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WC MC sdvlng [he (eas.lhiilry of dcmlT’Murg Lhc plu-
:mIu.m concencmnon md ISOIOPIC Lsmbuucm m“ highly
ctd.mw[lve. jpen[-fuel d15.mlvcr mlunons by mrplovmg
high-rmcluuon gamma-my qmcrrom~ l-he Wldy
involves gamma-my plu[onlum IWopIc JAyus tor W
dMsoiver d ip.kd Jssoivcr mlunon ~pl~ 4.flCT plU-
[onlurn IS elumd ‘IIruugh An :mr.exchange column and
~ in J imall rcw,l bud bag. The ~pikc IS well
ihetmzai. @ piuIOlllUM caWarua~ +% of ‘% By
umnfl mcasurd IwtopIc Int‘OrmAnal. rile com~ of
dmmnral piumruum in f-heIIIwolw duwn can b &Kr-
mmed &xlI f-he plwomum concen~ d * 1~
mrnpomuon of rlw IA WIIV=wlusum ob,usd frmn rhss
ML@ Jgsu 41 wLh Wdlws ~ b’~’-
Lhlumm rruss \~rromCrp IIDMSt. kau= 11 IS m,@.
GISV LOopmme and mmnu.m ml cowsleas.rhls MW ~h-
nlquc couid ix M JAICmaIIVe rrmhcd 10 [DMS for Input
wcoumabihw d vmtkanon mcawm=m m repmxcwng
?Iwlls
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~ %sed on high- mdua.on. garmma-my ~cmy [ah-

714ucs. [n gad. tie armr mno N(mJ#l’V(n of rwo Iso-
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predcted bv :xxofx commaon mchmques 61, that work
well for miuervi tim known -tor ~. .A1lgamma-my
peak Jreas m :wulateci 9V using A channel- by-chanr.el
~urnmauon memcd with J .inear. $mght-lme background
wbmscuon. \lmor tn~”crcrtces m the full+rergy peaks are
:&ten mto ~-count m me Jssav cquanons The e( fJIlcluI
anos ‘m? 31su dctcnrund t%rr UwmaI Speaxsl im”umatlort:
!he factors ,/Ib I/IJ\ ml IT;~(m/TIzIm] n known ~d
:hu.s the /? may be computed.

By measunn$ [he IsotopIc compositions ot both
~urtmei .s oi Rm, Rti, and W: wdl dosrunate & precision.

unspdmd ml $pkd dissolver soiunon samples. the concsn-
+n ~pproxmtase expression. of reasonabk acc~-v, gi~]ng

mrtms or piutomum m the unknown dMoher sdunom L-w,
:he rclattve standard dewaaon I RSD) of CM m tams d the
RSD; of Ra, RM, and W: an be easily derived. R. snd

can be detetmmcd. Let WI c-. ~d k he the weight fraction

or iscxope ,. concenaanon & CI. Jnd volume I ~}. res~-
W’~ , m not My mtkp&tM smasacdlv base of he wav

nvelv and [he subscripts u. s. md m stand for rhe unspskd
:hcr ~akm sre extractd from the garttma-mv spectIz but
:hev m ““near mdependertt. ” [f we assume dependence

~ample ,dissoiver ~iunon ~, qxke ( LSD $pske I, and sptkal
~ample mtx:urc of dissolver solution ml LSD $pike). md ‘pmpagasc by usual methais we oixun

-ey.muvclv ,Assutntng first a Iruxttm of Spike Johmat ad T%IS cxusT2ssmrI M shglstly corrsenaave xnd Gum xcurate

JnKriuwn soiuaon. *e weight frxuon of Isotope I m tbe
)plKcd\mLxed)samples la

when misnpat’edlo I&&S“OfRS171GosU~U~ % I’@lCXC
assays. The artdylls I?Juunes mat
4AS0gtvc good esamxesd”@trR

[2)

Solvlrsg for the plutonlurtt concentration of the
inknown dtssnlver UJlutson. c“- we obsutl fll

Ou, at%EE%g2!;cn=%%m-:
wmrmts of h@tiy rxdmmmve dmdver usiuaona mqwe

rqxd and efficient separaoon of plutomum from ti most
prducts and otha xcbmkt. we have &velopd a twcwep
Iort-exchen$e merlml ro purify and mcmter phmrmum on
remt beads The prtxedure for prqanng the resin bead
sample IS shown m Fig. I fm rite ~psked setupk ( sobd lmeI
utd (he unsptked sample Idashed line I Spiked samples
W- ~ by ms.mng dsuolva u?lunons I I ml I ~lth
LSD Iptkex and that CO@etely Axsdvin thcrtt u IWC
wtth\%l HNQ(SM~ti (301%1 & wete US64 m
the first ex t) Afbr mqxx~ atsd rdsaolutmn
wrdl#M ~. plutomum m tptkd solutions was cast.
pIdY dIuti m H-V* wtth kt m ti v4m@
Baauae dte dtsmlver sduoon uxd m the I&st ●qxnnsenf
wes over one rsxmth o&L the valenq WU rtat a@mal. For
euh I)e&tt M’ dtsdver soluuott, a 1 m~ ahquot WM AU)
taken M M unsptked wple 10 lx usd fur the plumnium
Itixoptc +mtpowtmt measurement Each tptked and
lunsplkal utt.ple was sphr utto two or more dxarrtplct
I%cII wbxxnsple wax mdtvtdudlv p~twd thrmugh the anmn
cmchqer column I BIORAKJ 4G MPI W% IOSWI.I) f mt
f mm 01, follow~ hv wxahurg with # W HNC)I IO wrnove
tissmn PSQIUCU d snsetmum 4nd ~ W F(WI [Q remove
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Fq 1 rht rmn had MWk wpanuwn procedwt wed m the mod

expwunent for th? sp~kd I sold hef d unsp!ked Idiukd kc)
w@es T& procedire i.t ff4@tv dt&mtpwh rk$m cxpcnbvunt
hsc.nbai la * m.

fint experttmm m -2 i m & temd expmmtu to &c7ease
(he acnourit of *ptke usal. in AAtion m plworliurn Masses.

I-C COmPOXIMtUd the q)tkes wetw also dlghtlv differ
em ut the two cxmtmnts u shown m T* [

~!——AMIBWUU

Figure : mows !ha Lowaergy pnftts-mv $paxn of
I aI he pm LSD tpth. (b) the urtspkd I unknown I dw
w3iv6r IOlutaon. ad (cl [he fptkd dsdver soiuaon fmm
fha tlrxt ●rnpentxwttt. ?40tlcc the -UC differences m

gamma-ray mtmmtea among the titta Ies. in the-
‘“%ond expentmnt. gmrutu-ray peaka of ‘~e (at )tiefl and

fl 63 b~ ~ RhtlVdy $td~~ m
-{

funttta-my

p8k30f= %14348kgV)ad~%J(43 2Jke l&cauxe
of the wttdler ~ptke, to-dmaoiv~ wiutton moo Ttble II
dtows the gamma-my pMOrtIutn Iwcmpw cmtrpmItmrrI In
W@tt pment ) for the dtaaolv= Wiumns Ail lIXIS data
thown am avmm~~ from two or Ihme Ittdtpendem r?wa
~~tx of u@axmokx A few wbutaplcs M wtrrtple i In

(he flrw ea~rmnt wem mrtumtnatd bv ti$uon ~wrs,
data horn these am not uwiuded In the average~ l%< k
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K .13VS ?“~lll !I~,i(-l? SK?dUc-:>ti~.::., ,r,:er+em w}ti :Jhe~lu:(].
nlum ,ow-cner<y :lrriil Vl\ \ ;0 Jti”et: !ne Accurw”f or :nc
rneasu.rement. F,~krrmre, :he dm-rAUCUiY ,n~ycasd ;on -
!:~uum. cackg?ound ptduccd ~% hig!lcr ~~ti~> ~J17nu ~y$

.-

‘mm :i>siofl produc[s I@uf:e-i me 2rec:smn of mea>urcm.ent
far ~ ~vcn counung !urte and $3.xnetry tor ‘he Arne T!.bi It

p(u~onlum. FIgurc 3 ~hows A comparison or’ the mw .cnerz~
g“~a-~v jpecmm fi’orn a !i$slon.ptiuct.cont~n~tm

. .

resin bead sample Idutted spemum ) wlti tie specmm tim
[he same $arnple Muter it was rew~shed to remowe Esmcn
ptuiuts. % ~ow-enw famrna r3ys tim tisslon proth.m
:mett”ercd in the second exrwmment wrnpics 2-41 This mav
be he to dre double mount ot’q !$1H..G solunon used in
the fissicm-pmduct washings. However. some weak h Igh -
energy gamma mvs rrom ruthenium that produce a hlghcr
~onunuum background were observed m $pern m tnxh
expermscnts. FIgurr 4 iomp~s J dls.solver soluum fpec
uum WICh the higher cormnuum bactgr’mmd *IIk J pure

LSD spti speccmm
TAM [11(A ) jhow$ the comparison of the plutonlum

;wtoptc compomtmns o~ &ssol*er soiuuon u demrmmed bv
IDGS and CDMS l%e agreement berwen D3S umt IJ3MS
:s genemlly good. cspeaally so tor the 240Pu/~3’@’u ratw
weqe I. DGWDMSrmo M0 W3 I wsd rhe wmght percent

,.>t’~39Pu I ~v~ge [WS/IDMS ~tio IS () 949). whl~h ~
Important for talculimtg the mtal plutonium concenrmnon.
Lslng T~ble [11(B) we can compare chc [DCS Jnd CD%lS
plutonlum tsotopic measurements ot’ che pure LSD spike
used m the second experiment. The Agreemem btweerr the
tDGS nwthod and tie IDMS method IS excellent except for
lllfi ~h~~h has ~ V~ IOW hCCIOfl In the $@e (X’

courss. gamrrta-mv tmawkrnents ot the Isaopw tracnons in
the spkc need no( be made, but were made m this case [o
Iflcrease confidence m dre gamma-ray plutomum IsoCopIc
masummentl.

From Eq. 4), (he (o(al plutonum element concentn-
uol of the unknown dmsolver solution CW. & mlculwed by
using measured ‘a)Pw W% ~21ues for me \p&ed solunon
1I?mi and fa the unsptked dsssolver $oIuaorr (Ro). the mea.

‘~+Pu ~n che unsptked dissolversured welglst percent of -
WmOlr i w:), .UsdCemtid Wslus for w : Usd W%:J* u
Rf} for * LSD qxke. The results ot’ che plummum e~2-

nsent mncmtranom hun KZS andCDMS n compared 1,1
Tiblc [V The awtrage ~S/KDMS ~0 IS i O(JO5 and ~r:
wtnple RSD of die average rano IS O 12%. mdicann rhat

t 2%MY MS between !DVS a!!d !!XS mefhmk? IS %(
Because each or’ the 10 ffiS plummum mtcemmwn val
ues in Table [V wat computed fmrn !he &verage Isoqe
raaos from an unequal number of counts of varying rimes.
(he sample RSD of the 10 raua Iust rrwnaoned iays Imle
Jbout the prmmon of wngie mawmtsents. The ~tslon
wtll & a futwaon of sample plutonium masses, derector
effkxstcnes. count arises. A Isotopic dismbuacms. For [he
1(W-m+ *ector ~ wnth +) 3 mg ot pluusmum In f.hc
tpdtd sampks and 41 mg of phmmum m the umpticd
samples I although less than 60% waa m- on the resin
beada), and 1(10-mtn counts an both wtkrd and unspticd
mssnhead samples. Eq I?Iesarrmsesthe RSDofdsemndn
error m be -1 2% By o+mirtng the sample ptepamtmn
Jnd perhaps using somewhat Iar

r
$unples of dlwslver

u-sluaon, die XIuon could ht I ( b for I h mum tmses on
hxXh samples

[n wmtmarw wc have derntmrnted fcc the tint me
ttc wmulmncous detemttnanon of plutomum imcenua.m
Jnd Ismoptc cornpcmmon Of $pem uuc!ear fuel dttwlver
wiurmns frum A reprrxeg.smg PIWI bv Me LIX!j technique
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ZIGS CCUId dso bC 3 Poten::aion-j::c VCEC~W:OP
~.e::cc for I.AEA mspecuons. .Ar present. spIKcu and uc -
;:WC tiquots fmm -h dmoiwr harm am prcpamd b> ~he
:,~~: qxrmors utd gsven ~mthe mspectom for shlppmg :0
:x S.lL for IDMS analvms. ile n.msarounc!mmc m gemng
:-.c 75A:S of Lttew andyws IS usually more kan one mon[h
w:~sc of dfficulaes m shppmg piuromum-bc3nng sam.

pies .+ Sm@C, prDrnpt. vcnflcaaon analysis for cac R dls -

WI\er batch chascould be done at mproccsmng plants wouid

x :TPOrKUIt. By u@tmxmg che IIXS tedtmque for on-
ji:t ve~.ricwon. tie IAEA and dotxmnc Inspectors could

Wcrjct. y de!cct anomdtcs and sagruficanrly reduce he 2un7-

Xr ?1 samples sent “Qti SAL fm mm analps.
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