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AB9J!RACT

GroupH-8 of the Los AlamosScientificLaboratory’sHealthDivision
measuredgamm-ray dose ratesafterthe destructiontest of a prototype
nuclearrocketreactorwhichwas designatedthe Kiwi TransientNuclear
Test. Dose rateswere measuredaroundthe testpoint out to 500 feet
and in the downwinddirectionout to 8,(x)ofeet. It was foundthat
evenas closeas 100 feet fromthe test pointdose rateswere affected
by wind di=ction. The passageof the effluentcloudwas observedat
4,000and 8,000feet. Isodoserate contourswere determinedat several
post-eventtimes,and estimatesof integrateddoseto personnelinking
emergencyentrieswere prepared.
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The KiwiTransientNuclearTest (TNT)was a successful.nuclear
destructiontest of a slightlymodlfledKiwi Bk reactor. This experim-
ent, whichwas conductedby the Los A1.amsscientificLaboratory(LAS@
at the NuclearRocketDevelopmentStationin Nevada,was designedto
provideinformationon the mechanical,thermodynanxlc,and neutroni.c
characteristicsof the reactor transientand to provideInformationon
the hazafisproducedby sucha transient. Thesehazardsincludeprompt
radiationfromthe reactorand radiationfromthe remainsand fromthe
effluentcloud.

The Mwi TNI reactor(Fig.1) was constructedpxharlly of Bh-type
reactorparts;however,some systemswere modifiedor deleted. Since
therewas no need for coolAngthe reactor,therewas no provisionfor
propellantflow. The nozzlewas omittedand replacedby a largemirror
whichwas usedto obtainphotographsof the end of the core duringthe
transient. A r~tely controlledsystemwas installedto insertor
removebo~l poisonvanes. The reactivityof the reactorwas adjusted
so thatwith the boral neutronabsorbersin the “out”positionand the
centrol drumsin the “in”positionthe reactorwas slightlysubcritical.
The controldrum actuatorswere modifiedto rotatethe controldrums
at about100 timesthe nornalmaximumrate.

The testpoint for the TNT event (lYg.2) was locatedabout64o
feetnorthwestof Test Cell C, at a placewherethe railroadcrosses
a large wash on an earthfill. The heightof the fillabuvethe bottom
of the wash at the test pointwas about45 feet. The directionof the
wash was generallynorth-southfor a few hundredfeeton each sideof
the fill.

On January12, 1965,the boralvaneswere withdrawnfromthe reactor,
and at 10:57:

%0
a.m.Pm the controldrumswere actuatedproducinga

3.1:003 ~ 10 fissiontransientlastinga few mtlli.seconds.The
reactorwas destroyedduzdngthe test,as had been expected,and an
effluentcloudwas produced. This cloudcontained60 to 70 percent
of the flsslonproductactivlty. The effluentcloudtraveledin a
Mrection about210° fromnorthat speedsof fran 15 to 25 knots.
Piecesof!the rea tor were scatteredoveran area scweralhundred
feetin diameter.!
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Fig. 1. KiwiTNT reactor.
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GroupH-8 of the LASL HealthDivisionmade documentarymeasurements
of the radioactiveeffluent,integralradiationdoses,2 and radiation
dose ratesof the ICLwiTNT. The gamma-raydose ratesmeasurednear the
TNT siteare discussedin this report. No attemptwas made to measure
dose ratesduringdestructionof the reactor. Dose ratevaluesare
presentedfor times
transient.

fromaboutone minuteto severalhoursafterthe

METHODS

InstrumentSystems

Two instrumentsystemswere used to measuregamma-raydose rates
afterthe KLwiTNT event. A photomultlplier/photovoltaiccell scintil-
latorsystemwas used closeto the reactor(within500 feet),and an
ionizationchatiersystemwas employedat greaterdistances.

The scintillatorsystemconsistedof componentsthat had been
testedor used on previousIQwi reactortests.3 The scintillating
materialusedwas plastic,NE 102 (NuclearEnterprises,Ltd.). Each
pieceof the plasticwas I.ight-coupledtoone photomultipl.ier(PM)
tube (DuMont6364)or to two photovoltaic(PV)cells(International
RectifierCorp.seleniumphotocellA30). Power for theFMs was fur-
nishedby battery-operated,remotelycontrolled,high-voltagepower
suppkies;the PV celll.srequiredno power. The signaloutputsfrom
one PV detectorunit and one PM detectorunit were connectedin par-
allelto R2 58/u coaxialsignalline,thus requiringfewersignallines.
The signallineswere abouttwo mileslongand terminatedin the H-8
trailerin the ControlPointarea. Thin aludnum boxes containing
one PM detectorunit and power supplyand one PV detectorunitwere
mountedon 4“ x 4“ postsat a heightof 3 feetabovegrade (ltl.gs.3 and
4). The currentsfromthe PMs andPVs were measuredwith tzzmsistorized
galvanometers(ItLntelModel 204A). The outputsof the galvanometers
were connectedto stripchartrecorders(VarianAssociatesModel
G-ld.A). Each readoutunitwas providedwith a stitchto energizeits
respectivePM detectorpower supply. TwelvePM/PVunitswere used
(Fig.5).

Ablock diagramof the PV/PM systemis shownin l?lg.6. The PM
and PV detectorsprovideddirectcurrentsignalsof oppositepolarity,
which requiredchangingthe polarityof the connectionsto the galvanom-
eterswhen the IM detectorswere energized. The rangeof a typicalPM
detectorwas approxi~tely60 mR/hrto 102 R/hr;that of atypical PV
detectorwas approximately20 R/hrto 104 R/hr. Figure7 showsthe
relationshipbetweendose rateand signalcurrentfor typicalPV and PM

-1o-



.

h- . .

.. .
*~-=.+;ti”4.is4ilI&~.,. ..:’

lag. 3. ClosedPM/PV station.

Fig. 4. OpenPM/PV station.
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detectorunits. In radiationfieldsgreaterthan 102 R/hr,the PM
detectorpower supplywas turnedoff. When the PM detectorpower supply
was turnedon, in radiationfieldslessthan 102 R/hr,the smgnitudeof
the signalcurrentfrcsnthe PV detectorwas approximatelyO.6 percent
of the magnitudeof that frcmthe PM detector. The effectof the w
signalcurrenton the PM signalcurrentwas, therefore,negligible.

The Ionlzatlonchambersystemused was commercially obtained

[
VictoreenInstrumentCo., JordanEleclxmlc IMv.). It includedprobes
FYg. 8) each consistingof a Nehr-Whiteionizationchadberand a

battexy-operatedpower supply,and readoutunits (Mg. 9). The probes
and readoutunitswere connectedby pairs of signaltireswhichwere
generallymore than two mileslong. Nehr-WhiteIonlzati.onchanbers
containan electrometertube (5886),the grid of which is connected
onlyto the collectorelectrodeof the chanber. These chambersrespond
logarithmicallyto

Y
radiation.

9
e readoutunitsare providedwith

two ranges,1 to 10 mR/hrand 1 to 10 R/hr.

Placement

The 12 PM/PV stationswere placedsymetricaldy aboutthe test
pointat distancesof 100, 200,and 500 feet on each of fourazimuths,

O and ~Oo (IYg.10).00, 900, 180 ,

The thirtyIonizationchauiberswere locatedas shownin Ngs. 10
and 11. Most of theseinstrumentswere placedin the sectorwhichthe
operationalrequirementsof the TNT =ent designateddownwind. Arcs of
radii500, 1,000,and 2,000feet,centeredon the TNT test point,were
surveyedfor instrumentplacement;however,existingstationson arcs
of radiik,000 feetand 8,000feet,centeredon Test Cell C, were uti-
13zed. l%ble1 showsthe comelationbetweenthe standardTest Ce12 C
designationof a samp~ng stationand the locatlonof the stationwith
referenceto the TNT test point.
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Fig. 8. Ionizationchamberstation.
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lwg. 9. Ionizationchamberreadoutunits.
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Fig. 10. Locationof dose-ratestations,
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Table1

.

CONVERSIONTABLE,TEST CELL C 4,000-INXX’AND 8,000-IKxYI!STATIONS

175
195
225

4000 245
4000 265

285

180

220
8000 240

260
280

m Location
Distance(Feet) Azimuth(“~

4375 168
4188 187
3875 217
3688 237
3500 258
3375 283

8313 176
8125 196
7875 2).6
7688 236
7500 257
7438 278

REms

Severalof the instrumentslocatedcloseto the TNT test point
sustaineddamageas a resultof the transient. This dmwge was caused
by directhitsby missilesandby the shockwave. The PM detectorsta-
tions seemedto be particularlysusceptibleto shockdamage,undoubtedly
owing to the relativelydelicateconstructionof the PM tubes. Recali-
b=tion of the PV and PM detectorsafterthe eventshowedthat therewas
virtuallyno changein the PV detectorsdue to use in the TNl!event;
however,significantchangeswere observedin the PM detectorunits.
Use of post-event1%1unit calibrationsresultedin smoothdecaycurves
throughthe transitionfromPV to FM detectorsfor severalstations.

Four of the twelvePM detectorsfailedto respondafterthe event.
Subsequentinvestigationshowedthat one on-offline had been _ged
by a missile;the otherthreePM detectors,power supplies,lines,and
galvanometerswere operational.The causesof the remainingthree fail-
ures couldnot be determined.

.

.
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Fig. 12. Ionizationchamberprobehit by missile.

Two of the ion chamberstationson the 500-footarc failedto
respond. Threeof the four chambersthat respondedoperatedin an
erraticmannerduringthe firsthour and then resumednormaloperation.
The most notableeffectto a stationon this arc was a Xl foot radial
displacementof the instrumentdue to a Urect ti’tbyami.ssile(Fig.12).

Figures 13 through~ showdose rate at the variousinstrumentsta-
tionsas a ftmctionof time. The lengthof time duringwhich datawere
obtainedfromthe individualinstrumentsdependedupon individualrange
limitations,damage,and erraticresponse. Differencesin the rate of
decayof the dose rate at variousstationswere due to the variationsin
the particulartype of debrispresent.

.
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DISCUSSION

The programof radiationdose ratemeasurementafter the ~wi TNT
eventwas directedtowardevaluationof the radiationhazardsexisting
afterthe event. The waluation was complicatedby the decisionto
placethe TNT test pointin an areawith complexterrainfeatures
ratherthan in a flatarea.

lt@ures 28 through32 showthe locationsof isodoserate contours
at 5, 10, 20, 30, and 60 minutespost event. Thesedose rate contours
were derivedfromthe datapresented, throughthe intermediatestepsof
preparingdose rateversusdistancecurvesand performingsuitableinter-
polationsand extrapolations.The isodoserate contoursderivedfrom
dose ratesmeasuredat 60 minutespost eventshow goodagreementwith
isodoserate centurs extrapolatedfnm groundsurveysperformedseveral
hourspost event.8 It IS apparentthat relativelysmald.areas of high
dose ratemightnot be delineatedby a systemof fixedinstrumentsta-
tions,whereasa gzmundsurveycouldlocatetheseareas. A systemof
instrumentedstationsdoeshave the advantageof measuzingdose rates
at shorttimesafteran eventwithoutany radiationexposureto personnel
and withoutassumingan arbitrarydecayrate.

An aspectof the radiationhazardassociatedwith the TNJ!event
whichis clearlyiuustratedby the isodoserate contoursis the strong
effeetof the wind on the depositionof debris. Dose m.tes at locations
of comparabledistanceupwindand downwinddifferby a factorof 10 or
more.

The possibilityof makingemergencyentfiesintoan area wherea
nucleartransient,suchas KiwiTNT, has takenplaceis of graveconcern.
To quantitatethe hazardinvolved,two types of entrywere evaluated. If
an individualwere exposedto promptradiationfromthe TM! eventat a
distanceof 400 feet,he wouldhave receivedabout 450 rads,a dosethat
would causeseriousinjuryand entaila 50 percentprobabilityof fatal-
ity.2 If suchan individualhad been discovereddownwindfromthe TNT
test pointimmediatelyafterthe event,it wouldnot have been possible
to rescuehim earld.erthan about5 minutespost event. Two assumptions
were used in calculatingthe integrateddoseto personnelperforming
sucha rescue:

1. A vehiclecouldaverage10 milesper hour
hard-surfacedroad southof Test CelJ.C.

2. 30 secondswouldbe requiredto placethe
in a vehicle.

afterleavingthe

injuredperson

I

.

.
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Fig. 32. Isodoserate contours60 minutespost event.

~eSe assumptions are conservative. Persons perfoting sucha
rescuewouldreceiveabout6 R of radiation.

The second type of entry evaluated was the rescue of a person who
was not exposed to high levels of prompt radiation but somehow subse-
ciuentto the transient, proceeded to a location 50 feet downwindfrom
the test pointand becameimmobile. The sameassumptionsabout speed
and time requiredto pick up the injuredpersonwere used in the evalu-
ationof this rescue. Table 2 Ests integraldoseswhich couldhave
been receivedif the hypotheticalrescueshad been performedat various
timespost event. Dosesare subdividedas dose receiveddutingtransit,
dose receivedduringpickupprocedure,and totaldose. If sitilarrescue
missionshad been performedupwindfromthe Tl?ltest point,the doses
involvedwouldprobablybe a factorof 5 less.
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INTEGRALDOSE RECEIVABLE
DOWNWIND

Time Post DistanceFrom
Event Test Point

Q!l?W@l (Feet)

400z 50
10 50

50
$’ 50
60 50

Table2

IXJIUNGHYPOl?KEl?ICALRESCUEMISSION
FRU’4TNT T= POINT

Dose Received

x

4
3*5
1

Eose Received
DuringPickup

(R)

4
33
17

9
5*5
2

Total
Dose
-@L

6
50
25

J-3
9
3

CONCIAJSIONS

The IKwiTNT eventwas a laboriouslyproducednucleartransient
whichprobablyrepresentedthe greatesttransientthat couldbe produced
in a IQwi-typereactor. It was concluded,on the basis of measurements
of dose ratein the area aroundthe TNT test pointafterthe event,that
limitedemergencyentriescouldhavebeen mde intothe areawithin50
feetof the test point10 to 20 minutesaf’terthe event. These entries
couldhavebeen accomplishedwithoutexceeding25 R externaldoseto the
personnelinvolved.

If a similarprogramof dose ratemeasurementwere to be undertaken
again,thereshouldbe same changesin the instrumentationsystem. More
effortshouldbe -ended in shockmountingdetectorsand power supplSes.
More protectionagainstmissilesshouldbe providedfor detectorsand
cables.

.

In generalthe instrumentsusedperformedsatisfactorily.
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