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ATl

We are studving the reasibiiry of deterruning the plu-
romum concentragon and 1sowopic disaibuoon of Mighly
radicacuve. spent-tuel dissoiver solunons by empioving
high-resciuton gamma-ray spectromerry  The study
involves jamma-ray plutonium 1sotop:c analyus for both
dissoiver and spiked Adissoiver solunon samples, after plu-
tomum 1s eluted "hrough an :on-exchange column and
absorbed :n 4 small resiy bead bag. The spike 1s well
characterized. Jdrv plutonium contamng -98% of =%Pu. By
using measured 13010pIC Informanaon. the concentranon of
elemental piuonium in the dissolver solugon can be deter-
muned. Both the piutomum concentranon and the 130topC
componinon of the dissolver solution obmuned from ths
sudy agree well with values obuunad by Taditonal 1sowmpe
Jdilunon mass spectromerry ' [DMS). Because it 1s rapwd
easv to operate and manwun. and costs less, this new wch-
nigue couid be in aternative method o [DMS for input
acoun@ahlity and veriicanon Measuremnens in reprocesing
alants

~-lOrodusnon

Isotope dilunon mass specTomeTy ([DMS) has long
heen the most acepted technijue tor determumng the pluto-
num content of wpu’ wpent -fuel dissoiver solunons n repro-
cessing plants./!/; However IDMS s ume consumung,
ample preparanon 13 lengthy. and the egquipment and opara-
non are costly Recentyv, 4 hybnd K-edge and K x-ray fluo-
rescence | XRF) dans: ometer for demrmuning the uranium
and pluton:um element concentrannns of dissolver solunons
was developed at Kemforwhungszsnoum Karisruhe. /Y
However. the hybnd inscument doss not rostsure isiopK
composiions.  To avold [DMS's dsadvanages bur vet
Jeliver xcepuabie measuremnent and prer son. and
10 compiement the hytnd K edge/K-XRF measuremen: f
plumnium .oncencanon, we are developing 1 new wuh-
ajue—iwwope dilunon gamma-ray speclomegy ([DGS)»—
for umulanenusly measuning the plulDnum concentranon
and 1s0wpKc compounon of ghly radioactve fusi-disaciver
wiunons. [DGS 13 umular © [DMS except th the 1s0wMC
dsmbugons of hoth unspked (unknown dissoiver soluoon)
and wked by adding (0 the diasolver wiuaon a ynis of
well-charsterizad plutonium) samples are measured by
Righ-molunon gamma-riy \Wex Tomery rther than muss
Euwr-u'y. and thet sampls preparanon 13 umpler for

%Y Gamma-ny messuremenu of highly mdiaacnve
dissoiver soiutoms from reprocesaing plants requure rapud
and effictant ssparsnon of plumaium from flsson products
and other mundey. A reo wap ion-eAchange Wwperaoon was

“This work s upportad by the U S. Departoent of Energy.
Orfice of Safeguards and Scunr;:l cnuwnn‘gn wih the

Dnicar Mot amd N loar Bl

seveioped 10 obtun saasfacory punficagon and recovery or
Siutonium for the [DGS measurement. Spexcmal analvsis for
‘ne myuired tull-energy peak areas ang 1sotope rauos s
woomplished by well-esaablished methods. The isotopes
-iepy, Py, 9Py, and 24Py are all good candidaies 4i a
azown spuke tor the (DGS techmque. Huwever. for reasons
of z~st and avalabliy, 239Pu s the best chorce. Twa
“root-or-pnaciple experments have been carmed out it the
Tkl Reprocessing Plant. We used large-size drv 1 LSD)
piwes of 239Py (97 9%, prepared by the [nterrauonal
viomie Energy Agency’s (TAEA) Safeguards Analvucal
Laboratory ' SAL). for our expenmenws. 3/ Theu certfiea
SOOpIC compositions (1n weight percent) are listed 1n
Tible [

This paper descnibes [DGS measurement principles
ind :ne preparanon of the resun bead sample. ind dscusses
Jiulonium element concemranons and 1MADPW composilions
t dnsolver “oluoons obuuned by [DGS.

aYeasurement Ponapla
Rluonum [soteqig Compasioor

T™e measurement method ¢* plutomum 1sotopic RQOs
5 ~ased on high-resolunon. gamma-ray wpecTCcmeTy ech-
Tigues. [n general. the som moo Nrm):Nia: of wo 150-
‘opes m and n can be determuned by measuning thewr (espec-
‘lve Jumima raysJd and b

Lomy Ard) nm.r, Jm ab

R = 2 ——

Ny A k) ifd) T/ s~ ny ad) B

Anere 4 = (ll-energy peal, areas.
/& abso.'m etruysion probatmlity of gurma
rys.

.2 = half-life of sotope. and
¢ =« reisave efficiency of selected gamma
ravy, inclhding dewctor inmnuc etfi
Clency. cunang geomeTy. and attenua-
non.

TABILE[ Plutomum [sowopic Abundances (wt %) of

LSD Ypnies
"Tuxops 1 EApr-ors | ond Experimem
}Hlpu 0 (ar244 nog 7
Ipy, 97 921 9T 914
| tap,, 2.0604 10828
| Mipy 00141 GO
| Ipy VAV IR P 1) 004 )




Becduse rine wma. samoie voiumes Sondining iess
han L omg ot _:‘_;:cm-_m Xe ﬂcsc SXPErTMENLS, N 150 0PI
canos - 30y TPy, SE 9Py, and S Pu 2Py are
letermined "y mcanmng .'16 MEN-INEensity, Ow cnc’g‘v
Jamma-rav  fanos +3 38 eV S1 A3 kev 1513
xeV §ledkey and 4R n xeV 129 3keV, respecnyely
15 The ibsowute “8Py, 239Py. 230By, and S4!Py frac-
uons in the sample cin then be deterrmned by combiming
SOtOpIC rAnos and correcting ror the -*<Pu content. which s
sredicted by :sotope correlanan techmcues 6/, that work
well for materai from known reactor types. All gamma-ray
Deak Jreas dare caiculated by using a channel-by-channel
summanon metnod with 1 .near. sJaght-iine background
subgacgon. Minor inerterences n the tull-energy peaks are
TALEN N0 CCOUNT N the 1ssav equanons. The ethyera)
TaAnos dre so Jdetertnined o rternal specTal informanon;
the factors (/thylva i and (T, «omyT)~n)] are known and
thus the R may be computed.

Total Concenmagon of Plupnium

By measurinyg the s0topic compositions of hoth
unspkesd and spuked dissoiver solunion samples. the concen-
Tannne of plutonium n the unknown dssoiver soiunon, Cy,
<an be determined. Let W! C. and V be the weyght fracuon
of 1sotepe ., concentanon g ¢, ind voiume (£}, respec-
nvely and the subs<rpts 4. 5. and m sand tor the unspiked
sampie dissoiver soiunon., spike (LSD spike). and sptked
sample mux:ure of dissoiver soiution and LSD spike).

Amers Ao = Mass of piutonium in e sTike.
Rm = WiWh the 23IPy, 2 P9Py rano n i
spuked sample,
R: = WYW? the 4Py, 219pu ruo 0 e
spuke. and

R, = WWw3 e 3Py 3%y rano .0 the &s-
solver soiunon sample.

7 this equanon, the values of M W R ane b, ure
srown. Therefore, only the values of R, and W} 0 ne
snspuked dissolver-solunon sampie ang < 5 :n the spiked
sample ne~d o be measured by gunma-ray specTomeTy
The precision and accuracy to be expected from [IDGS
measurements of C, are obviously imporant. There :s con-
Sdence that the random and svsiemanic errors of W v,
W} and R; are all <0.1% . Prelumunary results indicate that
e systemauc error in C, nmoduced by the gamma-ray
speciromemmic measurements of Rm, Ry, and W} 1s 4 smail
fra.uor - "apercent. The random errors ansing in the mea-
sureme: .5 Of Ry, Ry, and W) will dormunate the precision.
An Approximate expresuon. of reasonabie accuricy. fving
the relaave standard deviaoon (RED) of C, 1n werms ot the
RSD: of Rm. R,, and W} can be easily denved. R, and
W . re not tully mtpzn&m sansocally because of the way
thewr /1lues are exzacted from the gamma-ray specTa. but
hev are “near independent.” [f we assume independence
ind propagate by usual methods we obtain

i 2 Rl 2 . :
RSD(C,) = Rik R - RSD 4R ) o—-El—RSD 4R, - RSDHW >
“R)AR, - Ra)? {Rq- Rem ‘ <

~espectively  Assurmng first a nuxture of spike jolugon and
inknown solution. the weight fraction of 1sotope  un the
spiked muxed) samples s

- v ()

This s the basic isotope diluace celaion. However, n
1ppiving te (DGS methad o the plutomum concenragon o{
Lsisolver wiutons it s advantageous 0 work pnmml
‘erms of (ratopic ranos. The resson for ths 1s that -‘-Pu
ives not ermut 2 usable gamma ray and its novmally small
Taczon must be estunated by a correiagon echuque wn order
0 convert rhe directly and eccurately measyred |
ratios to absoluwe fractons. Furthermore, when mma
13 the spike we get opumal results when uung the
40Py 239y o Thus. using: = () for 40Py and ; « 9 for
219Py, we usz Eg. (2) o wrie

W:‘ wv‘C' V, » w: CuVe 'hH

Solving for the plutomum coacentranon of the
inknown dissciver wiunon, (', we obwn 77/

This expression s slightly conservaave and quite accurate
when compared © resuits of RST's computed from replicate
assays. The anaiyus routnes that R Ry and W}
130 give good esumates of thewr RSDs for use 1n Eq. (5.

4. Reus Bead Sacpie Prepaagon
Two gmo(-of—pnncxple ex no have been carred
out at the Toka chrmgs;m' Becsuse [DGS mea-

surements of highly radioactive dmolvcr solugons reguire
rapid and efficient separation of plutomum from fission
products and other actmdes. we have deveioped a two-step
won-exchange method to punfy and recover piutonium on
resin beads. The procedure for prepaning the resin besd
sampie 1s shown 1n Fig. | for the sprked sample (sold line)
and the unspiked sample (dashed line: Spiked sampies
were prepared by muxing dissolver solutions (1 mg) with
LSD spikes and then completely dissolving them at W*C
with 3} M HNOy (S M HNOy and 001 M were used in
the firyt ex t). After evaporanon and recissolution
with § M HNO», piuonium 1n sputed solucons was com.
pletely adjusted t© retra-valency with Fe(ID and NaNO-

Because the dissolver solunon used in the first expenment
was over one month old. the valency was not adjusted. For
each batch of dissolver wiunon, a | m¢ aliquot was alw
taken as an unsputed wample w0 be used fiw the piytonium
IOMOPIC cumposition messurement Each spiked and
unspiked sar.pie was split 1210 two or more subsampies

Fach subsampie was indaviduaily passed thrmugh the amon
exchanger column ( BIO-RAD AG-MP! NOq torm. () $ my

S mm ¢, followed by washing with 4 M HNO1 ) remove
tisston products and amencium and ' M HNOr 10 remove
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Fig | The resin bead sample preparanon procedure used in the second

experument for (Rt spiked (sold line) and unspuked ' dashed line)
sampies This procedure i3 sughsty diferens frond the first expenimens

Jascrnbed \n the wx:.

Jdouhied the arount of 8 M HNOny solunon used in the sec-
¢ expenment Plutonium was eluted with 0.01 M HNCOH,
‘e ctdity was adjusted with § M HNOw, and the plutomum
~ .13 “nen absorbed on resin beads contained n smail gauze
~a1ys  Each resin bead sample was placed in a plasnc bag,
~=moved from the glove box, .nd placed directly against the
2nd cap of the high- g’\:ry gemamum detector for gatmma-
ray measurements. umple preparation tlow onginally
£ roposed had been such that a ceruy amount of reans con-
‘aning plutonum were titen from the won exchange column
*or jamma measuement (t wes. however found that
~uthenium, one of the mmor fission procucts. was hardly
rinsed from n.e first wxage of the ion separaocn. Therefore.
the idea of plutonium elution-resbeorpoon uenooned above
w1y adopted.

In the firgt experunent, we spiked four Im¢ ssmpies of
input dissolver solunon from one batch with four L.SD
spukes. Each LSD spuks contunod ~4 S mg of plutonum.
[n the second expenment. ux ipiked sampies vere made
fr.m three different baiches of dissolver soluton. Two
i m¢ dissolver-solution samples from each batch were
:ndividually spiked to maks ux spused les. The mass
it prutorium in esch spilke was ~2 mg. prke to-dis-
wiver wiunon plutonium rado changed from ~4 | in the

firwt expenment to -2 | 1n the second expenment 0 decrease
the amount of sprike used. in addition W plulonium masses.
1wtopic composihons of the spikes were also siightly differ:
ent 1n the two expeniments as shown in Table [

4._Rexulis aod Dhscuasion
Blumaum onge. Camponooos

Figure 1 shows the low-energy gamma-ray spect of
ra) the pure LSD spike. (b) the unspiked (unknown) dis-
wiver solution. and (¢) the spiked dissoiver wiunon from
the first expeniment. Nouce the drumanc differences in
gamma-cay intensiaes among the thres les. [n the wc
ond expeniment. gamma-ray peaks of 3Py (at 4 66 and
516} uv{ are reianively smaller comd -ray
peaks of <3Py (43 48 keV) and APy (49 23 keV ) because
of the smaller spike to-dissoiver wiunon rano  Table (I
shows the gamma-ray plutonum sXOPIC COMPoYtoNs ' 1n
weight percent) for the dissoiver solunons, All (DGS daua
shown are averag.i from (wo or three independent mea
suremnents af subsamiples. A few subsampies of sampie | in
the firvt expenment were contamunated by fitvion produgts.
data from these are not included 1n the averages The K
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: Table [I. Plutonium [sotopic Abundances (wt %) of
- Dusoiver Solunons as Desenmned by IDGS

——

Rawh Mpy | 9py | Wopy [ 2e1p, | M2py
iyL\’n)

56 68 2702 962 518
6.6} 714 9% (518
I8 22 513 110125 lag?
96 6) 67$

94) ISZS
—r ]

= s b2
[V RV RV gy
“a“aw O

X-FVS oM Tsion 2roducs Qreciiy ntertere walh the Diulo-
UM OW-eNeryy ZAMITA ravs O affect tne decuricy of e
measurement. Furthermore. the draragedily nereased con-
nNuUm Zack Zround produced Oy Nigher energy g umimd favs
“rom 13500 products fedyces the precision of measurement
for & @iven Joununy ume and JeomeTy for e sdme s s ot
clutonmium. Frgure 3 shows a companson of the iow -energy
dimma-ray specoum from a fission-product-contamindied
resin bead sampie (dotted spectum) with the specoum trom
the same sampie after it was rewashed [0 remove fsyicn
progucts. MO 0w -energy FAmma rays from tission products
nterfered 11 the second exr.ment sampies 24 This may
me due t0 the double amount of ¥ M HNO» solvnon used in
the {ission-proguct washings. However. some weak high-
energy JuMITIA rays from ruthenium that produce a higher
conunuum background were observed in specTa in both
experiments. Figure 4 compares a dissolver solution spec-
oum with the higher continuum background with a4 pure
LSD spike specoum.

Table [{ItA) shows the companson of the plutonium
{S0MOPIC compasitions of dissolver solunion as determined by
[DGS and [DMS. The agreement berween [DGS and IDHMS
's generally good. especially so for the ~*'Pw<3%Py rauo
raverage [DGS/IDMS rano ts 0 9931 and the weight percent
of <39Py 1average IDGS/IDMS ratio 15 ) 9991, which are
importan: for calculanng the towal plutonium concenoanon.
Using Table ([I(B) we can compare the [DGS iand [DMS
plutonium isotopic measurements ot the pure LSD spke
used 1n the second expenment. The agreement between the
[DGS method and the [DMS method 1s excellent excepe for
<41py, which has a very low fracuon n the spire  Of
course. jarnma-ray measurernents of the sotopk fracuons in
the spike need not be made, but were made in this case
increase confidence in the gamma-ray plutonium sotopic
measurements.

Toal Plupnum Concenganon

From £q. 4. the total plutorium element concentra-

uoa of the unknown dissolver soluaon car. be caiculated by
using measured ~¥1Pu/239Py values for the spked soiuon
‘Rw; and for the unspiked dissolver soiunon (R,,). the mea-
sured weight percent of °39Pu i1n the unspiked dissolver
solunon (W ), and cerntied values for W and ~40Py 239 y
R, for the LSD spike. The results of the plutonium eiz-
ment concentranons from [DGS and [IDMS are compared 1.t
Tible [V The average [DGS/IDMS raco s i 0005 and e
sample RSD of the average rano 15 0 11%. indicaang that
iny hag between [DMS and [DGS methods 11 <0 2%
Because each of the 10 IDGS plutonium concentragon val-
ues 1n Table [V was computed from the average isotope
ragos from an unegqual number of counts of varying ames,
the sampie RSD of the 10 rauos, just menaoned ays litte
about the precinion of singie measurements. The precision
will Pe a funcnon of sample plutomutn masses. detector
efficiencies. count umes. and 1sotopic dismbuaons. For the
1000-mm-~ der=ctor used. with ~) § mg of plutonium 1n the
sputed samples and ) ! mg of plutonium 1n the unspiked
samples (although less than 6% was Tapped on the resin
heads). and 100-mun cnunts on both spiked and unspued
reun bead sampies. Eq. (41 esamates the RSD of the random
error to be -1 2% By o.amizing the sample jreparation
and perhaps ysing somewhat larger samples of divsolver
wiunon, the precision couldd de | 3 for | -h count ames on
hoth samples.

. Cau

In summary. we have demonstrated for the tirt nme
the simultaneous determunanon of plutonium concenmaion
and 1 topic componition of spent nuglear fuel divwlver
wlugons from 4 reprocessing piart by the [DGS technigue



28p,,
448
~ 240p,, 201MZ!7U
] Sa s 5954
3 1 239,
g ] S1683
3 K3, mes f‘ “
Q. <
gm‘—-".‘ ‘ g Gd N -
< = B2 40.7 b g, X
:oios A & o
g \N. '\.—/\/“ <
2
Q
Q
3 | ! 1
256 320 34 448 512
CHANNELS
Fig 1 Comparison of the low-energv §amma-rav specium from a fission-prodict-con-
arunated. unspked resin bead sanple | doQed spectrum: and from the same sampie
apier the fission products were washed agai 1soud specrum)
10‘E1T17Trrrlffﬁlﬁ7
105
=
Z 104
b 4
«
S
1 103
3 402
3 10

LSD Spike
10!

1°°LLLLLLLLILJJLIL
0 $12 1024 1536 2048 2580 372 S84 M08
CHANNEL NUMBER
Fig ¢ Comparison of cortinuem hackground in gamema rav pectrd of (@) LSO spuke and

A ipiked Jissoiver souddion resin bead samples



TABLE Il Jompanson o PLIOMum HOO0IC ADUNCANCES A DeterTunes Ty
DCS ane DMS
[DGS. IDWS
T dacn
~No Jidpy lieom, - 4ipy Alpy :%;;!qu

A Drssoiver Soiunon

49 ;87 13 - 1129 1 99%

2 .82 2 990 PR 1) 994 L ual .00

1 L3 . XS 1989 NS 98 0984

E s o b ) .0 L )3a " 04

av 1137 0 99 9 %93} 1 048 1016 [ L R]
3 ST Sowe

S 9Re 00 201 e | — L0

| TABLEY  Commpanson of Tom: Plumiam Concengarions ot‘]
; Dissoiver Sciugons as Determmuned by [DGS and |

; OMS l
. —~
; DGS DMS l
| Sammpie g Putl- g Pwl, DGS/OMS
=
E A Fust Experunent
‘ 19702 19769 0991,

N 19780 DA 2 9871

3 19838 79822 L0016
» SETTE 3 9808 | 0003
i Average 0 9991
|

| B Sexonc Experument

bl . 2968 1299 0 999

) 2933 1298 0 9964

c We LIt 10074

- R 1378 | 019

.9 RS | 266 1 0042

. L 2708 P2 | 0038

Average 1 002!

Bevause [ 15 adeguately accurate and precise. easy (0
sperate and maintain, and costs lesy than [DM3S. tus new
techruque cowd be impiemented as an alternanve method for
input accountaniity and vertficanon measurements tn repro-
cesung piants It could also compiement K edge/K-XRF
me surement of piutonum concentaoon by providing the
s destmbunons of dissolver solunens  In thiy case.
necause onlv dissoiver solution 1 10 be measured and ana-
vtrd. no swprked sampie 13 involved  The [DGS technique
mav also provide useful accountability and venficanon
‘nformagon on intermediate -process and hot - waste -streams.
which are importan: for near reai-gme accounang at repro-
cesung planms

DGS cculd also be a potenual on-site vernficanon
menod for [AEA inspecnons. At present, spiked and un-
spiked alquots from each dissoiver baich are prepared by the
~iant Jperators and given !o the inspectors for shipping ©
:ne SAL for [IDMS analysis. The turnaround ame 1n getang
e resaits of these analyses s usually more than one month
secause of difficulnes in shipping plutoruum-bearing sam-
cies A umple, prompt. venficagon analysis for eacn dis-
so:ver barch that could be done at reprocessing plants wouid
%¢ :mportant. By implemenung the [DGS techmique for on-
site venficanon, the IAEA and domesnc inspectors could
oromet.y detect anomalies and significantdy recuce the tum-
Der 2f samples sent o the SAL for [DMS analysis.
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