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AN INSTRUMENT FOR MEASUREMENT OF Pu CONCENTRATION AND 1SOTOPICS
OF PRODUCT SGLUTIONS AT TOKAI=-MURA

L. R. Cowder, S.-T. Hsue, S. S. Johnson, J.

. Parker, P. A. Russo, J. K. Sprinkle, Jr.

Los Alamos Sclentlific Laboratory, Los Alamos, N.M., 87545, U.S5.A.
and Y. Asakura, T, Fukuda, |. Kondc
Power Feactor and Nuclear Fuel Development Corporatlion, Tokal-mura, Japan

Abstract

Rapid analysis of product solutions for
plutonium concentrations end isotopic distri-
butions is accomplished by a new instrument
currently installed at the reprocessirg plant
in Tokal-mura, Japen. Better than half-percent
measurements of the Pu concentration arc
obtained by K-edge densitomecry for concentra-
tions ~250 g Pu/t in stort count times,
1sotopic fractions are determined with an
accuracy of one percent or better in an
edditional 30-minute passive count.

1. Introduction

A new instrument based on gamma-ray
nondestructive analytical technigues is under-
going testing and eveluation for plutonium
product solution measurements at the Tokal-mura
reprocessing facllity. The Los Alamos
Scientific Laboratory (LASL)-designed instrument
was developed for plant operations under the
TASTEX  program, Performance capabilitles
determined by preliminary testing at LASL have
recently been confirmed by the product solutlor
measurements at Tokai-mura. The testing and
evaluation has been 3 collaborative effort of
the Power Reactor and Nuclear Fuel Development
Corporation (PNC) and LASL.

The instrument design is reviewed brlefly.
Preliminary calibration results from LASL and
Tokai-mura are summarized and compared with
results from the first reprocessing campalgn.

2. Instrument Design

The Tokai-mura Instrument operates off-line
beneath the glove box to which process solution
samples are pneumatically transported. K-edge
densitometry determines the concentration of
plutonium in solution. The instrument uses
121.1- and 122.1-kev gamma rays from 75Se and
5’co radiolsotopic sources, respectively, to
obtaln two transmission measuraments at these
energles whlch bracket the plutonium K-edge.
The sources with approprlate collimators are
positioned ser uentially for measurements in the
transmission geometry by s motor-driven Geneva
mechanism. Gamma radlation ls detected and
analyzed by a high-resolution spectrometer that
uses a thin olanar intrinsic germanium crystal,
Except for sample positioning, the analvsis
procedurs Is entirely automated and under
computer contrel.

The arrangrment of equipment beneath the
glove box is shown schematically in Fig. 1.
The counting well is an extension from the base
of the glove box, Solution samples in
disposable viels are positioned In the well {n
ths transmission path. The concept of the
transmission measurement i< shown in Fig. 2,
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Fig 1. Schematic view of mecsurement station
extending below and positioned beneath glove
box.
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Fig. 2. Conceptual view of measurement configu-
ration. Tre sample ls shown between the source
(75se., In this ca-e) and the collimator in
the detector line of sight. Sources and colii-
mators are mounted on sepsrate wheels driven
synchronously.

which {llustrates the  basic
components.,

An additional option in the measurement s
a complete plutonium lisotoplcs analysis. A
passive count can be performed with wide-oen
sample-to-detector collimation using a mechani-
cal positioning such that both sources are
removed from the transmission geometry and
shielded from the detector. (Refer to Flg. 2.)
Self-gttenuation effects on the passive qamma
rays are important because of the relatively
large sample thicknesses ®0.5 ¢ Pu/cm?).
Correction factors for self-attenuation arc
determined and applied to the measured peak
grens at 129, 149, and 153 kev corresponding to
Mpy,  23lpy, and 38py, respectively.
The determination of the correction faciors
involves the interpolation of measured trans-
missions of several gamma rays from 75Se and
37co to the three energles of the passive
assay peaks. The Interpolated transmissions
are used to determine the correction factors by
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e technique demonstratad in exiating instrumen-
tation, Th% low-energy reglon is used for
snalysis of 240py snd for e separate determi-
netion of 238pu, The assay gamma rays are at
43 and 45 keV, respectively, The self-attenua-
tion effects are incorporated into relative
effic y measurements based on peak areas of
the gaema-Tay lines at 39 and 351 kevy.
The 282py fraction, which cannot be determined
ty gQamma-ray spectroscopy, is evaluated by
isotopic correlation techniques. The lsotopics
analysis uses only ratios of closely-spaced peak
areas so that the measurement ls insensitive to
counting gQeometry erd ambsclute detection
efficiency.

The eguipment at the messurement station
beneath the glove box is show) in a photograph
reproduced in Fig. 3. The entire assembly of
equipment for this instrument appears in Fig. 4.

Fig. 3. A close-up view of tha measurement well
and  intrinsic germanium detector before
installation at Tokai-mura.

Fig. 4. Complete K-«?a densitometer including
computer, multichannel enalyzer CRT and NIM
oloctronlcn (slectronice rack at left), hardcopy
terminal (center), end measurement station
equipment (right), Dbefors installation at
Tokal.mura.

The elsctronics reck (left; and herdcopy termi-
nal are located in another portion of the room.

More detsils of the instrument odesign and
MeasuT emen principles are published
elsewnere.2,3

3. Results

Calibration of the Densiiometer

Well-characterized plutonium solutions were
uced as reference materials for preliminary
calibration of the deniitomeier at LASL.
Plutonlum concentrations varied between 150 and
300 g per liter, The 24 isotoplc content
of ths solutlons was 15 percent although the
calibration was also verified with solutions of
low-burnup material. Figure 5 shows the results
plotted fcr each measurement as the pe.cent
deviation from the mean calibration parameter.
The one-half percent error bars showing the
calculated statistical uncertainty (+10) In each
measurement are consistent wlth the scatter in
the data.

The long-term stability of the densitometry
calibration is demonstrated by repeated
measurements of a secondary standerd plutonium
voll with a thickness equivalent to that of the
solutions measured by the instrum-nt. figure 6

L ks -Tﬁ;’ - %
o
AT
!;:‘t} N Il ! |
T -

Fig. 3. Results of the densitometer ca.ibraticn

st LASL. Meesurements were performed with
well-characterized solutions of high-burrup
plutonium,
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Fig. 6. Foll results determined by Jensitometr
auring a A-week test periud at LASL.



is a plot of the foil data obtained during a
one-month period at LASL. The scatter in the
foil assay agrees with the statistical predic-
tion. No biases were observed to appear over a
measurement period of several months. The foil
assay is a daily measurement control requirement
for routine operation of the densitometer.

The  densitometer was calibrated at
Tokai-mura in October 1979 just after installa-
tion. The calibration results are shown in
Fig. 7. Plotted versus plutonium concentration
are the percentage differences between the
densitometry measurement 8nd the analytical
chemistry reference value used to establish the
calibration. The error bars reflect the
statisticel precision (+lo) in the densitometry
asss/. The anuiytical chemistry precision lis
approximately plus= or minus one-half percent.
The observed scatter of this magnitude is
consistent with the combined precisions. The
densitometer data were obtained in 1500-s count
times.
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Fig. 7. Results of densitometer measurements of
reference solutions at Tokai-mura. “Fresh" end
“sged" correspond to two weeks and one year,
respectively, after americium separation. The
precision (lo) in these data is approximately
one-half percent.

TABLE 1
PRECISIONS IN ISOTOPIC FRACTIONS
FOR HIGH-BURNUP (15% 240py) REFERENCE SAMPLES

Isotopics Calibration

ppm
ricium 100 100 1000
lg_(calc.) alculate
Isotope
lo (expt,) Precision (¥, 10)
238 1.2 0.9 1.2 1.3
239 1.0 0.45 0.45 0.45
240 1.2 1.0 1.3 1.5
241 0.7 0.9 0.9 0.9
242 . . » »

#202py frection is derived from a correlation
based upon archivel isotopics data. T
precision derived from the data base is 140
percent,

Table 1 shows the results of the isotopics
calibration at LASL using the 15 percent 240py
solutions. Reference values were the mass
spectroscopic results. Column 2 compares the
aversge calculated measurement precision with
the experimental scatter in the weight fractions
for each isotope. The results are close to
unity indicating no significant contributions
to the measurement precision beyond the statis-
tical contributions. The measurements were
performed within several days of the americium
separation so that the 241pm” content was about
100 ppm,

As the solutions a?e and 28lam grows in,
the statistical uncertainty in the results for
the even isotopes increases. Data obtainedwith
the same solutions after aging are shown in
Table I, colums 4 and 5, the latter
corresponding to a 2-month sg ng of the
high-burnup material. Since the Pu content
of spent fuel varies with burnup, the effect of
24lpm at 8 given aging time will vary with
gurnup. Passive measurements of 15 percent
40py material are feasible for aging times
up to about 6 months,

The calibration for Ilsotopics 1is primarily
a measurement of relative detection efficiencies
of gamma rays closely spaced in energy. The
measurement control procedre which verifies
the long-term stability of the isotopics cali-
bration is the determination of the relative
efficiency of the 121- and 136-kev gamma rays
from the 75Sa source in the absence of a
sample. This measurement is parformed dally
during the no-eample counting of the trans-
mission sources.

A verification of the isotopics calibration
was performed at Tokal-mura In October 1979
using a single mass spectroscopic determination
as a reference value. The precisions for the
isotopics analysis determined at this time were
in agreement with those messured at LASL.

Process Solution Messurements

Densitometry results were obtained from
measurements of seven process solution sanples
ouring the campaign in November and Necenver
1979, The results were compared with analytica!
chemistry measurements of these samples. The
precision in the percentage differences between
densitometry and chemistry is one-half percent
(10), consistent with the combinad precision
for these densitometry end chemistry determine-
tions. A positive bias of one-half percent {n
the averege difference indicates a shift in
vertical positioning of the disposable (tapered
width) semple cells. The shift s probably
ceused by a change in vertical position of the
plastic liner 4in the well. The liner s
normally clemped r.l’idly in place. The dally

measurement of the calibrated plutonium
foil will monitor any future change {n position,
However, the foil was not availeble at
Tokai-mura until Jenuary 1980.

Isotopics data were obteined with five
frevhly separated process tolutions covaring s
renge of high burnup. The five mass tro-
scopic determinations were used to weatablish



accurate calibration parameters. The results
with the new parameters are shown for each
isotope in Teble II. The precision 1s deter-
ained by repeated mgj.;u:rements of each sample.
The accuracy for 2 is not shown becguse
of a possible mass 23° contaminant in the rass
spectroscoric measurement .

TABLE 1l
SUMMARY OF ISOTOPICS RESWLTS
FOR FIVE PRODUCT SOLUTION SAMPLES

Average Deviation (X)

Pu from Mass Precision
sotope Spectrometric Result: (% 19
238 --- 0.9
239 -0.08 + 0.21 +0.2
240 -0.14 = C.5] +0.7
24] 0.04 + 0.93 +0.6
242 7. +13. +2.0

¥ETTOT 15 the scatier (lo) In the percent devi-
ation determined for each of the five samples.

4. Conclusinns

Preliminery data demonstrate the precisions
that cen be echieve . In rapid, nondestructive
sssays of product solutions for total plutoniun
and isotopics. Continued evaluation is neces-
sary to vrrrify the long-term stability of the
calibrat 2y, The in-1line performance of an

instrument of simllar design is socon to be
evaluated at the Savannsh River Plant.# The
combined results of these in-plant evaluations
should provide new Iinformation on safeguards
cepabllities for NDA In reprocessing.
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Figure Captions

Schematic view of measurement station
extending below and positioned beneath
glove box.

Conceptual view of measurement
configuration, The cample is shown between
the source (75Se, in this case) and the
coliimetor in the detector line of sight.
Sourzes and collimators. are mounted on
separate wheels driven synchronously.

A close-up view of the measurement well and
intrinsic germanium detector before
installation at Tokai-mura.

Complete K-edge densitometer including
computer, multichannel analyzer CRT and NIM
electronics (electronics rack at left),
hardcopy terminal (center), and measurement
station equipment (right), before
installation at Tokai-mura.

Results of the densitometer calibration at
LASL. Measurements were performed with
well-characterizecr solutions of high-burnup
plutonium. .

Foil results determined by densitometry
durirg a 4-week test period at LASI..

Results of densitometer measurements of
reference solutions at Tokai-mura. "Fresh”
and "aged" correspond to two weeks and one
year, respectively, after americium
separation. The precision (lo) in these
data is approximately one-half percent.



