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ASSAY OF LOW-LEVEL PLUTONIUM EFFLUENTS*

S. -T. Hsue, Faye Hsue, and D. F. Bowersox
University of California
Los Alamos National Laborator;
Los Alamos, NM 87545

ABSTRACT

In the plutoniur recovery section at the Los
Alamos National Laboratory, an effluent solution
1s generated that contains low plutonfium concen-
tration and relatively high americium concentra-
tion. Nondestructive assay of this solution is
demonstrated by measuring the passive L x rays
following alpha decay. Preliminary results indi-
cate that an average deviation of 30- between L
x-ray and alpha counting can be achieved for plu-
tonium concentrations above 10 mg/L and Am/Py
ratios of up to 3: for plutonium concentrations
less than 10 mg/L, the average deviation i3 40%,
The sensitivity of the L x-ray assay is ~1mg
Pu/L.

INTRODUCTION

In the plutonium facility at the Los Alamos
National Lahoratory, two p-ocesses are employed
to recover or purify scrap plutorium: the lean
residue prncess and the drsiolver solution ion
exchange process. The typical effluent solution
generated from tnese processes containg low plu-
tontum roncentration (<100 mg/L) and relatively
high americium concentration (Am/Pu ¢ 20). fe-
cause this waste solution is ganerated in quan-
tity, it is importent from the process control
point of view, as well as for safeguards, to have
timely assays of the plutonium content, Chemica)
analysts 18 too time-consuming: 't requirey e=x-
tracting the plutoniun from the americium! and
measuring the plutonium content by alpha spec-
trometry.

To measure this type of solution by maang

0“ nondestructive assay, we need to utilize sig-
na's that are more abundant Lhen the passive
ma-ray activ.'ies emitted from plutonium.
tble I lists the specific alpha, gamw-ray, and
hofray Sctivities of the plutonium 1sotopes and
Am, The gmc rays—for encaple, ‘'he 413.)-
keV line of Pu—are useful for determining
plutonium concentrations above )00 mg'L. Al-
though alpha emission has higher specific ectivi-
ty compared to gmmmp-ray emission, in these

TIRTE work wis r"oﬁi under the euspices of
the US Department of Energy.

solutions the alpha activity fram americium domi-
nates, accounting for B80% or more 5f the alpha
signal. One possible solution 13 the use of L
x rays following the alpha decay. Because the L
x rays from the decay of plutonium and ame-icium
are different in energy, in principle they can
be separated.

figure | depicts an L x-ray spectrum from a
plutoniw-americium mixed solution with an Am/Pu
ratio of ~2000 ppm. The spectrum from an americ-
fum foil is also shown in Fig. 1. The plutonium
and americium emit uranium and neptunium x rays,
respectively, following the alpha cecay. The
uranium 17,22-keV L-8] x ray, as well as the
20.17-keV L-y] x ray, can be used to monttor
the plutonium concentration. A Si(L1) detector
having & resolution of 207 eV at 5.9 keV was
used. (Note that x rays generated from fluores-
cence do not have much effect because they are
plutonium or americium L » rays and are energy-
separated from the uranfum end neptunium x rays
used in the measurgment,)

In developing the passive L x-ray technique
into & quantitative assay of the low-level pluto-
nium gsolutions, two technical problems were en-
countered: (a) 1mple self-attenyation and (b)
emericium subtraction.

At low energies (here, 17 to 20 keV) and
plutonium concentrattions <l g/L, tne sample self-
attenvation iy dominated by the matrix concentra-
tion. By choosing & relatively thin gample
(0.5 cm), the effect due to matrix variatiocn fis
minimtzed. At 18 keV, the correction factor (CF)
a8 2 retult of sample self-attenuation varies
from CF = 1.245 to CFf « i.282, a change of «<3%
when the nitric acid normality varies from 2 to
7 N, respectively. Because the required accuracy
for this effluent solution 13 =207, the self-
attenuation variation i3 negligible. '

Tne oamericium subtracticn is more compli-
cated. At 17.22 and 20.17 keV, the major peaks
are the uranium La] and Ly) x reys, but thery are
also contributions from the neptunium L x rays
following the americiun decay. dhen the Am/"u
ratio i3 ®] the neptunium L x reys can contri-
bute e significant portion of the 17.22- and
20.17-keV pesk areas. The neptunium contribution



TABLE 1
SPECIFIC ACTIVITIES OF RADIO!SOTOPES

Alpha Specific Haﬂor y-ray Activities L X-Ray
Activity vy Ln ctivity Activityd
Isotope  (a/s-g) _(kev) (y/s-9) {ris-g)
238p, 6.33 x 101! 43.5 2.5 x 108 7.21 x 1010
152.8 6.4 x 108
239p, 2.30 x 10° 52.6 6.2 x10°  1.06 x 108
129.3 1.4 x 10°
375.0 3.6 x 10*
a13.7 3.5 x 10°
240p, 8.3 x 10° a5.2 3.8 x10%  8.42 x 108
160.4 3.5 x 10°
Alp, 9.15 x 10’ 148.6 7ax10d
242p, 1.45 x 108 -—-- —-- 1.23 x 107
2, 1.227 x 101 2.3 3.1 x100 4.6 x 1010
59.5 a.5 x 1010
208.0 1.0 x 108

BTebulated Ts the total [ x-ray irtensity. The L x-ray yteld
per alpha decay is obtained from Ref. 2.

to the 17.22-keV pesk i3 determinad by the nep-
tunium L) rak ot 17.75 heV; the contribution
to the 201 keV peak s determined by the nep-
tunfum Lyy peak at 20.78 keV. The relative
efficiency of the detector (including the rela-
tive sample ulf-attonunlon) is determined by
the neptunium Le)- -, nd Lyj-line fintensi-
ties. The system dndt me and phoup correction
gge determined by the 5.9-keV line emitted by o
Fe source viewed by the detector.

.0 {nvestigate the plutonium assay by means
of the L x rays, we prepared a set of standard
solutions conteaining 10 tv 200 mg/L of plutonium
with Am/Pu ratios ranging from 600 ppm to 0.15.
The solutions, with their plutonium and emericium
concentrations known to 1%, were doubly contained
in semple vials., Figure H shows the sample vi-
als, the sample holder above the Si(Li1) detector,
and the shielding housing. The results of runs
made with this set of solutions are shown in
Fig. 3. The results indicate that the plutonium
concentretions cen be determined to 2% for this
set of well-charactorized solutions.

Effluent solutions were drawn from actual
processes in the plutonium recovery section, and
meAsurements were made with the L x-ray detector.
Duplicate samples were sent for chemical analy-

sis, which wis performed approximately 1 day
later; two types of chemical analysis were re-
quested. ‘The first type includes plutorium ex-
traction,’ evaporation of plutonium solution
on to « disk, and alpha counting. The americium
concentration 5f the original solution is deter-
mined by intepral counting of the signal above
30 keV. The claimed precision of the plutontum
concentration Jetermination 13 -10.. The second
type of chemical ana'ysis requested 1s 1{sotopic
dilution mass tpectrometry (IDMS). which has bet-
ter precision rompared to alpha counting but re-
quires longer analysis time. Becouse we have not
yet received the results from the IDMS analysis,
the L x-ray retults are compared with the alpha
counting; the ctmparison therefore should be con-
sidered preliminary.

The L x-ray assay precision i3 dominated by
the americium subtraction (therefore the Am/Py
retio), and to a lesser degree, by the plutonium
concentration. Figure 4 gshows the percent devia-
tion as & function of the plutonium concentration
end also as a function of the Am/Pm ratio. For
plutonium concentrations «)0 mg/L, the average
deviation 1s 42%; for plutonium concentretic:s
»>10 mg/L, the avonr deviation is 30%. In each
case the dsvistion i3 greater then that obtained
for the standard solutions. The possible reasons



for the larger devictions are: ()) isotopic var-
fations between samples, (2) higher Am/Pu ratio
than in the standara solutions, and (3) post-
precipitation cf pluton.,'m from the solutions,
These causes are being incestigated. An advan-
tage of the L x-ray system is that by monitoring
the 26.3- and 59.5-keV gamma-ray peaks, the amer-
icium conrentration in the solution (from 0.0l
to 10 mg/L) can be determined accurately to & few
percent. In conclusion, the L x-ray system can
provide a timely “go/no-go™ measurement for de-
ciding whether to recover the plutonium or send
the solution to acid evaporation. As shown in
Fig. 5, both the L x-ray and alpha coun*ing ar-
rived at the Ssame conclusion for the 13 samples
compared, The sensitivity of the L x-ray system
is -1 mg Pu/L.
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Fig. 1. L x-ray spectrum from plutonium and americivm between 11 and 23 kevV,




Inner and outer sample vials and the sample holder on top of the Si(L1) detector.

Fig. 2.



CALIBRATION
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Fig. 3. Percent deviation between L v-ray counting and chemica) analysis for a set of standard
solutions.
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Frg. 4. Comparison between L x-ray and alpha counting (1) as a function of plutonium
concentration and (2) es a function of Am/Pu ratios,
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Fig. 5. Plutonium concentration by L x-ray counting vs plutoniuvm concentration by alpha countimo. The
diagonal line designates perfect agreement between the two methods.




