.

.
.

.

The conclusionwas that thereis no significantchangein damage
due to an initialtemperatureof the Samplexsthat is higherthansm-
bient. The heatedsamplesappearedto sufferonly slightlymore
-e under s~lar f’luxcon~tions. wt~led remits are included
in Refennces 3 and 34. ~
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Figure5-9 At

right, six N-1 furnacesin”Adipreneblocks
mountednext to the reactor

left, 2k Argonne capsulesspacedout on
hangersto providewide rangeof flux
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4. The GroupJ-8 Experiment20

Tiny thermocoupleswere placedon several.individualbeadswith
differentcoatingthicknessesfor the purposeof describingthe
timelag requiredfor the heat generatedin the core to travel
throughthe pyrolytic-graphitecoating. This informationis to be
used in refiningcalculationsintendedto understandand describe
the detailedphysicalprocessesinvolvedin deliberateand acci-
dentzil.nuclearexcursions.

5. The GroupJ-n I@ eriment

Threeidenticslcapsulescontainingdepleteduraniumfoilswere
placedin the samepositionas s~lar detectorson previousKiwi
power runs. The analysisby radiochemistryof thesefoilsassisted
in evaluatingthe totalyieldof the Kiwi-TNTexcursion,5 3.1 (*0.3)
X 1020 fissions.

E. Non-RoverExperi3nents

1. General

The TNT excursionprovideda uniquesourceof neutronswhich
was utilizedby severalothergroupswithinthe LASL and otheror-
ganizations.The wide distributionof participantsis indicated
on the map in Figure5-10. The possibilityof interferencewith
the primaryexperiment,however,dictatedthat thesebe kept to a
manageablenumber.

2. The GroupK-4 Experiment

Ssmplesof fuel for the UHITUKreactorwere irradiated.The
fluxpositionschosenfor theirfour capsuleswere much lowerthan
thosein the Kiwi-typesamples,but higherthan those~ected in
a maximumcredibleaccidentin the URTREX. Fuel damageand other
observationshavebeen reported.ez

3. The GroupJ-12 Experiment

In cooperationwith the U. S. NhclearDefenseLaboratory,lllge-
wood Arsenal,Maryland;HarryDiamondLaboratory,Washington,D. C.;
and ELRDL,firtMonmouth,N. J.; thisa~oup conductedneutronand
gammaspectraland fluxmeasurements.6d

4. The AerojetGeneral Corporation&cperinxmt

Eighteencapsules,each containing3.6 gram
plosiveor propellantconsideredfor use on the

samplesof high
NERVAdestruct

ex-
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Figure 5-10. Kiwi-TN!l! Auxiliary Ekternal Experiments

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● 09am0 ● *OO

G; -i; i
b. :0 :0

● O ●8: 9:0 8 ● 00 8

system,were irradiated;and thosesamplesrecoveredwere tested
for radiationeffects. No significantchangeswere noted.z=

5. The ArgonneNationalLaboratoryEkpertient

Fuelsfrom four typicalpowerreactorswere irradiatedin an
extensionof a largeevaluationprogrsmof thatLaboratory. The
transientmeltdownbehaviorin water of typical reactorfuelsis
being investigatedas part of a programon nuclearreactors@ety.
The fuel typeswere: (1) Zr-2clad U02 corepellets,(2) SS-304
cladU02 corepellets,(3)uranium-zirconiumalloypins,and (4)
aluminum-uraniumalloyplates. Resultshavebeen describedin a
papera4presentedat the ANS GatlinburgMeeting.

The recoveryrecord(23 out of 24) for thesecapsuleswas good.
Figure5-9 showsthem instelledaroundthe reactor.

6. The AtomicsInternationalEXPeriment

The SNAPTRANprogramwag supplemntedby an irradiation of 32
fuel samplesfrom the SNAP-10reactor. Edgerton,Germeshausen&
Grierassistedin thisprogrem. Resultswere reportedat the ANS
GatlinburgMeeting.25

7. The lCLrtlandAir ForceBase I@ ertint

The Air ForceWeaponsLaboratory(BiophysicsBranch)conducted
an experimentto evaluatecollectionand radiochemistrycharacter-
isticsof a newlydevelopedfiltermediumconsistingof a rayonpre-
filter,for particulatecollection,backedby carbonfibersfor
iodineretention.

Fourteenfilterswere mountedon Staplexair ssmplersand ex-
posedapproximately4,000feet downwindfrom the excursionsite.
Eightof thesewere new filtermaterial,fourwere MSA 1.I.06Bfiber-
glassfilters,and two were 14421.33carbon-impregnatedcellulose
dust filters. Analyseswere performd at ICLrtlandAir ForceBase.aG

8. The PhillipsPetroleumCOngMUIY~ rimnt

Samplesof fuel for a proposedPowerBurstFacilitywere ir-
radiatedat and beyondthe flux expectedin thatreactor. The
pressuregeneratedby vaporizingfuelwas evaluatedfor inclusion
in theirS@ety AnalysisReport.a7All four of theircapsules
(2-1/2inchesin dia!u?terx9 incheslong),whichwere shock-mounted,
were recovered.
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SI. The U. S. NavalRadiolo@cal DefenseLaboratoryMperhent

Undera contractwith the Atomicl!hergyCommission,thisLabo-
ratoryis studyingthe chemicalreactionbetweenfissionproducts
and seawater.26 BeadedRovertype fhelwaa used. Probablydue to
the very large size,theircapsuleswere semrely damaged,reducing
the amountof data gathered. One of threecapsuleswas not found.

F. Test Operations.—

1.. Installation

The arrangementof capsulesaroundthe Kiwi-TNTreactorhas been
describedin many phrases,tiom “Christmastree ornaments”to “a
motleyarrayof test objects.” (Seephoto,Figure5-9).

Sever&1.considerationssuggestedthe finalinstallation.Among
themwere: (1) to obtainmeximumpossibleflux capsuleswere

)placedon radiallinesbetweencontrolrods; (2 the berylliumre-
flectorwas segmentedon thesesanE lines,so it was believedthe
locationlikelyto give smallestdamageby flyingreflectorand
pressurevesselpieces;(3)dl experimentersdesiredto have cap-
sulesat variousflux levels;(4) the profileview seenby each
camra bunkershouldbe kept clear,so thatmovementof the pres-
surevesselmightbe observed;and (5) flimsysupportswouldallow
capsulesto be thrownaway from the reactorwith a minimumof dam-
age.

The locationof capsulesis shuwnin Figure5-U. Test site
personnelfabricatedthe hangingequipmentand placedthe capsules
arcundthe reactor. Becausetherewere ft’eezingtemperaturesduring
the night,som capsuleswhich containedwaterwere installedthe
roomingof the test.

2● Recovery

Sincespeculationaboutthe conditionof the reactorand the
locationof capsulesafterthe testwas so varied,it was essentially
@ossible to plan recoveryoperationsin any detail. Recoverywas
clonethisway: (1) speciaJ-earlyrecoveryteamsenteredthe area
withina few hoursto bring out the AerojetGeneralcapsules(pro-
Jectpersonnelbelievedthatmeaningful&ta requiredanalysis
within24 hours),(2) routinerecoveryof all othercapsuleswas
c!amiedout by reentryteamsduringthe followingweek~and fin-
d]yj (3)therewas a completecleanupof the area.

Test sitepersonnelperformedmost of the.recovery. They
fumishedwith-a Recove@ Notebookwhich inc

vI&g~p

were
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dtiensionaldrawings,and a predictionas to the directioneach
groupof capsuleswouldbe thrown......!

Afterrecoveryfrom the test area,the capsuleswere decontami-
natedand shippedto theirowners. Particularly,as the shipment
of radioactive,contaminatedmaterialvia commercialtrucklines is
not easy,assistance&cm test sitepersonnelwas invaluable.

A finaltallyof recoveredcapsulesshowsthe following: N-2,
54 out of 72; N-1, 6 outof 6; J-8,not recoverable;J-n, 3 out of
3; K-4, 2 out of 4; J-12,all materielrecovered;Aerojet,170ut
of 18;Argonne, 23 out of 24; AtomicsInternational,24 outof 32;
Kirtland,sXL materialrecovered;Phillips,4 out of 4; and NRDL,
2 Uut of 3.

~~~stions for PossibleFutureSbilar Tests

The N-2 capsuleswere so smallthat theywere hard to find on
the desert. (Mostof themwere torn &rcmlthe Adiprene- possibly
becauseit was sharedwith somemuch heaviercapsules.) NR.DL’s
wezw so largethat they sufferedexcessivedamage. The recovery
recordindicatedclearlythatan intermediatesizeof about2-1/2
inchesin di~ter x 10 incheslong,with 1/4 inch thicksteelwalls
(similarto thoseused by Argonne,Phillips,and J-n), is better.

Althoughthereis
the sampleshattering
mountingwas helpful.

The brightcolors
blackenedby graphite
and fragments.

no conclusiveevidenceexceptthatbased on
in the gun tests,it is felt that the shock-

did not help in all cases. Most thingswere
depositsor burnedby high temperaturegases

Mountingequipmentshouldbe kept as lightas practical.

Sincemost of the rupturelinesof the pressurevesselwere
betweencontrolrods,this appearsto havebeen a good choicefor
liheradiallocation.

It was believednecessaryto keep a clearprofileview of the
reactorfor the cameras,thusmakingsome areasunavailablefor
locatingcapsules. However,sinceincandescentmaterialstreamed
out of the pressurevesselfissuxesobscuringthe camera’sview of
the profile,it seemsthat this restrictionis no longerneeded.

Anticipatingthatall largepiecesthrownfrom the reactor
would againbe mappedas to theirlocationin the field,it is sug-
gestedthatexternalexperimentcapsulesbe includedin thismapping.

~..—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● 00 ● 9

● 000 : ●:00
9** ●

● * : :0 :0.. ●.:.** ● 9** ●

Earlyrecovery(theday of the test)should
favorof a more efficient,routineeffort. One
entryteemmight have the duty of recordingthe
itemsretrieved.

Advancecoordinationwith the roadblock
decontednationfacilityis important.

It is desirableto have a representative
agencyinvolvedin the testwho canmake all

be discouraged,in 9
memberof each re-

4

locationof all .
e

operationsand the

at the site from each
arrangementsfor the

returnof radioactivematerialsto his own agency.
—

A pre-arrangedschedulefor the handlingand examinationof
multiplesamplesaftertheirreturnis advantageous.
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