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NONDESTRUCTIVE ASSAY OF PLUTONIUM BEARING SCRAP AND
WASTE WITH THE ADVANCEIJ SEGMENTED GAMMA-RAY SCANNER

ABSTRACT

~, J. K. Sprinkle, Jr., S. -T. !-lsue, and M. P. Kellogg

Los Alamos National Laboratory
h Ahrnos, NM 87545USA

Assaying plutonium-bearing scrap and waste (S&W) for
plutonium content can lx very difficult because of the hetero-
geneous nature of the items. Revious efforts have kn ham-
pered by the lack of representative standards for calibrating
and evaluating measurement performance on actual plant
materials. We have characterized 25 S&W items in three dis-
tinct S&W categories to 2% or better. We used these items
with fabricated calibration standards to evaluate the perfor-
mtmce of the Iump+orrwted segmented gamma-ray scanner,
We show that some difficult-to-msmt.tw S&W samples can be
assayed with less than 10% bias, but still suggest that each
category of S&W be individually evaluated for mutsuremcnt
bias,

INTRODUCTION

A!] nuclear material processing facilities gener~te large
amounts of hetemgeneaus scrap and waste (S&W) containing
special nuclear material (SNM), This scrap and waste needs to
be measured to compute the material balance. (We define
scrap as material with sufficient SNM to make recovery eco-
nomically viable; waste does not have sufficient SNM for
recovery,)

Most chemical i~htdques rely on sampling the item and
then extra l~ting the results from the sample to the original

ritem, For etcrogertcous scrap and waste, chemical analysis is
not viable Ixause of the difficulties of obtaining mprescntativc
samples; these samples have traditionaNy been mea.wmd by
nondestructive assay (NDA) instruments, NDA has some
adw ntagcs compared to chemical analysis; it measures the
entire sample, the sample does not have to be homogenized, it
doew nor enerate more waste, and it is easier to apply,

kHowever, DA is not the answer to all assay problems; some
waste, for extunplc, large crates, cannot he measured quantita-
tively by my means

This paper describes thecn~uhility ot’ the advnnccd seg-
mented gamtna-rtIy scanner (!KIS) m measure a wide variety
of plutonium-bearing scrap and waste, Real samples were
obtained from o rating facilities and snbsqucntly carefully
characterized, G e samples include Iow.dertsit plutonium

Ybcmringash, hi hdcnsity plutonium oxide, sand-sag crucibles
f(SSC), and sa ts eneratcd frotr the molten salt cxt.mction

(MSE) prOCCSS,-#his paper de ,nonstrates that some of these
process samples cart bc measured quite well with the sttuc-of-
the-art techniques on the S(3S,

FRINCiPLE

The SGS1 was developed in the 1970s for low-density,
reasonably uniform samples. The SGS assay is based on the
413-kcV gamma ray spomancously emitted from 239Pu.
Corrections arc made for rate-related counting losses and the
attenuation from sample marnx self-abscqxion. The sample is
viewed in slices or segments defined by moving the sample
vertically, in discrete steps, in front of a collimated detector.
The segmentation reduces the bias caused by vertical hetero-
geneity in the sample. The samples are rotated during the
assay, which tends to reduce the effeas of horizontal hetero-
gcneityo

Assay results, however, can still be biased (nearly always
low) if the density of the sample is high or if the sam Ie con-

6tains lumps of plutonium. Recent improvements in S S arttd-
ysis started with improving the matrix attenuation correction
factor, and - volved into correcting for the prcsencc of the
Iumps.z l%ese impmvemerm can be sumrnarizd as follows’

1, Quadratic interpolation of the measured transmission to dc-
ducc the sample transmission at the assay energy rather
than usc the transmission measr.rcd at the transmission
source energy, 1

2, Calculation of the attenuation correction factors using
numerical inte ration of actual Sample#standard geometry

7instead of the ar ticld approximation, Polynomial func-
tions arc used to fit the correction factors as a function of
the transmissions. This improvement reduces some of the
correction factor cmors for homogeneous samples from
Lwtwem 5% and 10% to 1%, using numerical integration
as the reference and benchmarking with measurements on
standards,

3, ,%says for plutonium arc performed at several energies,
and the suppression of the !owcr encrg assay is used as

1an indicator of the prcscncc of lumps o SNM in the sam-
ple, A lump cotrcction is pcrforrncd based on the assump-
tion that the lumps am spherical and of the wunc size,2

These improvements in the data analysis arc the main fcn-
tures of the advanced SGS, To test its validity, the instrument
was used to assay a group of well-characterized recess sINn-

$/plcs whose SNM contents are charactcrird to 2 or hettcr by
methods described below, Thc results of the advanced S(XJ
nssays are comparrti with n ncutrwt coincidence counter
(NCC). Traditior,tdly, for the plutonium bearing S&W, wc



RESULTSsus~t the results from the NCC are biased high, and that the
SGS results are biased low. This can be used, in most cases,
to bracket the true result.

CALIBRATION

The advanced SGS was calibrated with the standard
STDASH- 1; the calibration was vaiidated with ST’DASH-2.
Both of the STDASH standards are fabricated from plutonium
oxide and diluted with diatomaceous earth. We have found
these standards to be uniform and homogeneous. The particle
size distribution of each standard is not known.

The NCC was calibrated with the PEO and LAO sqics of
oxides. The PEO samples are prepared with 10% ‘40Pu
ranging from 20 g to 780 g of plutonium; the LAO samples are
prepared with 16% 240Pu and with plutonium masses ranging
from 60 g to 870 g. The plutonium contents of these stw’i-
dards were determined from the chemical preparation and
recently validated with calorimetry and gamma isotopics.
These standards are intended for the NCC; in general they are
too dense for the SGS and fairly opaque for gamma-ray
transrmssion at the assay energy. TheIymimic clean scrap.
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Tlte results are summarized in Table I for both instru-
mentso3

The first set of sarnple$ measured consists of plutonium-
bearing ash with a relatively low density (-0.5 g/mL) from
Hanford. These samples are appropriate for the SGS because
they are low-density waste that is fairly uniform. Figure 1
shows the SGS assay results. The SGS assays have a relative
standard deviation (RSD) of 0.7%, which is approximately the
precision of the measurements w,th very little bias. In
comparison, the NCC assays of these samples fluctuate
substantially more with an RSD of 5%.

The second set of samples consists of the plutonium oxide.
Although these samples have a relatively high density and
should be measured by NCC, they were measured with SGS
for completeness. The results are shown in Fig. 2 In gen-
eral these samples are too dense for the SGS and fairly opaque
for gamma-ray transmission at the assay energies, The NCC
assay results have an RSD of 3% while the SGS assay resu~ts
fluctuate with an RSD of 24%. The average SGS result is only
6% low: probably a fortuitous result of sample ge0fTif2L~.
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Fig. 1. Assay accuracy of zhe SGS for ash samples. These
samples are un@rm and of low &nrity: well suited for SGS
assay. The reference values are krwwn to better than 1%.
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Pig, 2, Assuy uccuracy of tht? SGS fiw the lutoniurn oxide
fitems, These pure, high density samples uve well docu -

men ted chemicul compositions, The reference values ure
known to a few tenlht of u percent,

The third set was the SSC samples generated in the pyro-
chernical process: residues from plutonium casting and broken
crucible pieces, These samples are relaavcly high-density
waste, with a low SNM mass heterogeneous in both the rnarnx
and the plutonium. The high density makes the transmission
measurement difficul~ The plutonium content of each sample
was determined by calorimetry and a gamma isotopic dekrmi-
nation; for these samples the content should be accurate to 2%.
Figure 3 shows the assay results of the SSC samples. The
lump correction for these samples is large (as much as 60%).
The SGS assay of these samples is 19% low while the NCC is
25% high. This indicates that the advanced SGS assay tech-
niqut still has some bias although the bias is substantially
m.duced. It is interesting to note that if the average of the SGS
and the NCC is used, it agrees with the reference values to 4%
with an RSD of 5%, This follows the expected trend; SGS
will assay low and the NCC will assay high. Consequently
the combination brackets the tsue answer.

The fourth set of samples contains salts generated from the
MSE process, in which americium and other impurities are
extracted from the plutonium into the salts. l%e Am/Pu ratio
in this salt is quite high (up to 5%) and the americium was
physikd]y w~td from the plutonium before blending. We
dumn.i.ncd the plutonium content of these items by pulverizing
them, removing metal lumps, blending the rest for an extended
time, then taking multiple samples and analyzing them de-
structively. Chemical analysis was per orrned on different
parts of the sample, and the agreement is between 1.5% and
2%. We feel that the plutonium content is known to 1.5%.
Figure 4 shows the results of the SGS measurement of these
samples, The SGS gives an avemge result 4% low, as com-
pared with the reference values, with an RSD of 2.7%. These
samples wem measured by the SGS before pulverization; the
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Fig, .), ASSG.Yaccuracy of the S(;S for the SSC ,samples.
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surement, Tht’y ure heterogeneom umi lumpy, ‘lhe unccr-
tltinties it~tk rtference vulucs are dw.u 2%.
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Fig. 4. Assay accuracy of the SGS for homogenized MSE salt
scrap. These scrap items are prepured for smpling for chemi-
cal analystk to deterrm”ne plutonium content. Ajier preparation,
they are suitable for SGS assay ij a valid transmission mea-
surement can b made. Tk uncertainties in the reference val-
ues are approximately 13%.

maximum lump correction is 15%, The NCC results are sub
stantially higher than the reference values because of the high
americium content; the (a,n) neutrons are the dominant neu-
trons counted by the NCC. In fact the (a,n) yield is so high
that the samples httve been mcasurd using the self-intcrro a-

$tion tcchniquc.q These sam Ies were flagged b the N C
+’ /’reals-to-totals ratio test (~) as being unsuitable or the cali-

bration curve and only the SGS values should bc used for the
assay result.

The fifth set of samples were fluoride contaminated pro-
cess sweepings generated at Savannah River Site (SRS).
These samples were characterized by calorimetry and garnmri

isotopics. These measurements were performed at SRS. The
LANL calibration was used on the SGS at SRS, The SGS
meamred the samples with an average bias 0.1% high and an
RSD of 1.2%. The NCC had to be recalibrated with these
standards because of the substantially different chemical form
(fluoride vs oxide). The results of the SGS measurements can
bc seen in Fig. 5.

CONCLUSION

This study shows that the advanced SGS can measure a
wide range of material types and masses. We also showed
that the SGS could be calibrated with one standard and still
proviclc good results for a wide variety of samples. Figure 6
shows all of the measured values against the refcrvnce values
for the various samples measured o~ the SGS.
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Fig. 5. Assay accuracy of the SGS for the in-plant scrup stun-
dards. These scrap items are from a working proce.vy, T)w
uncertainties in thereference values are uhxu .?%.
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~ the scrap and waste can be separated according to den-
sity and material type, the SGS and the NCC can potentially
perform assays with biases of less than 5% on some of the
most difficult process samples to assay. The SGS and NCC
complement each other ~id, if their results agree to within the
uncertainties, we are reasonably confident of the assay result.
When the results from both instrumeim do not agree, we have
found it prudent to look at the data and examine the sample
more carefully. Often the data from either instrument is obvi-
ously flawed. For example, the R/T ratio flag cm the NCC
may indicate the wrong calibration curve, or that the transmis-
sion in the SGS might be too low (<0.001) for a segment of
the sample. Obviously, these results cannot be extrapolated to
other sample types. These data demonstrate the need to eval-
uate each scrrtp and waste stream for measurement accuracy.

Our current efforts on the advanced segmented gamma-ray
scanner are focused on improving the lump correction factor
technique. We are also exploring the possibilities of making
these measurements on SNM materials other than plutonium.
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