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ABSTRACT

Wedeecribethenewcapabilit yofatdptwent tlwaa-
urementresultsfromthe K/FRAM plutonium isotopic

analysiscoda. TitianewCQdeallowsdataacquisitionh
a singlecoaxialgermanium&W&x andanalysisoverm
~ti~Wfrom 120 keV to above 1 MeV, For the

hmatmte a completeisotopic analysis
usingonly gammamys~ than200 keV in energy.
Thh newcapabilityallowatheumstKWmt of the piuto-
nhtm hotopic compositionof items inside shiddedor
tmavy-walld contaittm without hsving to mtnovethe
itemsfrom the container, This greatlyenhncas wwk
safetyby reducinghandlingand the rmltant dation
exposure, Another application allows intamatkmal
inspectorsto verify the contentsof items insidescald
long-terms- containersthat may not be opened*
nationalsecurityor treatycompliancereasons.We pree-
ent measurementresultsfor traditionalplanargetntanium
detectorsas well as coaxhl ~ measuringshiebd
andunshieldedsamples,

INTRODUCTION

The FRAMb pltmmlumisotopicanalysiscodda wss
initially ~velopad duringthe late 1980s,pqmmmad in
FORTRAN andopsmtedon a VAX/VMS system with
CattbartaSeries90 hardwmm.This systemha beenin
routineoperationat the Im Alsmos Phttonittm%cllity

%is workIssupportedby theUS Departmentof Energy,
OffIceof NonprollferatlonandNationalSecurity,Gfflceof
SafegttsrdsandSecurity,andStockpileSupportprogram,

bFRAM is a wad of Smndinavlanorigin meaning
“fcrwad’ or “onwad” It is also sn acronymmennlng
“Fixedewrgy, ResponsefunctionAnalysis with Multi=
ple efflclertcy”andas suchdescribesthe working prlncl.
piesof thecode.

since 1988 and has been usedto assay nearly 10000
items. The dmaacquisitionand computerhmdwamm
now obsoleteandthe requirementfor a moremodemad
widelyamaptabiecomputerplatformhasled us to rude
thecode. In additionto rewritingthecedein C to operate
on a PC umk Windows 3,1, we have significantly
enhancedthefunctionalityandflexibilityof thecode(now
calledPC/FRAM) enablingit to operatein modesnever
bathe possible with a single softwarepackage. Ilte
dddlamtd userchmdda@ of the PC/FIWWsoftwam
amdescribedin anotherpsperat thismeeting?

The most significant new capability of the PC/
PRAM codeis the acquisitionof a wide-rangeenergy
spactsumwith a singlecoaxialdetector. This allows not
onlythecustomaryanalysisrangeof 120-420 keV, pmvi=
ously usedonly with planardetectors,but also permits
analysisof the samespectraldataat energiesup to and
aboveI MeV. This secondanalysismethodenablesthe
userto obtaina completeisotopicanalysis(2% through
~dlpu,~lAm, other iaotqm, d 24% by correlation)
using only puns rays above200 keV. (A complete
analysiswith gammarsysabove300 keV hanalso been
demonstrated)Now userscanmeasurethe isotopicdistrh
butionof plutonium-bearingitemsinsidethick-walledcr
shielded’ tttainerswithout having to removethe Items
fromthecontainer,

DATA ACQUISITION

The newcodapmaarveaall the!htctionslityof theold
da allowingdstaacquisitionandanalysiswith a single
planardetectorIn theenergymngeup to 420 keV. Most
of our experiencewith both the old andnew codesusing
planardetectorshasbeanwithspectratakenin 4096 chan-
nelsat a gainof 0,1 keV/channeL However,the flexlbil=
ity of PC/FRAM allows, without software changes,
analysisof planaror coaxialdetectorspectmtakenat any
mssonablegalnt As just one exsmple (others wII1 be
Slven later), we have attdyz 1 detataken with a single
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pknardetectorin theenergyrangeikottt120-3(N)keV with
40% channelsat a gainof 0.075 keVkhannd.

‘flte currentemphasis,gauaantedherein more detail,
hasbeanto quite one s@rutn with a single coaxial
detectorsprwing theenergyrangefromOto 1024 keV in
8192 charmis, a gdtt of 0.125 keV/chenrtel. We use a
- M@-*v germ@m (HpGe) detectm of
approximately25% relativeefficiencywith nominaliow-
rate,Iong-time+xmtatttresolutionof <1.7S keV at 1332
keV anddSO eV at 122keV. We typicallyxqub spec-
tra usinga 2-pe (M8ngttlarshaping)time constantat aI
inputrateof approximately30 kHzi whenposeibk. With
this single detectmand single set of &a acquisition

conditions,we am able to acquireand analyzedatafrom
both“normal’and“shiekicd”itemswithout changingany
measurementconditions, If the sample is “normal;
meaninggammarays in the 120 to 200-keV range ae
presentwith meaningfitlintensities,we obtain the best
results by analyzing &ta in the energy range from 120-
4S0 keV. If theselower-energygammarays are absent,
usuallybecausetheitemis packagedin a hwy-walled or
shieldedcontainer,we analyzethe spectrum remaining
above 200 keV, obtaining-at 642.5 keV and2~nPuat
766.4 keV. We show gamma-myspectrafkom a low-
burnup item in a “normal” and shieldedcontainer in
Fig, 1.

1 Plutonium
H Chmma-Ray$paotraa I
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Fig, 1. Cadd=dstutor gamwwmy 8p#ctm jlvm AWed d ndddded Iow.bumw plttttwhm

IMPROVED ANALYSIS CAPABILITY canchoosefrom savanfunctionalformsfor the stmpeof
the backgroundcontinuumunderneaththat raglom The

These Importantnew anaiysk capabilitiesare d chosenfunctionalform is then flt by ieast qums tech=

possibleby improvementsin the bedtground-conthmum niquesto thedatein the spacifkdbackgroundROIS, ‘he

subtractionroutines, We definethe backgroundutu& tevenfunctionalfotmsare(1) zero-slopsstraightIino, (2)

naathwh peak region by spaci&ittUup to four &k= slopingstraightline, (3) zarwtlope smmthed step func-

grotmd regions of intaraat (ROI) of arbitrarysis4 d tion, (4) smoothatistep functionon a slopin~ straight

locationin the spectrum, For -h peakregion,the w line, (S) quadratic,(6) exponential, and (7) bilinear
smoothaclatap function(differentBiopesat the entrance
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and tit to h region). The previousPRAM - fad 55.kcV-wide rqion encompassingnearly 450 channels of

all backgroundROIatobcth8-aimfw agivenphk data to fit the complex of peaks Mwccn WI d

region ad limited the maximum numkr of cknnela 662 keV. This region is vital for measurcrncn~ on

cM@ for be bockgrourd Both of these si@ic.a.nt ahiekkd aamplos IxzauSc il contains the only “’Pu peak

restrictionshave been mrnovod in PCtFIUM. above 2(X)keV. Such a bxkground calculation ad @
fit was not possible in Lhe previous FRAhf CWIC. l%c

while OM may lo&Nmuely qumtioothe ~ of ability of lhe PCHLA.M code 10 fit the dm in W region

thbYckgmdcoAiumcakdatdovew4 w+dec&Y is displayed in Fig. 2.

region, watbdeaa, we ** tis conrinu~ o~= a
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664 keV,

All of (he pmmtara governing the ddlnith of the
*

TABLE 1. Bxar@a of DaM Acquldtion
backgroundconthmutfiem atmd in M edy arcaaalbl., ConditJon8 for PC/PRAM
(Wily ditd dUabam acceaad by the ~ mhw~.
TM us.f-editabl@pnmaler G h one of the @nci-

@qJt w4i#/Y qi codMon4 jr Imld).

paifeatureaof PC/FIUM lhatrnak cathemcbvmh Analydt (lain
4ndsdapubk whhout expensive, timu+onmrning aoft-
wam rnodiflcadorm ‘M verdlity Bllowt ha uauf to Planar 1209420 O*1
switchamongdlf’fetm tle!ectonor dataacquisitioncod=
lion~or bothwldmmmprogtamming, An example of the

120307 0,075

manydataacquisitionconditionsthathavebaanA with

PWIUM is given in Tible L coaxial 120=460 0.12s
12M40 (),2s

(Shhldcd ttoms) 200-UOO 0,12s



APPLICATION OF PC/’FRAM

The most significant new application pumittecl by

the new PUFRAM code is ttu complete isotopic adyais
of spctta quid with a single coaxial detccm tkrn
items in shielckf or he.avy-walkl continm (Fig, 3)
Now, for the ftrat time, facilhy opcntom will not have to
unpkqc items in diekkl mrtta.inersbefwc p-faming
an ko[opic umuuuuwnt. ‘fhla avoidt the dclitiorml mdia-
tion expomra that this extm hadllng pduco9 In fmilidcJ
thm employ * isotopic a.rtalysh melbda, This w
applicadon also petmdu aafegwda in8p0cumta to verify
m rneuurc item in heavy-walled U.orqe ccmtalnen whb-
out opening the contairw or h.andlhg M items: actions
that might coqwmise swuidve m c18saMed infcw.
Umdon. Below we show memmmwnt reHlh,ah rhetwo
moat important pramacm eXGwd Croxnplutordum iao-
toplc mcuurwments, the dfedva apoi!lc pw Pm d
with Calorimemy me.uurem’atu d h ave %
fraction ~ ud with neutron dnchrwe ccwdng
mouumntcaum

Wo dirplay in Fig. 4 h biu of Pm md ~ h
dataanalyzd from 20&8(Ml koV, Someof b ~
menu wae tdsn with Id ahloldhg uummdiq tk
sample(ma bottom qmctrum in Fig. 1) whila others Id
no shielding but wm mafyzad u if they wm shiekkL
We saw no dMfarenue9in tha two setsof armlylea, h
data typically Coiulstedof 10 Is rqmated nmmmnwnta of
lhcwlrdl,’fl leu!eptdv dwofthc~l%ttit ionwu
enterd by M opora.m for ~ mumretneru awnce,
The Pm data show eas.ontlallyno bhs with % content
whils the %W (k hOW a md but cbflnhe %.
dqmdent bias arising from s blu In the maasurememof
the 2% frdon. We do nol compl.toly urnhmnd the
reasonfor this blu and me mdylng It. ‘h % reladve

standarddeviation(RSD) shown in Figs. 4-6 is the RSD
of the distribution of the bias dma poin~,

The same coaxial cktmtor data (unshielded samples
only) ahown in Fig. 4 were also adyud in the more
mditiond lower-energyrange: 120-450 keV for [his alma.
The rmdu for Pti ad ~ arc shown in Fig. 5, f-km
we gee exce]lcn[ mtulta for P,fl @ somcwha! poorer
resultsfor %W on Iow.humup sarnplcs, The pcmer

ruuh for %uti probably arise from the difficulty in
ca.lculadngthe comcctbAground for @ weak peak com-
plex at 160 keV In the psencc of a changing dope for
the bdgromd continuum under this region, We we
working on tis problem.

‘The hwhmark to which lhc coaxial dctcc[cw~
urotrmu shouldbe _ Is “conventional” planar
~ d8ta from thu 120420 keV region, The new
K/FRAM system with a PIMU &tcctor is every bit w
good u the previousVax-bad aoftwarcsyslomo We
diWiay biasfMUhI fw ~ whh a planarcktmtm
in Fig, 6.

Tlwseredu for bias (Fig, 4-6) show thi[ overall s
phrtm ~ b ttill the PC/FRAM ~tor of ChOiC4
for aamplet that am not Mel&d, although the coaxial
detector i. at hat as good, If not sornewhal better, for P,n
with unddddd Items, With * items fhere is no
comparison to be rnub kause FC/FiUM h the fitw
cd.e todemorumlea complate plutonlum isotopic atuly.
sit udng only gamma rays above 200 keV, The RSDS
displayed in Figs. 4-6 a be viewal u a typical
“auuruy” for fhe measurementof the speclfkd pmmewr.
h valuesare tabulatedIn Table II,

Similar plou (Fig, 7) can M displayed for the
meuuroment precision or repeambllhy. Tbe values fm

Fig, J, Srora#ti conidnm dmt no i~er how tobt apmd to p@am hobplc adyab mas.

urtmrm Comdntr an rtlht b lddhted while contahtr m lc.tl can JIort dbmnd~d wtw

compontnla,
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TABLE II. &icd Maaaurement“Accuracy”FromtheDistributionof Obaemd
MeasurementBiaaonIndividualItems(%RSD)

I Detactdwmmmnt I P,* I -U.ff

Planar,120420 keV 0.30 ois7

Coaxhd,120=450keV 0$21 1,95

(%axiai,200-81Y)keV 0,37 i 1,96

themeasurementprecisionarecalculatedfor eachitem u
theRSD of the 10=15(typical) roped meaaurcmwttaof
the tabulatedparamatar, The meaauramentaware -
withoutreplacingthemmph, All measurementprecision
dataarefor I+our measurements,

For lowermasshams(<30 B) the tmtd is fairly cietu
withtheddeldedcoaxanalysisIn the 200-8(N)=keVrange
givingpoorerprecisionthanthe othertwo methodt, For
thec3@g mau range,the 1204i0-keV analyseswith the
coaxial and planar detectotaam slmllar, 7%0 pocmr

precisionof the200-SOO-keVanalyalsisexpectedbecauae
theimpmtantgammaraysat 642 and766 keV aremuch
lessIntenaathan theircounterpartsbelow 200 keV. The
highermaasitemsgain backsomeof this deficit h the
analysis above200 keV becausethe greaterpenetrability
of tha gammarays with energiesgreaterthan 600 keV
nllowsthe detectorto effedvely sample Q huger fhctlon

of the item than that sampledat lower energies, ‘Ilw
pianardetectormaystliihavea siightedgeIn precisionfor
higher-massItemswhile the two coaxialdetectoranaiysis
modesnppaarto besimiiarl
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Figure8 displays,in the samefashion,the rneasm— flexibility of the tiOW ~ code allows rheae

mentprecisionfor ~. meaeurerrtentawithoutsoftwarereprogramming,

The ttunde ad comparisons among the tlnw This enhancd capability now allows operatorsto
measurementsetsate similar to thosein Fig. 7 for P,n, measureshieldedcontahiemwithout handlingenduttpack-
excepttheabsolutemagnitudeof theprecisionis about4- ingthembeforemeasurement.This significantlyreduu
5 timeslarger, the mdiationhe to plant personnel and incmasea Safety

margins through less handling of plutonium-besting

CONCLUSIONS containers.

We can wmrately ant!preciselymeasurethe phtto= The meaeurament=urmcy andprscisicmfor P,fl ad
-~ for coaxial &tectore are entirely akquste hniumisotopiccompositionof arbitraryaatnplescorttaind

inheavy-walledorshieldedcontainers,packagingcOn@t- accountabilhyrneastttmnentein DOE facilities and in

rstionsheratoforaunmeasurable, Wc camy out tke somecasesmeat or exceedthe quality of measurements

measurementswith ●singlecoaxial?lpOedetectorwhich, from amdltiondplanardetectors,This capabilityis now

without changinginstrumentsettings,can acquiruad aveilableIn the new PCYPMM co& with over a b

analyzedate from 120 keV to above 800 keV, m installationsin placeorplannedworldwide,
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