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FEASIBILITY STUDY OF PLUTONIUMISOTOPIC ANALYSIS OF RESIN BEADS
BY NONDESTRUCTIVECAUMA-RAYSPECTROSCOPY

T. K. Li
Los Ahmo# National Laboratory

Los Alamos, NM 87545 USA

Abstract

We have I,}itfmted ● feasibility study on the
uoe of nondestructive low-energy gatma-ray spec-
troscopy for plutonium iootoptc ●nalymia on
resin beads. Stven reoin bead samplee were mees-
ured, with each sample containin8 ● n ●verage of
9 pg of pluton.’um; the isotopic compooitiona
of the ●amplec raried over ● wide range. The
gamma-ray spectro,]copy remults, obtained from b-h
counting-time measurements, were compared with
mass spectrometry reuults. The ●verage ratiom
of gamma-ray spac!rooco $~ t! mama apectrometry
were 1.014 t 0.025 for 2 Pul 39Pu, 0.Sq6 * 0.018
‘or 2%u!239Pu, nnd 0.980 * 0.038 for 241pu/
239pum The rapid, ●utomated, ●nd ●ccurate non-
destructive Iootopi( anslysis of resin beads may
be very useful to p]ocess technicians ●nd Inter-
national Atomic Eneri,y Agency Inspectors.

1 lntruduction-“———_

we recently d?veloped ● nondestructive
~arama-ray techniquel t(l ●ccurately determine
plutonium iootopic ral,ioo in s timely manner for
plutonium having a wide rnnge of mastes, isotopic
contents, ●nrf chemical formn. This technfque,
based on high-intenmi<.y, low-energy (36-68 keV)
gamma raya, haa demonstrated ita sensitivity in
meaauring very ❑mall mtaa ●amplea. For example,
within a 10-min counti~g time, the measured pre-
cision for ● 15~g reactor-grade plutonium sample
la 1.5% for 23~u/23$pu, O.SX for 24%123%,

and 6.1% for ~41Pu/2391u. Following ● suggestion
offered by Higinbotham2, we recently ●pplied
this technique to fni’ iate ● feaaibflity study
of plutonium isotopic ●rmlyaia on anion ce~ln
beada. The resin beat-maoa spectrometric tech-
nique involveu absorption of plutonium into resin
beada ●nd ●ubaequtmt m(ias ●pectrometric ●nalvals
waa developsd ● t Oak Rldp{! National ]Aboratory3.
This paper reports the reaulta of the firat meaa-
urementr, obtained by I Itondeatructive gamma-ray
technique on rerrin beada.

2, Meaeu!@m@nt Method.--... .- . - . . . . ———

Detail@ of the aecwurement technique ● re
d~acribed fn Ref. 1, { the isotopic
ratioa of 23+u/239p,,, :I!r;:fi !p”, nnd 2h~PU/
2~9Pu ● re determiner! by Ilnalyzing the 43.48 keV/
51.63 keV, 45,23 keV/51.h3 kaV, and 148.6 keVJ
129.3 keV gamma-ray ratfoa, reapoctively. Al 1
the gamma-ra:~ peak sleea are calculated usin~ ●

channel awnrnation met ,Iot.f with a llnaar background
aubtractton, Minor ntrnrfcrencea iii the full-en-
●rgy peakn ● rc takm ln:o ●ccount. The gamma-ray
relative ●fficienclta Irv dcterminmf uninfi the
meamured p~ak ● rena and the known •p~ctflr ●c[fv-
itiea of 239Pu &*mt,n raya ● t eneraica of 3t3.66,
S1.63, 68.72, 129.), 144,2, 171.3, 195.7, ●nd
203.5 keV.

The measurement ●yatem conaista of a high-
reaolution hyparpure germanium planar detector
and aaaociated electronics, a Ca[.berra Seriaa 90
●ultichannel ●nalyzer (MCA) with ●n 8-k channel
analog-to-digital converter (ADC), and ● Digital
Equipment Corpmation (DEC) LSI-11/23 microcom-
puter ●nd peripherals. The MCA is controlled by
the LSI-11/23 microcomputer, which Fun 128-k
16-bit words of memory ●nd in ● proceaaor for
data ●cquisition and analyaia. Dual DEC RLO1
cartridge disks provide for storage and tranafer
of the program ●nd data. The _ontrol of ●army
input ●nd uutput in accomplished through ● DEC
VTIOO video terdnal. The hyperpure germanium
planar detector han dimenaiona of 1000 ImLlzx
13 mm .nd ● reaolut.1 m (full width ● t half maxi-
mum) of 560 eV ●t 122 keV. An ●utomatic dato-ac-
quiaition-and-artalyai$ proaram ia written In
FORTRANunder DEC’S RT-11 V-4.O operating system.
For ●etting IJp routin~ aaaaya, the operator/cnnr-
puter dialogue ia kept as simple aa poaaible.

~oeulta ●nd Diacuaaion3 -—

Two ●eta of resin head ●amplea with com-
pleted ma-a ●pectroaeter mnalyaea were provided
by Joel A. Carter, Oak Ridge National Laboratory,
●nd ● rt described in Table I. Set I (aamplen
?tix 1 to Mix 4) wan prepared on November 15,
1983, ●nd Set 11 (aamplea PA966 to PA968) waa
prepered on May 14, 1984. Each sample conainta
of ~10 009 beada loaded with an ●verage of
9 us of plutonium contained in ● ●mall plastic
vial , Iaotnpic compoaitiona vatied from 0.003
to 1.41% for 238Pu, from 57.53 to 97,47X for
239PU, from 2,49 to 36,23% for 24~Pu, and from
0.027 to 8.3% for ?blpu ,

Figure 1 ahowa the low-enmrgy (38-to 60-keV)
gamma-ray spectra from three resin bead ●amplea.
The ●pectra wero tak~n ●pproximately orw month
after the resin bead eamplen were pre ared,

t
The

59.54-keV 8amma raya from 237P ●nd 2 lAm (decay
of ~41PU) ● re Drominent in the ●nectra aa ● func-
tion of the 2Llpu content in the

TABLE 1

PLUTONIUN lSOTOPIC COtlPOSITION

‘ Resin Bead
8ampl e 23@u 239pu 240pu----- . . . . . — .— . ..—

Mix 1 0.003 97.47 2.49
Mix 2 0.017 81,04 18.90
Min 3 o.02& 77.55 27.39
Mix 4 0.03? 63,70 36,27
PA966 0.035 87,02 11,70
PA967 0.276 17,27 18.71
PA9611 1.41 57.53 27.37

aamplea, but

(in at,%)

241pu..—

0.039
0.032
().()29
t),027
1!022
2,54
Ii, 30

242p,,
.- —

0,003
U,uuo
0.008
0.W9
0, 2of)
1,21
9,39
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have only a minor effect on the ●nalycis of lov-
energy gamma rays at 43.48, 45.23 ●nd 51.63 keV.

Table II compares the preliminary gamma-ray
apectroticopy results for ● 4-h count time with
W.ASSepectrometry results. The uncertainties re-
present the eatimeted precision (la) of gas-ray
ray epectroacopy ●s calculated from counting
●tatiatics, including unce-..aintiea from relative

efficiencies. The ●verage ratios of ga- apee-
troaco~~ to -as apectrowetr ● re 1.014 for

&238pu/~ 9PU, 0.996 for 24%u123 u and 0.980 for
241PU1239PU. Because the 24%’u12~%u ratioa for
●amplea Set I (Mix 1 to Mix 4) ● re so small
~4.o x 10-4), no ●ttempt hag been made to
●nalyze them. These results show negligible bias
when coopared with maas ●pectrometry reculta.
The 2.5%, 1.8%, mud 3.8% standard deviation of

TABLE II

COMPARISONOF ISOTOPIC NATIOS BY GABl14A-RAYSpectroscopy
WITN 14ASS SPECTROMETRY

Iootopic Resin Bead
Ratio Jl!!!@&

238
Put239Pu

nix 1

Mix 2

Mix ‘

Mix 4

PA966

PA967

PA968

240PU,239PU

Uass
&pectrometry

3.05 x 10-5

2.08 X 10-&

3.28 X 10-4

5.13 x 10-4

6.29 X 10-4

3.5fJ x 10-3

2.44 X 10-2

Average
Standard Deviation

Mix 1 0.0257

Mix 2 0.234

Mix 3 0.379

Mix 4 0.571

PA966 0.135

PA967 0.243

PA968 0.478

Average
Standc*d Deviation

PA966 0.0118

PA967 0.033

PA968 0.14?

Average
Standard Deviation

Gamma-Ray
Spectroscopy—

3.11 x 10-5 t 7ozb

2.06 x 10-4 2 16.3%

3.37 x 10-4 i 10.9%

5.04 x 19-4 f 7.2%

6.24 X 10-4 k 6.0%

3.70 x 10-3 t 2.2X

2.55 X 10-2 * 5.2%

0.0256t 6.6%

0.230 * 2.1%

0.387 i 2.’?%

0.563 i 2.0%

0.138 f 2.3%

0.238 i 2.0%

O.ill * 4.6%

0.0113t 18.3%

o.0338f 10.5%

0.139 i 21.9%

Gamma-Ray S~ectroacoDy
_Meas Spectrcmetry

1.020

0.990

1.027

0.983

0.992

1.039

1.045

1.014
tO.025

0.996

0.983

1.021

0.986

1“02?

0.979

0.985

0.996
*0.C18

0.956

1,024

0,959

0.980
to.038

. -_ ----- ..- --- ___
aCountintj time ● 4 h.
bUnrertainLiern repracent the estimated pr?cimion (io) ● - calculated from counting ctatl~-

tlce, includin uncertaintiao from relative ●fficltncieo.
fc))ecaune the 24 PU/239PU ratioa for ●amplern MIX 1 to Mix 4 ● re to small P4.O x 1V4), no at-

attempt haa baron made to mnalyne them.



spectively, - indicate the overall preciei& of
meaouremente by lov-energy game-ray ●pectroacopy
in thene vide rangea of plutonium ieotopic dis-
tribution (vitt.in a A-h count time). Obviouely,
the precieion obtained from the game-ray tech-
niqua ie affected by counting ●tacigtics of the
full-energy peaks; the counting statistics ● re a
function of ●emple mees, Ieotopic distribution,
heeay 8eometry* count time, sample ●ge, ●nd ●o
forth.

Table 111 liatm the meaoured precicion (as
determined from 15 repeated meaeuremecte) of
●even remin bead ●amplee meamured by g~-ray
npectroccopy in 4+ count timee. These reeults
demonstrate that thie technique can be applied
to varioua typee of meteriale in reproceeeing
plants. For example, ●ample PA966 la typical of
FFTF plutonium feed, ●nd eemplem PA967 and PA968
● re typical of plutonium from spent fuel in LHFBR
and LWR fuel cycles. The meaaured precimiona in
b-h count time for these ●amples are from 2.4 to
4% for 240Pu/239Pu ●nd from 3.2 to 6.3% for
238pJ/239pu. The precision can be improved
by placing the eamplen cloeer to the detector
and by meaauring the eamplea aa coon ee they are
prepared ● t the plant (before the 59.54-keV peak
atarta to grow).

Verification of input plutonium and aaeay of
●amplea from intermediate proceaaea are very
important for near-real-time ●ccounting at re-
proceaaing plants. At preeent, International
Atomtc Energy Agency (IASA) inepectorn must epend

TABLE 111

MEASURED PRECISION (lo, %) OF PLUTONIUM
ISOTOPIC RATIOS IN 4-h ASSAY TIME

Reein Bead
Sample.—

Plix 1
Mix 2
nix 3
nix 4
PA966
PA967
PA968

2* 2= *
239pu

30, 6.6
15. 1.4
13. 2.5

8.1 2.5
6.3 2.5
3.2 Z,ij

4.2 4.0

19,9
12.8
15.7

many houra to observe the preparation of eamples
to be sent to Vienna for analyeia. klginbotham2
has suggested that eimple, rapid, ●t-plant, at-
tribute analyeea to ● fev percent be performed,
so that only ● few accurete variables aasaya need
be done ● t the SAL in Vienna. The attribute
●ample ●nalysen ●hould flag major problems in
time to reeolve them vith little ●ffort. It ia
understood tbet typically eeveral thoueand beada
containing ●everal micrograms of plutonium are
loeded ct ● time, ●nd only ● few ,beeds would be
shipped to Vienna. The reet could be uaeif for
gamma-ray ●nalyaia for eaay prompt verification.
Inapectore could then ●pcnd leee time observing
chemical aperatione to detect alte~ing or sub-
stitution of samplea.

In ●ummary, nondestructive gamma-ray spec-
troscopy hea been ueed foi the firet time to
meaeure resin beada. The rapid and accurate
nnndeetruct.ive isotopic ●nelyais of raain beada
may provide ueeful information on burnup, ac-
countability, procerna monitoring, and eo forth.
Furthermore, the simple oparation of eutomated
nondaetructive gamma-ray instruments may be of
interaat to proceaa technician (for routine
meaaurementa in reproceaaing facilities) and IAEA
inapecLors. Further etudiea of apiked samples
to determino plutonium and uranium concentration
are under vay.
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