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THE MEASUREMENT OF PLUTONIUM OXALATE IN
THERMAL NEUTRON COINCIDENCE COUNTERS

R. S. Marshall and B. H. Erkkila

University of California, Los Alamos Scientific Laboratory,
Los Alamos, NM 87545

ABSTRACT

A coincidence neutron counting method has been developed for
assaying vatches of plutonium oxalate. Using counting data from
two concentric rings of 3He detectors, corrections are made
for the effects that water has on the coinecidence neutron count
rate. Batches of plutonium oxalate varying from 750 to 1000 g

of plutonium and from 34 to 54% water are assayed with an aver-
age accuracy of +3%.

INTRODUCTION

Purification of plutonium by the selective precipitation of
plutonium as plutonium oxalate 1s used extensively at the Los
Alamos Scientific Laboratory (LASL) and Savannah River plutonium
recovery facllities. Plutonium oxalate precipitation not only

serves as a purification step, but also produces a product that
is easily caleined to form low-fired PuO,.

The plutonium oxalate precipitatii-~a rrocess used at LASL
precipitates plutonium as plutonium-III oxalate from a nitric
acid solution. The slurry is filtered in a vacuum filter boat
and air dried for several hours. Water content in the filter
cake varies over 2 range of 34 to 54%, while the plutonium con-
tent varies from 30 to 42%. A typical batch size is about 800 g
of plutonium and about 2200 g of total material.

Both the precipitation process and subsequent calecining
steps are lengthy processes. To maintain real-time account-
abllity of the plutonium moving through these processes, it is
important that the plutonium cxalate be assayed by an



in-line nondestructive assay (NDA) method between the precipi-
tation process and calcining steps. The highly variable water
content of the plutonium oxalate makes accurate NDA measurements
difficult to attain. Methods based on weighing or gamma count-
ing provide only approximate information. Coincidence neutron
counting provides accurate measurements oniy if corrections are
made for water effects.

Coincidence neutron counting methods for plutonium analysis
are based on counting coincidence neutrons coming from sponta-
neous fissioning of the isotopes 238pu, 240py, and 242py,

The isotope 239Pu -~an contribute to the coincident neutron
signal if spontaneous fissioning neutrons or (a,n) neutrons
interact with the 239Pu nuclei that cause the fissions. Spon-
taneous fission neutrons and (a,n) neutrons tgsically are born
with energles in the 1- to 2-MeV range; the 239Pu fission
cross section for neutrons in this energy range is about 1
barn. With this small neutron cross section, one would expect
the coincldence neutron signal from 239py rissions to be a
trivial part of the overall coincident neutron signal in
weapons-grade or reactor-graie plutonium. However, the 239py
fission cross section rises rapidly for neutrons of lower
energy. "

The water component in the plutonium oxalate studied effec-
tively lowers the spontaneous-fission and (a,n) neutron energies
by proton-neutron elastic scattering. Consequently, 239Pu
fissioning becomes a major contributor to the overall coineci-
dence neutron signal and, more significantly, tecomes a function
of the amount of water in the plutonium oxalate.

This paper describes measurements made on a series of p.ato-
nium oxalate batches, and the measurement method and calcula-
tions we derived to successfully correct for the water effect on
the plutonium oxalate.

INSTRUMENTATLGOW

The neutron counter used for this study is a double-ring
thermal neutron coincidence counter (TNC%. The term “double-
ring" refers to two concentric rings of “He detectors that
surround a central counting weil. The 3He detectors are
embedded in polyethylene, which serves as a moderator to de=-
crease the energy of neutrons aririving at the detectors, thereby
increusing the counting efficiency of the TNC. Figure 1 shows

the lo:ation and number of 3He detectors in the TNC; the me-
chanical components are described in detail elsewhere.!

The purpose of the double-ring design is to give a signal
that is sensitive to the average energy of neutrons counted by



the 3He detectors.2 The thickness of the polyethylene be-
tween the inner ring of the 3He detectors and the counting
well is insufficient to reduce 1- to 2-MeV neutrons to the
optimum energy range for detection. Conversely, the poly-
ethylene thickness between the outer ring of detectors and the
counting well is too thick for optimum moderation. Conse-
" quently, if the average neutron energy from material being meas-
ured is in the 1- to 2-MeV ..ange, the ratio of count ratea
between the inner and outer rings of detectors will be rela-
tively low. 1If, on the other hand, the average neutron energy
from material being counted is low because of moderation of
neutrons within the material, then the ratio of inner- to
outer-ring count rates will be relatively high.

The 16-cm-diam counting well shown in Fig. 1 is bolted to
the bottom of a glovebox and opens into the glovebox. Contain-
ers of plutonium oxalate to be measured are loaded into a sample
chamber in the glovebox and lowered into the counting well by a
motor-driven cable. The outer shielding, consisting of 10-cm-
thick polyethylene 1lined with a 0,4-mm-thick cadmium sheet,
shields the detector array from background neutrons.

The TNC electronics consists of a high-voltage power supply,
preamplifiers, amplifiers, and shift register counting cir-
cuits.3 Using the shift registers, we are able to count
either single neutron events or coincidence neutron events.,
Furthermore, by using two shift registers, we can count single
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Fig. 1
Cross section of the dual-ring TNC, showing the 3je
detectors and the counting well.



and coincidence neutron events separately for the inner and
outer concentric rings of 3He detectors. The TNC has a single
neutron counting efficiency of atout 20%. We are able to count
over 100 000 neutrons per second without large deadtime losses
since the TNC electronics deadtime constant is only about

3.5 pus. A microprocessor, called the THENCS unit,” is built
into. the instrument to store calibration information, to make
deadtime and background corrections, and to calculate grams plu-
tonium for measured samples.

CALIBRATION

Five PuO» standards, ranging from 5 to 660 g of plutonium
were used to calibrate the TNC. The THENCS microprocessor cor-
rected the coincidence counting data for background and deadtime
losses, and fitted the corrected count rates to a best-fit curve
using regression analysis. The coincidence counting data used
for calibration purposes was taken from the inner ring of 3He
detectors.

SAMPLING AND PREPARATION FOR COUNTING

Each batch of plutonium oxalate was sampled before count-
ing. Because the glutoniuw oxalate was not likely to be
uniformly dry across the filter boats, a number of core samples
were taken from different locations acr.»ss the filter boats and
combined. These samples were wcighed, dried, and low-
temperature calcined to PuO;. The dried samples were weighed
and sent to the LASL Analytical Chemistry Laboratory for pluto-
nium assay by coulometric titration and for isotopic determina-
tion by mass spectroscopy.

After sampling, the plu: -‘ium oxalate was removed from the
filter boats with a spatula «.d dumped into a tared 12-cm-diam,
30~cm-high stainless steel can. The dark blue-green plutonium
oxalate, in the form of large lumps, filled the cans to within
10 cm from the top. A close-fitting 1id was put on the can, and
the can was weighed and lowered into the TNC counting well for
measurement.

CALCULATIONS FROM ANALYTICAL RESULTS

Using the analytical lab data and weight data, we calculated
the percent water and percent plutonium for each plutoniun oxa-
late batch. ‘ihe plutonium weight fraction for each batch was
calculated as follows:

(1) g Pu _ g Pu « & dried sample
g Pu oxalate -~ g dried sample g Pu oxalate




Grams of plutonium for each batch were then calculated:

g Pu

(2) g Pu = g Pu oxalate

x batch weight

The assay and welghing errors are quite small; more signifi-
cart errors are associated with cross-contamination and other
sampling problems. We estimate that the mass plutonium values
listed in Table I have assoclated uncertainties of about *1%.

TABLE I

MEASUREMENT DATA FOR PLUTONIUM OXALATE BATCHES

Actual Measured Ratio of

Batch Mass Mass Measured Mass Water Ring

Number Pu (g) Pu (g) to Actual Mass (wt%) Ratio
1 887 1291 1.46 uy.3 1.070
2 797 1025 1.29 42.7 1.053
3 756 1088 1.44 43.0 1.068
b 781 1260 1.61 48.4 1.095
5 851 1318 1.55 46.5 1.075
6 855 1332 1.56 u7.1 1.091
7 917 1164 1.27 37.4 1.054
8 880 1564 1.78 52.7 1.097
9 799 1238 1.54 47.5 1.073
10 925 1450 1.57 7.7 1.083
11 861 1631 1.90 53.9 1.110
12 864 1560 1.81 53.7 1.101
13 912 1019 1.12 34.4 1.036
14 803 991 1.24 36.2 1.029
15 770 1037 1.35 41.9 1.045
16 787 960 1.22 40.5 1.036

The weight fraction of water for each batch was calculated
as follows:



" HZO g Pu oxalate
(3) = 1 = 1 + 0.552 g oxalate ,
g Pu oxalate g Pu oxalate g Pu

where the constant 0.552 is based on the assumption that
plutonium oxalate is Pup(C20y)3 < x Hp0. This

assumption is not entirely valid, because surface oxidation to
Pu(Cy0y)p - x Hy0 was observed.

Combining the plutonium oxidaticn state uncertainty and
sampling uncertainties, the percent water values shown in
Table I are probably accurate to only *1% absolute.

MEASUREMENT RESULTS AND CALCULATIONS

Each can of plutonium oxalate was counted in the TNC for
500 s. The count rates were very high (singles, approximately
40 000 counts/s; coincidence, approximately 3 300 counts/s).
Hence the precision of the counting data is good. The THENCS
microprocessor used the inner ring coincidence count rate for
each plutonium oxalate batch to calculate plutonium mass versus
th~ PuO, calibration curve.

Table I lists the actual mass plutonium, the measured mass
plutonium, the measured-mass to actual-mass ratio, and the
weight percent water for each batch. Notice that the measured
mass was always blased high and that there Jx a correlation be-
tween the amount of blas and the percent water characteristic of
each batech. A correction to the measu~zd mass based on percent
water would reduce the measured mass blas, but percent water is
not measured directly by the TNC.

As discussed earlier, the ratio of neutron counts between
the inner ring of detectors and the outer ring should be sensi-
tive to the average neutron energy and, therefore, to the water
content of the plutonium oxalate. The ring ratios and measured-
mass to actual-mass ratios from Table I are plotted in Fig. 2; a
good correlation is apparent. To evaluate the correlation, we
fitted the data to an exponential curve of the following form:

(4) y = aePX
where y = measured mass divided by actual mass,
a = 0.0015372,
b = 6.38986, and
x = ring ratio.

The coefficient of determination value for this fit is
0.9625, indicating that the exponential form fits the data quite
well.
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Fig: 2.
Correlation of the ring ratios and the
measured-mass to actual-mass ratios.

Using Eq. 4 and the ring ratios, we then calculated the y
values for each plutonium oxalate batch., We next corrected the
measured plutonium mass values in Table I with their corre-
sponding y values as follows:

(5) corrected mass = — (measured mass) .

< |

Table II shows the results of applying this correction to
the 16 batches of plutonium oxalate. Notice that the average
difference between the corrected mass and actual mass is 2.7%,
and the three worst cases had errors of 5.4%, 4.9%, and 4.59%.

DISCUSSION

The ring ratio correction worked well for the 16 batches of
plutonium oxalate investigated. It is important to note that
the batches ranged over a limited mass range of 756 to 925 g of
plutonium. We have done some preliminary measurements of smal-
ler masses of plutonium oxalate; the ring ratio correction
generated a significant bias for plutonium masses below 500 g.
The 16 ba‘ches investigated represented a wide spectrum of water
content. We suspect that the correction equation constants :re



incorrect for the very dry plutonium oxalate that might be gen-
erated by vacuum drying.

The ring ratios were calculated from inner- and outer=-ring
single neutron counts. Using ring ratios of coincidence counts
yields similar, but less precise results. The presence of high
ecross-section (a,n) nuclei such as beryllium, litaium, or
fluorine could shift the average neutron energy spectrum and
bias the ring ratio correction. Generally, the oxalate
precipitation process provides good purification of these

TABLE II

RING RATIO CORRECTED MASS PLUTONIUM

Actual Mass Measured Mass@ ErrorD
Batch ID Pu (g) Pu (g) _(%)
FOX 1177 887 886 -0.2
FOX 1180 797 787 -1.3
FOX 1178 756 756 0.0
FOX 1181 781 739 -5.4
FOX 1185 851 877 3.1
FOX 1183 855 803 -6.1
FOX 1182 917 886 -3.4
FOX 115C3 880 907 3.1
FOX 115C6 799 835 4.5
FOX 115CT7 925 918 -0.8
FOX 116C3 861 871 1.2
FOX 116CY 864 883 2.1
FOX 116C5 912 872 4.5
FOX 116C6 803 816 1.7
FOX 11CC 770 771 0.1
FOX JRC-1 787 826 4.9

a
Ring ratio corrected.

Lo
Average error = 2.7%.



elements, but should these el-'mants be present in 0.1% or
greater concentrations, the sorrection may be biased. Necne of
these limitations pose probl.:ms for the particular oxalate
precipitation process investigated at LASL because the process
is operated within the limiting parameters.

CONCLUSION

Using a double-ring TNC, we have developed a ring ratio
correction method that successfully compensates for the effect
that water has on the coincidence count rate of plutonium
oxalate. Batches of plutonium oxalate can now be assayed with
an average measurement error of about 3%. The method provides
the rapid in-line measurerent capability requirei to maintain
real-time SNM accountabil/ty around a piutoniuu oxalate puri-
fication process. At LAS.., plutonium oxalate measurements are
performed by production t:chnicians, and require a 500-s
counting time z1d approxinately 10 min for calculating and
recording the data.
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