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ABSTRACT

This paper describes our experience of fabricating four
sets of plutonium segmented gamma scanner (SGS) can
standards. The fabrication involves careful planning,
medculous execution in weighing the plutontum oxide while
minindzing contaminaton, chemical analyses by three differ-
ent national laboratories to get accurate and independent
plutonium concentrations, vertical scanning to assure mixing
of the plutonium and the diluent, and ftnally the nondestru -
tive verification measurement. By following these steps, we
successfully fabricated 4 sets or 20 SGS can standards.

INTRODUCTION

The segmented gamma scanner (SGS) has become an
important instrument for assaying the special nuclear material
(SNM) content in low-density scrap and waste. To perform
these assays, standards are necessary to calibrate the
response of the system, which includes the detector effi-
ciency, the amount of absorption in front of the detector, and
the collimator geometry. We followed the American
National Standards Institute (ANSI) standard, which pro-
vided the puidelines for the general preparation of SGS stan-
dards.! This paper discusses the actual design and fabrica-
tton experience jained from the can standards, which
resulted in sev sets of successful SGS standards. The
fabricandn of these standards was discussed at anoiher con-
ference.?

The standards have to satlsfy the requirements of the
messuremnent principles of the SOS cssay technique; it is not
necestary to duplicate the chemical form or composition of
the unknown samples. The requirements for SGS standards
are summarized below:

1. The SIMM should be uniformly distributed in the itan-
dards,

2. The standard should have a diameter so that the gamma-
ray transmissiot through the sundard s reasonable
(0.1 <T <0.6).

). The height of the standard contalning SNM should be at
least 1*n times the height of the collimator used in the
SGS 1.casurement.

*This work la supported by the US Department of Energy,
Office of Safcguards and Security,

4. The parcle size of the SNM should be small so that the
self-absorption of the particle is negligible.

This paper will discuss the preparation of can standards.
The can standards consisted of four sets; eacn set comprised’
four standards with masses ranging from 10 g to 250 g of
plutonium.

CAN STANDARDS PREPARATION
PROCEDURE

Contalner

Because the typical collimator height in the can SGS is
12.7 mm, the idvepll inner can would be approximately
100 mm in dtameter and 250 mm high, with the outer can
slighuy larger. After an extended search, we concluded that
these cans have to be custom designed and built. The fabri-
cation included designing a mold for stamping the lids for
the outer and inner cans. After the lids were made, the sides
of the can were cut from suainless steel sheets and laser
welded to form a can. The sides of all the cans were cut
from 0.4-mm-thick stainless st'el (SS) and the lids were cut
from 0.6-mm-thick SS. The height of the inner can was
273 mm, the diameter was 95.4 mm, and the outer can was
slightly larger. The sandards are designed so that they can
fit tnto a slip-top can for glove box usage. Figure | shows
the cans for the standards before the lids are welded.

Matrix

Both graphite and dlatomaceous errth have been used In
the past a8 dlluent to make SGS standards. Gruphite is
flammable; diatomaceous earth is used routinely in the glove
box as & flltering agent. The density of the dlatomaceous
carth is also lower (().26) than graphite (1.25). We selected
the diatomaceous earth matrix. The particle size of the
distomacecous carth is measured by sieving to be between
78 um 1o 106 um,

Plutonium Oxide Preparation

During the preparation, the plutonium onide (containin
~3 kg of plutonlum) had been high.fired (900°C), blend
for more than 4 hours, and sleved through a 100 mesh sieve
(<150 um). Samples of the oxide s s were analyzed
by three different laborstories, New Brunswick Laboratory.
Mound laboratories, and Los Alamos National Laboratory.



Fig 1. Can used for the SGS standards before the fabrication.

Details of the chemical analysis will be shown later in the
characterization secuon.

Chemical Characterization

From the blended plutonium oxide batch, two samples
were obtained from different pans of the batch for chemical
analysis at each of the three laboratories. The analysis
determined the plutonium isotopic composttion, the grams of
plutonium per grams of sample analysis, and the loss on
ignition determination. The purpose of the multilaboratory
analysis was to minimize the blas from the chemical assay
from any of the laboratories; the number of samples would
also test the homogeneity of the batch. The results from the
Mound Laboratories have been previously reported. Table |
shows the plutonium concentration results from the three
laboratories. All analysis systems in the three laboratories
were calibrated with Natlonal Bureau of Standards (NBS)
materials and/or certified reference materials,

We observed that the plutonium concentration measure-
ments from the three laboratories agreed closely. This
tmplied that the batch was uniform and that the assay results
from the tndlvidual samples can be applled to the whole
batch. The above chemical analyses were performed in 1966
whereas the actual preparation of the SGS standards took
place In 1989, To assiie that the plutonlum oxlde had not
changed in this ime, another three samples were analyzed by
LLANLI. for isstopic distributlon and plutonium concentration.

Tabl- {. Chemucal Analysis of Pluionium Concentraton from the Three
Labaraones
LANL MOUND NBL
8 PwSample & Pu/Sampte § PwSampte
Sample [D 1%) Se.mple (D %) Sarrple ID V%)
3A 87.704 A B7.404 A 4772
87.760 87.816 47..27
)-B B7.745 2B 47.806 8-B 87.559
87673 87.827 87619
6A R7.784 1A 87.8t8 17-A 87874
87.760 87.796 87798
6-B 87857 7B 87.890 87826
87.81% 87.8%7 17-8 4777
87.800
Avorage 87.762 Avenge 87827 Average 87737
S| dev 0.098 St dev 0.012 Si Dev 0.:0%
RSD(%) 0047 RSDX(%| 0.036 RSD (%] N.120
Comparsan:  MOUNDALANL 1.00073
NBLAANL 0.9997t

NBL/MOUND 0.99898
All sanmples decay comrecied o 7-(-86

The results were in excellent agreement with the previous
analyses. Earlier, more extensive, analyses (1986) were
used to calculate tie plutonium concentration.

All three laboratories also determiied the 15otopic distri-
bution with a mass spectrometer. The plutonium isotopes in
weight Yercem (average from the three haboratones) as of

9

July 1, 1986, w=re
138p, 6.006
9py 96.302
240p,, 3.562
Mlpy 0.1l

W2p,  pot

For the SGS standard, the mast important isotope ts 239Py.
For this isol%.ve. the comparizons arnong the three laborato-
Pu

ries on the 2 weghs per ot ware
MO'ND/LANL 15,9990%
NBLALANL 0.99998
NBL/MOUND 100003

Standard Preparation

Each standard was prepared by puiting the plutonitim
oxide into the inner c¢an, adding the dlatomaceous cartlt,
adding hellum gas, and welding the lid. After the second
outer container wag sealed, the cans were helium tested for
leaks. Next, the standards were imixed in a V-hlender. The
can was 60% fllled with dlatomaceous earth. A blending
glme of 6 to 8 hours was necessary (o assure sufficient nux-
ing.

VERIFICATION

Afier these standards were prepared, they were measured
with an SOS o determine the vertical uniformity. This was
performed by determining the quantity of each segment from



the bottom of the can to the top using the 414-keV gamma
reak. Attenuation correction was performed for each s J-
taent by means of the transmission siicasurement through
that segment. The count time for each segment was 40 s, the
coilimator was 1.27 ¢m, and the step size was 0.635cm. A
typical vertical scan is shown in Figs. 2 and 3. From the
verucal scans, we found that three to four of the standards
were not sufficiently mixed. These were remixed and
scanned again. From these vertical scans, we concluded
that a!l the standards are reasonably uniform up to 13 rm,
and there are no signs of plutonium and diatomaceous earth
agglomeraung into clumps obscrvable with gamma scan-
ning.

The same SGS uniformity measuremem could also de-
termine 239Py assay values provided the system was cali-
braied with known standa:ds. We have two standards,
STDASH-1 and 3TDASH-2, which were prepared 15 years
ago. which have been studied extensively in several round
robin exercises. These two standards were recently recert-
fied by means of calorimewry and gamma isotopic measure-
ments. Figure 4 sliows the comparison between chemical
known values and the SGS assay values.

We found that the standard deviation of the rato of
SGS/chemistry was |.1% with an average of 0.997. This
showed that there is no apparent bias between these new
standards and tiwe STDASH- | and STDASH-2. It should be
pointed out that these verification measurements were carried
out over a six-month period; whenever several standards
were prepared, the SGgesyswm was calibrated and the can
standards assayc ). Subsequent, more careful, measurement
showed signtftcant improvements; Fig. 5 below shows the
calibration data with one set of these standards for which the
standard deviation was ~.13%.

PARTICLE SIZE

During the preparation, we performed an experiment to
determine the particle size of the plutonium oxide. We found
that all the plutonium oxide passed through the 100 mesh
sieve (150 um), but only 4% of the oxide passed through the
120 mesh sieve (125 pm).
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Fig. 3. Vertical scan of the standard STDSGA-250.
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Fig. 4. Verification measuremanis by the SGS 1achnique for ali the
standards as rompared with chemical preparation values.
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During the Fast Flux Test Facility oxide program in early
1980, when we had the particle size analyzer at Los Alamos,
we found that the mean oxide particle was 5 pm in size, but
could onlv pass through a 100 to 120 mesh sieve. We
believe that the oxide particles are small but they tend to
agglomerate into large clumps; the suspension technique of
particle size determinasion tends to break down the agglom-
eration. At worst, the plutonium particles have a diameter of
150 wm and a density of 10 g/cm>: at best the particle size is
~5um. The most likely paricle size is somewhere in
Setween. Table I shows the leakage fracion from pluto-
nium oxide particles of different sizes at 413 keV, the usual
assay energy for plutonium, assuming the oxtde denstty of
10 g/cmd.

Table III shows the final plutonium content of these
standards as of January 1, 1990.

CONCLUSION

The paper shows that careful consideration needs to be
given to the preparaticn and quality control of well character-
ized SGS standards. Documentaton is extremely imponant,
without it the standards are incomplete. The procedures
described in this paper were used to successfully prepare 4
sets or 20 SGS standards, which meet the phy:ics require-
ments of the measurement asrell as the regulatory require-
vents of the new DOE order.* They are being used daily at
Los Alamos and the Westinghouse Savannah River Site.

(———

Table [I. Gamma-Ray Leakage Fractions from
Plutonium Oxide Particles of Different Sizes

Particle Size(um) | Mesh Size r_l_._egk_xise ardi3 key

150 100 0.985

106 140 0.989

90 170 0.991

75 200 0.992

53 270 0.99¢

38 400 0.996

20 0.998

5 1.000

Table 1. The Final Plutonium Content of these
Standards as of January |, 1990
239py Uncertainty
Standard [D (g) (£) (%)
STDSGMC-1| 48 142 0.035 0.073
STDSGMC-2 48.130 0.035 0.073
STDSGMC-3 48.131 0.035 0.073
STDSGMC-4 48.132 0.035 0.073
STDSGMC-§ 48.139 0.035 0.073
STDSGMC-6 48.130 0.035 0.073
STDSGAI10 9.629 0.012 0.125
STDSGA Y 28.874 0.023 0.078
STDSGA 100 96.269 0.068 0.071
STDSGA250 240,661 0.169 0.070
STDSGB10 9.624 0.012 0.125
STDSGB30 28.890 0.023 0.078
STDSGB100 96.273 0.068 0.071
STDSGB200 192.528 0.135 0.070
STDSGC10 9.625 0.012 0.125
STDSGC30 28.876 0.023 0.078
STDSGC100 96.268 0.068 0.071
STDSGC250 240.664 0.169 0.070
STDSGCAI20 19.271 0.017 0.087
STDSGCAL200{ 192.527 | 0.135 0.070
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