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PFPFCANISTERCOUNTERFOR
FOREIGNPLUTONIUM(PCAS-3)

HARi.)WAREOPERATIONSANDPROCEDURESMANUAL

H. O. Menlovc,J. Bac&K. E, Krcmckc,M.C. Miller,
S. Takahashi,S. Seki,S. Inose,andT. Yamamoto

ABSTRACT

A neutroncoincidencecmmterhasbeendesignedfor themeasurement
of plutoniumpowdercontainedin tall storagecanisters.Theccnmter
wasdesignedfor installationin thePlutoniumFuelProductionFacility
fabricationplant.Eachcanisterccmtainsfromone to fivecansof
P@, Theneummcountermeasuresthespontaneous-fissionratefrom
theplutoniumand,whenthisis combinedwiththeplutoniumisotopic
ratios,*Aeplutoniummassis determined.Thesystemcanaccommo-
dateplutoniumloadingsup to 12kg, with 10kg beingatypical load-
ing.Softwarehas beendevelopedto permitthecontinuousoperation
of thesystemin an unattendedmode.Authenticationtechniqueshave
beendevelopedfor thesyscem.Thismanualdescxibesthesystemand
itsoperationandgivesperformanceandcalibrationparametersfa
typicalapplications.
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PFPF CANISTER COUNTER FOR FOREIGN
PLUTONIUM(PCAS-3)?iARDWAREOPERATIONS
AND PROCEDURES MANUAL INTRODUCTION

GENERAL Wehavedesigneda neutroncoincidencecounterto verify
theamountof plutoniumin storagecanisters.Thispluto-
niumcanisterassaysystem(PCAS-3)wasdesignedto be
installedin thePlutoniumFuelProductionFacility(PFPF)
operatedby thePowerReactor&NuclearFuelDevelop-
mentCorporation(PNC)inJapan.Thedetectorwillbe
locatedin the storageareafor foreign-origincanistersat
PFPF.Thesystemconsistsof

● detectorhead,
● securitycap,
● electronicscabinet
“ JSR-11coincidencecountingelectronics(2),
“ COMPAQ111porwblecomputers(2),and
“ EpsonLQ-850printer.

Theduplicateelectroniccomponentsin thecabinetoperate
independentlyandin parallelto increasethe reliabilityof
thesystem.However,Ehehighvoltage(hv)and5 V for the
detectorheadcomeexclusivelyfromunitA, so norexlun-
dancyis providedfor thesesupplies.Spareunitsarepro-
videdfor theJSR-I1andtheCOMPAQ111Portable
Computer.

Theelectronicsof thePCAS-3are similarto those01the
High-LevelNeutronCoincidenceCounter(HLNC-11).lSZ
Thedetectorcountsthetotalsandcoincidencenelnrons
fromthespontaneousfissionof theevenisotopesof
plutonium.

Thedesign-basissamplesarecanisterstha;containupto
10kgof Pu@ in fouror fiveseparatecans.Thesecansare
stackedon topof eachotherinsidethecanisterthat is used
to transferandstoretheplutonium.

Anearlierversionof a canistercounterswasbuiltin 1989,
butfor a differentsizecanisterandlowerplutoniumload-
ings.Bothsystemsweredesignedfor unattendedoperation.
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IWPFCANISTERCOUNTER FOR FOREIGN
PLUTONIUM (PICAS-3)EiARDWAREOPERATIONS
ANDIIWOCEDURESMAVJAL INTRODUCTION

GENERAL Thismanualdescrihesthecomponents,performancechar-
(cont.) acteristics,andoperatingproceduresfor thecanister

counter.

DETECTOR BODY To accommodate theshapeandheightof thesamplecon-
tainer(canister),it wasnecessarytodesignthePCAS-3
bodyto fit arounda concreteshieldprovidedbyPFPF.The
dettxtorfitson theoutsiaeof thecentralconcreteshieldas
shownin Fig. 1.

Forhandlingsafetyreasons,thecanisternevertouchesthe
PCAS-3duringinsertion,measurement,andremoval.The
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Fig.1. Schemuicdiagrantofconcrueshigldand
PCAS-3&tectorbodywiththecentralcavityfor tk
canister.
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PFPF C44NISTERCOUNTERFOR FOREIGN
PLUTONIUM(PCAS-3)HARDWAREOPERATIONS
AND PROCEDURESMANUAL INTRODUCTION

DETECTORBODY entirecanisterweightis supportedby theconcretepillarin
(cont.) thecenterof :hedetector,Thecanisterseatandcorcrete

weresuppliedbyPNC.Figure2 showsthedetectorwith
the topremovedandthe3Hetubespmtiallywithdrawn
fromthepolyethylenebody.

Thecanisteris IC~eredintothedetectorby an automated
overheadmanipulator.Figure3 showsthe topof the
counterwiththesecuritycoverovertheelectronicsand
de:ectorhead.Figure4 showstheassemb!”dsystem.

ThePCAS-3detectoris placedaroundtheconcreteshield
withtheAMPTEKelectronicsand thehvjunctionboxat
the topof thedetector.Therequirementfor a flat axial

Fig.2. ThePCAS-3&tectorwiththeelectronicscoverremovedto
showthe14AflPTEKamplifiersandthe3Hetubespar(ial{ywithdrawn
fromthepolyethylenebody.



PFPF CANISTERCOUNTERFOR FOREIGN
PLUTONIUM(PCAS-3)HARDWAREOPERATIONS
AND PROCEDiJRESNIANUAL Introduction

Fig.3. TopviewofPCAS-3
showingthe&(ectorbodyand
securitycoverfor theelectronics.

Fig.4. TheassembledPC&$.3
&tectorsurroundingtheconcrete
#?&s(al.
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PFPF CANISTERCOUNTERFOR FOREIGN
PLUTONIUM(PCAS-3)HARDWAREOPERATIONS
AND PROCEDURES MANUAL INTRODUCTION

DETECTORBODY responsein thedetectornecessitatedputtingas muchneu-
(Cent.) tron-dct~xtionefficiency as possible in the top section of

thedetectortocompensatefor theleakageof neutronsout
of the topof thedetector.

At thebottomof thecanister,an aluminumplugreflects
neutronsbackintothedetectorzone.Again,thisplacement
helps flatten the mid neutron profile.

At the interfaceof theinsideof thepolyethylenedetector
andtheconcreteannulus,therearecustom-tailoredcad-
miumabsorbers(0.4-mmthick)to helpflattentheaxial
responseprofile.Thesizeandlocationof thecadmiumis
givenin Fig.5. Also,thereis a stripof cadmiumon the

t
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Fig.5. Diagramsof thech”um locatwnsonthe3Heotbesandthe
stainlesssteellinerbetweentheCH2andconcrete.
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PFPF CANISTER COUNTERFORFOREIGN
PLUTONIUM(PCAS-3)HARDWAREOPERATIONS
ANDPROCEDURESMANUAL INTRODLK?I’ION

DETECTORBODY centralportionof each3Hetubeto helpflattentheaxial
(COOL) responseprofile.

Thedetectorbody,includingthehvjunctionbox,hasa
massof-140 kg.Thereare threeliftingboltsat the topof
theunitfor attachingto anoverheadcram or forklift,

SECURITYCOVER A topcoverisprovidedto protectthedetectorheadand
electronics.Thiscover,shownin Fig.3, containsthe
inspector’ssealto preventundetectedtamperingwiththe
detectorhead.
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PFPF CANISi’ER COUNTER FOR FOREIGN
PLUTONIUM(PCAS-3) HARDWARE OPERATIONS
ANDPROCEDURESMANUAL MECHANICALCOMPONENTS

CALIBRATIONSOURCE A 25W ~urce wascountedat the timeof calibration~d
SyateunCheck at eachsubsequentuseof thedetectorfor authentication

purposes.A source with an initial emission rate of
8 ● Id n/s is adequatefor at least 10yearsof usein the
canistercounter.Theinitialreferencesourcesusedwiththe
unitwereCR-5andK-189.Sources owned by the IAEA
havebeencross-calibratedwiththeCR-5source.Table:
givestherelativecountingratesforailof thePFPF2~2Cf
sources.

TABLE I. Califomium-252 Source Ratios-PFPF (Data +
Updatedto 92-01-01)

Cf-Xa Activity
Source

CR-5
(% (pCi)

K-181 3.731 0.03 8.1
K-182 3.627 0.03 7.8
K-183 3.490 0.08 7.5
K-184 3.680 0.04 8.0
K-185 3.527 0.08 7.6
K-186 3.571 0.08 7.7
K-187 7.054 0.08 15.2
K-188 7.152 0.10 15.4,
K-189 7.194 0.03 15.5

asource CR-5 gave T=2280 count~s,Rd88. 1c0WU5/s
(M.02%),andanabsoluteyieldof 0.9374” I@ n/s
(2.16~Ci)on 92-01-01.

Theneutronsourcescheckthe systemoperationandcanbe
usedto normalizethecalibrationcurvein thesamemanner
as withtheHLNC-11.

Insertion A neutronsourceholderconsistingof a CHQplateattached
toan aluminumrod to insertthesourceintothedetectoris
suppliedwiththe system.Thesourceis positionedin the
flatcountingregionof thedetectorby manualinsertion
fim thetopof thedetector.
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PFPFCXMSA’EJlCOUNTERFOB FOREIGN
PLUTU)MU’M(FCAS-3)HARDWARE O?ERA710NS
ANDPROCEDURESMANUAL MECHANICALCOMPONENTS

Norm81&@tm Thepreviouslydescribedsmwcehold-is usedfor manual
systemcheck-outandauthentication.A secondsourceis
providedfor automateduseandnormalization.Thissource
is scaledin anotherwiseemptycanister.

ThePFPProboticssystemcanautomaticallypositionthis
canisterandsome in the PCAS-3 forroutineperformance
checks,concrolcharting,andpossiblerenormalization.Any
renormalizationof thecalibrationwillbe performedbya
supetisor afterreviewingthecontrolchartdata.



PFPFCAN:STERCOUN”IXRFOR FORiilGN
PLUTONIUM(7CAS-3)HARDWAREOPERATIONS
AND PROCEIJURESMANUAL ELECTRONIC COMPONENTS—

DETECTORI“UBES

ANALOG ELECTRONICS

ThePCAS-3containssixteen3Hetubeswiththe specifica-
tionslistedinTableII. Thetubeshavebeenmatchedto
havethesamegain,efficiency,andoperatinghv.

TABLE IL Characteristicsof We ‘Fu-bes
for PCAS-3a

Tubemodel RS.p4-0866-201—
Activelength 167.6cm
Diameter 2.5cm
Fillpressure 4 atmof helium——.
Gasquench Argon+ ~

ICladding ] Stainlesssteel
Operatinghv I 1680v

}
amese %ie tubes havethesamesptXifka-
tionsas theFuelPinAssaySystem.

Thecanistercounterusesthenewfast-countingcircuitryl
basedo~theminiatureAMIITK hybridchip.Thesechips
are locatedneartheendof the sHetubes(seeFigs.2 and6)
andcontainthepreamplifier,amplifier,anddiscriminator
circuits.Eightof theseamplifierunitsare locatedin thetop
partof thedetector.Theoutputsof theseeightamplifiers
areaddedandsentto theinputof the shift-registerboard.
Theconnectionis madethroughthe“externalSRinput”on
the :ack panelof theshift-register.

Thestatusof theeightamplifierchannelsis indicatedby
eightsignallightsconnectedCOtheoutputsof theeight
discriminators.Theselightsflashwheneverthecorrespond-
ingchannelprocessesa discriminatoroutputpulse.The
~Hetubehv section of thedetectoris isolatedfim tie
AMPIZK ampiiflerboardby thegroundplateshownin
Fig.6.

10



PFPFCANXSCERCOUNTERFORFOREIGN
PLUTONIUM(PICAS-3)IiARDWAREOPERATIONS
ANDPROCEDURES MANUAL ELECI’RONICCOMPONENTS

ANAL(IOELECTRONICS
(-)

t

WXYS’URESEAL

AMPTEK
IN

L

N BOARD

“He TUBE

Fig.6. DiagramqfagenericAMPTEKaw@iJ7er
boardin tk hvjunctionboxabovethe3Hetubes.

Theshift-registerelectronics~for thePCAS-3is thesame
as thatusedfw theupgradedXLNC-11.2Theelectronic
modulesandtheirconnectionsin thecabinetare shownin
Fig.7. Thesignalsplittertakestheinputlogicsignalfkom
thedetectorheadandroutesit to bothJSR-11sformchm-
dancyagainstcomponentfailure.

A secondoutputfromeachcomputeris routedto theinput
triggerof the SandiaNationalLabomtoryvideocamerathat
is usedfa determiningthe sampleidentificationnumber.

To avoidmoisturebuildupin thehvjunctionboxof the
detector,weputdesiccantin thisspaceandsealedthe
openingswithO-ringsandsiliconerubber.Thehumidity
anddegreeof moisturesaturath in thedesiccantcanbe

*ModelJSR-11,JOMARSystems,LOsA-, ~
87545.
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PFPF CANISTERCOLJNTERFOR FOREIGN
PLUTONIUM(PCAS-3)HARDWAREOPERATIONS
ANDPROCEDURESMANUAL ELECTRONICCOMPONENTS

MOMTURESEAL
(Cmt.)

---------------------------------------
:SEALEDCABINET

I rl%a--l

Hv
+5 v

SIGNALIN ~11 I —— I 1!

; I
------ COMPAQ Ill

I SPLl17kR

1’
2-’ 1:i

I JSRB-11
I

I I
I I
I I
I w I
I I IJ1l.

m

I I

I PRINTER I
I L~ Ii!
I
I
I
I
I LEmJi
L---- ------------------------ ----- ------:

Fig.7. Connectionofnw&lesinsi& theelectronicscabinet.

readfromoutsidethejunctionbox.Also,thedesiccant
tubescanbeexchangedfor freshtubeswithoutremoving
the lidof thejunctionbox.Theproceduresfor thisopera-
tionaredescribedin themaintenancemanual.

HIGH-VOLTAGEPLATEAU Figure8 showsthe totalscountingefficiency&a function
of high-voltagesetting. l’heoperatingvoltagewassetat
1680v.
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PFPFCANIWERCOUNTERFORFOREIGN
PLUTONIUM(PCAS-3) HARDWARE OPERATIONS
AND PROCEDURESMANUAL ELECTRONICCOMPONENTS

HIGH-VOLTAGEPLATEAU
(coat.)

1500 1600 1700 1800
BIAS (VO[tS)

Fig.8. H~h-voltigepkueanforthe PCAS-3&tector.



PVPFCANISTERCOUNTERFORFOREIGN
PLUTONIUM (PCAS-3) HARDWARE OPERATIONS
AND PROCEDURES MANUAL OPERATING CHARACTERI~ICS

EFFICIENCY The efficiency of the PCAS-3 system was measumi using a
calibrated~%f sourcewitha dummycanisterin thedetec-
tor.Thexwultsare listedin TableIII.

DETECTORDEADTIME

Table III. PCASP&formanceCharacteristics
Pararnetcr PCAS-3

Efficiency(withcanister) i-””13.0%
Die-awaytime(center) 52 MS
Gatesettinz 64 us
Highvoltage 1 1680v
Deadtimecoefficienta 0.690KS
Deadtimecoefficientb 0.223US

Thedetectorplustheconcretewallthicknessmakethe
detectorsystemslightlyundermoderatedfor fissionspec-
trumneutrons.Thus,theadditionof moistureto thesample
matrixwillincreasetheefficiency.Thiseffectis described
in theMatrixEffats sectionof thismanual.

The propergatesettingin a neutron coincidence counter
dependson theneutrondie-awaytime(t) in the system.For
minimumerror,thecoincidencegatelengthshouldbe set
equalto-1.2 %at highcounting rates. A Z%f sourcewas
usedto measurethedie-awaytime,andtheresultwas52 ps
in thecentralzone.We areusinga gatesettingof W ~

Thecanistercounterusesthe samebasicelectronicsand
amplifiers(eightchannelt+AMPTEK)as does;he
HLNC-11.Thedeadtimecoefficienttis givenby

i$= (a+ bTo104) M ,

whereT is themeasuredtotalsrate in counts/sanda andb
areconstantsgiveninTableIII. Thecormaed counting
ratesam

14



PFPFCANISISRCOUmR FORFOREIGN
PLUTONIUM(PCA!%3)HARDWAREOPERATIONS
ANDPROCEDURESMANUAL OPERATINGCEIARACTERIS’PC&

DETECTORDE3W’IIME
(camL)

7’(coK.)= 7’edT/4

and

R(em.)= R en.

It is important to use the Samedeadtime .wfficient f(: bc!h
calibrationandassayso that any errors in the correction
willcancelto u firstapproximation.

At vcsy highcountingrates(T>1 XX)(XX)cow ,s), a
smallpositivebiasal wars ir “~edeadtime-~ormctedrates
as sho-wninFig.9 fo~%%AS-J.Thebiasc.. : wasnot
measumdfor WAC 3, butthe twosyswns us: thesame
pfedelaysettingf IAS)so weexpecta similarresul~A

4 1 n r 1 ~~

3 -

2 -

1 -

0 ~ —~

-1 -

-2 -

-3 -
●R

4 . UT

o~_— ~
.8 1.G 1.2 1.4Xl(f

LIEADTIMECORRECTEDTOTA. . s ~
(&NntSls)

Fig. 9. Curwshowingtheerrorintkdedtimeco -ectwnforPCAS-l
~ WY highCOMti~ V*S.
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PFPF CANISTER COUNTER FOR FOREIGN
PLUTONIUM (PCA5-3) HARDWARE OPERAITONS
ANDPROCEDURESMANUAL OPERATINGCHARACTERISTICS

DETECTORDEADTIME

(cont.)

AXIALRESPONSEPROFILES

largerprdelay settingthanthe4.5 W wouldcorrectthis
however,theproblemis smallenoughto negkct.

Todeterminesamplegeometryeffects,a 252Cfneutron
pointsourcewaspositionedat variousaxiallocationsin the
samplecavity.Bothtotalsandcoincidencerateswere
measwvdat eachlocation,andtheresultsare shownin
Fig. 10for PCAS-3.Theuniformaxial-efllciency?xmewas
ob”kmd in thedetectordesignby addinga polyethylene
annularshimto theoutsidesurfaceof !hedetectornearthe
topas shownin Fig. 1.Theextrapolyethyleneincreasesthe
neutronefficiencyin the top zone.Also,cadmium
absorberswereaddedoneachtubeandbetweenthe
polyethykneimdconcreteinterfacein thecentermeato
fultherflattentheresponse.

Thecadmiumabsorbsthermalneutronsanddecreasesthe
efficiencyof tlw3Hctubes. llms, the cadmium was added

1
}

I I I 1t“ ;
BEFOREW TAVLORltSG I,,!f-

12500

mm
llsm

11OOO

10500

10WO

7500

7000

Ml

----
0 20 40 60 80 100 $20 140

DISTANCEFROMBOITOU(Cm)

Fig.10. Axial@iciencyp@iieforPCAS-3measuredwithaB2~
sourcebothb@re andt@ertheopplidon of thecmitnt”wnabsorbers.
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AXIALRESPONSIIPROFILES to thecentralregionto bringit into1inewiththe twoends.
(ml?t.) Sixteencustom-designedcadmiumstripswereappliedto

thestuinlesssteeltubesas shownin Fig.5.

!3ecausethecanistersare filledwithfiveor fewerseparate
cans,thePu02 distributionis guaranteedto & nonuniform
alongtheaxis.Thismakesit importantto havea uniform
countingetliciency.Thecalibrationof thePCASwillbe
basedon themultiplication-correetedrealsrateRm
becauseof theheterogeneoussamplesandpossiblevariable
uraniumcontent,bothof whichaffectthemuhiplication.
Thus,t!~emostimportantresponsefunctionto be uniform
or flat isRm.

Theresultsof the ~2Cf scanaregiveninTableW, andthe
normalizedtotalsprofileis shownin Fig. 10.We seethat
thecadmiumshimmingreaucedthecentralregioncounting
efficiencyby-50% witha muchsmallereffeeton each
end.Thepurposeof thecadmiumsi~immingwasto ex[end
the flatefficiencyzonetiom about55cmto approximately
135cm as shownin Fig. 10.

Figure11showsthat theefficiencyprofileis flat to within
*1% over the 135-cmcanisterheight.

TherealsR countingrate is shownin Fig. 12.Theactual
measurementwilluseRm, andtheRm responsesare
alwaysmoreuniform(flat)thantherealsbeforecorrection
becauseof a built-incompensationin themultiplication
correctionalgorithm.Themagnitudeof themultiplication
correctiondecreasesas themeasuredR/Tratiodecreases.
Thus,neartheendsof thedetectorwhereR isdropping
fasterthanT, theR/Tratiois smallerthanin themiddle.
Thisresultsin a smallermultiplicationcomction at the
endsand,thus,a largernetvalueforRm at theendsof the
axialprofile.

Duringthemeasurements,thecanisterbecomesa partof
thedetectorsystem,and it significantlyaffkctsthe axial
profile.Whennocanisteris present,the totalsrate in the

I



PFPP CANISTER COUNTFX FOR FOREIGN
PLUTONIUM (PCAS-3) HARDWARE OPERA’ITONS
ANDPROCEDURESMANUAL OPERATINGCHARACTERISTICS—

AXIALRESPONSEPROFILES
(Cinlt.)

ITABLE IV. WAS-3 AxialProfile.

5 l?037 g57
10 8102 883
15 8125 888
20 8147 907
25 8167 906
30 8170 889
35 8158 892
40 8179 905
45 8186 912
50 8177 891,
55 8195 894
60 8208 911.
65 8214 912
70 8206 885
75 8206 906
80 8205 887
85 8161 866,
90 8168 901h
95 8163 8871
100 8123 885
105 8106 863
110 8081 882I
115 8043 869
120 8025 1 869

I

[ 125 7983
7

854
130 7962 850
135\ 7858 829
140 7611 /66
145 7193 660
150 I 6479 520
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PFPF CANISTERCOUNTERFOR FOREIGN
PLUTOMUM(PCAS-3)HARDWAREOPERATIONS
ANDPROCEDURESMANUAL OPERATINGCHARACTERISTICS
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Fig.11. Theto;alsratetuialpro-
jiiefor PCAS-3fora252Cfsource
measuredinsi&thedummy
cani~ter.
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PFPF CANISTERCOUNTERFOR FOREIGN
PLUTONIUM(PCAS-3)HARDWAREOPER~TIONS
AND PROCEDURESMANUAL ~pERATIN(; CHARACTERIST~

AXIAL RFAPONSEPROFILES bottom regiondecreasesby -2.596andthe ratenearthe top
(cont.) decreasesby-4% as shownin Fig. 10.

Weuseda dummycanistermadeof concentricsteelpipes
for theresponse-flatteningmeasurements.Afterinstallation
of thePCAS-3at PFPF,werepeatedtheaxialprofile
measurementsusingan actualdouble-walledcanister.The
measuredefficiencywas uniformwithonlya +0.3% stan-
darddeviationovertheentire canister height.

RADIALRESPONSE To test thesensitivityof the PCAS to the radialdistribution
of theplutoniumin thecounter,wecounteda 2S~f source
in tilecenterof thedetectorandthenrecounttxiit at 15-mm
increments to he W~lo The results were uniform to better

than0.7%in thetotalsrateas shownin Fig. 13.

We conchkd that the radial positioning of the canister and
the ‘NIOXcam is notan importantvtitable at approxi-
matelythe ().3V0level.

1.020--

1.018-

1.016-

1.014

1.012 1
m T (norm)

●

1.010- + l%—

loom“

1.006-

1,004“

1.W?-

0.996-

0.99s“

0.994-

am “

0.900, x m v m
o 10 20 30 40 50

RADIUS (mm)

Fig.13. Therd”al #iciencyprojile measuredwitha 252Cfsourcein
PCAS-3.
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PFPF CANISTERCOUNTERFOR FOREIGN
PLUTONIUM (PCAS-3) HARDWARE OPERATIONS
ANDPROCEDURESMANUAL OPERATINGCHARACTERISTICS

SAMPLE CONTAINER Thecanister containsup to fivecansof Pu02 stackedon
topof eachother.Eachcan typicallycontains2-2.5 kgof
PU02(“22%~Pu).

CANWALLEFFECTS The precalibration-standard cans were of a different wall
thickness and mattxial timn thePFPFcans.Measurements
wereperformedto estimatetheeffectof thisdifference.

A z5~ source WaSplaced in the centerof PCAS-3nd
concentricsteelcanswemplacedaroundthesourceso we
couldobservethechangein thecountingrate.A small
positivechangewasobsemed,as shownin Fig. 14.The
rnultiplication<orrectednxults Rm m evenlesssensitive
to thewalleffectsthanareR andT. Similarmeasurements
madeforPCAS-1andtheHLNC-11amshownin Fig. 14
forcomparison.

//

i 1+==== 1
T

0.98

I PCAS-3
0.96“ R SLOPE.+0.S32Wmm PCAS-1

P T SLOPE-+0.170Wmfn

0.94 1 B 1 # # I 1 I # 4
0 2 4 6 8 10 12 14 16 18 2~

Fo WALLTHICKNESS(mm)

Fig.14. Graphshowingtheflectoftk wallthicknessoftk iron
containeronthemeasuredresponsefronaa ‘2Cf neutronsource.
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PIWFCANISTERCOUNTERFORFOREIGN
PLUTONIUM (PCAS-3) HARDWARE OPERATIONS
AND PROCEDURES MANUAL OPERATING CHARAHERISTICS

CAN WALL EFFECTS Becausethefinalcalibrationis madewithactualcanisters
(cont.) andI%@ cans,no wallcomectionis necessaryunlesswe

comparethecalibrationwithdifferenttypesof containers.

ROOM BACKGROUND The PCAS-3operatesin thecontinuousmodewithdata
dumpsevexyminuteor less.‘l’hetotalsrate in thecounter
thusgivesa timehistotyof themovementof P@ in the
momor nearbyareas.TheFCAS-3is unshielded,andit has
anexteriorsurfaceareaof about25000 cmz,so thesensi-
tivityis highfordetectingneutronsourcematerialin the
vicinityof thedetector.

22



PFPF CANISTERCOUNTERFOR FOREIGN
PLUTONIUM (PCAS-3) HARDWARE OPERATIONS
AND PROCEDURES MANUAL AUTHENTICATION

GENERAL BecausePCAS-3is operatingin an unattendedmodewith-
out IAEAinspectorsin thefacility,wedesignedtamper-
mdicatingfeaturesinto thenondestructiveassay(hlDA)
system.Theseincludethefollowing:

●

●

●

●

●

●

●

●

DetectorheadunderIAEAseal,
Unbrokencablerunsbetweendetectorheadand
electronicscabine$
Sealedehxtronicscabinet,
Modularelectroniccomponentsthatarecompatible
for replacementwithstandardIAEAequipment,
Continuousdatacollection,
Softwarereplaceableby IAEA inspectors,
Softwarediagnosticsfor interruptionof or tamper-
ingwiththesignal,and
Califomium-252checksoumesandnormalization
sourcesforverificationof totalsystemperformance.

Thesemeasuresgivean indepth redundancyin theauthen-
ticationof theNDAsystem.Thus,the failureor mrmvalof
anyparticularmeasuredoesnotnecessarilyresultin the
lossof overallauthentication.

SOiWWARE‘isESTS The softwarechecksthenormalrooxn-backgmundratean&
if the leveldropsbelowa presetvalue,indicatestheprob-
lemto theinspector.

ACCIDENTALTEST The measured atxidentals ratesA arecomparedat theend
of everyminutewiththecalculatedaccidentalratesusing
therelationship

A= T2G ,

whereG is thegatelengthin microsecarids.Anyinterrup-
tionor discontinuityin the signalratewillcausea failurein
thecomparisonof thetwoaccidentalrates.This testis
performedoneve~ datapointby the software,andthe
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PFPFCAN’WI’ERCOUNI’ERFORFOREIGN
PLUTONIUM(PCAS=3)HARDWAREOPERATIONS
ANDPRKEDMZ5 MAWAL AUTHENTICATION

ACCIDENTALTEST results arc presented to the users (see softwsrc opemtions
(mm.) manual).

REALSA’OTALSTESI’ Both therealsRSMItotalsTmtesammeasuredforall
events,andthesoftwsreWCstheR/Tratioto sortoutMW
sourcesfmmI%@samples.
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PllECAiLiRIRATION We precalibratedthePCAS-3at LANLbeforeshippingthe
systemsto Japan.Onlysmallplutoniumsampleswere
availablefor theprecalibrationmeasumnents.TableV lists
the samplemassesandcoincidenceratesandFig. 15shows
thepreliminarycalibration.Theslopeof theprecalibration
was8.52counts/s “ g %-eff.

\
Table V. PreliminaryPCAS-3Calibration.

~ eff NetTotal Reals NetReals
Sample (0 (s-1) (s-1) (~-l)

1 A
I 5 MOX pellets 0.243 63.400 2.630 2.090
2 4 MOXpellets 0.210 55.470 2.370 1.830
3

8

6

4

2

0

Ym8.S2 X Pu-240UIWAL
h

Mox PELLETS

0:0 0:2 0.4 0.8 0.8

Pu-240 ●ff(g)

Fig.1S.Prelim”naryc&rakm &tafor PCAS-3uringsmallnon-
muhiplyingSamplesqfhfoxad2@PuWwaI.
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PFPF CANISTER COUNTER FOR FOREIGN
PLUTONNJM(PCAS=3)HARDWAREOPERATIONS
ANIDPROCEDURESMANUAL CALIBRATION

PRECALIBRATION TheMOXpelietsusedin theprectdibrationhadnegligible
(CQBL) multiplicationandtheywereusedto establishthemultipli-

cationconstantPOas fOllOws:

/Jo A(l+a) ,

PO=0.033(1+0.972)= 0.065.

ThcdetectorPCAS-3wasphysicallymodifiedbetweenthe .
precalibrationandfinalcalibrationat thePFPFplantin that
theconcreteshieldusedat LosAlamoswasnot thesame
shieldinstalledat PFPF.

Theconcreteis an integralpartof thedetectorsystem(see
Fig. 3), so anychangesin thedensitycanaffectthedetector
efficiency.Measurements,usinga 25@ normalization
sourceat LANLandPFPF,showedthattheconcrete
changeraisedtheeffkiencyof PCAS-3by 1.3%abovethe
LANLprecalibrationvalue.

Thechangein responsemeasuredusinga ~2Cf sourcewas

LANL shield1
= 1.013 (Totals) and

PFPFshield2

LANLshield1
= 1.026 (Rcais) .

PFPFshield2

Theresultingchangein/?mwas1.0%.

PFPF CALIBRATION The final calibrationwillbep@ormedafter installationof
PCAS-3at thePFPFfacility.Cansof plutoniumin the
canisterswillbemeasuredusingPCAS-3andsubsequently
sampledfordesuuctiveanalysis.
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PFPF CANISTERCOUNTERFOR FOREIGN
PLUTONIUM(PCAS-3)HARDWAREOPERATIONS
ANDPROCEDURESMANUAL CALIBRATION

PFPF CALIBRATION For future inspectionpurposes,thefinalPFPFcalibration
(co@ parameterswillbe usui becau%the samplecharacteristics

closelymatchtheunknownsamples.Only the multiplica-
tion<ormctedresultsRw willbe usai for assaybecauseof
theheterogeneoussamples.TheR resultswillbecollected
forconsistencyandcomparison.
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