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ABSTPACT

ZN-PIANT !EASUD.EHENTSOF CAMA-MY TMNSMISSIONS FOE PRECISE K-EOCE
AND l’MSIVE ASSAY OF PLUTONIUM CONCENTMTION AND ISOTOPIC ABUNDANCE

IN PEOOUCT SOLUTIOUS AT THE TOKAI MPRMESSING PUNT

Y. Amakura, I. Kondo, J. RamIi, ●nd K. SkMYji
Pourer Emaccor arml Huclsar Fual Dmv@lo~nt Corporation (PNC)

Tokmimra, Ihra M-kan, Japan 319-11

P. A. Russo, S. -T. Eoua, J. K. Sprlnti~,Jr., ●nd S. S. John@on
Loa Almmos Naciooml bboratory

Lot Alamom, NU 87545 USA

A flald cast hmo bmcn carried out for mora
than 2 yaarc for datarmioacion of plutoolum con-
canc ration by K-mdda ●bsorptio,~ danoicmatry ●nd
for dotarminmclon of plutonium imocopic •b~danca
by tranm~msion-cor rac Lad psssiva gamm-ray spac -
trmmtry. This syocam wao ddsigmd ●nd kilt

●t Los Alamos Nationulblwr~tory ●nd installed
●t chc Tok.ai roprocacoi~ plant of tho Powmr Ba-
actor ●nd Nuclmar Fual Dmvolopmcnt Corporaclon
●s a part 01 [ha Tokai Advmncad Safeguards Tech-
nology Exerciso (TASTEX).2

For K-edga ●ma,turamant of pluconlum concan-
[ration, [ha cranamisolons at two diocrata @ma-
ray cnorgioa ●rc ●oacurod using the 121.1- ●nd
122- 1-kOV garma rays from 73S0 ●nd 57C0. InLan-
C1L1OS of tho plutonium paoaiva gama ray- in tha
cnargy rouions tmtwoan 38 ●nd 51 haV and kcwacn
129 ●nd 151 koV ●rc uoad for datarnirutlon of the
I-otoplc abundancom.

florc than 200 product ●oluclon ●amp!a- have
hen measured in ● timely faahion during tbaa
1 ya~rm. Tha rclatlvc prmcimlona ●rid ●ccurnclam
of tha plutonium concantrmcion mmamurmmant ●rm
shown to b WiLhln 0.6Z (JO) in ~.hmoc ●pplica-
clonu, ●nd Lhoam fOr plutOniuM inOtOpiC ●bUn-
dancam ●ra wlthln 3X for 238Pu, 0.6X for 239PJ,
l.iZ ~or ‘qOPu, 1.1X for “:lPu, ●nd 7X for 242Pu.
Tha tlma raqulrad 18 10 ■ln for tna concantra[lon
•~aay, lU ●ln for Lht imotopicti anaay, and ●bauL
15 mln for handling procoduras in clM laboratory.

PukPQsE

Tn. purpoca 01 thm fiald cast datcribmd In
[111. papar was LO dotarmlna pluconlum concontra-
tlon ●rui isotopic ●bundtncmo in thm produce molu-
tlon by off-llna, rapid, nondaotructlvo tach-
nlquaa and to damonstrmtm tk ●pplicability nf
t+oma La.hnlquaa, lncorpormtad into inatrmnto
ownad ●nd opmrilad by thm facility, to intarmm-
L1OM1 ●fa~uardt inapactionm ●t irradlmtad fuels
ravrucaoai~ plants, Iha cm-cm mro carried OUL
5V cho Powor kmactor ●nd Itucloar Foal hvtlo~nc
Corporation (PMC) ●t tha Tohmi Uorkm rmprocesai~
plfint in cellabratlon with thq Intarnmtional

TECMNOLCUGY,EQUIPKENT, AND PFLOCEDURIS

The ●bsorption-adgo tochmiqua in the prasenc
oyaccm involvaa chc ●aasurament of gamm~ r~yn
from an ●xtarnml courcg thar ●re transmictrd
through cho ammplc to b dotactad and am:yzad
by ● trigh-resolution ga~-ray spactromacor. The
Lraosmiaaion mOL7rCm#
●ra tha radloicotopaa {;:. ;: 55-;::” :::t:;;:;:

and 122.1-kmv g~ rsys 6miLt0d by [has@
●ourcmm, raopactlvaly, Clommly brtickac the K-
absorpcion ●dsc of plutonium ●t 121.8 bV. Tha
logarithm ot tho ratio of tha maasurad LLanSmin-
cionc ●t thasc two Sarna-ray ●nargtas is dlracLly
proporLlonal to tha concmntrac(on of plutonlum.

Tha K-adgr inatrum~nt 1s dmslgnad to posl-
cion t~ 75sa ●d 57C0 aourcam, ■ountad On ●

Wboal , in cha tranw~soioo yth in ordar to p@r-
form clm cwc Cranmmimtlo ●aamurammncs. A third
pomlciodng of cha uhmal ahialds both eourcau
from thm dacsccor for tha paacivc counL.

Haaaurmunc control procaduras ●mauro tha
loq-Lorm valid)ty 01 tk paramatars u-ad to d@-
tstmlna tho sbooluca roaulta for plutonium con-
cmntrmtlon ●nd Imotopic fractionm. A plutonium
foil ●aaayad routimly by tha K-ad#o cmchnlqua
●cc-plinhma thlc purpoma L,. tho former :aca.
Sims [ho Imotoplcm datarmltitlon lm ●anstciva
only LO ralatlva ~~-ray dataccion ●ftlclan-
Cimm, tlw ralmciva sfficimncy 10 vorlflod uclns
4.
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the mmmaurad ~-ray intansitlas obtaimod dur..
hg the uasurmmmnt of 75Ss in tha mbeeoce of
a ●emplc. The unettmue:sd lntansitie.(inc~ f-
tics uithout ●rmpla) of the 7%, and 5YC0

~~ rays ●r. mesmrad daily.

IYSTA,LLATION,CALIBftATION, AND TESTING
,.

Calibratiofi maasurmmento rmre pmrformed●t
Lom Alamo- and ●t the PNC Tokei Uorks roprocasm-
10S plant uatms propsrad rdtrata ●nlution MA=P1OS
of plutonium. Tha solution SAMP1*S Uero cherac-
coricad by da-cructiva cttrmical ●nelyaia. since
tha tootoplco cakibratlon ● t the WC Tok#l Works
wao bead on tlu MASS spoc!r-atrlc aeaaur-tits
of a S1OS1C ●ampla, thio calibration hAo ban
■odifiod ●llahcly, Luaad upnn CM morm ●xtaneiva
cnmperiaon romdtt (mu-~ ●poctomctry vs ~ssivo
●ssay) obtaimd with procaso solutionn. The
calibration ac tha Tobi Uorka wan porformd in
Octobar 1979 with 12 roforonco ●mmplas of varyins
plutonium coocootratlon ●nd idantical l-otopic
capo-ltion.

Evaluetlon of the rafiultc fnr tho product

oolutiono and tha ctoraga lank ●olutlono hem tncn
●ccomplished jointly by Lot, Alamnm Natinualhe
oratoryand PNC Tobi Uorks ●nd 10 dof~crlkd in
datail in cho final report on TASTEX Ta?k C.z
Thaso ronulca were nbtainad prior to A?rll 1981.

Cmtnt times of tOO ● Yuva ban uaad sine.
April 1981 fOl ●ach •~~OUrCMMCIL J: plUtOC)lUM COE”

contratlon and loocopic contont. rhas~ raducad
count parlodm y~ro ●dopccd tor Lh4 convcnlaoco
of ●ctuel sefqusrdm ●pplication nf tha in8tru-
●anc in tha roprocosaimg plant. Efgtrty yroduct

colutlofi ●nplYn wrb meamur.d●nd compared with
ttu cenvantionml method- durltt,g chc chroa Cem-
pal~na from April 1981 to Ytarch 1%2.

TEST RESULTSMD EVALIJATION

Commntratlon——-.——.

comcontratlon la ● coric bmck-tltrstlon to ● po-
tontlwtrlc ●nd point. fia colutlon is mampiad
(for 10 to 2}MU of pluconibm) ●nd dllutsd with

z •~ of ~N rdtrlc acid. Aftar chm W1OMC. im
●djuuad to Pu(VI) by nlmlod for 5 to 10 ■in Ulth
● ●trood omidlsiq ~~aat (~0), nttratac ●nd ●r
casalva AAO ●:a docnmpoomd from tk ● imcura by
●ddltloo Of GM WifUKiC ●cid (~ mk) fo~lo~~
by 0.3 t 01 pu&orad uulfmmlc ●cid. A uouo vol-

UM (5 W) of Pa(II) standard solution lB irt-
troducad in 8XCOSS hy calibrstad pipetta to r~-
duce the plutonium to Pu(IV). Tho Fa(III) ie
Mck-titrated co Fe(II) with a ■tmdard CM(N)

●olution to the pntantinmetric ●nd point.

Following ●tadardi~tion of the Fe(II) ●o-
lution (w.05N) ●od Ce(IV) ●olutinn (w.025N)
with etamdard potaealum dichraute, plutonium
control and unbowo emmplee ●re ●sfiayed. The
control eample, prepared by purification of the
plutonium product ●olution ●md ●caoderdized by
pri-ry plutonium mmtal ●ceodsrd, ie used for
comfirmetionof umcertaintleerelatedto remgente
or titrationspperstue. Aesaye of ●iE ●liquoca
takmn from ●ach unknoua ●ample are performed, ●nd
the averagm ie uaod io compare with the non-
dcetructlve useurmmmnt ree~lt.

Mau3urement Concrul (Plutonium Foil) Re-
●ulte. Figura 1 ie ● ●~ry of the ●eaeurewnt
control reeulcs obtaiMd from the K-adge meeey
of tho plutonium foil. The ●ffective concentra-
tion (in grue/litar) ie plottod ve datm for the
parhd of time from April 1981 to Herch 1982.
Each data point ie the ?varqe of 10 repeatmd 40-
m$n mmaeuremente performad overnight. The repro-
ducibility of the foil reeult over time ie tha
meaeurament control requiremnc. The mverage of
thu 150 polnte in Fig. 1 ie 236.6 s/& ●nd the
●tamdard davietion ie 0.7 gl~ (0.30% reletive).
Thee valuas are ●imilar to the roeulte obtainet’
frnm 123 foil Maeuremente performed betvmen
Januery 1980 ●nd timrch 1981. (The ●veragm W*Z
236.7 al~ ad the ●tsdard deviation wae 0.6
~/b.) Tne foil reeulte are ●xpected to de-

;;”’!tl:l:::’l+:; ‘::v:’u::o:f:::L: n:::

●men ●ooush in the 2-yr pmrio~ thet the foil re-
maine UMIU1 duri~ thle ~rlod co validate the
reproducibility of tha plutonium cnncmntretion
maaeurammnt capablll:v for ●olutlnne of a Sivon
thlcbee~.

Notulemtructive Mmeuremmte. The K-edge ae-
eay r=cs for plutonium p~uct ●oluclon ●ra

●valuated rolarlve to thoee of destructive aNl-
yeie parformed on thaee ●empleo The maaoure-
mmnte of 80 product ●alution ●emplee heve been
performed ●~xe April 19U1. The rrmultm ●ra kuw
mmriimd tn Ft.-. 2, which #howb tha percentage dm-
vlation of the K-ed~. ●eeey from tha refereme
velue (releclve raeul[ ) pl

Ltvecountti”a forthe~~;:d~~~%’e~~~~~
mmnte were 300 ● ●ach. TtIa pAott@d data polnce
●re obtslmod from the evera~e of the dupllca*e
K-@dCe ●ecmy rcaulta for •acI~ sampla. Tha ●wer-
●ga reeult ●nd the ●t~ndard devimtlon in all th?
rmleeluo data ●re ●hewn me ●olid ●nd dse~d
Iinee, ree~ctiuely. Dlfforant •~blm ●re ueed
to dletl~ulth cm freehly ●.pmraLad ●IUI c~ed
●emplee.

.nouCh tr cauee ● 0.231 c~~e 10 the cellbratlon
p4ramcor for ● ,l_ cM~e 10 vortlcel poeltlon,

rapoeltionimg of thm sample cell wee performd

In orter to ●smlm ttm contrl~tlon to tlw moam-
urornnt utiertslmtiee. Tlta re~eitlnmi~ of tha
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caLl bmt-orr the duplicate ●saays gave ●n ●varqe
rkprmiucibility of 0.25% for chc 80 samples. The
K-@dga proclalob computed from the counting sca-
tl-tlco of the K-adga a-nay is 0.25Z, in ●G’cae-
mmnt with the obsowod rasulta. Thin indlcatoa
that thm contrikrtion to the random ●rror due co
routim ●mmple positimios is mmgligibla.

The ●=oragt sod tha stsndard dawiation of
thm ralmtiva raaultm for 66 froahly sepmrated ●rd

34 •~sd solution sample- ●rc ●fven in Tabla I.
Tha Possibility of ● ●tenatlc ●ffect- in the ●s-
●ay rasult duo to ikl ~ buildup2 1S conoidorod
for tho ●gad ●mplao. Ifoumvar, ● ●eparato ●rJ@lU-
●tion given ● 0.06X lower valua for ●gad emmplea
ralativo to cha frech. Tf’Lio difference i- not
significant, ●nd chmrafora the raaulta for ●gad
●d fro-h ●amploo combined ●rc usad for tha fiml
interpretation. Tha daviation betuman the K-adgo
and d~otructlvo rocultn 1S -0.36X, ●nd tha ●tao-
dard davlation in the rolativo reaulto lo 0.54%
for ●ll eemplaa. Tkoo val-w~ aro in good tzrae
mmnc with cho~c givarr in tlu final raporc on
TA8TEXTamk G.2 (Thinawragt daviacion waa -0.3X
and tho ctamd~rd daviation waa L.6Z.) Sinca ●

Mgatlva SVahaga davlatlon hem pmraiocod sinca

January 1980, s rocalibraclon of tha K-odes ●ssay
UO1OA a plutonlum standa~d solution is racom-
metiad .

Plutonium ISotopics—

Damtructlva Anelysin. Thormml ionisation
masa ●pctrometry la uood to datarmina tho mama
fraction. of the plutonium lootopeo in tho fraoh-
ly ●apsratod ●oJution ssmplaa. tilon ●nchanga
●athodm for ●oparatlon of uranium ~nd ●morlcium

from tha plutonium ●ra u-cd routinaly in the
praparacion of the frashly ●oparatad ●anplca for
m-a ●pactromatry. Tho ●maricium contant of
thaoa tamplca 10 too low co be of concarn. fiow-
●vor, ninca uranium (primarily ●m 23%) 1. pran-
cnt ●t spproaimacaly ● fourth part in 103 (U:PII)

‘n ‘h” ““tonlM p;::c!36y:; ::at~:o”::::::?of contamlnacion
macrlc ●ourca unlaao ●nion ●xcharrBa mathoda ●ra
carrtully ptrlormobl. Tha raoulto of tha mama

●pactlomatry tochntqur ●ra unad fur comparison
with LIM pamslwm aaray ramults for ●ach plutonlud

laotopo.

Nondastructlw Pl@asuramanLa. Plutonium iaO-.-—— ..—
topics namurounta have bean parformsd for 2R

fro-hly ●apar-ced ●olution ●MBP1OS during the

l-yr period from April 1981 to Flmrch 1982. Co,;nt
tlmms for the pamoive meamromanc were 600 ●.
Th@ ●varmge of duplicate ●maay ramultfi for mch
●anplo i- caparod with the mans opmctrommtry x’s-
suit. The isotopics rasults, ●walutad ●aparate-
lY for BUS- mrd PUK-type fuels, ●ra su~rlzed
in Table II. Tbm avar~ge deviation corraspondm
to tbm svaraga Pmrcontasa difference htueen the
pa-eive ●nd the Mas ●pmctrmtry ●easurements
(avmqe reletivo romult). Thm accuracy of the
passlva messy 1- tho •varaF~ deviation, since the
●spactad uncarcainty (precisiom and accuracy

xip:n
l~p~m~r ‘fi~~l%lr;i~;;i~J~J

239pu ,
lam: than th;

u=ortainty in the correspoming pmh~ive aenay
rmsult. Tha ●tmndard deviation in che ralative
ramlta i~orporatam ●ll random uncartainciaa,
i=ludlog the statiscicc of the 600-a counts.
Tha ●tamdard deviation is conmiotantly larsar
than ttu ●varako davlation for ●acn icocope ●rrd

thmrafora raproaanco t ha ovorall uncerLaincy
(prmcinion plum ●ccuracy) of the 600-s pamalve

●mmay .

Assays of 3$ W ●nd 30 PUk sampleo wara

pmrformed during the TASTKK program from Octobmr
1979 co Narch 198L. (Yha averaga ibotopic frac-
tione wmro datarm.inad for 10 rapeated 2000-s pao-
iivo amays of ●mch ●smpla. )2 The iercopica ●e-
●aY Paruters warm ra-evmluatod, Msad on thmaa
data, mainly to corract for tha large deviation
of +23% in the ●vorase of chm BUR reaulta for
242pu. Thie davtatlo~ wac due to the fncc chat
the orlgimal lsocoplc corcol~tion paramatara, Aa-
rivad from ● limitad data set, were not ●ppropri-

•t~ for BUS mator~al. ‘Orlgimal- in Tabla 11
showm the rosulta of 18 DUE sampLoa thst wara
●valuated ueing tha original pmrametar ●ct .
‘Hodiilad” in Tabla 11 indlcatoo cha rtimulLa 01
20 CUR ●nd 8 PUR ●amplea that wero cvaluatarl
UC1- tha ●edified paramatar set, The ●odillad
●at locludaa dlffcrent correlation param~tars for
●scay of MU ●nd PUt’ samplao. ;abla 11 uiVu~ the

●veraga davlatlon and Lhe ralatiw standard devi-

●tion in the r~latlva ;saultu for ●ach iJJOLupu.

Tha conciunlona of tha laoto>lca •val~~Llun
●ra !

(i) Tha u-e of ● ●cparatc ●at ot parameters
for the 7’*2Pu laotoplc correlation Iur
BUU- ●nd Pult-typ@ ●amplea great ly

TABLE 1

PLUTORIIIHCONCE~MTION BESULTS

Avarago fL-Ed~m

No. of Kaprodurlblllty
~- -— (x)

Atsraim Oavlatlon

-0.33 Lr.Mr

~cd plutonium ] 1, 0.20 -0.19 U.5J

Frmehly ●aparatad ●nd ●ged all 0.2$ -0.jb 0.34

-.
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TABLE II

PLUTONIUfi ISOTOPICS BMULTS

Semple Plutonium

m IOOCOF

(Original )
238
239

FUR 240

241
2k2

(!40dlfiad)
238

BUN

PMR

BUR
+

Pun

(2)

(1)

(4)

239

240

241
2h2

238
239
240
241
242

238
239
240
2hl
241

18

20

8

28

-3.70
-1.27

0.72
-0.74
31.86

-0.31
0.09

-0.54
0.81
1.43

-0.53
0.39

-0.70
0.04

-3.63

-0.37
0.18

-0.61
0.01

-0.02

Be24tive
Staodard
Devietion

(%,10)

4.60

1.56
2.45
1.77

21.66

2.33
0.40
1.19
1.05
7.53

3.39
0.53
1.27
1.90
4.52

2.61
o,b5
1.20
1.32
7.11

imrovoe the ●ccurecy of tht paeeive ●e-
•a~ of individual leotopec, ●epaciallY
for KUR-type ●amplee.

The ovarall relattve uncertainty (10)
In cha Isotopic frsctlone dntarnlned by

paemive ●eeay of thie ●et of ●amplmo ie
;4;~ul.2, a~3,2;~u7X for ‘]%, ‘h%,

. , roop4ccively, fOr
600-s painlve counts.

The ●veraSe daulation (accur~cY) for
●ach imotopa ie ●ubecantlmlly lees then
tha ovorall uttcartaincy ~iven in (2).

Tha ●vura~m devla[lon of the kaeoive ae-
●mv from mese ●rnctrontry fmr 7.3UPU ie

na;ailva ad leie then 0.5X. Thie I-

rather good atremnt bet-an tti pe-
filva ●nd tha ~en ●pctro9etry raeulte,

low ‘J% ieocoplcconeldori~ t ho
.~~aw. (<)x) ●d ck poemibility of
uea-i.)ti contamination 10 the maem ●pee-
trmetry ●eeey. The rmlativ~ ●terdard

::’!!1
~n in ths ralatiwo roeultm for
Pu ●ee4y ie Ii, 10.

‘lution ~plee bevo Mm carried out udor TASIU
follomd by che Japan support Progrm for
Agenry’o Sefquerdo (JASPAS). TIM #tebllity of
the K-tige calibration use pcavan in the field
teet, wb.ich aem ●xcaedad s duration of 2 yeere.
An lnspaction mnual me prcperod in collsbore-
tioo with W ●zprte. AS ●uthentication pro-
C.duree for thie imetrwent, tho following beVS
baen developad:

(~) Uee of tantalum ●nd pluLoo.ium Ioiic ●e
‘uorUog- ●caoAarde.

(1) Vieuml in-~ction of ●lactronice ●et-
ti~e, peromtere, 4od geme-rey ●pectra
00 the ●ultlchanoal anely~ar diepley.

(3) Use of ● ●eperate ●oftwre floppy disk-

●cte try IAEA inspectors.

Tha recent Installation ●nd uee of ● ●econd
duel floppy di-k unlc hee wde it poseible to
●imultaMouely ●tore raw ●pectral data on each
of tuo floppy dlekmtcee (oru for ttu facility ●nd
OM for the 2&A) to meintain ●fficiency in ro-
tine o~ratiooe durirq ioe~ctions. Furthor80ro,
O.W i~provod ctmple celle heve been deelsned ●nd

fabricated. Tha mu cello ●re loco ●uecoptibla
to Lh- vertical positioning problem bceuee of ●

radurad capar c~prmd with th old eel..

TIM calibration of the in-tr~nt wae per-
formed in Octobel 1979, ueio@ nicrace ●olution
●amplae of plutonium. Since these aamplae wra
ctirarterised by doetructiva ●mlysie performed

by PMC, ● rec;libratlon of the ‘iuetr--nt 10
pianrnd in which the plutonium rmfarooca colu-
tlonm will h •mely~ad by three different labora-
torlte.

Th* feaelblllty of incorporation of thim
io-piant ioecruwnr into routine ●mfa~uerdc in-
spection procedurco fum hen greetly ●nnanced by
cluee collakrative field taetlng ●fforte sup-
ported by JAJIPA5 ●md CM Intertutionel Se!querdm

Pro~r*m Offlca. Thee@ ●ffortc ●ra ttlLl in prog-
rata.
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1. TASTBX, Tolui Advanced Safegurdm Technology
K-rclec, Intarnatiorbel Attutc roar~y *ewy
report TB-213 (Vianm, 1902).

2. ?. A. htO~O, S. T. Yeue, J. K. Sprinkle, Jr.,
s. so John#on, Y. AmekuraO 1. Kondo, J.
MOeui, ●nd K. Shoji, ‘la-Plaoc Maeurmrtte
of C8sm-hy ?ranemie-ione fcr Prociea K-Bd~e

●nd Paoelve Assay of Plutoniu9 C4+nceotration
*tM Ieocopic Practlone in Product Solutiooe

(flnel l.eport 00 TASTU Iaek G),” Loe Mae

ktiooel Labretory report LA-9440+4B, Power
kic’or ●nd Mwcloar Pwl mvelo~ot Corpore-
tlon report PMCT-841-M-10, to ti leetd.

BAPEGUAKDS APPLICAT:WB

K-edfia ●d peeeive aeceym of ?Iutoni- cow
centration and leotopic *krMance of product ●o-
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results (equivalent thicknesu in grams/liter) for the

GiiiiU line is the average result of 236.6glti.The
deviation of 0.7 g/i (0.30Z relative).
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Fig. 2.

Per ceti difference between K-edge and destructiw assay (relative result) for .plutoniu9 concen-

tration plotted vs ample identification numtwr. The solid line is the average relative resulr
of -0.362. The daabed lines indicate the standard deviation of 0.54%.


